Description

Title of Invention
AZOLYLPYRIDINE PYRIDAZINONE AMIDE AS SOS1 INHIBITOR

Technical Field

The present invention relates to a novel compowavihiy SOS1 inhibitory activity, a
solvate, stereoisomer or pharmaceutically acceptaddlt thereof, a pharmaceutical
composition for preventing or treating a disease@rising the same as an active ingredient,
and a medicinal use thereof.

Background Art

Mutations in the RAS gene are a major oncogene withgh incidence in human
cancers, and are observed in 20 to 30% of humarecsnparticularly in lung cancer, colon
cancer, rectal cancer, and pancreatic cancer latraigs. RAS-family proteins include KRAS,
NRAS or HRAS.

RAS proteins are small GTPases that exist in ¢elsither a GTP-bound or GDP-
bound state, and are molecular switches that ¢tyeti@een an active GTP-bound state and an
inactive GDP-bound state. Mutations in the RAS gedeice the ability of the RAS, a GTPase
to hydrolyze GTP, leaving this molecular switchntaintain a constitutively active GTP-bound
conformation, thereby inducing oncogenic downstreagmaling (for example, Raf-MEK-
ERK pathway or PISK-PDK1-AKT pathway).

Meanwhile, binding of GTPase activating protein @Auch as NF1 accelerates the
weak intrinsic GTPase activity of RAS proteins, rdly downregulating active RAS and
returning it to an inactive form. On the other hahihding of guanine nucleotide exchange
factors (GEF) such as SOS1 promotes the releags®Bffrom RAS proteins and increases the
GTP-bound active state.

Various studies on methods for directly or indikganhibiting RAS have been
conducted in the prior art. However, it has beemtbthat direct inhibition of RAS is extremely
difficult due to the picomolar level of affinity &TP for the binding site, lack of other well-
defined pockets, and the fact that RAS interacth WEFs, GAPs and effectors through the
wide and flat protein-protein interaction surfaméjch makes difficult to apply small molecule
drugs, and the like. In addition, a method of iadily inhibiting RAS by targeting farnesyl
transferase has also been attempted, but an ajgpdowg has not yet been prepared. In view
of this failure to directly or indirectly inhibit RS, it has been generally considered to be
difficult to target RAS for drug development.

Under these circumstances, a method of inhibitidg Ry inhibiting the interaction
between RAS and GEF to prevent the reloading of Gad$emerged.
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SOS1 (Son of Sevenless 1) is a type of guaninesatide exchange factor (GEF),
which promotes the release of GDP from RAS famibytg@ins to allow GTP binding, thereby
regulating RAS family protein signaling. Son of 8eless (SOS) protein exists in two isoforms,
SOS1 and SOS2, and only SOS1 is phosphorylated Ri. Esrowth factor-induced
phosphorylation of SOS1 is mostly mediated by ERKich phosphorylates at least four serine
residues in the C-terminal region of SOS1. Thigyests that SOS1 plays an important role in
the regulation of negative feedback of the KRASpaty. The SOS1 protein consists of 1333
amino acids (150 kDa). SOS1 is a multi-domain pndt@ving two tandem N-terminal histone
domains (HD) followed by a Dbl homology domain (Dld)plextrin homology domain (PH),
a helical linker (HL), a RAS exchange motif (REN),CDC25 homology domain and a C-
terminal proline rich domain (PR). SOS1 has twalbig sites for RAS family proteins (i.e., a
catalytic site that binds GDP-binding RAS familyfains and promotes exchange of guanine
nucleotides, and an allosteric site that binds GiFing RAS family proteins and up-regulates
a catalytic site activity of SOS1) (J. Med. Chen@22, 64, 10, 6569-6580). Selective
pharmacological inhibition of catalytic site bindinof SOS1 to RAS family proteins is expected
to prevent SOS1-mediated activation of RAS-famiigteins in a GTP-bound form.

Therefore, SOS1 inhibitor compounds are expectedhibit signaling (for example,
ERK phosphorylation) in cells downstream of RAS-fignproteins, and thus novel SOS1
inhibitor compounds that bind to the SOS1 catalsitie and prevent binding and activation of
RAS family proteins are being developed.

It has been reported that SOS1 is critically inedlyn mutant KRAS activation and
oncogenic signaling in cancer (Current Opinion ime@ical Biology, 2021, 62: 109-118).
Depletion of SOSL1 levels reduced the survival ofidu cells with KRAS mutations, but no
such effect was observed in KRAS wild-type celeBnThe SOS1 depletion effect cannot be
rescued by the SOS®% mutation in which the catalytic site is damagetherSOS1 mutation
(SOS1587ERE88A in which the GTP-KRAS binding is defective at thkosteric site, which
suggests that targeting the catalytic site or Hostaric site of SOS1 may be an effective option
for the treatment of KRAS mutation cancers.

In addition, SOS1 is critically involved in the mettion of RAS family protein
signaling in cancer through mechanisms other thatation of RAS family proteins. SOS1
interacts with the adapter protein Grb2 to form3i@S1/Grb2 complex. The complex binds to
an activated/phosphorylated receptor tyrosine lkind@sr example, EGFR, ErbB2, ErbB3,
ErbB4, PDGFR-A/B, FGFR1/2/3, IGF1R, INSR, ALK, ROSKA, TrkB, TrkC, RET, c-MET,
VEGFR1/2/3, AXL). In addition, it has been reportdtht SOS1 is localized to other
phosphorylated cell surface receptors such aslTemaptor (TCR), B cell receptor (BCR) and
monocyte colony stimulating factor receptor, raaglin activating RAS family proteins.



Furthermore, SOS1 is a GEF for activation of theP@Je RAC1 (Ras-associated C3
botulinum toxin substrate 1). RAC1, like the RASnafly protein, is known to be involved in
the pathogenesis of various cancers and othersgisea

Currently, BI-3406, Bl 1701963, MRTX0902, and tlieelare being developed as
inhibitors of SOS1 activity, but they are still ihe early stages of development. Therefore,
there is still a need in the art for the develophwéra novel compound for treating cancer by
inhibiting SOS1 and a pharmaceutical compositiammasing the same.

Detailed Description of Invention
Technical Problem

An object of the present invention is to providecanpound of Formula I, a solvate,
stereoisomer or pharmaceutically acceptable salett.

Another object of the present invention is to pdeva pharmaceutical composition
comprising a compound of Formula I, a solvate estisomer or pharmaceutically acceptable
salt thereof.

Another object of the present invention is to pdavia method for preventing or
treating a SOS1 mediated disease by administeriogngpound of Formula I, a solvate,
stereoisomer or pharmaceutically acceptable safeti.

Another object of the present invention is to pdavihe use of a compound of Formula
I, a solvate, stereoisomer or pharmaceutically ptedde salt thereof for the manufacture of a
medicament for preventing or treating a SOS1 medidisease.

Solution to Problem

Each description and embodiment disclosed herein atso apply to each other
description and embodiment. That is, all combinegiof the various elements disclosed herein
fall within the scope of the present applicatianatdition, it should not be construed that the
scope of the present application is limited byspecific description set forth below.

In one aspect of the present invention, there aviged a compound of Formula |
below, a solvate, stereocisomer or pharmaceutieakgptable salt thereof:

[Formula ]

in Formula I,



Z! and Zare each independently N or CH;

Z%is N or CR, and Z is CH; or

Z%is CR, and Zis N;

R? is H, halogen, OH, CN, substituted or unsubstitut@-Cs alkoxy, amino,
substituted or unsubstituted 1-Cs alkylamino, substituted or unsubstituted d{G
alkyl)amino, substituted or unsubstituteg¢-@s thioalkoxy, substituted or unsubstitutedCs
alkyl, substituted or unsubstituted-C; partially unsaturated or saturated cycloalkyl4eto
7-membered heterocyclyl containing 1 or 2 hetermoateelected from N, O and S;

R! is H; D; halogen; OH; CN; £Cs alkyl optionally substituted with one or more
deuterium, OH, oxo (=0) or halogen; -NRE; -OR"; partially unsaturated or saturategtG;
cycloalkyl; optionally substituted ¢Ci0 aryl; optionally substituted 5- to 10-membered

A3
heteroaryl; or A

R” and R are each independently-Cs alkyl optionally substituted with H or®R

R? is H; G-Cs alkyl optionally substituted with one or more d&ium, OH, G-Cs
alkoxy or halogen; 4- to 7-membered heterocyclyitaming 1 or 2 heteroatoms selected from
N, O and S, optionally substituted with one or mBfé? or G-C7 partially unsaturated or
saturated cycloalkyl optionally substituted witreasr more R®:

R?12 and R are each independently-Cs alkyl optionally substituted with one or
more halogen, CN, OH, & alkoxy, carboxy or oxo; £Cs acyl; carboxy; &Cs
alkoxycarbonyl; or &Cs alkylsulfonyl;

R3®is H, halogen, OH, £Cs alkoxy, NH, Ci-Cs alkylamino, di(G-Cs alkyl)amino,
NO2 or CN;

R*is H, halogen, OH, £Cs alkoxy, NH, Ci-Cs alkylamino, di(G-Cs alkyl)amino,
NO: or CN;

Al is G-Cs alkyl substituted with one or more substituentdependently selected

e

NS A
from the group consisting of deuterium, halogen, OHCs alkoxy, ¢ © and G-Cz alkyl;

or partially unsaturated or saturategt@ cycloalkyl; wherein the one or more substituents
may be bonded to the same or different carbonstwad>-Cs alkyl groups bonded to the
same carbon atom may be optionally taken togetlitdr tive carbon atom to which they are
attached to form a4, cyclic ring;

AZ?is H, halogen, OH, CN or:Cs alkyl;

A3is H, amino, G-Cs alkylamino or di(G-Cs alkyl)amino;



the carbon atoms marked with * and ** are optionalibstituted with one or more

F
F
Fj\@/NHZ N=N
N~
" NH g
deuterium atoms, provided that; the compound ofrfedat | is not SN

In Formula | above, Zis N or CH. 2 is N or CH. In one embodiment! fay be N,
and Z may be N or CH. In one embodiment,iday be CH, andZmay be N or CH.

In Formula |, Zis N or CR. Z2 may be CR and Z may be CH. Zmay be CR and
Z* may be N. Alternatively, Zmay be N, and Zmay be CH.

Said R is H, halogen, OH, CN, substituted or unsubstitule-Cs alkoxy, amino,
substituted or unsubstituted 1-Cs alkylamino, substituted or unsubstituted diGs
alkyl)amino, substituted or unsubstituted @ thioalkoxy, substituted or unsubstitutedCs
alkyl, substituted or unsubstituted-C partially unsaturated or saturated cycloalkyl, otc}
7-membered heterocyclyl containing 1 or 2 hetematselected from N, O or S. In one
embodiment, Rmay be H, halogen, OH, CN1Cs alkoxy, amino, @Cs alkylamino, di(G-

Ce alkyl)amino, or G-Cs alkyl. In one embodiment,®Rnay be G-C7 partially unsaturated or
saturated cycloalkyl, or 4- to 7-membered heterlytypontaining 1 or 2 heteroatoms selected
from N, O or S. For example, the 4- to 7-memberet@iocyclyl may be a 4- to 6-membered
heterocyclyl containing 1 or 2 heteroatoms sele@imoh N and O. For example, the 4- to 7-
membered heterocyclyl or the 4- to 6-membered beyetyl may be morpholinyl, piperidinyl,
piperazinyl, pyrrolidinyl, azetidinyl, or oxetanydut is not limited thereto. For example, the 4-
to 7-membered heterocyclyl or the 4- to 6-membéegdrocyclyl may be morpholinyl. In one

O
embodiment, Rmay be H, F, -NHCH| -N(CHk)2, -OCHs, -CHs or ‘f@ .

In Formula | above, Ris H, halogen, OH, £Cs alkoxy, NH, Ci-Cs alkylamino,
di(C1-Cs alkyl)amino, NQ or CN. In one embodiment,*Rhay be H or halogen. For example,
R*may be H or F.

In one embodiment, the N-containing ring bondetthéopyridazinone/pyridinone core
of Formula | may not be substituted with any substit. In one embodiment; Znay be N,
and Z may be CH. In addition,Zmay be CH, andZmay be N. In one embodimentt @ay
be CH, Z may be CR and both Rand R may be H.

Alternatively, one or more substituent$, &d/or R may be introduced into the N-
containing ring bonded to the pyridazinone/pyrigia@ore of Formula |. For examplé, iRay
be halogen, OH, CN, &Cs alkoxy, amino, @Cs alkylamino, di(G-Cs alkyl)amino, G-Cs
alkyl, Cs-C7 partially unsaturated or saturated cycloalkyl4etto 6-membered heterocyclyl
containing 1 or 2 heteroatoms selected from N arah@® R may be H or halogen. For example,



R2may be H, and Rmay be halogen. In one embodimerttaid Z may be each CH, and'R
may be H or halogen.

In Formula | above, Ris H; D; halogen; OH; CN; Cs alkyl optionally substituted
with one or more deuterium, OH, oxo (=O) or halag®R*RB; -OR*; partially unsaturated
or saturated &€C7 cycloalkyl; optionally substituted ¢C10 aryl; optionally substituted 5- to

A3
10-membered heteroaryl; or ' # . Said R and F are each independentlyi-Cs alkyl
optionally substituted with H or®RFor example, Rand P are each independently H of-C
Csalkyl. Here, A, A% and A are each as described below. In one embodimémhay be H;
D; halogen; CN; &Cs alkyl optionally substituted with one or more auterium, OH, oxo
(=0) or halogen; partially unsaturated or satura@dC; cycloalkyl; G-Cio aryl; or

HN ]

T/:A;\A . For example, Rmay be H, D, F, Br, Cl, CN, methyl, ethyl, §ICFs, -CHOH, -
CH(OH)CHs, -C(OH)(CH)2, -C(=0O)CH;, cyclopropyl, cyclohexyl, cyclohexenyl, phenyl, or
F F F _In one embodiment,’Rnay be CN. In one embodiment. Ray be G-Cs alkyl

substituted with OH. For example! Ray be -CHOH, -CH(OH)CH or -C(OH)(CH)2, but is

not limited thereto. In one embodiment, lRay be G-Cs alkyl substituted with halogen. For
example, Rmay be CE In one embodiment,’Rnay be G-Cs alkyl substituted with oxo (=0).
For example, Rmay be -C(=O)CH In one embodiment, one or more of the carbon stom
included in R or the carbon atom to whicht B bonded may be substituted with one or more
deuterium atoms. For example! iRay be D or CB but is not limited thereto.

In Formula | above, Ris H; G-Cs alkyl optionally substituted with one or more of
deuterium, OH, G&Cs alkoxy or halogen; 4- to 7-membered heterocyctyitaining 1 or 2
heteroatoms selected from N, O and S, optionalgtiuted with one or more?® or G-C7
partially unsaturated or saturated cycloalkyl, opélly substituted with one or moré'R In
one embodiment, Rmay be G-Cs alkyl optionally substituted with one or more @uterium,
OH, G-Cs alkoxy or halogen. For example? Ray be G-Cs alkyl, Ci-Cs hydroxyalkyl, G-

Ce haloalkyl, G-Cs alkoxy- G-Ce alkyl. In this case, one or more carbon atomsushet! in the
alkyl residue may be substituted with one or mareterium atoms. Alternatively,”Rnay be

4- to 6-membered heterocyclyl containing 1 or Zhwmtoms selected from N and O, optionally
substituted with one or more?R In addition, R may be G-C; partially unsaturated or
saturated cycloalkyl optionally substituted witteasr more R'®. For example, Rmay be G-

C7 partially unsaturated or saturated cycloalkyl opally substituted with one or more
halogens (e.g., F). In one embodiment, one or mbttee carbon atoms included it Ray be
substituted with one or more deuterium atoms.



In the above definition of R R?'2 and R are each independently;-Cs alkyl
optionally substituted with one or more of halogéiN, OH, G-Cs alkoxy, carboxy or oxo;
C1-Cs acyl; carboxy; @&Cs alkoxycarbonyl; or ¢Cs alkylsulfonyl. In one embodiment 2R
is C;-C4 alkyl optionally substituted with one or more afi(0C:-C4 alkoxy, or oxo; G-Cs acyl;
C1-C4 alkoxycarbonyl; or ¢C4 alkylsulfonyl. In one embodiment,?may be halogen.

In one embodiment, Rnay be G-Cs alkyl optionally substituted with one or more of
deuterium or OH. In one embodimentRay be oxetanyl, azetidinyl, pyrrolidinyl, pipemgi,
morpholinyl or piperazinyl, optionally substitutedth R>'2 In one embodiment,Rmay be
Cs-Cs cycloalkyl optionally substituted with 1 to 3 hgkns.

For example, Rmay be -CH, -CDj, -CH,CHs, -CH(CHs)2, -CH.CH.OH, cyclopropyl,

FSV)\, cyclobutyl, © @)\ /f\ DA V’DA HO/\/ND)\ WDA /f\
P o e o

,0roo , but is not limited thereto.

In Formula | above, Ris H, halogen, OH, £Cs alkoxy, NH, Ci-Cs alkylamino,
di(C1-Cs alkyl)amino, NQ or CN. In one embodiment2Rhay be H or halogen. For example,
R® may be H or Cl.

In one embodiment, one or more substituentsr@d/or R may be introduced into the
pyrazole/triazole ring of Formula |. For examplé,iRay be G-Cs alkyl optionally substituted
with one or more of deuterium, OH;-Cs alkoxy or halogen, and®®ay be H. For example,
R? may be @G-Cs alkyl optionally substituted with one or more @futlerium, OH, G-Cs alkoxy,
or halogen, and Rmay be halogen. For example? Ray be 4- to 6-membered heterocyclyl
containing 1 or 2 heteroatoms selected from N andp@ionally substituted with one or more
R2!2 or G-C; partially unsaturated or saturated cycloalkyl opdilly substituted with one or
more R and B may be H. For example s 4- to 6-membered heterocyclyl containing 1
or 2 heteroatoms selected from N and O, optiorsmllystituted with one or moreR or G-

C7 partially unsaturated or saturated cycloalkyl opslly substituted with one or moré'R
and R may be halogen. In this case?!Rand R'? are as described above, and particular
embodiments of Rand R described above may be applied in the same manner.

In Formula | above, Ais G-Cs alkyl substituted with one or more substituents
independently selected from the group consistindeafterium, halogen, OH,1€Cs alkoxy,

© "and G-Cs alkyl; or partially unsaturated or saturateg@ cycloalkyl. Said one or

more substituents may be bonded to the same arelif carbons. When two;-Cs alkyl
groups, as the one or more substituents, are boted#he same carbon atom, they may be
optionally taken together with the carbon atom tuch they are attached to form a-C4
cyclic ring. In one embodiment,'As G-Cs alkyl substituted with two or more substituents
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selected from deuterium, F, OH;-Cs alkoxy and @-Cz alkyl, wherein two of said ££Csz alkyl
may be attached to the same carbon atom to forgaG €yclic ring. For example, Amay be

-CHR, -Ck, -CRCHjs, -CRCHzF, -CRCH0H, -CRCD20OH, -CRCHOCH;, % F%,

BN

, but is not limited thereto. For example! Anay be cyclobutyl or
FF

2 0
cyclobutenyl. For example,‘Anay beU °
In Formula | above, Ais H, halogen, OH, CN or:&Cs alkyl. In one embodiment,?A
may be H, halogen, ori€C, alkyl. For example, Amay be H, F, Cl or -CH
In Formula | above, Ais H, amino, G-Cs alkylamino or di(G-Cs alkyl)amino. In one
embodiment, Amay be H or amino.

1

A A3
A2
In one embodiment, ; of Formula | may be selected from the following
structures:

F F F i FF F R F R F
HO E F HO F NH; F F NH,
F F F cl F
R F R F R F g F e F F FF
_0 HO F NH, F NH, F NH; E
F F F F cl
=
| O\ FF R F
HO o F “ ] .0 HO
N /,S\\
oo DD
F F F F F F F

In a compound of Formula | according to the presevgntion, one or more carbon
atoms may be substituted with one or more deuterRmR? and/or A of Formula | may
contain one or more deuterium atoms. In additiorg or more carbon atoms marked with *
and ** in Formula | may be optionally substituteagtwone or more deuterium atoms. The
deuterium substitution may provide therapeutic beneesulting from higher metabolic
stability, such as increased half-life in the badyl/or reduced dosage. Even in the case where
the term “deuterium” is not particularly describéar hydrogen included in any other
substituent, it is not excluded and should be caedtto be within the scope of the present
invention.

According to one embodiment, the compound represidny Formula | above may be
a compound represented by Formula I-1 below:

[Formula I-1]



Z! and Zare each independently N or CH;

Z%is N or CR,

R? is H, halogen, OH, CN, substituted or unsubstitu@e-Cs alkoxy, substituted or
unsubstituted €Cs alkylamino, substituted or unsubstituted @ thioalkoxy, or substituted
or unsubstituted £Cs alkyl;

R! is H, halogen, OH, CN, &Cs alkyl optionally substituted with one or more
deuterium or halogen, -MRE, -OR*, Cs-Cs cycloalkyl, optionally substitutededCio aryl, or
optionally substituted 5- to 10-membered hetergaryl

R” and R are each independently-Cs alkyl optionally substituted with ®

R?is H, or G-Cs alkyl optionally substituted with one or more d&iim or halogen;

Al is G-Cs alkyl substituted with one or more substituentependently selected
from the group consisting of halogen, OH;C3 alkoxy and G-Cs alkyl, wherein the one or
more substituents may be bonded to the same ereiiff carbons, and twa-Cs alkyls bonded
to the same carbon atom may be optionally takeethay with the carbon atom to which they
are attached to form a<C4 cyclic ring;

AZ?is H, halogen, OH, CN or:Cs alkyl;

A% is H or amino, provided that; the compound of FalanI-1 is not

B

In Formula I-1, Z and 2 are each independently N or CH.

In Formula I-1, Zis N or CR. In this case, Ris H, halogen, OH, CN, substituted or
unsubstituted GCs alkoxy, substituted or unsubstituted-GCs alkylamino, substituted or
unsubstituted GCes thioalkoxy, or substituted or unsubstituted @ alkyl. For example, R
may be H, halogen, OH, CN, oi-Cs alkyl. For example, Rmay be H, halogen on&Cs alkyl.
For example, Rmay be H, F, -CH

According to one embodiment, in Formula I-1 of gresent invention, Zmay be N,
Z? may be CR and 2 may be N or CH. In this case? R H, halogen, OH, CN, substituted or
unsubstituted GCs alkoxy, substituted or unsubstituted-GCs alkylamino, substituted or
unsubstituted GCs thioalkoxy, or substituted or unsubstituted @ alkyl. For example, R



may be H, halogen, OH, CN, 0i-Cs alkyl. For example, Rmay be H. For examplel!Znay
be N, Z may be CH, andZmay be N. In addition, Zmay be N, Z may be CH, and Zmay
be CH.

According to one embodiment, in Formula I-1 of finesent invention, Zmay be CH,
Z? may be CR and 2 may be N or CH. In this case? R H, halogen, OH, CN, substituted or
unsubstituted GCs alkoxy, substituted or unsubstituted-GCs alkylamino, substituted or
unsubstituted GCs thioalkoxy, or substituted or unsubstituted @ alkyl. For example, R
may be H, halogen, OH, CN, 0i-Cs alkyl. For example, Rmay be H. For example!Znay
be CH, Z may be CH, and¥may be N. In addition, all of’ZZ? and Z may be CH.

According to one embodiment, in Formula I-1 of gnesent invention, both'zand 2
may be N, and Zmay be CH. In addition, all 0f}ZZ? and Z may be N.

In Formula I-1 of the present invention! B H, halogen, OH, CN, £Cs alkyl
optionally substituted with one or more deuteriurhaogen, -NRRE, -OR?*, Cs-Cs cycloalkyl,
optionally substituted &Cio aryl, or optionally substituted 5- to 10-membehederoaryl. In
this case, Rand ¥ may be each independently-Cs alkyl optionally substituted with®Rand
the Rare as described above. For exampfanRy be H, halogen, OH, CN, oi-Csalkyl.

In one embodiment, Rnay be H, halogen, OH, CN;3Cs alkyl optionally substituted
with one or more of deuterium or halogen, afGs cycloalkyl. In one embodiment,Rhay be
H, halogen, CN, &Cs alkyl optionally substituted with one or more @uterium or halogen,
or Gs-Cs cycloalkyl. For example, Rmay be H, F, Cl, Br, CN, methyl or cyclopropyl.

In Formula I-1 of the present invention? R H or G-Cs alkyl optionally substituted
with one or more deuterium. In one embodimeRtyRy be G-Cs alkyl optionally substituted
with one or more deuterium atoms. For exampfenRy be -CH, -CDs or -CH.CHs,

When R and R are alkyl substituted with one or more deuteriuons, it may be
preferable in terms of providing therapeutic besetesulting from higher metabolic stability,
such as increased half-life in the body and/or cedudosage. In Formula I-1 of the present
invention, even in the case where the term “dewnefiis not particularly described for
hydrogen included in the substituents other thaarR R, it is not excluded and should be
construed to be within the scope of the preserdntian.

In Formula I-1 of the present invention! & G-Cs alkyl substituted with one or more
substituents selected from the group consistifgatdgen, OH and 2C3 alkoxy. The number
of substituents in Ais not limited as long as the compound is cheryicihble and exhibits
the desired activity. For exampley-Ce alkyl may be substituted with 1, 2, 3, 4 or 5 ditbents.
Said one or more substituents may be different foothe same as each other. In addition, said
one or more substituents may be bonded to the satifferent carbons. For example, when
Alis ethyl substituted with two F and one OH, twm&y be bonded to the same carbon, and
one OH may be bonded to a different carbon to faiCH>OH. Two G-Cs alkyl groups
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bonded to the same carbon atom may be optiondntéogether with the carbon atom to
which they are attached to form &Cs cyclic ring.

According to one embodiment, in Formula I-1 of pnesent invention, Amay be G-

Cs alkyl substituted with two or more substituentsldpendently selected from the group
consisting of F, OH and methoxy. For example, €ai€3 alkyl may be methyl or ethyl, and
may have two F substituted on the same carbon anchpne F, OH or methoxy optionally
substituted on the same or different carbon atoon.example, A may be -CHE, -CFs, -
CFCHjs, -CRCHyF, -CRCH0OH, and -CECH-OCHa.

In Formula I-1 of the present invention? & H, halogen, OH, CN or s alkyl.
According to one embodiment?Anay be H, halogen, or@s alkyl. For example, Amay be
H, F, Cl or -CH.

In Formula I-1 of the present invention® Way be H or amino. In one embodiment,
A3may be H. Alternatively, Amay be amino.

In one embodiment, in Formula I-1 of the presemeimion, A may be G-Cs alkyl
substituted with one or more substituents indepettygleelected from the group consisting of
halogen, OH and £Cs alkoxy, and & may be H, halogen, OH, CN onr-Cs alkyl, and &
may be H. In this case, 'Anay be G-Cs alkyl substituted with two or more substituents
independently selected from the group consisting, @H and methoxy. For example! iay
be -CHR, -CR, -CRCHs, -CRCH.F, -CRCH,0H, and -CECH,OCH. In this case, Amay
be H, halogen, or Cs alkyl. For example, Amay be H, F, Cl or -CH

According to one embodiment, in Formula I-1 of pnesent invention, Amay be G-

Cs alkyl substituted with two or more F, and Way be H, halogen or@s alkyl, and Amay
be amino. In this case,!ay be -CHEor -CK. In addition, said Amay be H, F or -CH

In one embodiment, the compound of Formula | omfda -1 may be a compound
selected from the following:

NH 7
o /N‘N N o)
N0
| NH F
F 2 N=N
D. F
N~
D F
. D
" “NH = |
N N
0PN N o
A
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Definition

All technical and scientific terms used herein hidneemeanings commonly understood
by one of ordinary skill in the art, and unlessevitise stated, conventional methods of
measurement, methods of manufacture, conventiagegdients or substances are used based
on conventional techniques such as pharmacologynpdceutical manufacturing chemistry,
mass spectrometry, NMR, HPLC, biochemistry, andiltee

Individual features and components of each embatirdescribed and illustrated
herein may be combined with features and componaneny other embodiment without
departing from the scope or spirit of the presesitldsure.

Unless otherwise specified, in the present spetibo and the appended claims, "or"
and "and" mean "and/or". The terms "include" amtltided" are open-ended, and mean that
a compound, composition, or method may includetaufdil features or ingredients in addition
to the listed features or ingredients. Throughbatdescription of the present specification and
the claims, the singular encompasses the plurasanthe contest requires otherwise. In
particular, when an indefinite article is used, thgecification is to be understood as
contempolating plurality as well as singularity esd the context requires otherwise.

In the present specification, the numerical ramgécated using the term "to" refers to
a range including the numerical values describddreeand after the term "to" as the lower
limit and the upper limit, respectively. In theepent specification, the value expressed using
the term “about” may refer to a range of £20% & walue, preferably £10% of the value.

As used herein, the term "optional” or "optionallg"intended to include that the
subsequently described event or circumstance mayagrnot occur, and that the description
includes instances where the event or circumstaocers and instances where it does not. For
example, the term "optionally substituted” is imted to include both unsubstituted or
substituted with the specified substituent.

Compound
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As used herein, the term "alkyl" refers to a fudturated branched or unbranched (or
straight chain or linear) hydrocarbon. The alkylyntee a substituted or unsubstituted alkyl
group. As used herein, the term “alkyl” may refeC;.Cs alkyl, Ci.Cs alkyl, and the like. The
C1.Cs alkyl may be a €to G, C1to Gs,C1to G4, Cito G, or Gto G alkyl group. Non-limiting
examples of the alkyl may be methyl, ethyl, n-pipgsopropyl, n-butyl, isobutyl, sec-butyl,
n-pentyl, isopentyl, neopentyl, iso-amyl, or n-hlexy

As used herein, unless otherwise stated, the tatkoxXy" refers to a substituent in
which a substituted or unsubstituted straight cleaibranched chain alkyl moiety is linked to
another chemical structure by oxygen. As used hetbe term “alkoxy” may refer to, for
example, @Cs alkoxy, G-Cs alkoxy, and the like. The alkoxy may include akpible isomers
thereof such as methoxy, ethoxy, propoxy, and hytoxisopropoxy, isobutoxy, and t-butoxy,
but is not limited thereto.

As used herein, the term "thioalkoxy" refers tabstituent in which a substituted or
unsubstituted straight chain or branched chainlatkgiety is linked to another chemical
structure by sulfur.

As used herein, the term "cycloalkyl" refers t@atusated hydrocarbon ring having the
specified number of carbon atoms as ring elemehet (s, G-Cs cycloalkyl refers to a
cycloalkyl group having 3, 4, 5 or 6 carbon atoresiag elements). As used herein, the term
“cycloalkyl” may refer to, for example,sCs cycloalkyl, G-Cs cycloalkyl, or G-C4 cycloalkyl.
The cycloalkyl may be, for example, cyclopropylcioputyl, cyclopentyl, cyclohexyl. When
the cycloalkyl contains at least one double bohds referred to as “partially unsaturated”
cycloalkyl, but does not include an aryl ring.

As used herein, the term "halogen" refers to amabelonging to group 17 of the
periodic table. The halogen atom includes fluoraidorine, bromine, iodine, and the like, and
may be used interchangeably with the term "haldjttvmeans a monovalent functional group
composed of halogen.

As used herein, the term "cyano" refers to -CN,clvhs a functional group having a
triple bond between a carbon atom and a nitrogem.at

As used herein, the term "hydroxy" refers to a 4Ohttional group (hydroxyl group).

As used herein, the term “oxo” refers to a douldeded oxygen substituent (=0).

As used herein, the term “acyl” refers to a substit in which any carbon of an alkyl
substituent is substituted with oxo. For exampleacyl refers to formyl (-C(=0O)H), and>C
acyl refers to acetyl (-C(=0O)GMH

As used herein, the term “carboxy” refers to -COOH.

As used herein, the term "carbonyl" refers to aldint functional group of -C(=0)-.

As used herein, the term “alkoxycarbony!” referatsubstituent in which either side
of carbonyl is connected to alkoxy (-C(=0)-alkoxy).

As used herein, the term "amino" refers to sNH
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As used herein, the term "alkylamino" means trat H of -NH is substituted with
alkyl.

As used herein, the term “di(alkyl)Jamino” meanstthao H of -NH are both
substituted with alkyl. The two substituted alkyisly be the same as or different from each
other.

As used herein, the term "sulfonyl" refers to aatbwt functional group of -S(@)

As used herein, the term “alkylsulfonyl” refersstononovalent substituent (-2@lkyl)
in which either side of sulfonyl is connected thyal

As used herein, the term “aryl” refers to an aramaydrocarbon ring group and
includes groups in which the ring is fused to onenore carbon rings. For example, aryl may
be a G to G aryl group. Aryl may be phenyl, naphthyl, or tétdronaphthyl.

As used herein, the term "heteroaryl" refers to edetocyclic aromatic group
containing at least one heteroatom selected frod, B, S, P(=0), Si and P as a ring-forming
atom. When the heteroaryl contains N, B or P inrthg, N, B or P of the heteroaryl may be
linked to another moiety. The heteroaryl may atsdude a form in which two or more rings
are simply attached to each other (pendant) oreset. The heteroaryl may contain 1 to 4
heteroatoms, 1 to 3 heteroatoms, 1 or 2 heteroatmnisheteroatom selected from N, O and
S. The heteroaryl may contain 5 to 10, or 5 tm§ atoms. Examples of monocyclic heteroaryl
may include thiophenyl, furanyl, pyrrolyl, pyrazlythiazolyl, isothiazolyl, oxazolyl,
isooxazolyl, imidazolyl, triazolyl, oxadiazolyl, Hdiazolyl, tetrazolyl, pyridinyl, pyridazinyl,
pyrimidinyl, pyrazinyl, triazinyl, and the like.

As used herein, unless otherwise stated, the teetefocyclyl" refers to a monocyclic
or polycyclic, saturated or partially unsaturatiedy Isystem containing at least one heteroatom
selected from B, N, O, S, Si and P and having peeifed number of ring elements (that is,
3- to 7-membered heterocyclyl refers to a heternytgcoup having 3, 4, 5, 6 or 7 ring elements,
including heteroatoms). When the heterocyclyl cmst&, B or P in the ring, N, B or P of the
heterocyclyl may be linked to another moiety. Thé/pyclic heterocyclyl may also include a
form in which two or more heterocyclyl rings arenpiy attached to each other (pendant) or
bridged or condensed or spiro bonded. The hetelgdayay contain 1 to 4 heteroatoms, 1 to
3 heteroatoms, 1 or 2 heteroatoms, or 1 heteros¢tested from N, O and S. For example, the
heteroatom may be N or O. In addition, the heteslytynay contain 5to 10, 4 to 7, 5 or 6 ring
atoms. For example, the heterocyclyl includes malipil, oxetanyl, azetidinyl, pyrrolidinyl,
piperidinyl, piperazinyl, oxanyl and the like, batnot limited thereto.

As used herein, the term “deuterium” is an isotoplydrogen with a mass number
of 2, which is referred to as deuterium or therabiation “D.” The terms “deuterated” and
“substituted with deuterium” refer to a moiety ongpound in which all or part of the hydrogen
atoms contained in the corresponding substituensabstituted with deuterium, and they are
used interchangeably.
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When a derivative is formed by substituting onenore hydrogen atoms in an organic
compound with another atomic group, the term "stisl" in the "substituted or
unsubstituted" refers to introduction of the graplace of the hydrogen atom and the term
"substituent” refers to the introduced atomic groupless otherwise specified, substituents
may be, for example, a halogen atom&0galkyl group substituted with a halogen atom (e.qg.
CCR, CHCR, CH:F, CCg, etc.), G-Cs alkoxy, G-Cs alkoxyalkyl, hydroxyl, an amine group,
an imine group, a nitro group, a cyano group, amargroup, an amidino group, hydrazine,
hydrazone, a carboxyl group or salt thereof, aoswif group, a sulfamoyl group, a sulfonic
acid group or salt thereof, phosphoric acid or gateof, G-Ce alkyl, C>-Ce alkenyl, G-Cs
alkynyl, a G-Czo heteroalkyl group, a Xz aryl group, a &Czo arylalkyl group, a €Czo
heteroaryl group, a /C2 heteroarylalkyl group, a ¢C20 heteroaryloxy group, a ¢ 20
heteroaryloxyalkyl group, and aCzoheteroarylalkyl group.

In the present specification, when a combinatiosulfstituents is mentioned as one
group, for example, arylalkyl, cycloalkylalkyl, tdre like, the last-mentioned group generally
contains the atom attached to the end of the migecu

In the present specification "-" is used to indécatposition at which a substituent is
bonded to the remaining moiety of the compound.gxample, if - is indicated at the end of a
substituent, it means that the end is attacheth@éarémaining moiety of the compound. In
addition, when two or more substituents are linkgd"-," it means that the substituent
immediately before "-" is bonded to a substitutaditlem of the substituent immediately after

As used herein, the term "solvate" may refer tommound of the present invention
or a salt thereof comprising a stoichiometric on4stoichiometric amount of a solvent bound
by non-covalent intermolecular forces. PreferrelVesds therefor may be solvents that are
volatile, non-toxic, and/or suitable for adminisiva to humans. The solvent may be water, in
which case the “solvate” is referred to as “hydrate

As used herein, the term "stereoisomer” may rejea compound of the present
invention or a salt thereof that has the same otenfiormula or molecular formula but is
optically or sterically different, and specificallgnay be a diastereomer, an enantiomer or a
geometric isomer.

In some embodiments, the compound of the preseahtion may be in the form of a
racemate, a single enantiomer, a mixture of enan@rs, a single diastereomer, a mixture of
diastereomers, and the like, containing one or rasggnmetric centers. In one embodiment,
due to the limited rotation or nature of the asyrrioeenter, the compound of the present
invention may be in the form of an enantiomer diastereomer.

When two or more asymmetric centers are presetitarcompound of the present
invention, several diastereomers and enantiometiseothemical structures disclosed herein
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may exist, and pure isomers, separated isometslpapure isomers, racemic mixtures or the
like are all intended to fall within the scope bétpresent invention.

Purification of the isomers and separation of atamexof the isomers may be achieved
by standard techniques known in the art. For exampldiastereomeric mixture may be
separated into its respective diastereomers byaratographic process or crystallization, and
aracemate may be separated into its respectiveiemeers by resolution or a chromatographic
process on a chiral phase.

The compound of the present invention may be uséukei form of a pharmaceutically
acceptable salt derived from an inorganic acidrgapic acid, and for example, the salt may
be a salt derived from hydrochloric acid, hydrobiomcid, sulfuric acid, phosphoric acid,
nitric acid, acetic acid, glycolic acid, lactic dcipyruvic acid, malonic acid, succinic acid,
glutaric acid, fumaric acid, malic acid, mandeladg tartaric acid, citric acid, ascorbic acid,
palmitic acid, maleic acid, hydroxymaleic acid, beic acid, hydroxybenzoic acid,
phenylacetic acid, cinnamic acid, salicylic acidgthanesulfonic acid, benzenesulfonic acid,
toluenesulfonic acid, or the like.

A pharmaceutically acceptable salt of the compomag be prepared by dissolving
the compound of formula | in a water-miscible ongasolvent, such as acetone, methanol,
ethanol, acetonitrile, or the like, and adding &ress of an organic acid or adding an aqueous
acid solution of an inorganic acid, and then prégijmg or crystallizing. Subsequently, after
evaporating the solvent or an excess of acid flaerhixture, it may be prepared by drying to
obtain an addition salt or by suction filtrationtbé precipitated salt.

General preparation method of compound

The compound according to the present inventionbeaprepared through chemical
modifications well known to one of ordinary skilh ithe art of organic/pharmaceutical
chemistry according to the method representatiskbwn below.

The following general reaction scheme is a gendtetration of a representative
preparation method of the compound of formula le@hordinary skill in the art will be able
to easily prepare the compound of formula | by appately selecting a starting material, a
reaction temperature, a reaction condition, a gstah solvent, a treatment method, and the
like suitable for the desired compound, based empthparation methods specifically disclosed
in the examples herein.

In the following reaction schemes, the designatibeach substituent in a compound

represented by Formula | and intermediates isdheesas the substituent at the corresponding
position in Formula I, unless otherwise specifiacaddition, in the following reaction schemes,
R' represents an alkyl group, and Hal represertgl@a group (preferably Br or CI). For
convenience of explanation, each ring structura compound represented by Formula | is
referred to separately as A-part, B-part, C-patt Brpart as follows.
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In one aspect, a compound of Formula | can be peepaccording to the preparation
method of Reaction Scheme | below.
[Reaction Scheme ]

N: 73 —73 3 7 NH
Hal RN, (4 | %\g/g
FoRe RN R? Rsz\R3

BusSn (BPin),
2
Hal Pd(PPhy);Cly, toluene N KOAc Pd(ppNCl uone, TEA
Hal B Py, MeCN
R4 a OH R4 b
N=2° N=23
r2N _A~R3 - Al A® 1 3
RN ~R A A N=2°
RS 2 NaOH, THF, H,0 2 N ,
g T RE o 72 M lw A2 R R
)\( Z1 Kl W NH2 .
orLIOH, THF, H20 o7\~ ~N)§/ - ~ O NH 74772
NN R EDCI, HOBY, o /ZIN)E/N
R DIEA, DMF 4
c R d ' NN R
Formula | R!

In Reaction Scheme | abovét, 72, 73, 74, R, R?, R®, R*, Al, A and A are the same
as in Formula I. In Reaction Scheme |, R' may b&€galkyl (for example, methyl or ethyl),
and Hal may be halogen (for example, Br).

In Step 1 of Reaction Scheme | above, the bis-lealatgd C-part intermediate and the
organotin D-part intermediate can be coupled inpgtesence of an appropriate solvent (for
example, toluene) and a Pd catalyst to preparenhetiate a. The reaction of Step 1 can be
carried out at a temperature of about 80 °C to abaQ °C, or about 90 °C to about 100 °C,
for about 10 h to about 30 h, or about 15 h to &B&wh, such as 16 h or 24 h.

In Step 2, Intermediate a can be boronated usirggropriate boronating reagent (for
example, bis(pinacolato)diboron) and a catalyst @gample, a Pd catalyst) to prepare
Intermediate b. The reaction of Step 2 can beedwut at a temperature of about 80 °C to
about 120 °C, or about 90 °C to about 100 °C, bwua 10 h to about 30 h, or about 15 h to
about 25 h, such as 16 h or 24 h.

In Step 3, Intermediate b can be coupled with thpa#& ester intermediate in the
presence of an appropriate base (for example,ipgidnd a catalyst (for example, Cu(OAc)
to prepare Intermediate c. The reaction of SteprBle carried out at a temperature of about
80 °C to about 120 °C, about 90 °C to about 100t@pout 90 °C, for about 10 h to about 30
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h, or about 15 h to about 25 h, such as about 16 h.

In Step 4, the ester group of Intermediate ¢ cahyukolyzed using an appropriate
base (for example, LiIOH or NaOH) to prepare Intediae d. The reaction of Step 4 can be
carried out at a temperature of about 10 °C to aP0UJC, such as about 25 °C, for about 10 h
to about 30 h, or about 15 h to about 25 h, suadbast 16 h.

In Step 5, a compound represented by Formula beaprepared by amide coupling
Intermediate d with the A-part intermediate. Iniéidd to those described in Reaction Scheme
I, the amide coupling reagent can be appropriatbignged as needed, and accordingly,
reaction conditions such as appropriate reactrar ind reaction temperature can be selected.
If necessary, the amide coupling reagent can beppptely changed to, for example, HATU,
TEA, DMF, DIEA, DMAP, DCM, and the like. The amideupling reaction of Step 5 can be
carried out at about 20 °C to about 30 °C for alibhtto about 25 h. For example, the amide
coupling reaction of Reaction Scheme 1 can beethout at about 25 °C for about 2 h to about
20 h, or about 5 h to about 16 h, or about 16 h.

Alternatively, Intermediate ¢ in Reaction Schenabbve can be prepared according
to Reaction Scheme I-1 below. The preparation nietidReaction Scheme I-1 below has a
coupling sequence different from Reaction SchemeéHat the D-part intermediate is coupled
after coupling the B-part intermediate and the @-pr@ermediate. However, the reaction
reagents and reaction conditions in each step attite Scheme I-1 are the same or similar
to the corresponding steps in Reaction Scheme |I.

[Reaction Scheme 1-1]

Hal

272 _73
/Cﬁ .N:Z3 /N_Z
04? A Hal R2-N r2-N_~

RI\O %ro R _—
1 ~0 = I%Q Bu;Sn R
“~ Cu(OAc),, boric acid () Z N Zl N

o 4 AMS, MeCN “ Pd(PPh3),Cl,, toluene 10) ZaN

R’ o N
R1
Alternatively, a compound represented by Formulghkrein & is amino can be
prepared by amide coupling the intermediate hathiegNG group and Intermediate d in the
same manner as in Reaction Scheme |, followed thycteon of the N@ group to the Nk
group under appropriate nitro reduction conditiios example, Fe and Nig€l) (see Reaction
Scheme I-2 below).
[Reaction Scheme 1-2]
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A NO;
,N:23 Azji?/ Al NO, ,N=Z3 A NH, N:ZB
RZ/N 7 W ’r?l)Hz Azj?/ Rz/N % Fe, NH,CI AzjiLj/ Rz/N 7
I z! i ﬁz } ¥ z! a3 EtOH, H;0 s z! N
07 NFN EDCI, HOB, 0PN N 0PN
)\g/go . DIEA, DMF NNp N0

Formula |

The nitro reduction reaction can be carried oabatut 60 °C to about 100 °C, or about
70 °C to about 90 °C, or about 80 °C for abouttd Bbout 20 h, or about 10 h to about 15 h,
or about 12 h.

Alternatively, a compound represented by Formwiaérein R has a substituent other
than halogen (for example, CN or cyclopropyl, eten be prepared by introducing the desired
R! group into a compound represented by Formula reihdR! is halogen using an appropriate
cyanidation reagent (for example, CuCN and NMPamrappropriate coupling reagent (for
example, Pd(OAg) PCy, a cycloalkylboronic acid compound)

Alternatively, a compound represented by Formuldaérein R has a substituent can
be prepared by using the B-part intermediate hathiegorresponding substituent in Reaction
Scheme |, I-1 or I-2 above.

Alternatively, Intermediate ¢ in Reaction Schemeah be prepared according to
Reaction Scheme I-3 below.

[Reaction Scheme 1-3]

0O O O
R' R
N=Z 0O 0 O ° A °
) BUsSn R2- N Y Fe, NH4CI RN~ R<o oR NH
N7 >
il - 22 g2 = |
ONT N Pd(PPh3)zC|2 EtOH H,0 f NaNO,, aq. HCI, NaOAc Neoy
5 B
toluene HoN N EtOH, H,0 7 = 023
/N\N
R2
N=Z* N=Z° N=2°
r2-N ~ Rz)N Z RZ‘N 2
1,2-dichlorobenzene ) Tf,0, TEA , Pd(OAc)z, dppf, .
TR, Ry o T T L Ry ZN72 > o Z72
1 N N EtSiH, DMF 1 R
o /Z\N ~ N DCM o /Z N N 3olA, 0 /Z\N N
HO \ (¢} TfO X o) X 0 c

Step 1 of Reaction Scheme I-3 can be carried otitarsame manner as in Step 1 of
Reaction Scheme | except that the nitrated andgkakted C-part intermediate is used. In
addition, Step 2 is a nitro reduction reactionhe same manner as in Step 2 of Reaction
Scheme [-2.

In Step 3, the product of Step 2 can be reactdd3vixopentanedioate in the presence
of an appropriate solvent and catalyst (for examgeNG, NaOAc, aq. HCI, EtOH) to form
a hydrazone compound. The reaction of Step 3 caralveed out at a temperature of about -
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10 °C to about 30 °C, or about -5 °C to about 25diGbout 0 °C to about 20 °C for about 30
minutes to about 5 h, or about 1 h to about 2 lapout 1 h.

In Step 4, the product of Step 3 can be heatdueiptesence of an appropriate solvent
(for example, 1,2-dichlorobenzene) to form a dilmpyridazinone ring. The reaction of Step
4 can be carried out at a temperature of abouf@206 about 220 °C, or about 150 °C to about
200 °C, or about 180 °C for about 5 h to about 16rfabout 8 h.

In Step 5, T4O can be added to the product of Step 4 in an gpigte solvent (for
example, TEA, DCM) to introduce a trifluoromethylfemyloxy group into the
dihydropyridazinone ring. The reaction of Step B ba carried out at a temperature of about -
100 °C to about 50 °C, or about -80 °C to abouf@por about -70 °C to about 20 °C, for
about 30 minutes to about 5 h, or about 1 h to &Bdw) or about 2 h.

In Step 6, the product of Step 5 can be reacted RRPF and BSiH in the presence
of an appropriate catalyst (for example, Pd(QA@) an appropriate solvent (for example,
DMF) to remove the trifluoromethylsulfonyloxy grotp prepare Intermediate c. The reaction
of Step 6 can be carried out at a temperatureaitshd0 °C to about 150 °C, or about 80 °C to
about 120 °C, or about 100 °C, for about 30 mintdesbout 3 h, or about 1 h to about 2 h, or
about 1 h.

In one aspect, a compound represented by Formecéa lbe prepared as shown in
Reaction Scheme IA below. The preparation metho&edction Scheme IA below has a
coupling sequence different from Reaction Schemed Reaction Scheme I-1 in that the A-
part intermediate and the D-part intermediate agentially coupled after coupling the B-
part intermediate and the C-part intermediate. H@wnethe reaction reagents and reaction
conditions in each step of Reaction Scheme IA lagesame or similar to the corresponding
steps in Reaction Scheme | or Reaction Scheme I-1.

[Reaction Scheme IA]
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Medicinal use, pharmaceutical composition, and admistration method

The compound of Formula I, a stereoisomer, a seJvat a pharmaceutically
acceptable salt thereof may be used for prevemtirigeating a SOS1 mediated disease. The
compound of Formula |, a stereoisomer, a solvatd, @ pharmaceutically acceptable salt
thereof are as described above.

In the present specification, the term "preventiog”prevention” refers to preventing
a disease, for example, preventing a disease, ttemdir disorder in a subject who may be
predisposed to the disease, condition or disordehés not yet experienced or exhibited the
pathology or signs of the disease.

As used herein, the term "treating" or "treatmemférs to inhibiting a disease, for
example, inhibiting a disease, condition or disoiidea subject who experiences or exhibits
the pathology or signs of the disease, conditiodisorder, i.e., preventing recurrence of the
pathology and/or signs after treatment or furtreredlopment of the pathology and/or signs, or
ameliorating the disease, for example, ameliorativey disease, condition or disorder in a
subject who experiences or exhibits the patholagygns of the disease, condition or disorder,
i.e., reversing the pathology and/or signs, fomepie, reducing the severity of the disease.

The SOS1 mediated disease may include a disedseathhe prevented or treated by
inhibiting the interaction between SOS1 and RASIlfiaproteins, and/or between SOS1 and
RACL1. The SOS1 mediated disease may include asdisesociated with the abnormal activity
of SOS1 and/or RAS family proteins. The SOS1 medidisease may be, for example, cancer.
The cancer may be, for example, pancreatic cahoey,cancer, colorectal cancer, biliary tract
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cancer, multiple myeloma, melanoma, uterine cancenvical cancer, endometrial cancer,
thyroid cancer, chronic lymphocytic leukemia, acatgeloid leukemia, bladder cancer,
urothelial cancer, gastric cancer, squamous csatirmama of the head and neck, diffuse large
B cell ymphoma, esophageal cancer, hepatoceledacer, breast cancer, ovarian cancer,
prostate cancer, glioblastoma, kidney cancer aosaa. In one embodiment, the cancer may
be pancreatic cancer, lung cancer (for examplesnaall cell lung cancer), biliary tract cancer
or colorectal cancer.

The cancer may be, for example, a cancer dependéhe RAS family and the MAPK
signaling pathway. The cancer may include, for gdamcancer having mutation of proteins
or genes, gene amplification and/or overexpressidhe RAS family and MAPK signaling
pathway, e.g., KRAS, NRAS, HRAS, receptor tyrodimeases (for example, EGFR, ErbB2,
ErbB3, ErbB4, PDGFR-A/B, FGFR1/2/3, IGF1R, INSR,K{LROS, TrkA, TrkB, TrkC, RET,
c-MET, VEGFR1/2/3, AXL), GAP (for example, NF1) ai8DS1 (for example, mutation,
amplification or overexpression of RAF, MEK). Inldition, the cancer may be a RAC1
dependent cancer.

The SOS1 mediated disease may be, for example,seasi associated with
dysregulation of RAS family protein pathways, iRASopathy. The RASopathy may include
neurofibromatosis type 1 (NF1), Noonan syndromeayrdm syndrome with multiple lentigines
(NSML, also referred to as Leopard syndrome), tapil malformation-arteriovenous
malformation syndrome (CM-AVM), Costello syndrom@FC syndrome (Cardio-Facio-
Cutaneous syndrome), Legius syndrome (also reféorad NF1-like syndrome) or hereditary
gingival fibromatosis.

According to one embodiment, a compound of Forrhakn be used in the treatment
of a disease associated with the abnormal actwitysOS1 or RAS family proteins, or
dysregulation of RAS family protein pathways byibiting the interaction between SOS1 and
RAS family proteins, or between SOS1 and RACL1.

In one embodiment, the pharmaceutical compositi@y momprise conventional
pharmaceutically acceptable carriers, excipientsdaditives. The pharmaceutical composition
may be formulated according to a conventional nektiamd may be prepared as various oral
dosage forms such as tablets, pills, powders, tefssyrups, emulsions, microemulsions, or
parenteral dosage forms such as intramusculaayviertious or subcutaneous dosage form. The
pharmaceutical composition may be a single comiposior separate compositions. The
pharmaceutical composition comprises the compoumstereoisomer, solvate, or
pharmaceutically acceptable salt according to osge@ as an active ingredient of the
pharmaceutical composition.

When the pharmaceutical composition is prepardterform of an oral formulation,
examples of additives or carriers used may incleelaulose, calcium silicate, corn starch,
lactose, sucrose, dextrose, calcium phosphatericstaeid, magnesium stearate, calcium
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stearate, gelatin, talc, surfactant, suspendingitagenulsifying agent, diluent, and the like.
When the pharmaceutical composition of the presamntion is prepared in the form of an
injection, the additive or carrier may include watgaline, agueous glucose solution, similar
aqueous sugar solution, alcohol, glycol, ethergf@ample, polyethylene glycol 400), oil, fatty
acid, fatty acid ester, glyceride, surfactant, sasiing agent, emulsifying agent, and the like.

The dosage of the pharmaceutical composition eEnaount effective for treatment or
prevention of a subject or patient, and may be adht@red orally or parenterally as desired. It
may be administered in one to several divided daség administered in an amount of 0.01
to 1000 mg, more specifically 0.1 to 300 mg peiokdpody weight daily based on the active
ingredient when administered orally, or in an antafr0.01 to 100 mg, more specifically 0.1
to 50 mg per kg of body weight daily based on theva ingredient when administered
parenterally. The dose to be administered to aifspeabject or patient should be determined
in light of several related factors such as bodighte age, sex, health condition of the patient,
diet, administration time, administration methdw severity of the disease, and the like, and
it should be understood that it may be appropyatelreased or decreased by a specialist. The
above dosage is not intended to limit the scogkepresent invention in any way. A physician
or veterinarian of ordinary skill in the art mayaddy determine and prescribe the required
effective amount of the pharmaceutical compositior example, by a physician or
veterinarian, a dose of the compound of the presemntion used in a pharmaceutical
composition may start at a level lower than thauned to achieve the desired therapeutic
effect, and may gradually increase until the desaféect is achieved.

In one embodiment, the pharmaceutical compositiariudes within its scope a
pharmaceutical composition comprising, as an adhgeedient, a therapeutically effective
amount of at least one of the compounds accordingé¢ embodiment, alone or in combination
with a pharmaceutical carrier. The term "theramaliyy effective amount” or "effective
amount” refers to an amount sufficient to produdeeaeficial or desired clinical result, for
example, an amount sufficient to alleviate, ameliey stabilize, reverse, slow or delay the
progression of a disease.

Meanwhile, as described below, when the compoupdesented by Formula | or
Formula I-1 according to the present inventiordisiaistered in combination with one or more
other therapeutic agents, there is provided hergimarmaceutical composition comprising the
compound according to the present invention andther therapeutic agents. Therefore, in
one embodiment, there is provided a pharmaceutmalposition for preventing or treating
cancer, comprising a compound represented by Farrhdr Formula I-1, or a solvate,
stereoisomer or pharmaceutically acceptable sateti; and an anticancer agent as an active
ingredient. The compound represented by FormulaHoomula I-1 and the anticancer agent
may be included in one pharmaceutical compositionmay be formulated as individual
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pharmaceutical compositions, respectively. Thecantier agent used in combination is as
described below.
Combined administration

Optionally, the compound according to one embodimeay be administered alone,
or simultaneously, separately or sequentially,ambination with the compound according to
another embodiment or in combination with one oreraiher therapeutic agents, for example,
an anticancer agent or other pharmaceutically esidostances.

When used for the treatment of cancer, the compoepcesented by Formula | or
Formula I-1 of the present invention may be adntemexd in combination with other anticancer
agents. Here, the compounds represented by FotrmnthFormula I-1 are as described above.

In one embodiment, in the compound represented dsynida | according to the
present invention administered in combination whig above anticancer agent,rRay be a 4-
to 7-membered heterocyclyl containing 1 or 2 hetenms selected from N, O and S, optionally
substituted with one or more?R or partially unsaturated or saturated@ cycloalkyl
optionally substituted with one or moré'R Here, R*2and R** are each independently-Cs
alkyl optionally substituted with one or more hatagCN, OH, G-Ce alkoxy, carboxy or oxo;
C1-Cs acyl; carboxy; @-Cs alkoxycarbonyl; or GCs alkylsulfonyl.

For example, in the compound represented by Formalecording to the present
invention administered in combination with the ab@nticancer agent,’Rnay be a 4- to 6-
membered heterocyclyl containing 1 or 2 heteroatselected from N and O, optionally
substituted with one or more?R or partially unsaturated or saturated@ cycloalkyl
optionally substituted with one or moré'R Here, B2 may be @G-C, alkyl optionally
substituted with one or more OH;-C4 alkoxy or oxo; G-C4 acyl; G-C4 alkoxycarbonyl; or

F
C1-Cq alkylsulfonyl, and R® may be halogen. For examplé, iRay be cycIopropyIF %

cyclobutyl, oU)\ HNW\ UA VNDA HON@/\ YD) D)\’\ ND)\
aWosioatl QA

In one embodiment, in the compound represented diynita | according to the
present invention administered in combination wlih above anticancer agent,iRay be G-
Cs alkyl optionally substituted with one or more d=uim, OH, oxo (=O) or halogen. For
example, R may be G-Cs alkyl substituted with OH. For example! Riay be -CHOH, -
CH(OH)CH; or -C(OH)(CH)2, but is not limited thereto. Alternatively!Ray be G-Cs alkyl
substituted with halogen. For examplé,Ray be CE Alternatively, R may be G-Cs alkyl
substituted with oxo (=O). For examplé’, iRay be -C(=0)CHl
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The anticancer agent that can be administered nmbowtion with the compound
represented by Formula | or Formula I-1 of the @nésnvention may be selected from the
group consisting of chemical anticancer agentgetad anticancer agents, anticancer viruses,
antibody therapeutic agents, cell therapeutic agamimune checkpoint inhibitors, and a
combination thereof.

In one embodiment, the compound represented by Warinor Formula I-1 of the
present invention may be administered alone oomhination with other anticancer therapies,
such as radiation therapy, taxane derivatives ¢i@mple, paclitaxel, docetaxel), platinum
compounds (for example, cisplatin, carboplatin)timaetabolites (for example, 5-FU,
gemcitabine, cytarabine, 6-thioguanine), CDKA4/6 ibithrs (for example, abemaciclib,
palbociclib), immunotherapeutic agents (for exampdati-CTLA4 antibody, anti-PD1
antibody), angiogenesis inhibitors (for exampleyamzumab, nintedanib, regorafenib),
topoisomerase inhibitors (for example, irinotec@N-38, doxorubicin), ERK inhibitors (for
example, ulixertinib, rineterkib), MDM2 inhibitorg¢for example, alrizomadlin), PARP
inhibitors (niraparib), MCL-1 inhibitors, mTOR intitors (for example, rapamycin,
temsirolimus, INK-128 (sapanisertib), everolimuBET inhibitors (JQ1), CDKS9 inhibitors
(for example, AT-7519), IGF1/2 or IGF1-R inhibito(dl\VP-ADW742), PIK inhibitors
(duvelisib), EGFR inhibitors (for example, apatinibsimertinib, cetuximab, lazertinib,
gefitinib, neratinib), ErbB2 (HERZ2) inhibitors (fexample, trastuzumab, irbinitinib, neratinib),
ALK inhibitors (for example, crizotinib, alectinipMEK inhibitors (for example, trametinib,
cobimetinib), BCR-ABL inhibitors (for example, imaib, nilotinib, dasatinib), FGFR1,
FGFR2 or FGFR3 inhibitors (for example, nintedaniBOS1 inhibitors (for example,
crizotinib, entrectinib, repotrectinib), c-MET irdiiors (for example, tepotinib), AXL
inhibitors (for example, bemcentinib), NTRK1 inhiyis (for example, repotrectinib), RET
inhibitors (for example, pralsetinib), KRAS G12Qihitors (for example, sotorasib, adagrasib,
trametinib, JDQ443), KRAS G12D inhibitors (for exaley MRTX1133), SHP2 inhibitors (for
example, TNO155), mutBRAF inhibitors (for examptigbrafenib), PI3K inhibitors (for
example, alpelisib, apitolisib), Aurora A inhibito(for example, MK-5108), pan Aurora
inhibitors (for example, danusertib, AMG-900, resiee), BTK inhibitors (for example,
ibrutinib), Weel inhibitors (for example, MK-1775DHFR inhibitors (for example,
methotrexate), HSP90 inhibitors (for example, BER) A3AR antagonists (for example,
reversine), ubiquitin E1 enzyme inhibitors (for eyde, MLN-7243), Bcl-2 inhibitors (for
example, ABT-737), EZH2 inhibitors (for example, K843), ARID1A inhibitors (for
example, GSK-343), SUMOylation inhibitors (for exaley 2-D08), CHKL1 inhibitors (for
example, SCH-900776), HDAC inhibitors (for exampdatinostat), JAK1/2 inhibitors (for
example, ruxolitinib), Proteasome inhibitors (foraeple, carfilzomib), AKT inhibitors (for
example, ipatasertib), GR inhibitors (for examplednisolone), PLK1 inhibitors (for example,
volasertib) or pan-RAF inhibitors (for example, afenib), etc.
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The compound represented by Formula | or Formdlai-the present invention can
be used together with other anticancer therapissribed above to enhance the action of
anticancer therapies, thereby significantly inkigitthe expression and activity of target
proteins or genes. Specifically, the compound greed by Formula | or Formula I-1 not
only has its own anticancer efficacy, but can atgarove the anticancer efficacy of the targeted
inhibitor. Therefore, when Formula | or Formula late used together with the above
anticancer therapy, they can exhibit anticanceicaff that is superior to the sum of the
anticancer efficacy when they are used alone.

As used herein, the term "chemical anticancer dgmentlso referred to as an
antineoplastic agent or a cytotoxic agent. It geaeral term for drugs that exhibit anticancer
activity mainly by acting directly on DNA to blockNA replication, transcription, and
translation processes, or by interfering with tlyatlsesis of nucleic acid precursors in
metabolic pathways and inhibiting cell division.elanti-tumor drug acts not only on tumor
cells but also on normal cells and exhibits cytatibx. The chemical anticancer agent can be
used for maintenance therapy. In addition, as Umedin, the term "maintenance therapy"
refers to treating cancer with drugs after inifiati-cancer treatment, and refers to a treatment
method performed to prevent or delay the recurrehcancer.

Specifically, chemical anticancer agent may be ang selected from the group
consisting of alkylating agents, microtubule intols, antimetabolites and topoisomerase
inhibitors. The alkylating agent may be any oneeceld from the group consisting of
Mechlorethamine, Cyclophosphamide, Ifosfamide, Malpn, Chlorambucil, Thiotepa,
Altretamine, Procarbazine, Busulfan, Streptozoto€armustine, Lomustine, Dacarbazine,
Cisplatin, Carboplatin and Oxaliplatin. The microtle inhibitor may be any one selected from
the group consisting of Docetaxel, Paclitaxel, \delbOncovin and Navelbine. The anti-
metabolite may be any one selected from the gromgisting of Fluorouracil, Capecitabine,
Cytarabine, Gemcitabine, Fludarabine, Methotrexa®emetrexed, 6-thioguanine and
Mercaptopurine. The topoisomerase inhibitor mayadog one selected from the group
consisting of Hycamtin, Camptosar, Vepesid, Blemaxadriamycin, SN-38, Doxorubicin
and Cerubidine.

As used herein, the term "targeted anticancer agena therapeutic agent that
specifically kills cancer cells by blocking signaisolved in the growth and development of
cancer by targeting changes in specific proteinspecific genes that frequently appear only
in cancer cells. It is classified into monoclonatilbodies that react outside cells and small
molecule substances that act inside cells. Monatlantibodies are anticancer agents that
block cancer cell-inducing signals transmitted lie putside of cells, and act on initiation
signals related to proliferation, death and the,liend small molecule substances act on
complex signal transduction occurring inside cells.
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Specifically, a protein to be targeted may be mTEOBK, EGFR, VEGFR, CD20,
CD38, RNAK-L, BTK, Bcr-abl, PDGFR/FGFR family, MEKKRAS, ERK1/2, HER2/Neu,
Ubiquitin, JAK, ALK, PARP, TGBR, Proteasome, Bcl-2, C-Met, VR1, VR2, VR3, c-RiXL,
RET, BRAF, pan-RAF, SHP2, SRC, LCK, DNMT, CDK4/a)K9, BET, MDM2, IGF1/2 or
IGF1-R, ROS1, NTRK1, PIK, DHFR, pan-Aurora, AurégkaWEE1, HSP90, A3AR, EZH2,
ARID1A, CHK1, ATR, HDAC1/3, AKT, PLK1, SUMOylationelated proteins, STING and
the like.

The targeted anticancer agent may be any one sélécdm the group consisting of
Rapamycin, Sirolimus, Temsilorimus, Everolimus, &atolimus, INK-128, Alpelisib,
Cetuximab, Trastuzumab, Pertuzumab, Gefitinib, tifnle, Osimertinib, Lazertinib,
Panitumumab, Axitinib, Lenvatinib, Bevacizumab, Renmumab, Aflibercept, Rituximab,
Obinutuzumab, Daratumumab, Denosumab, Ibrutinib,sabaib, Nilotinib, Imatinib,
Bosutinib, Galunisertib, Vactosertib, FutibatinibNintedanib, Sunitinib, Sorafenib,
Cabozantinib, Regorafenib, Masitinib, SemaxanibyoZanib, Vandetanib, Pazopanib,
Dabrafenib, Sotorasib, Adagrasib, JDQ443, MRTX11B88xertinib, Afatinib, Lapatinib,
Neratinib, Lenalidomide, Ixazomib, Ruxolitinib, LUasrtinib, Pacritinib, Trametinib,
Cobimetinib, Selumetinib, Binimetinib, Alectinib, oklatinib, Crizotinib, Venetoclax,
Bemcentinib, Gilteritinib, Selpercatinib, PralséinEncorafenib, Vemurafenib, Belvarafenib,
RMC-4630, Batoprotafib, WH-4-023, Olaparib, Talazdp, Niraparib, Rucaparib,
Azacitidine, Decitabine, Guadecitabine, AbemacicliRibociclib, Palbociclib, CDNs,
SB11285, Rineterkib, Repotrectinib, Tepotinib, Atnmadlin, JQ1, NVP-ADW742, Duvelisib,
Irbinitinib, Danusertib, MK-1775, AMG-900, BIIBO21Reversine, MLN-7243, ABT-737,
MK-5108, GSK-343, 2-D08, SCH-900776, EntinostatfiCznmib, Apitolisib, Ipatasertib,
Volasertib, AT-7519, Methotrexate, Wortmannin, ERB@&/, PYR-41, MLN4924, RO-
5503781, MK-8242, SAR-405838, CGMO097, DS3032b, &eystin, Disulfiram,
Epigallocatechin-3-gallate, Marizomib, Oprozomilel@zomib, Epoxomicin, MG132, Beta-
hydroxy beta-methylbutyrate, Bortezomib, Navito¢lBaporafenib, PF-07284892, TNO155,
Hesperadin, LY3295668 , Tozasertib, Azenosertibl.204-096, RP-6306, GSK-1520489A,
BIIB028, MPC-3100, PU-H71, Debio093, SNX-5422, AUXD KF-26777, MRS-545,
CAY10498, DZNep, EPZ005687, EI1, GSK126, UNC1998zdmetostat, Sinefungin, GSK-
343 , Davidiin, CID9549553, SRA737, V158411, PF-A3G, AZD7762, Prexasertib,
Berzosertib, Gartisertib, Ceralasertib, Panobiripstacetinostat, Trichostatin A, CBUDO01,
Abexinostat, VQD-002, Perifosine, Miltefosine, MR@5, AZD5363, Rigosertib, I-BET 151,
I-BET 762, OTX-015, TEN-010, CPI-203, CPI-0610, r@ine, RVX-208, ABBV-744,
LY294002, AZD5153, MT-1, MS645, Figitumumab, Mecasm, rhiIGF-1, Bl 885578,
Buparlisib, Copanlisib, Dactolisib, Idelalisib, Baclisib, Paxalisib, Taselisib, Zandelisib,
Inavolisib, AZD4573, Atuveciclib, VIP152, A-1592668SH-150, SLS009, Roscovitine and
DMXAA.
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As used herein, the term "mTOR (mammalian targeap&mycin)" is also referred to
as mechanistic target of rapamycin or FRAP1 (FK&i@6@ing protein 12-rapamycin associated
protein 1), and is a protein belonging to the PiggKosphatidylinositol 3-kinase-related kinase)
family. mTOR is encoded by the FRAP1 gene in humams is a serine/threonine protein
kinase that regulates cell growth, cell prolifesaticell motility, cell survival, protein synthesis
and transcription. The mTOR inhibitor can inhihitrtor survival by inhibiting autophagy,
lipogenesis, proliferation, and protein synthesis, The mTOR inhibitor may be, for example,
rapamycin, sirolimus, temsilorimus, everolimus,af@olimus or INK-128 (sapanisertib,
MLNO0128, TAK-228).

As used herein, the term "PI3K (Phosphoinositiddnase)” is also referred to as
phosphatidylinositol 3-kinase, and is an enzymelwved in cellular functions such as cell
growth, proliferation, differentiation, motilityusvival, and intracellular signal regulation, and
is associated with cancer. PI3K includes subunithsas p11@/p/y/6 (PI3Ko/Bly/3). PISK
targeted anticancer agents may include alpelisdotraannin, LY294002, idelalisib, copanlisib,
duvelisib, apitolisib (GDC-0980, RG7422, GNE 39%d the like.

As used herein, the term "epidermal growth facteceptor (EGFR)" is a cell
membrane receptor that regulates cell growth, idrjssurvival and death, and expression of
EGFR is increased in tumor tissues in various aandeimor tissues with increased EGFR are
known to have high invasion, metastasis and registao anticancer agents. In one
embodiment, a substance that inhibits the EGFRnaBGFR inhibitor may be cetuximab,
trastuzumab, pertuzumab, gefitinib, erlotinib, asitimib, lazertinib or panitumumab.

As used herein, the term "vascular endothelial ¢indactor receptor (VEGFR)" is a
cell membrane receptor for vascular endothelialgindactor that induces angiogenesis, and
a VEGFR inhibitor inhibits the angiogenesis to mhtumor growth and metastasis. In one
embodiment, a VEGF inhibitor or a VEGFR inhibitoayrbe axitinib, lenvatinib, bevacizumab,
ramucirumab or aflibercept.

As used herein, the term "CD20 (B lymphocyte amtiG®&20)" is a protein expressed
on the surface of B cells and is used as a targéeip for treatment of B cell lymphoma. An
inhibitor targeting CD20 may be rituximab or obinzamab.

As used herein, the term "CD38 (cluster of difféiaion 38)" is a protein that
regulates cell proliferation and death while actsga signal transduction system receptor in
immune cells, and an inhibitor targeting this protaay be daratumumab.

As used herein, the term "RNAK-L (receptor activatd nuclear factor kappB-
ligand)" is a RANK receptor expressed on the s@rfaicosteoclasts, and when activated by
binding to the ligand, it acts to cause bone detitrn. A RANK-L inhibitor is mainly used for
cancer patients suffering from bone metastasis steoporosis, and may be specifically
denosumab.
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As used herein, the term "BTK (Bruton's tyrosinedse)" is an enzyme involved in
the proliferation of B cells, and when overexpressecan develop into hematological cancer.
In one embodiment, an inhibitor targeting BTK mayibrutinib.

As used herein, the term "Bcr-abl" is a fusion emotthat is highly expressed in
patients with chronic myeloid leukemia, and is kmot® induce abnormal proliferation of
blood cells. Specifically, the inhibitor of thisqtein may be dasatinib, nilotinib, imatinib or
bosutinib.

As used herein, the term "tumor growth fagteeceptor (TGBR)" is a cell membrane
receptor for tumor growth factor, and regulatesgitwavth, migration, differentiation and death
and the like of epithelial cells and hematopoiegtis. An inhibitor targeting TGFIR may
include galunisertib or vactosertib, but is notited thereto.

As used herein, the term "PDGFR (platelet derivexivth factor receptor)” is a cell
membrane receptor for PDGF that is frequently esg@d in cancer cells, and is known to be
involved in angiogenesis to regulate cancer growthtastasis, and drug resistance. FGFR
(fibroblast growth factor receptor) is a receptuorffbroblast growth factor (FGF) and regulates
various biological processes including cell grovdifferentiation and migration and the like.
The FGFR gene is frequently mutated, and thesentsusae commonly observed in breast
cancer, uterine cancer, ovarian cancer, cervicatara and the like. An inhibitor targeting
PDGFR or FGFR may be futibatinib, nintedanib, daibt imatinib, sorafenib, cabozantinib,
lenvatinib, regorafenib, masitinib, semaxanib, ziawib, vandetanib, axitinib or pazopanib.

As used herein, the term "MEK (mitogen-activatedt@n kinase kinase)" is a dual-
specificity kinase enzyme that phosphorylates MARKogen-activated protein kinase), also
referred to as MAP2K, MEK, or MAPKK. When MEK ishibited, cell proliferation is blocked
and cell death is induced. MEK targeted anticaagemts may be cobimetinib, selumetinib,
trametinib or binimetinib.

As used herein, the term "KRAS (Kirsten rat sarcarmas)" refers to a gene that
produces a protein referred to as K-Ras, whiclars @f the RAS/MAPK pathway, and is an
oncogene that instructs the growth, division, peoétion, and differentiation signals of cells.
KRAS targeted anticancer agents may be sotoragégrasib, JDQ443 or MRTX1133.

As used herein, the term "ERK1/2 (extracellulanalgegulated kinases 1/2)" refers
to a widely expressed protein kinase intracellidgmnal molecule involved in functions
including the regulation of meiotic, mitotic, andgp-mitotic functions in cells. Disruption of
the ERK pathway is commonly observed in cancer. ERKargeted anticancer agents may be
rineterkib, ulixertinib (BVD-523) or ERAS-007.

As used herein, the term "HER-2/neu (human epidegrawth factor receptor 2)
regulates cell proliferation by the activation dBR/AKT. It is overexpressed in metastatic
breast cancer and ovarian cancer and the likeisakrtbwn to induce resistance to anticancer
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agents. Her2/neu targeted anticancer agents miagdiezumab, afatinib, lapatinib, irbinitinib
(tucatinib) or neratinib.

As used herein, the term "ubiquitin" maintainsuelt homeostasis by binding to other
proteins and inducing proteolysis by proteasom@pgeolytic enzyme (ubiquitin-proteasome
system, UPS). Abnormal expression or activity & thH°S is observed in various tumors, and
the inhibitor of UPS exhibits anticancer activior example, an inhibitor targeting ubiquitin
E1l enzyme may include MLN-7243 (TAK-243), PYR-41LN1924, and the like, and
MDM2 E3 ubiquitin ligase inhibitors may include RE303781 (idasanutlin), MK-8242, SAR-
405838, CGM097, DS3032b, and the like.

As used herein, a "proteasome inhibitor" can tcaater by blocking the action of the
proteasome, a cellular complex that degrades mot&he inhibition of proteasome prevents
the degradation of pro-apoptotic factors such & p®btein, thereby activating programmed
cell death in tumor cells that relies on inhibitiof pro-apoptotic pathways. Proteasome
inhibitors may include lactacystin, disulfiram, e@gilocatechin-3-gallate, marizomib
(salinosporamide A), oprozomib (ONX-0912), delan#n(@EP-18770), epoxomicin, MG132,
beta-hydroxy beta-methylbutyrate, bortezomib, taofib, ixazomib, and the like.

As used herein, the term "JAK (Janus kinase)" ig@stream protein to STAT, which
is a transcription factor that regulates cell gevation, cell survival, cell migration and
immune response, and an inhibitor of JAK is knowreduce cell proliferation and induce cell
death through inhibition of STAT activity. JAK ingdes JAK1, JAK2, JAK3 and TYK2
(tyrosine kinase 2). An inhibitor targeting JAK miag ruxolitinib, lestaurtinib or pacritinib.

As used herein, the term "ALK (anaplastic lymphdamase)” is a signal transduction
mediator that promotes cell proliferation, cell naigon and angiogenesis and inhibits cell
death, and is overactivated in various cancer g¢&ssAn inhibitor targeting ALK may be
alectinib, lorlatinib or crizotinib.

As used herein, the term "Bcl-2" is a protein tlahibits cell death, and is
overexpressed or overactivated in various canssués. An inhibitor targeting Bcl-2 may
include venetoclax, ABT-737, navitoclax (ABT-263apd the like.

As used herein, the term "C-Met" is a receptorHepatocyte growth factor (HGF),
and activates signal transduction related to cedwth, formation, motility, survival and
angiogenesis and the like. A C-Met targeted antieaagent may be crizotinib, tepotinib or
cabozantinib.

As used herein, the term "VR (vanilloid recept@also known as TRPV (transient
receptor potential vanilloid), and exists in thenfioof VR1, VR2, VR3, VR4, VR5 and VR6.
VR is known to regulate proliferation, death, migya, infiltration and angiogenesis of cancer
cells at each stage in the cancer progression ggoce

As used herein, the term "c-kit" is also known a®1C7, and induces signal
transduction that activates cell survival, prokfigon and differentiation. c-kit is a proto-
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oncogene, and overexpression or mutation of tme geassociated with cancer development.
In one embodiment, a c-kit targeted anticanceragey be imatinib, dasatinib or regorafenib.

As used herein, the term "AXL (tyrosine-proteinase receptor UFO)" is a tyrosine
kinase receptor present on the cell surface andatesdsignal transduction involved in cell
proliferation and survival. It is known to be inveld in resistance to anticancer agents in
anticancer treatment. In one embodiment, an AXlgdeed anticancer agent may be
bemcentinib or gilteritinib.

As used herein, the term "RET (rearranged duriagsfiection)” is a receptor that
mediates signals involved in cell proliferationll ckeath and survival, and mutations in RET
are known to be involved in cancer development. iAibitor targeting RET may be
selpercatinib or pralsetinib, but is not limiteetéto.

As used herein, the term "BRAF" is a MAPK signahisduction mediator involved in
cell proliferation, cell cycle regulation, cell sural, angiogenesis, cell migration, and the like,
and genetic mutations are observed in cancer o&fisinhibitor targeting BRAF may be
dabrafenib, encorafenib (LGX818) or vemurafenib.

As used herein, the term "pan-RAF" encompasses RARly substances such as
BRAF, ARAF, and CRAF. An inhibitor targeting pan-RAnay be naporafenib, belvarafenib
or sorafenib.

As used herein, the term "SHP2 (Src homology regibrdomain-containing
phosphatase-2)" is also referred to as tyrosineeprgohosphatase non-receptor type 11
(PTPN11) or protein-tyrosine phosphatase 1D/2C (PDR2C), and it is known to be a signal
molecule that regulates various cellular processeduding cell growth, differentiation,
mitotic cycle, and oncogenic transformation. Activa of SHP2 mutations is found in
neuroblastoma, melanoma, acute myeloid leukemi@adbrcancer, lung cancer, colorectal
cancer, and the like. An inhibitor targeting SHPayninclude, for example, PF-07284892,
RMC-4630 (SHP2-IN-7) or batoprotafib (TNO155).

As used herein, the term "SRC (proto-oncogene ityeggrotein kinase)" refers to a
non-receptor tyrosine kinase protein, also known caSrc, that regulates embryonic
development and cell growth, and an elevated lef/ék activity is known to be associated
with cancer progression. The SRC inhibitor mayfbeexample, dasatinib or bosutinib.

As used herein, the term "LCK (lymphocyte-spedgifiotein tyrosine kinase)" belongs
to the SFK (Src kinase family) and activates T sageptor signal transduction. Mutations and
dysfunction of LCK inhibit T cell activation, andverexpression of LCK is known to be
associated with cancer, asthma, type 1 diabete$ituselrheumatoid arthritis, psoriasis,
systemic lupus erythematosus, inflammatory bowséake (Crohn's disease and ulcerative
colitis), and the like. An inhibitor targeting LCikay be, for example, WH-4-023.

As used herein, the term "PARP (poly [ADP-riboselymerase)” is a protein that is
activated by recognition of damaged DNA in the Busland then activates DNA repair related
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proteins. An inhibitor targeting PARP inhibits tpeoliferation of cancer cells by inhibiting
DNA repair in cancer cells. In one embodiment, ranhitor targeting PARP may be olaparib,
talazoparib, niraparib or rucaparib.

As used herein, the term "DNA methyltransferase MY’ is an enzyme that attaches
a methyl group to a histone protein wrapped aroDiA, and through this process, the
expression of the gene is inhibited. An inhibitargieting DMNT exhibits anticancer activity
by inhibiting hypermethylation of cancer suppresgemes and inducing normal expression of
cancer suppressor genes. In one embodiment, ditorttargeting DNMT may be azacitidine,
decitabine, or guadecitabine.

As used herein, the term "CDK (cyclin dependentage) 4/6" is a protein that
promotes cell growth by regulating the cell cyeled is overactivated during the development
and progression of various malignant tumors. Anibmdr targeting CDK4/6 exhibits
anticancer activity by inhibiting the cell cycle cdncer cells, inhibiting cell proliferation and
inducing cell death. An inhibitor targeting CDK4f@ay be abemaciclib (LY2835219),
ribociclib or palbociclib.

As used herein, the term "Aurora kinase" is a s#tfimeonine kinase essential for cell
proliferation and refers to a phosphotransferassyrae that helps dividing cells distribute
genetic material to daughter cells. Aurora kinalsggpan important role in cell division by
controlling chromatid segregation, and defect®gregation can lead to tumorigenesis. Aurora
A (Aurora 2) functions during mitotic prophase asdnvolved in the correct replication and
segregation of centrosomes (microtubule-organiziegters in eukaryotic cells). Aurora B
(Aurora 1) is responsible for attaching the mitasigindle to the centromere. Aurora C
(AURKC) acts in germ cells. An inhibitor targetingurora A may include MK-5108,
hesperadin, LY3295668, and the like. An inhibit@argeting pan-Aurora may include
danusertib, AMG-900, reversine, tozasertib (VX-6&0)d the like.

As used herein, the term "WEEL" is a 96 kDa nudi@zase belonging to the Ser/Thr
protein kinase family, also referred to as mitasisibitor protein kinase Weel. Mitosis
promoting factor (MPF) regulates apoptosis causeDMA damage, and negative regulation
of MPF by WEEL1 causes abnormal mitosis and resistemapoptosis caused by DNA damage.
An inhibitor targeting WEE1 can reduce the sengjtito DNA damage-induced apoptosis in
cancer cells by regulating WEE1. An inhibitor tamgg WEE1 may include MK-1775
(adavosertib), azenosertib (ZN-C3), ZNL-02-096, #reallike.

As used herein, the term "PKMYT1 (protein kinasegmmbrane-associated
tyrosine/threonine 1)" belongs to the Weel prokémase family, and is a regulator of CDK1
phosphorylation, and is a potent therapeutic taiaethe treatment of certain types of DNA
damage-responsive cancers through the synthetialitgt of CCNE1 amplification. An
inhibitor targeting PKMYT1 may include RP-6306, G8K20489A, and the like.
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As used herein, the term "HSP90 (heat shock pré@ihrefers to a chaperone protein
that helps other proteins fold properly, stabilipesteins from heat stress, and assists in protein
degradation. It can exhibit anticancer efficacysbgbilizing a number of proteins required for
tumor growth. HSP90 inhibitors may include BIIBO2&/IB028, MPC-3100, PU-H71,
Debio093, SNX-5422, AUY922, and the like.

As used herein, the term "A3AR (adenosine A3 raxeAiDORAS3)" refers to a G
protein-coupled receptor that binds to Gi/Gqg anidwslved in various intracellular signaling
pathways and physiological functions, and is overessed in pathological human cells, and
can mediate cell proliferation and cell death. Arefpeutic agent targeting ASAR may include
reversine, KF-26777, MRS-545, CAY10498, and the.lik

As used herein, the term "EZH2 (enhancer of zestedhog 2)" refers to a histone-
lysine N-methyltransferase enzyme encoded by thHdéZEgene, which participates in histone
methylation and ultimately transcriptional repressi EZH2 is an attractive target for
anticancer treatment because it helps cancerdieltte and proliferate, and is found in greater
amounts than in healthy cells in a wide range ofcess, including breast cancer, prostate
cancer, bladder cancer, uterine cancer, kidneyeraas well as melanoma and lymphoma. An
inhibitor targeting EZH2 may include DZNep, EPZ0836 El1, GSK126, UNC1999,
tazemetostat, sinefungin, and the like.

As used herein, the term "ARID1A (AT-rich interagidomain-containing protein
1A)" is a member of the SWI/SNF family, has heleand ATPase activities, and regulates
the transcription of specific genes by alteringd¢heomatin structure around those genes. The
ARID domain is a DNA binding domain that can spieaily bind to AT-rich DNA sequences
known to be recognized by the SWI/SNF complex atagta-globin locus, and the C-terminus
of the protein can stimulate glucocorticoid receependent transcriptional activation.
Mutations in this gene are commonly found in gastancer, ovarian clear cell carcinoma, and
pancreatic cancer. An inhibitor targeting EZH2/ARP®mMay include GSK-343, and the like.

As used herein, the term "SUMOylation" is a poatisiational modification that
covalently attaches a small ubiquitin-like modiff&tUMO) polypeptide to a lysine residue of
a target protein. The enzymatic pathway of SUMQgtatis very similar to ubiquitination and
includes activating enzymes, conjugation enzymegsés, and deconjugation enzymes.
Dysregulation of the SUMOylation pathway is obserie cancer and neurological diseases,
where SUMO enzymes are upregulated in many careails SUMO levels are directly
correlated with prognosis and disease progresss&fMOylation inhibitors may include
Davidiin, CID9549553, 2-D08, and the like.

As used herein, the term "CHK1 (checkpoint kingSEHEK1)" is a serine/threonine-
specific protein kinase that modulates DNA damageonse (DDR) and cell cycle checkpoint
responses. Activation of CHK1 results in the itita of cell cycle checkpoints, cell cycle
arrest, DNA repair, and apoptosis, thereby premgrdamaged cells from progressing through
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the cell cycle. CHK1 is overexpressed in numerausors, including breast cancer, colon
cancer, liver cancer, gastric cancer, and nasopbas} cancer, and the positive correlation
between CHK1 expression and tumor grade and digeaserence suggests that CHK1 can
promote tumor growth. An inhibitor targeting CHKlayninclude SCH-900776, SRA737,

V158411, PF-477736, AZD7762, LY2880070 (prexasgrabd the like.

As used herein, the term "ATR (ataxia telangieetanutated (ATM) and RAD3-
related kinase)" refers to a protein kinase impéidan cellular responses to certain forms of
DNA damage (for example, double-strand breaks aptcation stress). Normal cells repair
damaged DNA using the ATM/ATR signal transductigstem, which regulates the cellular
response to double-strand DNA breaks and replicaicess, referred to as the DNA damage
response ("DDR"). On the other hand, many candés skow a high dependence on DNA
repair proteins, including ATR, due to defects ifiM\in the DNA repair process. An inhibitor
targeting ATR may be berzosertib (VX-970), gartikefVX-803) or ceralasertib (AZD6738).

As used herein, the term "HDAC (histone deacetyfassfers to an enzyme that
removes the acetyl group from théN-acetyl lysine amino acid of histone and nondmst
proteins, and histones wrap DNA more tightly toulate the expression of DNA through
acetylation and deacetylation. HDAC includes subgsosuch as Class |, such as HDAC1,
HDAC2, and HDACS3, and Class IlA, such as HDAC4, HC&# and HDAC7. An HDAC
inhibitor exhibits anticancer efficacy in studiesgancreatic cancer, esophageal squamous cell
carcinoma (ESCC), multiple myeloma, prostate caria, gastric cancer, leukemia, breast
cancer, liver cancer, ovarian cancer, nasal camtmtgkin's lymphoma, and neuroblastoma.
An inhibitor targeting HDAC may include panobinds{aBH589), entinostat, mocetinostat,
trichostatin A, CBUD 1001, abexinostat (PCI-24781, CRA-024781), andiklee

As used herein, the term "AKT (protein kinase B:BJKis a set of serine/threonine-
specific protein kinases that play key roles inesal cellular processes such as glucose
metabolism, apoptosis, cell proliferation, and $&iption, and is associated with tumor cell
survival, proliferation and invasiveness. Activatiof AKT is commonly observed in human
cancer and tumor cells, and tumor cells depend I§m for survival. An inhibitor targeting
AKT may include VQD-002, perifosine, miltefosine V2206, AZD5363, ipatasertib, and the
like.

As used herein, the term "PLK1 (Polo-like kinas€¢ i9 also referred to as
serine/threonine-protein kinase 1 or serine/thmeapirotein kinase 13 (STPK13), and is a 66
kDa enzyme composed of 603 amino acids. Most cciia@reancer and lung cancer are caused
by K-RAS mutations and are known to depend on PM\Khen PLK1 expression is silenced
by RNA interference in cell culture, K-RAS cellsnche selectively killed without harming
normal cells. An inhibitor targeting PLK1 may indeivolasertib, rigosertib, and the like.

As used herein, the term "BET (bromodomain andagetminal domain protein)"
refers to a bromodomain composed of approximat&y dmino acid proteins that recognize
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acetylated lysine residues, including BRD2, BRDBR[®E!}, and BRDT. It converts the signals
transmitted by the acetylated lysine residues amuverts them into various normal or
abnormal phenotypes. Bromodomains translate theegykated cellular acetylome into
disease phenotypes, and BETs are targets in camcemultiple sclerosis. An inhibitor
targeting BET may include JQ1, I-BET 151 (GSK121DAR I-BET 762 (GSK525762), OTX-
015, TEN-010, CPI-203, CPI-0610, Olinone, RVX-2868BBV-744, LY294002, AZD5153,
MT-1, MS645, and the like.

As used herein, the term "IGF (insulin-like growtctor)" is a protein with high
sequence similarity to insulin and is involved iamomunication between cells and the
physiological environment, and includes IGF1/2, 1G%®, IGF-2R, and the like. IGF-1
stimulates the growth of prostate and breast caradls; and IGF has been found to be involved
in diseases such as cancer and diabetes. An mhiargeting IGF1/2 or IGF-1R may include
NVP-ADW742, figitumumab, mecasermin, rhiIGF-1, BES38, and the like.

As used herein, the term "PIK (phosphatidylinositkinase)" consists of
phosphatidylinositol 3-kinase (PI3K) and phosphdtibsitol 4-kinase (P14K). PI3K is
involved in cell signal transduction by phosphotiylg phosphoinositide on the 3-hydroxyl
group of the inositol ring, and P14K acts on phagmtylinositol (PI) to produce the second
messenger, inositol-1,4,5-trisphosphate, and #imiormalities are associated with cancer. An
inhibitor targeting PIK may include duvelisib, bulisib, copanlisib, dactolisib, idelalisib,
parsaclisib, paxalisib, taselisib, zandelisib, wigsib, and the like.

As used herein, the term "CDK9 (cyclin dependentg&e 9)" is a cyclin dependent
kinase associated with P-TEFb and is a cell cyetpilator. CDK9 is involved in several
protein-protein interaction networks that are oftevolved in transcriptional deregulation in
cancer. An inhibitor targeting CDK9 may includer, &xample, AZD4573, atuveciclib, VIP152,
A-1592668, JSH-150, SLS009, AT-7519, roscovitime] the like.

As used herein, the term "DHFR (dihydrofolate rddse)" is an enzyme that reduces
dihydrofolate to tetrahydrofolate using NADPH asedectron donor, and is a component of
the multiprotein complex TAK/P-TEFDb, an elongatfantor for transcription and function by
RNA polymerase Il by phosphorylating the C-termidamain of the largest subunit of RNA
polymerase Il. DHFR is responsible for intraceliuvels of tetrahydrofolate, and inhibiting
DHFR can limit cell growth and proliferation, a maark of cancer and bacterial infections.
An inhibitor targeting DHFR may include methotrexgpralatrexate, pemetrexed, raltitrexed,
trimetrexate, nolatrexed, piritrexim, talotreximcethe like.

As used herein, the term "STING (stimulator of ifeéeon genes)” is am vivo sensor
that recognizes DNA fragments from cancer celld,agtivates immune cells in the body, such
as dendritic cells, by stimulating interferon genA@sSTING agonist exhibits an immune
enhancing effect and cancer angiogenesis inhibéfiect. For example, a STING agonist may
be CDNs, SB11285, DMXAA, and the like.

40



The compound represented by Formula | or Formdlai-the present invention can
be used in combination with other targeted inhilsidescribed above to enhance the action of
the targeted inhibitors, thereby significantly ibiting the expression and activity of the target
protein or gene. Specifically, the compound represgeby Formula | or Formula I-1 not only
has its own anticancer efficacy, but can also imerithe anticancer efficacy of the targeted
inhibitor. Therefore, when the compound represebtedrormula | or Formula I-1 are used
together with the targeted inhibitor, they can bxhanticancer efficacy that is superior to the
sum of the anticancer efficacy when they are usmtea

As used herein, the term "anticancer virus therépagent"” is a therapeutic agent that
kills cancer by inserting a specific gene targetocancer cells into a virus capable of
proliferation and having infectivity. The anticanegrus therapeutic agent may be Talimogene
Laherparepvec.

As used herein, the term "antibody therapeutic Bigsna therapeutic agent that
exhibits an anticancer effect using an antibodybeognizes a specific protein of cancer cells
as an antigen. An antibody therapeutic agent magdbeximab, trastuzumab, emtansine,
emtansine, rituximab, ibritumomab, tositumomabnhigimab, ofatumumab, obinutuzumab,
necitumumab, bevacizumab, ramucirumab, nivolumabmigolizumab, atezolizumab,
durvalumab, ipilimumab, and the like.

As used herein, the term "immune cell therapeudiend’ is a therapeutic agent that
exhibits an anticancer effect by activating an immresponse in the body using immune cells
such as dendritic cells, natural killer cells, Tig;eand the like. An immune cell therapeutic
agent is used by extracting and enhancing immulteioethe body or genetically modifying
them and then injecting them back into the bodyprBsentative immune cell therapeutic
agents may include T cell receptor-modified T c€l€R-T), chimeric antigen receptor-
modified T cells (CAR-T), and the like. Specifigglit may be tisagenlecleucel or axicabtagene
ciloleucel, but is not limited thereto.

As used herein, the term "immune checkpoint inbibits a substance that inhibits the
activity of an immune checkpoint protein, whichiioiks the differentiation, proliferation, and
activity of immune cells, and is known to eliminatancer cells by preventing them from
exerting functions to evade the immune system.iifimune checkpoint inhibitor may be any
one selected from the group consisting of an amtiA>4 antibody, an anti-PD-1 antibody, an
anti-PD-L1 antibody, an anti-PD-L2 antibody, an id#i-H4 antibody, an anti-HVEM
antibody, an anti-TIM3 antibody, an anti-GAL9 amiily, an anti-LAG3 antibody, an anti-
VISTA antibody, an anti-KIR antibody, an anti-BTLantibody and an anti-TIGIT antibody.
In one embodiment, the immune checkpoint inhibita@y be ipilimumab, pembrolizumab,
nivolumab, cemiplimab, atezolizumab, avelumab aodralumab and the like, but is not
limited thereto.
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As used herein, the term "ADC (antibody drug conjey' is a therapeutic agent that
exhibits high anticancer effects through targetelivdry by chemical binding of an antibody
and a cytotoxic drug. It may be gemtuzumab-ozogamimentuximab-vedotin, trastuzumab-
emtansine, inotuzumab-ozogamicin, and eribulin-asyand the like.

The anticancer agent may include one or more amé&raagents. Specifically, the
compound, solvate, stereoisomer or pharmaceutieabeptable salt thereof may be used
together with two anticancer agents. For example, dnticancer agents may be a chemical
anticancer agent and a targeted anticancer agelnénaical anticancer agent and an anticancer
virus; a targeted anticancer agent and an antiblesapeutic agent; a chemical anticancer
agent and a cell therapeutic agent; and a chemitalancer agent and an immune checkpoint
inhibitor. In addition, two anticancer agents may & targeted anticancer agent and an
anticancer virus; a targeted anticancer agent andnéibody therapeutic agent; a targeted
anticancer agent and a cell therapeutic agentrgetd anticancer agent and an immune
checkpoint inhibitor. In addition, two anticancegeats may be an anticancer virus and an
antibody therapeutic agent; an anticancer virusaaoell therapeutic agent; and an anticancer
virus and an immune checkpoint inhibitor. In aduditi two anticancer agents may be an
antibody therapeutic agent and a cell therapegent and an antibody therapeutic agent and
an immune checkpoint inhibitor.

The compound, solvate, stereocisomer or pharmaediytecceptable salt thereof may
be used together with three anticancer agentsdditian to the two anticancer agents, a
different anticancer agent may be further included used.

The compound, solvate, stereocisomer or pharmaediytecceptable salt thereof may
be used together with four anticancer agents. bhitiad to the three anticancer agents, a
different anticancer agent may be further included used.

The compound, solvate, stereocisomer or pharmaediytecceptable salt thereof may
be used together with five anticancer agents. litath to the four anticancer agents, a
different anticancer agent may be further included used.

The compound, solvate, stereocisomer or pharmaediytecceptable salt thereof may
be used together with six anticancer agents.

The compound, solvate, stereocisomer or pharmaediytecceptable salt thereof may
be used in combination with an anticancer vaccine.

As used herein, the term "anticancer vaccine" sciwe immunotherapy that removes
cancer cells by enhancing the immune funciiorvivo by administering a tumor-specific
antigen (TSA) possessed by cancer cells to a cgatient to activate the immune system. An
anticancer vaccine may include a DNA vaccine, digewaccine, a cell vaccine, and the like,
depending on the type of antigen and the delivesthod of antigen, and a cell vaccine and a
DNA vaccine developed by introducing antigens arerrently being developed
representatively.
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The compound, solvate, stereocisomer or pharmaediytecceptable salt thereof may
be used in combination with the anticancer agemt the anticancer vaccine. Here, the
compound and the anticancer agent are the saneseasistd above.

In another aspect, there is provided a method fevgnting or treating a SOS1
mediated disease, comprising administering to gstia compound of Formula |, a solvate,
stereoisomer or pharmaceutically acceptable satedi, or the pharmaceutical composition
comprising the same.

Among the terms or elements mentioned in the detszni of the method, the same as
those already mentioned are the same as deschoed.a

The administration may be oral or parenteral adstiaiion. It may be administered in
one to several divided doses to be administereanimmount of 0.01 to 1000 mg, more
specifically 0.1 to 300 mg per kg of body weightlgdased on the active ingredient when
administered orally, or in an amount of 0.01 to b more specifically 0.1 to 50 mg per kg
of body weight daily based on the active ingredigheén administered parenterally. The dose
to be administered to a specific subject or patsmuld be determined in light of several
related factors such as body weight, age, sex,ttheadndition of the patient, diet,
administration time, administration method, theesay of the disease, and the like, and it may
be appropriately increased or decreased by a digécia

As used herein, the term "subject"” refers to aextibip need of treatment for a disease,
and more specifically means a mammal such as amamaon-human primate, a mouse, a
dog, a cat, a horse, and a cow.

In another aspect, there is provided a methodhobiting the interaction of SOS1 and
RAS family proteins and/or SOS1 and RAC1 in a sa&woplcell, comprising administering the
compound represented by Formula |, solvate, stepew@r or pharmaceutically acceptable salt
thereof to the sample or cell.

In another aspect, there is provided a medicinalafghe compound of Formula I,
solvate, stereoisomer or pharmaceutically acceptablt thereof for the prevention or
treatment of a SOS1 mediated disease; or a uskeotdmpound of Formula I, solvate,
stereoisomer or pharmaceutically acceptable safeti for the manufacture of a medicament
for the prevention or treatment of a SOS1 medidiséase.

Among the terms or elements mentioned in the dasani of the method or use, the
same as those already mentioned are the sameaibddsabove.

Effects of Invention

The compound of Formula |, solvate, stereocisomg@harmaceutically acceptable salt
thereof has an effective inhibitory activity agaiS©S1, specifically, inhibits the interaction
between SOS1 and RAS family proteins, or betwee81S&hd RAC1, and thus, it is useful for
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the prevention or treatment of a SOS1 mediatedhdesespecifically a disease associated with
the abnormal activity of SOS1 and/or RAS familytpios.

Brief Description of Drawings

Figure 1 is a graph showing the results obtainedvajuating cell viability according
to the administration of the example compoundssadrasib alone or in combination to the
lung cancer cell NCI-H358.

Figure 2 is a graph showing the results obtainedvajuating cell viability according
to the administration of the example compoundssatdrasib alone or in combination to the
pancreatic cancer cell MIA PaCa-2.

Figure 3 is a graph showing the results obtainedvajuating cell viability according
to the administration of the example compoundsadatyrasib alone or in combination to the
lung cancer cell NCI-H358.

Figure 4 is a graph showing the results obtainedvajuating cell viability according
to the administration of the example compoundsadabrasib alone or in combination to the
pancreatic cancer cell MIA PaCa-2.

Figures 5a and 5b are graphs showing the resuigsnelol by evaluating cell viability
according to the administration of the example coomgls and trametinib alone or in
combination to the lung cancer cell NCI-H358.

Figures 6a and 6b are graphs showing the resuigsnelol by evaluating cell viability
according to the administration of the example coomgls and trametinib alone or in
combination to the gastric cancer cell SNU-1.

Figures 7a and 7b are graphs showing the resultsnelol by evaluating cell viability
according to the administration of the example coomgls and trametinib alone or in
combination to the colorectal cancer cell SW480.

Figure 8 is a graph showing the results obtainedvajuating cell viability according
to the administration of the example compoundsaanthertinib alone or in combination to the
lung cancer cell H1975.

Figure 9 is a graph showing the results obtainedvajuating cell viability according
to the administration of the example compoundsasntiertinib alone or in combination to the
lung cancer cell HCC827.

Figure 10 is a graph showing the results obtairyeeMaluating cell viability according
to the administration of the example compoundslarelrtinib alone or in combination to the
lung cancer cell H1975.

Figure 11 is a graph showing the results obtairyeeMaluating cell viability according
to the administration of the example compoundslareltinib alone or in combination to the
lung cancer cell HCC827.
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Figure 12 is a graph showing the results obtairyeeMaluating cell viability according
to the administration of the example compoundsapédlisib alone or in combination to the
PIK3CA mutant breast cancer cell MCF7.

Figure 13 is a graph showing the results obtairyeeMaluating cell viability according
to the administration of the example compounds H»Q443 alone or in combination to the
lung cancer cell H358 having the KRAS G12C variant.

Figure 14 is a graph showing the results obtairyeeMaluating cell viability according
to the administration of the example compounds BN@155 alone or in combination to the
lung cancer cell H358 having the KRAS G12C variant.

Figure 15 is a graph showing the results obtairyeeMaluating cell viability according
to the administration of the example compounds asplatin alone or in combination to the
lung cancer cell H358 having the KRAS G12C variant.

Figure 16 is a graph showing the results obtairyeeMaluating cell viability according
to the administration of the example compoundsrareterkib alone or in combination to the
lung cancer cell H358 having the KRAS G12C variant.

Figure 17 is a graph showing the results obtairyeeMaluating cell viability according
to the administration of the example compoundsidix@rtinib alone or in combination to the
lung cancer cell H358 having the KRAS G12C variant.

Figure 18 is a graph showing the results obtairyeeMaluating cell viability according
to the administration of the example compounds@atsetinib alone or in combination to the
lung cancer cell H358 having the KRAS G12C variant.

Figure 19 is a graph showing the results obtairyeeMaluating cell viability according
to the administration of the example compoundsrapdtrectinib alone or in combination to
the lung cancer cell H358 having the KRAS G12Cavati

Figure 20 is a graph showing the results obtairyeeMaluating cell viability according
to the administration of the example compoundstapdtinib alone or in combination to the
c-Met overexpressing gastric cancer cell SNU-5.

Figure 21 is a graph showing the results obtairyeeMaluating cell viability according
to the administration of the example compoundslzrdcentinib alone or in combination to
the lung cancer cell PC-9 with high AXL expression.

Figure 22 is a graph showing the results obtairyeeMaluating cell viability according
to the administration of the example compoundsandomadlin alone or in combination to
the lung cancer cell A549 having the KRAS G12Sardri

Figure 23 is a graph showing the results obtairyeeMaluating cell viability according
to the administration of the example compoundsemadolimus alone or in combination to the
colorectal cancer cell LoVo having the KRAS G13Diaat.
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Figure 24 is a graph showing the results obtairyeeMaluating cell viability according
to the administration of the example compounds MRI X1133 alone or in combination to
the lung cancer cell AsPC-1 having the KRAS G12bavd.

Figures 25a to 25c are graph showing the resutsrea by evaluating the synergy
of the combined administration of the example conmals to the lung cancer cell H358 using
SynergyScreen.

Figures 26a to 26c¢ are graph showing the resut@radd by evaluating the synergy
of the combined administration of the example conmals to the lung cancer cell H358 using
SynergyScreen.

Detailed Descriptions for Carrying out the Inventian

Hereinafter, the present invention will be desatibe more detail by way of the
following examples. However, the following exampla® only for illustrating the present
invention, and the scope of the present invensamt limited thereto.

[Preparation Examples]

Preparation Example 1: 2-[3-[(1R)-1-aminoethyl]-2-fuoro-phenyl]-2,2-difluoro-
ethanol (A-1)

RSP R F
| [ O g, (R)s
O HoN
MeMgB, THE _Nwo, TRAP o) ~ NV
F F o}
EXEE MeCN 20°C,2h Cu (3 eq), DMSO F Ti(OEt)4, THF
H” 0 ’

(¢} 80 C,16h o 80 C,16h
A-1-1 A1-2 A1-3 A-1-4
R F
\/O
5 NaBH4 4 N HCl/dioxane
F (0]
(R)§ HO/THF, 0°C,1h
2N ’< -78 C-20°C,2h
A-1-5 A-1-6 A1

Step 1: Synthesis of 1-(2-fluoro-3-iodo-phenyl)etbia

To a solution of 2-fluoro-3-iodo-benzaldehyde (4,00.6.00 mmol) in THF (40 mL)
was added dropwise MeMgBr (3 M, 8.00 mL) at ¢Z8 and then the mixture was stirred for
3 h. The reaction mixture was poured into satNduCl (50 mL) and extracted with EtOAc.
The combined organic layers were washed with brihéed over N&SQs and then
concentrated under reduced pressure to give a gmadieict. The crude product was purified
by silica gel column chromatography (7% EtOAc irrpleum ether) to give 1-(2-fluoro-3-
iodo-phenyl)ethanol (4.45 g, 83.63% vyield) as yellomil. 'H NMR (400 MHz,
CHLOROFORMd) 6 7.72-7.64 (m, 1H), 7.55-7.45 (m, 1H), 6.93])(% 7.6 Hz, 1H), 5.20 (q,
J=6.4 Hz, 1H), 1.52 (d] = 6.4 Hz, 3H).

Step 2: Synthesis of 1-(2-fluoro-3-iodo-phenyl)ettiae
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To a solution of 1-(2-fluoro-3-iodo-phenyl)etharil45 g, 16.73 mmol) in MeCN (50
mL) was added TPAP (Tetrapropylammonium perrutreertsg7.80 mg, 1.67 mmol) and NMO
(N-methyl morpholine-N-oxide; 2.94 g, 25.09 mmaljd then the mixture was stirred at°R0
for 2 h. The mixture was filtered and concentrateder reduced pressure to give a crude
product. The crude product was purified by silieh golumn chromatography (0% EtOAc in
petroleum ether) to give 1-(2-fluoro-3-iodo-phemrytianone (3.8 g, 12.95 mmol, 77.44% yield,
90% purity) as a white solid*H NMR (400 MHz, CHLOROFORM-dy 7.97-7.88 (m, 1H),
7.85-7.78 (dm, 1H), 7.00 @,= 7.6 Hz, 1H), 2.65 (d] = 5.2 Hz, 3H).

Step 3: Synthesis of ethyl 2-(3-acetyl-2-fluoro-pyi¢-2,2-difluoro-acetate

To a solution of 1-(2-fluoro-3-iodo-phenyl)ethandBe0 g, 11.36 mmol) and ethyl-2-
bromo-2,2-difluoro-acetate (6.92 g, 34.09 mmol84n3.) in DMSO (30 mL) was added Cu
(2.17 g, 34.09 mmol), and then the mixture wasestiat 8C°C for 12 h. The reaction mixture
was poured into water (50 mL) and extracted witBAt. The combined organic layers were
washed with brine, dried over P&y and concentrated under reduced pressure to ginela
product. The crude product was purified by silieh gplumn chromatography (5% EtOAc in
petroleum ether) to give ethyl 2-(3-acetyl-2-flugrbenyl)-2,2-difluoro-acetate (1.8 g, 56.05%
yield, 92.07% purity) as colorless oitH NMR (400 MHz, CHLOROFORM) & 8.08-8.00
(m, 1H), 7.87-7.81 (m, 1H), 7.36 @~= 7.6 Hz, 1H), 4.42-4.37 (m, 2H), 2.66 (b5 5.2 Hz,
3H), 1.35 (tJ = 7.2 Hz, 3H); MS (ESI) m/z = 261.0 [M+H]

Step 4: Synthesis of ethyl 2-[3-[[(R)-tert-butyBayl] -C-methyl-carboimidoyl]-2-
fluoro-phenyl]-2,2-difluoro-acetate

To a solution of ethyl 2-(3-acetyl-2-fluoro-phengl2-difluoro-acetate (1.8 g, 6.92
mmol) and (R)-2-methylpropane-2-sulfinamide (1.2610.38 mmol) in THF (20 mL) was
added Ti(OEY (4.73 g, 20.75 mmol), and then the mixture wasestiat 80°C for 16 h. The
reaction mixture was poured into water (30 mL) &t@Ac (30 mL) and filtered, and then the
filtrate was extracted with EtOAc. The combinedaonig layers were washed with brine, dried
over NaSQs and concentrated under reduced pressure to givede groduct. The crude
product was purified by silica gel column chromagghy (6% EtOAc in petroleum ether) to
give  ethyl  2-[3-[[(R)-tert-butylsulfinyl]-C-methy&arboimidoyl]-2-fluoro-phenyl]-2,2-
difluoro-acetate (1.9 g, 74.09% yield, 98.03% pyrias yellow oil.'H NMR (400 MHz,
CHLOROFORM4) § 7.86-7.72 (m, 2H), 7.32 (§,= 7.6 Hz, 1H), 4.44-4.30 (m, 2H), 2.77 (s,
3H), 1.32 (s, 9H); MS (ESI) m/z = 364.0 [M+H]

Step 5: Synthesis of (R)-N-[(1R)-1-[3-(1,1-difluePshydroxyethyl)-2-fluoro-
phenyl]ethyl]-2-methyl-propane-2-sulfinamide

To a solution of ethyl 2-[3-[[(R)-tert-butylsulfilyC-methyl-carboimidoyl]-2-fluoro-
phenyl]-2,2-difluoro-acetate (900 mg, 2.48 mmol)TIHF (10 mL) and EHO (0.2 mL) was
added NaBH (210 mg, 5.55 mmol) at -7&, and then the mixture was slowly warmed t¢@0
and stirred at 10C for 2 h. The reaction mixture was poured into¢odd water (30 mL) and
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extracted with EtOAc. The combined organic layeerevwashed with brine, dried over
NaSQy and concentrated under reduced pressure to gimeide product. Following the
primary purification by silica gel column chromataghy (50% EtOAc in petroleum ether),
two diastereomers (about 3:1 ratio) were sepatateldourified by prep-HPLC (Xtimate C18
150*40 mm*10um, mobile phase: [water (NH20)-ACN]; B%: 25%-55%, 10 min). MeCN
was removed under reduced pressure, and the remgaioivent was removed by lyophilization
to give a main product, (R)-N-[(1R)-1-[3-(1,1-diflto-2-hydroxyethyl)-2-fluoro-
phenyllethyl]-2-methyl-propane-2-sulfinamide (44@,n50.90% vyield, 92.65% purity, >99%
ee) as a white solidH NMR (400 MHz, DMSOdg) & 7.70 (t,J = 6.8 Hz, 1H), 7.48-7.39 (m,
1H), 7.35-7.25 (m, 1H), 5.87 (d,= 7.6 Hz, 1H), 5.70 (1) = 6.4 Hz, 1H), 4.68 (quing = 7.2
Hz, 1H), 3.90 (dtJ = 6.4, 14.4 Hz, 2H), 1.40 (d,= 6.8 Hz, 3H), 1.10 (s, 9H); MS (ESI) m/z
= 324.3 [M+HT.

Step 6: Synthesis of 2-[3-[(1R)-1-aminoethyl]-2dia-phenyl]-2,2-difluoro-ethanol

To a solution of (R)-N-[(1R)-1-[3-(1,1-difluoro-2yddroxy-ethyl)-2-fluoro-
phenyl]ethyl]-2-methyl-propane-2-sulfinamide (44@,n..36 mmol) in dioxane (4 mL) was
added 4N HCl/dioxane (2 mL) at@, and then the mixture was stirred atfor 1 h. The
mixture was concentrated under reduced presswgesédntermediate A-1 (347 mg, 100%
yield, 95% purity, HCI salt) as yellow oil. MS (B3$n/z = 220.0 [M+H]J.

Preparation Example 2: (1R)-1-[3-(difluoromethyl)-2fluoro-phenyllethanamine

(A-2)
0
F i s
o7 1) tributyl(1-ethoxyvinyl)stannane HoNY j<
A/@ DAST F Pd(PPhs),Cl,, dioxane, 100°C, 16h  F ®
_ = >
F 1§ DCM, F 2)4NHCI, 20°C, 1h F Ti(OEY)4, THF
0
25°C, 1h Br o 80°C, 16 h
A-2-1 A-2-2 A-2-3
F F F
F NaBH, F F
- "
F (R)(R H,0,THF F RfR)(‘S)‘ 4 N HCl/dioxane F
(ZJ\N’S"’ -70°C,2h WISNT 25°C, 2 h R)
N " SNH,
A-2-4 A-2-5 A-2

Step 1: Synthesis of 1-bromo-3-(difluoromethyl)k2efo-benzene

To a solution of 3-bromo-2-fluoro-benzaldehyde (94433 mmol) in DCM (150 mL)
was added DAST (Diethylaminosulfur trifluoride; 29.g, 88.67 mmol, 11.71 mL), and then
the mixture was stirred at 2% for 1 h. After the addition of sat. NaHG@0 mL), the
combined organic layers were extracted with DCM il0 X 3). It was washed with brine,
dried over NaSQs and concentrated under reduced pressure to goreice product. The
organic layers were dried over anhydrous®@ and concentrated under reduced pressure to
give a crude product. The crude product was puribig silica gel column chromatography
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(100% petroleum ether) to give 1-bromo-3-(difluorthyl)-2-fluoro-benzene (3.9 g, 39.1%
yield) as colorless oitH NMR (400 MHz, DMSOdg) § 7.98 - 7.79 (m, 1H), 7.72 - 7.57 (m,
1H), 7.37 (s, 1H), 7.31 (brd,= 7.8 Hz, 1H), 7.24 (s, 1H), 7.10 (s, 1H).

Step 2: Synthesis of 1-[3-(difluoromethyl)-2-flugpbenyl]ethanone

A mixture of 1-bromo-3-(difluoromethyl)-2-fluoro-beene (17 g, 75.55 mmol),
tributyl(1-ethoxyvinyl)stannane (28.65 g, 79.33 nmin#5.80 mL) and Pd(PBRCI> (2.65 g,
3.78 mmol ) in dioxane (300 mL) was degassed amgegouwith N for 3 times, and then the
mixture was stirred at 100 for 16 h under Natmosphere. The mixture was quenched with 4
N HCI (30 mL) and then stirred at 2C for 1 h. The mixture was poured into water (220
and extracted with EtOAc (100 mL X 3). The orgdaiers were washed with brine (100 mL
X 3), dried over anhydrous h&Qs and concentrated under reduced pressure to giveda
product. The crude product was purified by silieh@lumn chromatography (2% EtOAc in
petroleum ether) to give 1-[3-(difluoromethyl)-2+firo-phenyljethanone (10 g, 70.35% vyield)
as colorless oil*H NMR (400 MHz, DMSO¢g) § 8.03-7.93 (m, 1H), 7.93-7.82 (m, 1H), 7.49-
7.14 (m, 2H), 2.63-2.58 (m, 3H).

Step 3: Synthesis of (NZ,R)-N-[1-[3-(difluorometh@-fluoro-phenyllethylidene]-2-
methyl-propane-2-sulfinamide

A mixture of 1-[3-(difluoromethyl)-2-fluoro-phenythanone (10 g, 53.15 mmol), 2-
methylpropane-2-sulfinamide (6.44 g, 53.15 mmod) arfOEt) (36.37 g, 159.45 mmol, 33.07
mL) in THF (80 mL) was degassed and purged withd¥ 3 times, and then the mixture was
stirred at 8C0°C for 16 h under hatmosphere. The mixture was poured into water (h0D
and filtered, and then the filtrate was extractéith &#tOAc (100 mL X 3). The organic layers
were washed with brine (50 mL X 3), dried over aoyis NaSQw and concentrated under
reduced pressure to give a crude product. The grabkict was purified by silica gel column
chromatography (35% EtOAc in petroleum ether) tedNZ,R)-N-[1-[3-(difluoromethyl)-2-
fluoro-phenyl]ethylidene]-2-methyl-propane-2-suéfmide (13.0 g, 81.65% vyield, 97.25%
purity) as yellow oil.*H NMR (400 MHz, DMSOe) § 7.90-7.81 (m, 1H), 7.81-7.73 (m, 1H),
7.47-7.40 (m, 1H), 7.29-7.10 (m, 1H), 2.71 (br H),31.22 (s, 9H); MS (ESI) m/z = 292.1
[M+H]*.

Step 4: Synthesis of (R)-N-[(1R)-1-[3-(difluorometh2-fluoro-phenyllethyl]-2-
methyl-propane-2-sulfinamide

A solution of (NZ,R)-N-[1-[3-(difluoromethyl)-2-flaro-phenyl]ethylidene]-2-
methyl-propane-2-sulfinamide (13 g, 44.62 mmol)TidHF (200 mL) and KO (5 mL) was
cooled to -70C and stirred at -76C for 2 h under Natmosphere after the addition of NaBH
(2.35 g, 35.70 mmol) in 3 batches. The mixture gasnched at 20C with sat. NHCI (200
mL), diluted with EtOAc (150 mL), and then extrattgith EtOAc (150 mL X 3). The organic
layers were dried over anhydrous8& and concentrated under reduced pressure to give a
crude product. The crude product was purified ligasigel column chromatography (30%
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EtOAc in petroleum ether) to give (R)-N-[(1R)-14{@Hluoromethyl)-2-fluoro-phenyljethyl]-
2-methyl-propane-2-sulfinamide (4.4 g, 33.61% y,idl@d0% purity, 98.34% ee) as colorless
oil. *H NMR (400 MHz, DMSOdg) § 7.74 (t,J = 7.2 Hz, 1H), 7.52 (] = 6.8 Hz, 1H), 7.37-
7.33 (m, 1H), 7.33-7.06 (m, 1H), 5.88 (&5 8.0 Hz, 1H), 5.75 (s, 1H), 4.69 (quidts 7.0 Hz,
1H), 1.41 (dJ = 6.8 Hz, 3H), 1.10 (s, 9H); MS (ESI) m/z = 29fVE+-H] *.

Step 5: Synthesis of (1R)-1-[3-(difluoromethyl){Bdro-phenyl]ethanamine

A mixture of (R)-N-[(1R)-1-[3-(difluoromethyl)-2-floro-phenyl]ethyl]-2-methyl-
propane-2-sulfinamide (2.00 g, 6.82 mmol) in 4 Nlfd©xane (15 mL) was degassed and
purged with N for 3 times, and then the mixture was stirred &t°@ for 2 h under N
atmosphere. The mixture was concentrated undeceedoressure to giviatermediate A-2
(1.5 g, 94.02% yield, 96.43% purity, HCI salt) astdte solid. MS (ESI) m/z =190.1 [M+H]

Preparation Example 3: (1R)-1-[2-fluoro-3-(trifluor omethyl)phenyllethanamine

(A-3)
FoC FoC FaC

o)
FsC 9§
HaN =N L-selectride 4 N HCl/dioxane
. . F 9 —— F 9 —_— F
Ti(OEt),, THF <8 H,O/THF, RS 0°C,2h ®
O (Z) N K AN N £ XS

80°C, 16 h -70 °g-hZO °C, H K w NH,
A-3-1 A-3-2 A-3-3 A-3

Step 1: Synthesis of (NZ,S)-N-[1-[2-fluoro-3-(ttiiromethylphenyl]ethylidene]-2-
methyl-propane-2-sulfinamide

A mixture of 1-[2-fluoro-3-(trifluoromethyl)phenydthanone (1.9 g, 9.22 mmol), (S)-
2-methylpropane-2-sulfinamide (1.12 g, 9.22 mmak) di(OEt) (6.31 g, 27.65 mmol, 5.73
mL) in THF (10 mL) was degassed and purged withd¥ 3 times, and then the mixture was
stirred at 80C for 16 h under Natmosphere. The mixture was poured into waten{Bpand
extracted with EtOAc (30 mL X 3). The organic laygrere washed with brine (50 mL), dried
over anhydrous N&Qs and concentrated under reduced pressure to gikeda product. The
crude product was purified by silica gel columnarhatography (24% EtOAc in petroleum
ether) to give (NZ,S)-N-[1-[2-fluoro-3-(trifluorontieyl)phenyl]ethylidene]-2-methyl-
propane-2-sulfinamide (2.08 g, 62.57% yield, 85.7#ty) as yellow oil. MS (ESI) m/z =
310.1 [M+HT.

Step 2: Synthesis of (S)-N-[(1R)-1-[2-fluoro-3-fluioromethyl)phenyl]ethyl]-2-
methyl-propane-2-sulfinamide

A solution of (NZ,S)-N-[1-[2-fluoro-3-(trifluoroméiyl)phenyl]ethylidene]-2-methyl-
propane-2-sulfinamide (2.00 g, 6.47 mmol) in THBE (fiL) was cooled to -78C. After the
addition of L-selectride (1 M, 16.16 mL), the misguvas slowly warmed to 2@ and stirred
at 20°C for 2 h. The reaction mixture was quenched atQ@ith sat. aq. N&CI (50 mL),
diluted with EtOAc (30 mL) and extracted with EtOf0 mL X 3). The organic layers were
dried over anhydrous M8Q; and concentrated under reduced pressure to giuela product.
The crude product was purified by silica gel columiromatography (62% EtOAc in
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petroleum ether) to give a main product, (S)-N-|(-1§ 2-fluoro-3-
(trifluoromethyl)phenyl]ethyl]-2-methyl-propane-2d§inamide (1.23 g, 56.49% vyield, 92.35%
purity, 98.28% ee) as colorless oil. MS (ESI) m/212.1 [M+HT.

Step 3: Synthesis of (1R)-1-[2-fluoro-3-(trifluorethyl)phenyllethanamine

A mixture of (S)-N-[(1R)-1-[2-fluoro-3-(trifluoromiayl)phenyl]ethyl]-2-methyl-
propane-2-sulfinamide (1.1 g, 3.53 mmol) and 4 N/HiGxane (5 mL) in dioxane (5 mL)
was degassed and purged withfdd 3 times, and then the mixture was stirred at@%or 2 h
under N atmosphere. The mixture was concentrated undeuceed pressure to give
Intermediate A-3 (850 mg, 96.04% vyield, 97.25% purity, HCI) as ateisolid. MS (ESI)
m/z = 208.0 [M+H].

Preparation Example 4. 2-[3-[(1R)-1-aminoethyl]-2-bloro-phenyl]-2,2-
difluoroethanol (A-4)

| F F
I Q I ~O ~.©
0 D e s R Gl
cl LDA, TMSCI, c AICl3, DCM, TsOH, toluene, 0 Cu (3 eq), DMSO ¢

-78°C, 2h ™S 20°C,3h 0 125°C, 16 h oJ 80°C, 16 h Q
o_J
A-41 A-4-2 A-4-3 A-4-4 A-4-6
FF ° Ho Vi
0. S ~
HCI ~ H2N L selectride HCI/dloxane
—_— o cl o
MeOH, 40 °C, 1 h cl T| OEt)4, THF THF, -70 oc 5h ) g 20 c 2h
reflux 16 h wONTT
H
Aa7 A-4-9

Step 1: Synthesis of (2-chIoro-3-|odo-phenvl)trlmétsilane

A solution of 1-chloro-2-iodo-benzene (27 g, 113r@26hol, 370.37 uL) and TMSCI
(14.76 g, 135.88 mmol, 17.24 mL) in THF (300 mL)svemoled to -78C and stirred at -738C
for 2 h after the addition of LDA (2 M, 67.94 mdQ)he mixture was quenched with water (300
mL) and extracted with EtOAc (300 mL X 3). The angalayers were washed with brine (500
mL), dried over anhydrous MNaQs and concentrated under reduced pressure to giveda
product. The crude product was purified by silieh golumn chromatography (0% EtOAc in
petroleum ether) to give (2-chloro-3-iodo-phenyipaethyl-silane (32 g, 90.98% vyield) as
colorless oil. 'H NMR (400 MHz, DMSO¢) & 7.99-7.94 (m, 1H), 7.47 (dd,= 1.2, 7.2 Hz,
1H), 7.08-7.03 (m, 1H), 0.36-0.31 (m, 9H).

Step 2: Synthesis of 1-(2-chloro-3-iodophenyl)etran

Acetyl chloride (9.70 g, 123.62 mmol, 8.82 mL) walewly added dropwise to a
solution of AICk (16.48 g, 123.62 mmol, 6.76 mL) in DCM (200 mL)CC for 0.5 h, and
(2-chloro-3-iodo-phenyl)trimethyl-silane (32 g, 103 mmol) in DCM (200 mL) was added.
The mixture was stirred at 2Q for 2 h and quenched with aqg. 2&&s (300 mL, 10%). The
reaction mixture was poured into water (200 mL) arttacted with EtOAc (300 mL X 3).
The organic layers were washed with brine (200 mB)Xdried over anhydrous B8O and
concentrated under reduced pressure to give a pmadieict. The crude product was purified
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by silica gel column chromatography (5% EtOAc @&trpleum ether) to give 1-(2-chloro-3-
iodophenyl)ethanone (13 g, 33.99% yield) as cossrial. 'H NMR (400 MHz, DMSO¢) §
8.07 (ddJ=1.6, 8.0 Hz, 1H), 7.61 (dd,= 1.2, 7.6 Hz, 1H), 7.19 (8,= 7.6 Hz, 1H), 2.55 (s,
3H).

Step 3: Synthesis of 2-(2-chloro-3-iodophenyl)-2tmge 1,3-dioxolan

A mixture of toluene (200 mL), 1-(2-chloro-3-iodtignyl)ethanone (13 g, 46.35
mmol), ethylene glycol (8.63 g, 139.04 mmol) andOWHs (798.11 mg, 4.63 mmol) was
degassed and purged with fdr 3 times, and then the mixture was stirred & 42for 16 h
under N atmosphere. The mixture was poured into water (@0Pand extracted with EtOAc
(200 mL X 3). The organic layers were washed witinéo (200 mL), dried over anhydrous
NaSOQy and concentrated under reduced pressure to giveda product. The crude product
was purified by silica gel column chromatograph$o(&tOAc in petroleum ether) to give 2-
(2-chloro-3-iodophenyl)-2-methyl-1,3-dioxolan (14 @9.08% vyield, 31.25% purity) as
colorless oil. MS (ESI) m/z = 324.9 [M+H]

Step 4: Synthesis of ethyl 2-[2-chloro-3-(2-metfhy3-dioxolan-2-yl)phenyl]-2,2-
difluoroacetate

A mixture of 2-(2-chloro-3-iodo-phenyl)-2-methyl3tdioxolan (14 g, 43.14 mmol),
ethyl-2-bromo-2,2-difluoroacetate (17.51 g, 86.2&wh 11.08 mL), Cu (8.22 g, 129.41 mmol,
917.82uL) in DMSO (200 mL) was degassed and purged witHdX 3 times, and then the
mixture was stirred at 8@ for 16 h under Natmosphere. The mixture was poured into water
(300 mL) and extracted with EtOAc (300 mL X 3). Tdrganic layers were washed with brine
(200 mL), dried over anhydrous p&O: and concentrated under reduced pressure to give a
crude product. The crude product was purified ligasigel column chromatography (11%
EtOAc in petroleum ether) to give ethyl 2-[2-chl8dq2-methyl-1,3-dioxolan-2-yl)phenyl]-
2,2-difluoroacetate (6 g, 23.51% yield, 54.20% uras colorless oil. MS (ESI) m/z = 321.0
[M+H]*.

Step 5: Synthesis of ethyl 2-(3-acetyl-2-chloroipHe2,2-difluoroacetate

To a solutiomn of ethyl 2-[2-chloro-3-(2-methyl-id&xolan-2-yl)phenyl]-2,2-
difluoroacetate (6 g, 18.71 mmol) in MeOH (200 migs added HCI (6 M, 15 mL), and then
the mixture was stirred at 40 for 1 h. The mixture was filtered under reduceespure to
give a residue. It was poured into water (50 mLgd extracted with EtOAc (30 mL X 3). The
organic layers were washed with brine (20 mL x @)ed over anhydrous N&Q; and
concentrated under reduced pressure to give a gmadieict. The crude product was purified
by silica gel column chromatography (8% EtOAc @trpleum ether) to give ethyl 2-(3-acetyl-
2-chloro-phenyl)-2,2-difluoroacetate (6.4 g, 85.7%@d, 69.37% purity) as colorless oil. MS
(ESI) m/z = 277.0 [M+H].

Step 6: Synthesis of ethyl 2-[2-chloro-3-[(Z)-NAiddimethylethylsulfinyl)-C-methyl-
carbonimidoyl]phenyl]-2,2-difluoroacetate

52



A mixture of ethyl 2-(3-acetyl-2-chloro-phenyl)-2¢#luoroacetate (6 g, 21.69 mmol),
2-methylpropane-2-sulfinamide (3.94 g, 32.53 mneaoiy Ti(OEt) (14.84 g, 65.06 mmol,
13.49 mL) in THF (100 mL) was degassed and purgddNg for 3 times, and then the mixture
was stirred at 86C for 16 h under Natmosphere. The mixture was poured into waten{Bj)
filtered and then extracted with EtOAc (50 mL X &he organic layers were washed with
brine (30 mL X 3), dried over anhydrous #8&x and concentrated under reduced pressure to
give a crude product. The crude product was puarife silica gel column chromatography (29%
MTBE in petroleum ether) to give ethyl 2-[2-chloBe{Z)-N-(1,1-dimethylethylsulfinyl)-C-
methyl-carbonimidoyl]phenyl]-2,2-difluoroacetate 59, 51.13% vyield, 81% purity) as light
yellow oil. *H NMR (400 MHz, DMSO¢) & 7.92 - 7.76 (m, 1H), 7.74 - 7.52 (m, 2H), 4.42 -
4.27 (m, 2H), 3.34 (s, 3H), 1.24 - 1.18 (m, 9H}31(s, 3H); MS (ESI) m/z = 380.1 [M+H]

Step 7: Synthesis of  (S)-N-[(1R)-1-[2-chloro-3-(Hifluoro-2-hydroxy-
ethyl)phenyl]lethyl]-2-methyl-propane-2- sulfinamide

A mixture of ethyl 2-[2-chloro-3-[(Z)-N-(1,1-dimegtethylsulfinyl)-C-methyl-
carbonimidoyl]phenyl]-2,2-difluoroacetate (2 g, 512mol) and L-selectride (1 M, 15.80 mL)
in THF (50 mL) was degassed and purged witlidd 3 times, and then the mixture was stirred
at -70°C for 5 h under N atmosphere. Sat. aq. WE (100 mL) was added dropwise to the
reaction mixture at -70C, which was then extracted with EtOAc (50 mL X Bhe organic
layers were dried over anhydrous,N@x and concentrated under reduced pressure to give a
crude product. After the primary purification bjicga gel column chromatography (5% MeOH
in DCM), two diastereomers were separated andipdrify prep-HPLC (Xtimate C18 150*40
mm*10 um, mobile phase: [water (NH20)-ACN]; B%: 10%-55%, 20 min). MeCN was
removed under reduced pressure, and the remaioingné was removed by lyophilization to
give a main product, (S)-N-[(1R)-1-[2-chloro-3-(4difluoro-2-hydroxy-ethyl)phenyl]ethyl]-
2-methyl-propane-2- sulfinamide (1.4 g, 69.64%d;i@9% purity, 100% ee) as a white solid.
'H NMR (400 MHz, DMSO¢k) § 7.72 (br d, J = 6.4 Hz, 1H), 7.55 - 7.41 (m, 251Y,0 (br t, J
= 6.4 Hz, 1H), 5.60 (br d, J = 5.2 Hz, 1H), 4.90i(4, J = 6.0 Hz, 1H), 4.02 (dt, J = 6.4, 14.4
Hz, 2H), 1.46 (br d, J = 6.4 Hz, 3H), 1.11 (s, 9M)S (ESI) m/z = 340.1 [M+H]

Step 8: Synthesis of 2-[3-[(1R)-1-aminoethyl]-2-@id-phenyl]-2,2-difluoroethanol

A mixture of (S)-N-[(1R)-1-[2-chloro-3-(1,1-difluor2-hydroxy-ethyl)phenyl]ethyl]-
2-methyl-propane-2-sulfinamide (1.4 g, 4.12 mmoll 4 N HCl/dioxane (10 mL) in dioxane
(10 mL) was stirred at 28 for 2 h. The mixture was concentrated under rediypcessure to
give Intermediate A-4 (1.2 g, 88.77% yield, 82.93% purity, HCI salt) asvhite solid.*H
NMR (400 MHz, DMSOsdg) 6 8.85 (br s, 3H), 7.96 (br d,= 7.6 Hz, 1H), 7.68-7.62 (m, 1H),
7.62-7.55 (m, 1H), 5.75 (br s, 1H), 4.81 (br s, 143 (br tJ = 14.0 Hz, 2H), 1.53 (d,=6.8
Hz, 3H); MS (ESI) m/z = 236.1 [M+H]

Preparation Example 5: (R)-1-(2-fluoro-3-(1,1,2-trfluoroethyl)phenyl)ethan-1-
amine (A-5)
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R F RF
HO HO F F
Boc,O, DIPEA DAST Trifluoroacetic acid
_— - F —_ F
F DCM, RT, 3 hr F DCM, 0°C to RT DCM, 0°C, 1 h ,

NH2 W NHBoc Y NHBoc : NH,
A-1 A-5-1 A-5-2 A-5
Step 1: Synthesis of (R)-(1-(3-(1,1-difluoro-2-hgryethyl)-2-

fluorophenyl)ethyl)carbamate

To a solution of 2-{3-[(1R)-1-aminoethyl]-2-fluorbpnyl}-2,2-difluoromethan-1-ol
hydrochloride (500 mg, 1.96 mmol) in DCM (3.99 mkas added diert-butyl dicarbonate
(854 mg, 3.91 mmol) and DIPEA (0.68 mL, 3.91 mnal)0 °C, and then the mixture was
stirred at room temperature for 3 h. The mixturs wadded with DCM and washed with water.
The organic layers were dried over anhydrous3a, filtered and concentrated under reduced

pressure. The residue was purified by silica gklroa chromatography (Hex : EtOAc= 20: 1
to 10: 1) to give (R)-(1-(3-(1,1-difluoro-2-hydroethyl)-2-fluorophenyl)ethyl)carbamate (456
mg, 73% vyield) as colorless oil. MS (ESI) m/z = ZBU[M+H]".

Step 2: Synthesis of tert-butyl (R)-(1-(2-fluordB4,2-
trifluoroethyl)phenyl)ethyl)carbamate
To a solution of (R)-(1-(3-(1,1-difluoro-2-hydroxywyl)-2-

fluorophenyl)ethyl)carbamate (221 mg, 0.692 mmoIDCM (6.92 mL) was added DAST
(0.37 mL, 2.77 mmol) at & under N atmosphere, and then the mixture was warmed to roo
temperature and stirred overnight. The mixture quaenched with sat. NaHG@nd extracted
with DCM. The organic layers were extracted with $H4Cl and washed with brine. The
organic layers were dried over anhydrous3@, filtered and concentrated under reduced
pressure. It was purified by silica gel column chatography (hexane : EtOAc = 20:1 to 10:1)
to give tert-butyl (R)-(1-(2-fluoro-3-(1,1,2-trifaroethyl)phenyl)ethyl)carbamate (26 mg, 12%
yield) as colorless oil. MS (ESI) m/z = 265.99 [MI¥.

Step 3: Synthesis of (R)-1-(2-fluoro-3-(1,1,2-tiskoethyl)phenyl)ethan-1-amine

TFA (0.15 mL) was added dropwise to a solution est-butyl (R)-(1-(2-fluoro-3-
(1,1,2-trifluoroethyl)phenyl)ethyl)carbamate (56 /0gL74 mmol) in DCM (0.7 mL), and then
the mixture was stirred at @ for 1 h. The mixture was warmed to room tempeestmd
qguenched with sat. NaHGOThe organic solvent was removed by filtration enceduced

pressure, and the aqueous layer was extractedD@#. The organic layer was dried over
anhydrous Ng&5Qs and concentrated under reduced pressure tolgieanediate A-5 (34.5
mg, 89% vyield) as yellow oil. MS (ESI) m/z = 222 p6+H] .
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Preparation Example 6: (1R)-1-[3-(difluoromethyl)-5nitro-phenyllethanamine

o}

F F 1l

Br oS

- NO HoN
OU DAST F Br EtOJLSnB% F 2 2 (R)\K
Mo DCM, 0-20 °C, 18 h 1 TEA, PA(BED2Cl dioxane, Ti(OEt),, THF, 80 °C, 16 h
2 NO, ,16h o
2.1 Naq. HCI
A6-1 A6-2 A6-3

F F

NO, NO, F
F F 4 N HCl/dioxane NO
NaBH, 0°C, 2h F 2
- >
- R
N THF, H,0,-78 °C, 2 h HN

® & R & B

>(S\\O >(S\\O W NH»

As4 A-6-5 A6

Step 1: Synthesis of 1-bromo-3-(difluoromethyl)i&abenzene

A mixed solution of 3-bromo-5-nitro-benzaldehyd8.{@ g, 59.56 mmol) and DAST
(48.00 g, 297.81 mmol, 39.35 mL) in DCM (140 mL)sndegassed and purged with fir 3
times, and then stirred at°Q for 1 h. The mixture was warmed to 20 and stirred for 17 h
under N atmosphere. The reaction mixture was poured cgecold water and extracted with
DCM (300 mL) and EtOAc (200 mL X 3). The combinegjanic layers were washed with
brine (200mL X 2), dried over anhydrous4S&y, and then filtered under reduced pressure to
give a crude product. The crude product was purifig silica gel column chromatography
(0~10% EtOAc/petroleum ether) to give 1-bromo-3iuiromethyl)-5-nitrobenzene (14.27 g,
95.07% vyield) as colorless oitH NMR (400 MHz, DMSO#) & 8.57 (s, 1H), 8.40 (s, 1H),
8.29 (s, 1H), 7.34 - 7.05 (m, 1H).

Step 2: Synthesis of 1-[3-(difluoromethyl)-5-nitfegmyl]ethanone

A mixture of 1-bromo-3-(difluoromethyl)-5-nitrobeeze (12.27 g, 48.69 mmol),
tributyl(1-ethoxyvinyl)stannane (19.5 g, 53.99 mmitB.22 mL), Pd(PPCl. (3.42 g, 4.87
mmol) and TEA (9.85 g, 97.38 mmol, 13.55 mL) imdine (120 mL) was degassed and purged
with N2 for 3 times, and then the mixture was stirredat@for 12 h under Natmosphere.
The mixture was quenched with 4 N HCI (24.34 mLgl éimen stirred at 20C for 1 h. The
mixture was poured into water (500 mL) and extraetéh EtOAc (300 mL X 3). The organic
layers were washed with brine (500mL), dried ovéryarous NeSQs and concentrated under
reduced pressure to give a crude product. The aguagers were stirred while KF (2.5 g) was
slowly added dropwise. The crude product was mdify silica gel column chromatography
(0~10% EtOAc/petroleum ether) to give 1-[3-(difloarethyl)-5-nitrophenyl]ethanone (8.74
g, 83.43% yield) as yellow oitH NMR (400 MHz, DMSOeg) § 8.77 (s, 1H), 8.63 (s, 1H),
8.53 (s, 1H), 7.44 - 7.14 (m, 1H), 2.73 (s, 3H).
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Step 3: Synthesis of (NE,R)-N-[1-[3-(difluorometl-nitro-phenyllethylidene]-2-
methyl-propane-2-sulfinamide

A mixture of 1-[3-(difluoromethyl)-5-nitrophenyl]eanone (10 g, 46.48 mmol), (R)-
2-methylpropane-2-sulfinamide (8.45 g, 69.72 mnaoljl Ti(OEt) (31.81 g, 139.44 mmol,
28.91 mL) in THF (100 mL) was degassed and purgddMg for 3 times, and then the mixture
was stirred at 80C for 16 h under Watmosphere. The mixture was poured into water (200
mL X 3), filtered and extracted with EtOAc (500 mL6). The organic layers were washed
with brine (30 mL X 3), dried over anhydrousiS&y and concentrated under reduced pressure
to give a crude product. The crude product wadipdrby silica gel column chromatography
(0~30% EtOAc/petroleum ether) to give (NE,R)-N-BH{difluoromethyl)-5-nitro-
phenyllethylidene]-2-methyl-propane-2-sulfinamid@.83 g, 82.31% yield, 94.92% purity) as
yellow oil. MS (ESI) m/z = 319.1 [M+H]

Step 4: Synthesis of (R)-N-[(1R)-1-[3-(difluoromegth5-nitro-phenyljethyl]-2-
methyl-propane-2-sulfinamide

To a solution of (NE,R)-N-[1-[3-(difluoromethyl)-Biro-phenyl]lethylidene]-2-
methyl-propane-2-sulfinamide (4 g, 12.57 mmol) iHF (40 mL) and HO (0.75 mL) was
added NaBH (332.76 mg, 8.80 mmol) at -78 in 3 batches, and then the mixture was stirred
at -78°C for 2 h under Matmosphere. The mixture was quenched with satONEL50 mL),
diluted with EtOAc (100 mL X 3), and then extracteith EtOAc (100 mL X 3). The organic
layers were dried over anhydrous,N@y and concentrated under reduced pressure to give a
crude product. The crude product was purified hgasgel column chromatography (0~25%
EtOAc/petroleum ether) to give (R)-N-[(1R)-1-[34ldbromethyl)-5-nitro-phenyl]ethyl]-2-
methyl-propane-2-sulfinamide (3.21 g, 79.26% yiékR1 39% purity, 99.00% ee) as yellow oil.
IH NMR (400 MHz, DMSOds) 6 8.51 (s, 1H), 8.30 (s, 1H), 8.11 (s, 1H), 7.37074m, 1H),
6.05 (d,J = 8.4 Hz, 1H), 4.69 - 4.60 (m, 1H), 1.45 Jds 6.8 Hz, 3H), 1.14 (s, 9H); MS (ESI)
m/z = 321.1 [M+H].

Step 5: Synthesis of (1R)-1-[3-(difluoromethyl)-Bra-phenyllethanamine

A mixture of (R)-N-[(1R)-1-[3-(difluoromethyl)-5-mio-phenyl]ethyl]-2-methyl-
propane-2-sulfinamide (532 mg, 1.66 mmol) in 4 Nifd©xane (30 mL) was stirred at°Q
for 2 h. The mixture was concentrated under redycessure to giventermediate A-6 (400
mg, 98.29% yield, 88.22% purity, HCI) as a browtilsoMS (ESI) m/z = 217.0 [M+H]

Preparation Example 7: (1R)-1-[2-fluoro-5-nitro-3-
(trifluoromethyl)phenyllethanamine (A-7)
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Step 1: Synthesis of 1-bromo-2-fluoro-5-nitro-3ffloromethyl)benzene

To a solution of 1-bromo-2-fluoro-3-(trifluorometilyenzene (10 g, 41.15 mmol) in
H2SQOy (40 mL) was slowly added dropwise HAI@5.71 g, 408.01 mmol, 18.36 mL) atQ@,
and then the mixture was warmed t®@@and stirred for 3 h under.dtmosphere. The mixture
was quenched with ice-cold water (100 mL) and ex#ch with EtOAc (50 mL x 3). The
organic layers were washed with brine (50 mL),adloeer anhydrous N8 Qs and concentrated
under reduced pressure to give a crude product.cfinde product was purified by silica
column chromatography (2% EtOAc in petroleum etheryive 1-bromo-2-fluoro-5-nitro-3-
(trifluoromethyl)benzene (5.9 g, 49.78% yield) asodess oil. 'H NMR (400 MHz, DMSO-
de)  8.95 (dd,J = 2.4, 5.2 Hz, 1H), 8.55 - 8.51 (m, 1H).

Step 2: Synthesis of 1-[2-fluoro-5-nitro-3-(triflitamethyl)phenyllethanone

A mixture of 1-bromo-2-fluoro-5-nitro-3-(trifluorosthyl)benzene (5.9 g, 20.49
mmol), 1-tributyl(1-ethoxyvinyl)stannane (8.41 ¢3.29 mmol, 7.86 mL) and Pd(dppf)Cl
(1.44 g, 2.05 mmol) in dioxane (50 mL) was degassetipurged with bifor 3 times, and then
the mixture was stirred at 100 for 16 h under Natmosphere. The mixture was cooled t€0
and stirred for 1 h after the addition of HCI saat (4N, 50 mL). Following the addition of
water (100 mL), the reaction mixture was extrastéth EtOAc (100 mL X 3). The combined
organic layers were dried over # and concentrated under reduced pressure to give a
residue. It was purified by silica gel column chedography (5% EtOAc in petroleum ether)
to give 1-[2-fluoro-5-nitro-3-(trifluoromethyl)phgtiethanone (1.6 g, 31.10% yield) as
colorless oil.*H NMR (400 MHz, DMSO-g¢) § 8.81 (ddJ = 2.8, 5.6 Hz, 1H), 8.71 (dd,=
2.8, 5.2 Hz, 1H), 2.70 (d,= 4.0 Hz, 3H).

Step 3: Synthesis of (NZ,R)-N-[1-[2-fluoro-5-nitB3-
(trifluoromethyl)phenyl]ethylidene]-2-methyll-propa-2-sulfinamide

A mixture of 1-[2-fluoro-5-nitro-3-(trifluoromethyphenyllethanone (2.75 g, 10.95
mmol), (R)-2-methylpropane-2-sulfinamide (1.46 8,06 mmol) and Ti(OEf)(7.49 g, 32.85
mmol, 6.81 mL) in THF (30 mL) was degassed and @dingith N> for 3 times, and then the
mixture was stirred at 8@ for 16 h under Batmosphere. The mixture was poured into water
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(50 mL) and extracted with EtOAc (50 mL X 6). Theyanic layers were washed with brine
(50 mL X 2), dried over anhydrous p&0, and concentrated under reduced pressure to give a
crude product. The crude product was purified Wigasigel column chromatography (7%
EtOAC in petroleum ether) to give (NZ,R)-N-[1-[248ir0-5-nitro-3-
(trifluoromethyl)phenyl]ethylidene]-2-methyl-l-prape-2-sulfinamide (3.43 g, 86.21% vyield,
97.51% purity) as yellow oitH NMR (400 MHz, DMSO-¢) § 8.80 (br d,J = 2.4 Hz, 1H),
8.64 - 8.52 (m, 1H), 2.78 - 2.54 (m, 3H), 1.2464), 1.21 - 1.11 (m, 3H); MS (ESI) m/z =
354.9 [M+HT".

Step 4: Synthesis of (R)-N-[(1R)-1-[2-fluoro-5-mitB-
(trifluoromethyl)phenyl]ethyl]-2-methyl-propane-24§namide

A solution of (NZ,R)-N-[1-[2-fluoro-5-nitro-3-(triloromethyl)phenyl]ethylidene]-2-
methyl-l-propane-2-sulfinamide (3.43 g, 9.68 mmal)THF (35 mL) and KO (1 mL) was
degassed and purged with fér 3 times. Then, NaBH230 mg, 6.08 mmol) was added at -
70 °C and the mixture was stirred at -70 for 2 h under N atmosphere. The mixture was
quenched with sat. Ni&I (50 mL) at 20°C, diluted with EtOAc (50 mL), and then extracted
with EtOAc (50 mL X 3). The organic layers were edfiover anhydrous N8O, and
concentrated under reduced pressure to give a pmadieict. The crude product was purified
by silica gel column chromatography (20% EtOAc @trpleum ether) to give (R)-N-[(1R)-1-
[2-fluoro-5-nitro-3-(trifluoromethyl)phenyllethylR-methyl-propane-2-sulfinamide (1.72 g,
49.32% yield, 99.20% purity, 100% ee) as yellow &t NMR (400 MHz, DMSO¢g) & 8.83
(dd, J=2.8, 5.6 Hz, 1H), 8.46 (dd, J = 2.8, 52 tH), 6.14 (d, J =8.8 Hz, 1H), 4.83 - 4.73 (m,
1H), 1.48 (d, J = 6.8 Hz, 3H), 1.13 (s, 9H); MS (E8/z = 356.9 [M+H]+.

Step 5: Synthesis of (1R)-1-[2-fluoro-5-nitro-3H{troromethyl)phenyllethanamine

To a solution of (R)-N-[(1R)-1-[2-fluoro-5-nitro-@rifluoromethyl)phenyl]ethyl]-2-
methyl-propane-2-sulfinamide (1.5 g, 4.21 mmol) dioxane (10 mL) was added 4 N
HCl/dioxane (10 mL), and then the mixture was strat 20°C for 2 h. The mixture was
concentrated under reduced pressure to lgitegmediate A-7 (1.2 g, 88.77% vyield, 82.93%
purity, HCI) as a white solid. MS (ESI) m/z = 282M+H]".

Preparation Example 8: (1R)-1-[2-methyl-5-nitro-3-
(trifluoromethyl)phenyllethanamine (A-8)
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Step 1: Synthesis of 1-bromo-2-methyl-5-nitro-3f(ioromethyl)benzene

HNOs (46.45 g, 737.15 mmol, 33.18 mL) was slowly addexpwise to a solution of
1-bromo-2-methyl-3-(trifluoromethyl)benzene (1044,84 mmol) in SOy (75 mL) at 0°C,
and then the mixture was heated te@@nd stirred for 2 h under.Mdtmosphere. The mixture
was quenched with ice-cold water (250 mL) and exd&ch with EtOAc (100 mL x 3). The
organic layers were washed with brine (50 mL),dlioger anhydrous N&8Qs and concentrated
under reduced pressure to give a crude product.cfinde product was purified by silica
column chromatography (100% petroleum ether) toe giibromo-2-methyl-5-nitro-3-
(trifluoromethyl)benzene (12 g, crude) as yellolv 3H NMR (400 MHz, DMSOe) § 8.71
(d,J=2.0 Hz, 1H), 8.39 (d] = 2.0 Hz, 1H), 2.59 (d] = 1.2 Hz, 3H)

Step 2: Synthesis of 1-[2-methyl-5-nitro-3-(trifhaonethyl)phenyllethanone

A mixture of 1-bromo-2-methyl-5-nitro-3-(trifluoroethyl)benzene (12 g, 42.25
mmol), 1-tributyl(1-ethoxyvinyl)stannane (15.1 d..81 mmol, 14.11 mL) and Pd(dppf}ClI
(2.97 g, 4.22 mmol) in dioxane (100 mL) was degass®l purged with Nfor 3 times, and
then the mixture was stirred at 1@0for 16 under M atmosphere. The mixture was cooled to
0°C and stirred for 1 h after the addition of HCI gadn (2N, 100 mL). Following the addition
of water (100 mL), the reaction mixture was exidctvith EtOAc (100 mL X 3). The
combined organic layers were dried over anhydroa$®,, and concentrated under reduced
pressure to give a residue. It was purified byailyel column chromatography (10% EtOAc
in petroleum ether) to give 1-[2-methyl-5-nitro4Bf{uoromethyl)phenyllethanone (5.3 g,
50.75% yield) as yellow oitH NMR (400 MHz, DMSO-d) § 8.72 (d,J = 2.0 Hz, 1H), 8.47
(d,J=2.0 Hz, 1H), 2.66 (s, 3H), 2.50 (s, 3H).

Step 3: Synthesis of (NZ,R)-2-methyl-N-[1-[2-metByhitro-3-
(trifluoromethyl)phenyl]ethylidene]propane-2-sulimide

A mixture of 1-[2-methyl-5-nitro-3-(trifluoromethyphenyljethanone (5.3 g, 21.44
mmol), (R)-2-methylpropane-2-sulfinamide (2.86 8,58 mmol) and Ti(OE4)(14.67 g, 64.32
mmol, 13.34 mL) in THF (55 mL) was degassed anggdi with N for 3 times, and then the
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mixture was stirred at 8 for 16 h under Natmosphere. The mixture was poured into water
(100 mL) and EtOAc (100 mL) and filtered, and thiea filtrate was extracted with EtOAc (50
mL X 3). The organic layers were washed with br{fe@ mL X 2), dried over anhydrous
NaSQu, and concentrated under reduced pressure to gixada product. The crude product
was purified by silica gel column chromatograph$o(&tOAc in petroleum ether) to give
(NZ,R)-2-methyl-N-[1-[2-methyl-5-nitro-3-(trifluonmethyl)phenyl]ethylidene]propane-2-
sulfinamide (6.7 g, 88.90% yield, 99.67% purity)yaiow oil. MS (ESI) m/z = 351.0 [M+H]

Step 4: Synthesis of (R)-2-methyl-N-[(1R)-1-[2-m@tB-nitro-3-
(trifluoromethyl)phenyl]ethyl]propane-2-sulfinamide

To a solution of (NZ,R)-2-methyl-N-[1-[2-methyl-5tro-3-
(trifluoromethyl)phenyl]ethylidene]propane-2-sulimide (6.70 g, 19.12 mmol) in THF (80
mL) and HO (2 mL) was added NaBH230 mg, 6.08 mmol) at -7& in 3 batches, and then
the mixture was slowly heated from -8 to 0°C and stirred for 3 h underMitmosphere.
The mixture was quenched with sat. JiH(50 mL) at 20°C, diluted with EtOAc (50 mL) and
extracted with EtOAc (50 mL X 3). The organic layarere dried over anhydrous 1$&% and
concentrated under reduced pressure to give a pmadieict. The crude product was purified
by silica gel column chromatography (20% EtOAc/plenm ether) to give (R)-2-methyl-N-
[(AR)- 1-[2-methyl-5-nitro-3-(trifluoromethyl)phetigthyl]propane-2-sulfinamide (1.4 g,
19.99% vyield, 96.23% purity, 99.44% ee) as yellow 84 NMR (400 MHz, DMSOdg) & 8.59
(d,J = 2.4 Hz, 1H), 8.31 (d] = 2.4 Hz, 1H), 5.74 (d] = 6.0 Hz, 1H), 4.85 (quinf = 6.4 Hz,
1H), 2.54 (s, 3H), 1.51 (d,= 6.4 Hz, 3H), 1.12 (s, 9H); MS (ESI) m/z = 358W0+H] *.

Step 5: Synthesis of (1R)-1-[2-methyl-5-nitro-3f(tloromethyl)phenyl]ethanamine

To a solution of (R)-2-methyl-N-[(1R)-1-[2-methyH&tro-3-
(trifluoromethyl)phenyl]ethyl]propane-2-sulfinami@e.40 g, 3.97 mmol) in dioxane (5 L) was
added HCl/dioxane (5 mL) at©, and then the mixture was stirred a&t@@or 2 h. The mixture
was concentrated under reduced pressure. The eesidsi stirred at 28C for 12 h with the
addition of MTBE (20 mL). The mixture was filter¢éal giveIntermediate A-8 (1 g, 86.11%
yield, 97.39% purity, HCI) as a white solid. MSSIEm/z = 248.9 [M+H].

Preparation Example 9: (1R)-1-[3-(difluoromethyl)-2fluoro-5-nitro-
phenyllethanamine (A-9)
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Step 1: Synthesis of 1-bromo-3-(difluoromethyl)k2efo-5-nitrobenzene

HNOs (14.51 g, 230.22 mmol, 10.36 mL) was slowly addezpwise to a solution of
1-bromo-3-(trifluoromethyl)-2-fluorobenzene (3.716.44 mmol) in HSOQs (30 mL) at 0°C,
and then the mixture was heated to°€Gand stirred for 2 h. The mixture was quenched with
ice-cold water (120 mL) and extracted with EtOAO (@L x 3). The organic layers were
washed with brine (120 mL), dried over anhydrous3@@ and concentrated under reduced
pressure to give a crude product. The crude produes purified by silica column
chromatography (100% petroleum ether) to give Ivlr@-(difluoromethyl)-2-fluoro-5-
nitrobenzene (1.8 g, 40.54% vyield) as colorless di NMR (400 MHz, DMSOds) & 8.78
(brs, 1H), 8.47 (br d] = 2.4 Hz, 1H), 7.34 (dt] = 4.0, 53.4 Hz, 1H).

Step 2: Synthesis of 1-[3-(difluoromethyl)-2-fluebenitro-phenyl]ethanone

A mixture of 1-bromo-3-(difluoromethyl)-2-fluoro-bitrobenzene (1.8 g, 6.67 mmaol),
1-tributyl(1-ethoxyvinyl)stanene (2.65 g, 7.33 mmdK48 mL) and Pd(dppf)€(233.96 mg,
333.33umol) in dioxane (30 mL) was degassed and purgekl Mgdtfor 3 times, and then the
mixture was stirred at 10Q for 16 under Matmosphere. HCI solution (4N, 30 mL) was added
to the mixture, which was then stirred aPQQor 1 h. After water (50 mL) was added, the
reaction mixture was extracted with EtOAc (50 mL3X The combined organic layers were
washed with brine (50 mL X 3), dried over anhydrblasSCQu, and concentrated under reduced
pressure to give a residue. It was purified bygaityel column chromatography (2% EtOAc in
petroleum ether) to give 1-[3-(difluoromethyl)-2+firo-5-nitro-phenyllethanone (1.42 g, 91.23%
yield) as yellow oil. 'H NMR (400 MHz, DMSO-d) § 8.72 - 8.68 (m, 1H), 8.68 - 8.64 (m,
1H), 7.39 (tJ = 53.2 Hz, 1H), 2.69 (dl = 4.0 Hz, 3H).

Step 3: Synthesis of

(NZ,R)-N-[1-[3-(difluorometinA-fluoro-5-nitro-

phenyllethylidene]-2-methyl-propane-2-sulfinamide

A mixture of 1-[3-(difluoromethyl)-2-fluoro-5-nitrhenyllethanone (1.4 g, 6.00
mmol), (R)-2-methylpropane-2-sulfinamide (727.80,m¢)0 mmol) and Ti(OEf)(4.11 g,
18.01 mmol, 3.74 mL) in THF (8 mL) was degassed @nged with N for 3 times, and then
the mixture was stirred at 8@ for 16 under N atmosphere. The mixture was poured into
water (50 mL) and extracted with EtOAc (50 mL X Blhe organic layers were washed with
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brine (20 mL X 3), dried over anhydrous4S&%, and concentrated under reduced pressure to
give a crude product. The crude product was puarife silica gel column chromatography (35%
EtOAc in petroleum ether) to give (NZ,R)-N-[1-[3H{doromethyl)-2-fluoro-5-nitro-
phenyl]ethylidene]-2-methyl-propane-2-sulfinamide4@ g, 70.29% yield) as yellow oitH
NMR (400 MHz, DMSO-@) 5 8.68 - 8.64 (m, 1H), 8.56 (br s, 1H), 7.51 - 7(&% 1H), 2.76
(s, 3H), 1.24 (s, 9H).

Step 4: Synthesis of (R)-N-[(1R)-1-[3-(difluoromgth2-fluoro-5-nitro-
phenyl]lethyl]-2-methyl-propane-2-sulfinamide

NaBH; (127.78 mg, 3.38 mmol) was added to a solution(MZ,R)-N-[1-[3-
(difluoromethyl)-2-fluoro-5-nitro-phenyl]ethylidef-methyl-propane-2-sulfinamide (1.42 g,
4.22 mmol) in THF (20 mL) and 4@ (0.75 mL), and then the mixture was stirred 8t°7 for
2 h under Matmosphere. The mixture was quenched with sataNEB0 mL) at 20C, diluted
with EtOAc (30 mL) and extracted with EtOAc (30 m¥L3). The organic layers were dried
over anhydrous N&Qs and concentrated under reduced pressure to gimneda product. The
crude product was purified by silica gel columnarhatography (100% petroleum ether) to
give (R)-N-[(1R)-1-[3-(difluoromethyl)-2-fluoro-5itro-phenyl]ethyl]-2-methyl-propane-2-
sulfinamide (902 mg, 62.04% vyield, 98.25% purit§0% ee) as colorless oil. MS (ESI) m/z
= 339.1 [M+HT.

Step 5: Synthesis of (1R)-1-[3-(difluoromethyl){&dro-5-nitro-phenyllethanamine

A mixture of (R)-N-[(1R)-1-[3-(difluoromethyl)-2-tloro-5-nitro-phenyl]ethyl]-2-
methyl-propane-2-sulfinamide (900 mg, 2.66 mmo# iN HCl/dioxane (5 mL) was degassed
and purged with Blfor 3 times, and then the mixture was stirred®fQ@ for 2 h under N
atmosphere. The mixture was concentrated undeceedoressure to giMatermediate A-9
(700 mg, 96.58% yield, 99.33% purity, HCI) as atelsiolid. 'H NMR (400 MHz, DMSO-g)
6 8.90 (br s, 4H), 8.52 (br d,= 1.6 Hz, 1H), 7.38 (br 1 = 53.2 Hz, 1H), 4.77 (br s, 1H), 1.61
-1.52 (m, 3H); MS (ESI) m/z = 235.1 [M+H]

Preparation Example 10: 3-[(1R)-1-aminoethyl]-5-(tifluoromethyl)amine (A-10)
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Step 1: Synthesis of 1-[3-nitro-5-(trifluoromeththenyllethanone
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A mixture of 1-bromo-3-nitro-5-(trifluoromethyl)beane (50 g, 185.18 mmol), 1-
tributyl(1-ethoxyvinyl)stannane (70.2 g, 194.38 nin6®.61 mL), Pd(dppf)GI(13.00 g, 18.52
mmol) and TEA (37.48 g, 370.37 mmol, 51.55 mL) iox&ne (500 mL) was degassed and
purged with N for 3 times, and then the mixture was stirred @t°@ for 16h under N
atmosphere. HCI solution (4N, 200 mL) was addethé&omixture, which was then stirred at
20°C for 1 h. After water (200 mL) was added, the riasciixture was extracted with EtOAc
(150 mL X 3). The combined organic layers were veashith brine (100 mL X 3), dried over
anhydrous Ng&Q: and then concentrated under reduced pressurevéoagresidue. It was
purified by silica gel column chromatography (5%0Bt in petroleum ether) to give 1-[3-
nitro-5-(trifluoromethyl)phenyllethanone (66 g, #8% yield) as yellow oil.'"H NMR (400
MHz, DMSO-d&) 6 8.85 (s, 1H), 8.73 (s, 1H), 8.63 (s, 1H), 2.763(3).

Step 2: Synthesis of (NE,R)-2-methyl-N-[1-[3-nitBe-
(trifluoromethyl)phenyl]ethylidene]propane-2-sukimide

A mixture of 1-[3-nitro-5-(trifluoromethyl)phenylipanone (66 g, 283.09 mmol), (R)-
2-methylpropane-2-sulfinamide (44.60 g, 368.01 mrand Ti(OEt) (161.44 g, 707.72 mmol,
146.76 mL) in THF (650 mL) was degassed and purgda N> for 3 times, and then the
mixture was stirred at 8% for 16 h under Natmosphere. The mixture was poured into water
(200 mL) and EtOAc (200 mL) and filtered, and tilgdte was extracted with EtOAc (200
mL X 3). The organic layers were washed with brf@80 mL X 2), dried over anhydrous
NaSQs and concentrated under reduced pressure to giveda product. The crude product
was purified by silica gel column chromatograph2%d EtOAc in petroleum ether) to give
(NE,R)-2-methyl-N-[1-[3-nitro-5-(trifluoromethyl) pdmyl]ethylidene]propane-2-sulfinamide
(77 g, 71.07% yield, 87.88% purity) as yellow oiH NMR (400 MHz, DMSO-g) § 8.84 (s,
1H), 8.65 (s, 1H), 8.54 (s, 1H), 2.86 (s, 3H), 1(259H); MS (ESI) m/z = 336.9 [M+H),.

Step 3: Synthesis of (R)-2-methyl-N-[(1R)-1-[3-pi5-
(trifluoromethyl)phenyl]ethyl]propane-2-sulfinamide
To a solution of (NE,R)-2-methyl-N-[1-[3-nitro-5-

(trifluoromethyl)phenyl]ethylidene]propane-2-sulimide (38.5 g, 114.47 mmol) in THF (350
mL) and BHO (7 mL) was added NaBH3.27 g, 86.43 mmol) at -7& in 3 batches, and then
the mixture was stirred at -78 for 3 h under Natmosphere. The mixture was quenched with
sat. NHCI (150 mL) at 2CC, and then it was poured into water (200 mL) andaexed with
EtOAc (200 mL X 3). The organic layers were washath brine (100 mL), dried over
anhydrous Ng5Qs and concentrated under reduced pressure to ginela product. The crude
product was purified by silica gel column chromaégny (15% EtOAc in petroleum ether) to
give (R)-2-methyl-N-[(1R)-1-[3-nitro-5-(trifluorontayl)phenyl]ethyl]propane-2-sulfinamide
(30 g, 32.01% vyield, 82.663% purity, 100% ee) gse@n solid.'H NMR (400 MHz, DMSO-
ds) 6 8.63 (s, 1H), 8.38 (s, 1H), 8.29 (s, 1H), 6.07)d,8.8 Hz, 1H), 4.72 - 4.65 (m, 1H), 1.45
(d,J=6.8 Hz, 3H), 1.14 (s, 9H); MS (ESI) m/z = 338\8+H]".
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Step 4: Synthesis of (1R)-1-[3-nitro-5-(trifluorothel)phenyllethanamine

To a solution of the resulting product (R)-2-methy[(1R)-1-[3-nitro-5-
(trifluoromethyl)phenyl]ethyl]propane-2-sulfinamid@0 g, 88.67 mmol) in dioxane (30 mL)
was added 4 N HCl/dioxane (60 mL), and then thetunéxwas stirred at 28 for 3 h. The
mixture was concentrated under reduced pressurstaret] at 20C for 12 h with the addition
of MTBE (100 mL). It was filtered to give (1R)-1-fdtro-5-
(trifluoromethyl)phenyl]ethanamine (23 g, 91.02%lgi, 94.96% purity, HCI) as a white solid.
'H NMR (400 MHz, DMSO-g) § 8.93 - 8.61 (m, 4H), 8.51 (s, 1H), 8.45 (s, 1HY44(q,J =
6.8 Hz, 1H), 1.58 (d] = 6.8 Hz, 3H); MS (ESI) m/z = 234.9 [M+H]

Step 5: Synthesis of 3-[(1R)-1-aminoethyl]-5-(udkomethyl)amine

A mixture of (1R)-1-[3-nitro-5-(trifluoromethyl)phyllethanamine (10 g, 42.70
mmol) and Pd/C (2 g, 10% purity) was degassed angep with N for 3 times, and then the
mixture was stirred at 40C for 6 h under H atmosphere. The mixture was filtered and
concentrated under reduced pressure tolgiteemediate A-10 (8.5 g, 93.87% yield, 96.29%
purity) as a yellow solid. It was used in the neection without further purificationtH NMR
(400 MHz, DMSO-d) & 8.44 (br s, 3H), 6.97 (s, 1H), 6.84 (s, 2H), 5352H), 4.30 (q) =
6.8 Hz, 1H), 1.47 (d) = 6.8 Hz, 3H); MS (ESI) m/z = 204.9 [M+H]

Preparation Example 11: (R)-1-(3-(1,1-difluoro-2-methoxyethyl)-2-
fluorophenyl)ethane-1-amine (A-11)

trimethyloxonium _0
tetrafluoroborate,

proton sponge Trifluoroacetic acid
_

DCM, RT DCM,0°C,1h

. " NHB
" “NHBoc oc

A-5-1 A-11-1 A-11

Step 1: Synthesis of tert-butyl (R)-(1-(3-(1,1-ddto-2-methoxyethyl)-2-
fluorophenyl)ethyl)carbamate

To a solution of tert-butyl (R)-(1-(3-(1,1-difluoro-2-hydroxyethyl)-2-
fluorophenyl)ethyl)carbamate (87 mg, 0.272 mmol)DEM (2.72 mL) was added Proton
Sponge (117 mg, 0.545 mmol), trimethyloxonium tédiroborate (80.6 mg, 0.545 mmol) and
4A molecular sieve under nitrogen atmosphere, had the mixture was stirred at 25 for
16 h. The reaction mixture was quenched with alyl HC| and extracted with DCM. The
combined organic layers were washed with brineeddaver NaSQs and concentrated under
reduced pressure to give a crude product. The guatkict was purified by silica gel column
chromatography (25% EtOAc in hexane) to give tetyb (R)-(1-(3-(1,1-difluoro-2-
methoxyethyl)-2-fluorophenyl)ethyl)carbamate (61,16¢% yield) as colorless oil. MS (ESI)
m/z = 278.02 [M+H].

Step 2: Synthesis of (R)-1-(3-(1,1-difluoro-2-methethyl)-2-fluorophenyl)ethan-1-

amine
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To a solution of tert-butyl (R)-(1-(3-(1,1-difluoro-2-methoxyethyl)-2-
fluorophenyl)ethyl)carbamate (61 mg, 0.183 mmol) CM (0.73 mL) was added
trifluoroacetic acid (0.16 mL) at @. Thereafter, the mixture was stirred at room tenajoee
for 1 h. The reaction mixture was quenched withNaHCQ and extracted with DCM. The
combined organic layers were dried overn$@, filtered and concentrated under reduced
pressure to givintermediate A-11 (41 mg, 96% vyield) as yellow oil. MS (ESI) m/234.08
[M+H]*.

Preparation Example 12: (1R)-1-[3-(1,1-difluoroethy)-2-fluoro-
phenyllethanamine (A-12)

0 F R F (S)s

F 1) tributyl(1-ethoxyvinyl)stannane, TEA, HoN" K
DAST (8 eq) Pd(PPh3),Cl,, dioxane, 80 °C, 16 h
—_— » >
F DCM, 50 °C, 60 h F 2) 4N HCI, 25°C, 1 h F Ti(OEt), THF
Br Br 80°C,16 h
)
A-12-1 A-12-2 A-12-3
RF R F
F L-selectride, THF 4 N HCl/dioxane
E) B . :
N 70°C, 3h “NH dioxane, 0°C, 3 h
(S)S. ‘
O/S ,,’< gés.,,’<
A-12-4 A-12-5 A-12

Step 1: Synthesis of 1-bromo-3-(1,1-difluoroettAfluorobenzene

A mixture of 1-(3-bromo-2-fluoro-phenyl)ethanone ¢4 18.43 mmol) and DAST
(23.77 g, 147.44 mmol, 19.48 mL) in DCM (60 mL) wdegassed and purged with fdr 3
times, and then the mixture was stirred atGGor 60 h under Natmosphere. The reaction
mixture was slowly quenched with ice-cold water (D) and basified (pH = 7-8) with sat.
NaHCQ. The aqueous layers were extracted with DCM (50x%18) and the organic layers
were washed with brine (20mL X 3). The organic faywere dried over anhydrous 1$&
and filtered under reduced pressure to give a gouolguct. The crude product was purified by
silica gel column chromatography (0% EA in petroteether) to give 1-bromo-3-(1,1-
difluoroethyl)-2-fluorobenzene (3.5 g, 79.45% vyjels colorless oil.'H NMR (400 MHz,
DMSO-0s) 6 7.89 (br tJ = 7.2 Hz, 1H), 7.60 (br ] = 7.2 Hz, 1H), 7.29 (] = 8.0 Hz, 1H),
2.02 (t,J=19.2 Hz, 3H).

Step 2: Synthesis of 1-[3-(1,1-difluoroethyl)-2dho-phenyllethanone

A mixture of 1-bromo-3-(1,1-difluoroethyl)-2-fluob@nzene (3.5 g, 14.64 mmol), 1-
tributyl(1-ethoxyvinyl)stannane (5.66 g, 15.67 mmalR9 mL), TEA (2.96 g, 29.28 mmol,
4.08 mL) and Pd(dppf)€1.03 g, 1.46 mmol) in dioxane (40 mL) was degdss®l purged
with N2 for 3 times, and then the mixture was stirred@at@ for 16h under N atmosphere.
HCI solution (4N, 60 mL) was added to the mixtusbich was then stirred at 28 for 1 h.
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After waster (30 mL) was added, the reaction mextuas extracted with EtOAc (50 mL X 3).
The organic layers were washed with brine (50 mB)Xdried over anhydrous d&Q; and
concentrated under reduced pressure to give aueesidwas purified by silica gel column
chromatography (3% EtOAc in petroleum ether) teegl-[3-(1,1-difluoroethyl)-2-fluoro-
phenyllethanone (2.5 g, 84.45% yield) as colortélss'H NMR (400 MHz, DMSO-g) 6 7.95
(brt,J=7.2 Hz, 1H), 7.82 (br 1 = 7.2 Hz, 1H), 7.44 (1] = 7.6 Hz, 1H), 2.62 (d] = 4.0 Hz,
3H), 2.05 (tJ = 19.2 Hz, 3H).

Step 3: Synthesis of (NE,S)-N-[1-[3-(1,1-difluorbgl)-2-fluoro-phenyllethylidene]-
2-methyl-propane-2-sulfinamide

A mixture of 1-[3-(1,1-difluoroethyl)-2-fluoro-phetjethanone (2.7 g, 13.35 mmol),
(S)-2-methylpropane-2-sulfinamide (2.43 g, 20.03ah)rand Ti(OEt) (9.14 g, 40.06 mmol,
8.31 mL) in THF (40 mL) was degassed and purgel Wtfor 3 times, and then the mixture
was stirred at 80C for 16 h under hlatmosphere. The mixture was poured into waten{bp
and filted, and then it was extracted with EtOA@ (6L X 3). The organic layers were washed
with brine (40 mL X 2), dried over anhydrousAS&xand concentrated under reduced pressure
to give a crude product. The crude product wadipdrby silica gel column chromatography
(5% EtOAc in petroleum ether) to give (NE,S)-N-BH[L,1-difluoroethyl)-2-fluoro-
phenyllethylidene]-2-methyl-propane-2-sulfinamide4( g, 76.29% yield, 91.5% purity) as
yellow oil. MS (ESI) m/z = 306.2 [M+H]

Step 4: Synthesis of (S)-N-[(1R)-1-[3-(1,1-difluetbyl)-2-fluoro-phenyl]ethyl]-2-
methylpropane-2-sulfinamide

To a solution of (NE,S)-N-[1-[3-(1,1-difluoroethy®-fluoro-phenyllethylidene]-2-
methyl-propane-2-sulfinamide (3.4 g, 11.13 mmolJkF (50 mL) was added L-selectride (1
M, 27.84 mL) at -70C, and then the mixture was degassed and purgedNwitbr 3 times.
Thereafter, the mixture was stirred at <@0for 3 h under Matmosphere. The reaction mixture
was quenched with sat. ag. MH (80 mL) added dropwise slowly at -70, and then it was
diluted with EtOAc (50 mL) and extracted with EtOA mL X 5). The organic layers were
dried over anhydrous M8Q; and concentrated under reduced pressure to giuela product.
The crude product was purified by silica gel columiromatography (25% EtOAc in
petroleum ether) to give a main product, (S)-N-)(1H3-(1,1-difluoroethyl)-2-fluoro-
phenyl]ethyl]-2-methylpropane-2-sulfinamide (2.368,.86% yield, 98% purity, 99.3% ee) as
light yellow oil. *H NMR (400 MHz, DMSOes) & 7.63 (t,J = 6.8 Hz, 1H), 7.51 - 7.40 (m,
1H), 7.33 - 7.26 (m, 1H), 5.54 (d,= 5.6 Hz, 1H), 4.72 (quing = 6.8 Hz, 1H), 2.00 (] =
19.2 Hz, 3H), 1.49 (d] = 6.8 Hz, 3H), 1.09 (s, 9H); MS (ESI) m/z = 308\b+H] .

Step 5: Synthesis of (1R)-1-[3-(1,1-difluoroethghftuoro-phenyllethanamine

A mixture of (S)-N-[(1R)-1-[3-(1,1-difluoroethyl)-Buoro-phenyl]ethyl]-2-
methylpropane-2-sulfinamide (500 mg, 1.63 mmol) Ei@l/dioxane (4 N, 25 mL) in dioxane
(2 mL) was degassed and purged withfol 3 times, and then the mixture was stirred>i
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for 0.5 h under Blatmosphere. The mixture was concentrated undeceedpressure to give
Intermediate A-12 (350 mg, 89.78% vyield, HCI) as a white solitd NMR (400 MHz,
DMSO-0s) 6 8.75 (br s, 3H), 7.88 (§,= 7.2 Hz, 1H), 7.59 (1 = 7.2 Hz, 1H), 7.41 (§ = 7.6
Hz, 1H), 4.66 (br dJ = 5.2 Hz, 1H), 2.02 (1] = 19.2 Hz, 3H), 1.56 - 1.53 (m, 3H); MS (ESI)
m/z = 204.1 [M+H].

Preparation Example 13: 2-[3-[(1R)-1-aminoethyl]-2methyl-phenyl]-2,2-
difluoro-ethanol (A-13)

‘/O{n/\/\
HoN
/J TN
O2N Fe, NH4CI
; ; Pd(pphs)>Cls, dioxane EtOH H,0,

Br 100 °C, 16 h 80°C, 12 h o)
A-13-1 A-13-2 A-13-3
FF F F
R)
25% HSO4, NaNO, | O Xg o0 (N,
Kl, 20 °C, 16 h To')< 2 ﬁ
P . o] —_—
Cu (3 eq), DMSO Ti(OEt)4, THF
o 80°C, 16 h o reflux,16 h
A-13-4 A-13-5
R F R F E F
~_© HO 4 N HCl/dioxane  HO
NaBH4 0 OC 2h
O —_———— —»
o
1] H>O/THF, (R)
S il s w
aN (R)\]< rerc0te (R)\]< ™ UNH,
A-13-6 A-13-7 A-13

Step 1: Synthesis of 1-(2-methyl-3-nitro-phenylgtbne

A mixture of 1l-bromo-methyl-3-nitro-benzene (10 46.29 mmol), 1-tributyl(1-
ethoxyvinyl)stannane (19.85 g, 54.96 mmol, 18.59 arid Pd(PP$).Cl. (3.25 g, 4.63 mmol)
in dioxane (50 mL) was degassed and purged witfoN3 times, and then the mixture was
stirred at 100C for 12 h under Natmosphere. Following the addition of water (100 nthe
reaction mixture was extracted with EtOAc (100 mIBX The combined organic layers were
dried over anhydrous M8Qs and concentrated under reduced pressure to gesde. It was
purified by silica gel column chromatography (20%©Ec in petroleum ether) to give 1-(2-
methyl-3-nitro-phenyl)ethanone (8.0 g, 96.46% yield yellow oil. The aqueous layers were
adjusted to pH = 9 with agq. NaOH, and NaClO (100 mas slowly added under stirring
NMR (400 MHz, DMSOsdg) 6 8.05 - 7.89 (m, 2H), 7.56 @,= 8.0 Hz, 1H), 2.60 (s, 3H), 2.37
(s, 3H).

Step 2: Synthesis of 1-(3-amino-2-methyl-phenyBatine

To a solution of 1-(2-methyl-3-nitro-phenyl)ethaeo(®.2 g, 51.35 mmol) in EtOH
(100 mL) and HO (20 mL) was added Fe (28.67 g, 513.47 mmol) adedN (27.47g, 513.47
mmol). The mixture was degassed and purged witfFoN3 times, and then it was stirred at
80 °C for 12 h under nitrogen atmosphere. The reactiotume was filtered, and the filtrate
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was concentrated under reduced pressure. Waten{lLp®as poured into the reaction mixture,
which was then extracted with EtOAc (100 mL x 3)eTcombined organic layers were washed
with brine (100 mL), dried over N&8Qs and concentrated under reduced pressure to give a
crude product 1-(3-amino-2-methyl-phenyl)ethandh8 ¢, 88.77% vyield) as a yellow solid.
'H NMR (400 MHz, DMSO¢) 6 6.98 (t,J = 7.6 Hz, 1H), 6.84 (ddl= 1.2, 7.6 Hz, 1H), 6.77
(dd,J=1.2, 8.0 Hz, 1H), 5.05 (s, 2H), 2.46 (s, 3H), 2863H).

Step 3: Synthesis of 1-(3-iodo-2-methyl-phenyl)atirze

To a suspension of 1-(3-amino-2-methyl-phenyl)etmen (6.5 g, 43.57 mmol) in
H.SOQy (95.68 g, 975.55 mmol, 21.6 mL) was added NaK&®01 g, 43.57 mmol) agueous
solution (220 mL) at OC, and then the mixture was stirred for 1 h. Thetorxwas added to
Kl1(21.70 g, 130.71 mmol) aqueous solution (220 @hg stirred at 20C for 18 h. Water (100
mL) was poured into the reaction mixture, which wlaen extracted with EtOAc (100 mL x
3). The organic layers were washed with brine (df)), dried over anhydrous MNaQ: and
concentrated under reduced pressure to give a gmadieict. The crude product was purified
by silica column chromatography (6% EtOAc in pedtoh ether) to give 1-(3-iodo-2-methyl-
phenyl)ethanone (8.2 g, 72.37% yield) as yellow 41 NMR (400 MHz, DMSO¢ls) § 7.99
(dd,J = 1.2, 8.0 Hz, 1H), 7.67 (d,= 7.6 Hz, 1H), 7.07 (t) = 7.6 Hz, 1H), 2.53 (s, 3H), 2.41
(s, 3H).

Step 4: Synthesis of ethyl 2-(3-acetyl-2-methylipHe2,2-difluoroacetate

A mixture of 1-(3-iodo-2-methyl-phenyl)ethanonegi415.38 mmaol), ethyl-2-bromo-
2,2-difluoroacetate (3.43 g, 16.92 mmol, 2.17 mig &€u (2.93 g, 46.14 mmol, 327.g28) in
DMSO (40 mL) was degassed and purged witlioN 3 times, and then the mixture was stirred
at 80°C for 16 h under N atmosphere. The mixture was poured into water (hQ) and
extracted with EtOAc (100 mL X 3). The organic leyevere washed with brine (100 mL),
dried over anhydrous N80, and concentrated under reduced pressure to giela product.
The crude product was purified by silica gel colueimomatography (1-2% EtOAc in
petroleum ether) to give ethyl 2-(3-acetyl-2-metpgknyl)-2,2-difluoroacetate (3.4 g, 74.11%
yield, 85.91% purity) as colorless oiH NMR (400 MHz, DMSOsg) § 7.86 (d,J = 7.6 Hz,
1H), 7.72 (dJ = 7.6 Hz, 1H), 7.49 ( = 7.6 Hz, 1H), 4.34 (g = 7.2 Hz, 2H), 2.57 (s, 3H),
2.29 (s, 3H), 1.22 (1] = 7.2 Hz, 3H); MS (ESI) m/z = 257.0 [M+H]

Step 5. Synthesis of ethyl 2-[3-[(Z2)-N-[(R)-tertdglsulfinyl]-C-methyl-
carbonimidoyl]-2-methyl-phenyl)-2,2-difluoroacetate

A mixture of ethyl 2-(3-acetyl-2-methyl-phenyl)-2¢#fluoroacetate (3.4 g, 13.27
mmol), (R)-2-methylpropane-2-sulfinamide (1.77 4,60 mmol) and Ti(OE4)(9.08 g, 39.81
mmol, 8.25 mL) in THF (40 mL) was degassed and @dingith N> for 3 times, and then the
mixture was stirred at 8@ for 12 h under Natmosphere. The mixture was poured into water
(50 mL) and EtOAc (50 mL) and extracted with EtO@&O mL X 3). The combined organic
layers were washed with brine (50 mL X 2), drie@moanhydrous N&Qw and concentrated
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under reduced pressure to give a crude productciitte product was purified by silica gel
column chromatography (12% EtOAc in petroleum gtheigive ethyl 2-[3-[(Z)-N-[(R)-tert-
butylsulfinyl]-C-methyl-carbonimidoyl]-2-methyl-pimgl)-2,2-difluoroacetate ((2.6 g, 48.82%
yield, 89.56% purity) as yellow oil. MS (ESI) n#z360.0 [M+HTJ.

Step 6: Synthesis of (R)-N-[(1R)-1-[3-(1,1-difluePehydroxy-ethyl)-2-methyl-
phenyl]ethyl]-2-methyl-propane-2-sulfinamide

A mixture of ethyl-2-[3-[(Z2)-N-[(R)-tert-butylsulfiyl]-C-methyl-carbonimidoyl]-2-
methyl-phenyl)-2,2-difluoroacetate (2.6 g, 7.23 ninamd NaBH (830 mg, 21.94 mmol) in
THF (30 mL) and HO (1 mL) was degassed and purged withfod 3 times, and then the
mixture was stirred at -7@ for 2 h under Natmosphere. The mixture was quenched with sat.
NH4Cl (50 mL) at 20°C, diluted with EtOAc (50 mL), and then extractedhwiEtOAc (50 mL
X 3). The organic layers were dried over anhydidasSQs and concentrated under reduced
pressure to give a crude product. The crude proslastseparated and purified by prep-HPLC
(YMC-Triart Prep C18 250*50 mm*10 um, mobile phaj$eater (NHH20+NHsHCO3)-
MeCN]; B%: 20%-50%, 20 min). MeCN was removed undesiuced pressure, and the
remaining solvent was removed by lyophilizationgtee a main product, (R)-N-[(1R)-1-[3-
(1,1-difluoro-2-hydroxy-ethyl)-2-methyl-phenyl]etiy2-methyl-propane-2-sulfinamide (900
mg, 38.08% yield, 97.77% purity, 100% ee) as aevbitid. *H NMR (400 MHz, DMSO-¢)
0 7.61(dJ=7.6 Hz, 1H), 7.39 - 7.34 (m, 1H), 7.28Jt 7.2 Hz, 1H), 5.73 - 5.60 (m, 2H),
4.69 (quintJ = 6.8 Hz, 1H), 3.88 (dt] = 6.4, 14.8 Hz, 2H), 2.37 (s, 3H), 1.37 Jd; 6.8 Hz,
3H), 1.11 - 1.06 (m, 9H); MS (ESI) m/z = 320.0 [M}¥H

Step 7: Synthesis of 2-[3-[(1R)-1-aminoethyl]-2-imgtphenyl]-2,2-difluoroethanol

To (R)-N-[(1R)-1-[3-(1,1-difluoro-2-hydroxy-ethyR®-methyl-phenyl]ethyl]-2-
methyl-propane-2-sulfinamide (150 mg, 469.620l) in dioxane (2 mL) was added dropwise
HCl/dioxane (4 N, 4 mL) at @C, and then the mixture was stirred &0for 2 h. The mixture
was concentrated under reduced pressure tolgigemediate A-13 (115 mg, 57.48% vyield,
50.52% purity) as a yellow solid. MS (ESI) m/z £620 [M+H]".

Preparation Example 14: 2-[3-[(1R)-1-amino-1-deutdp-ethyl]-2-fluoro-phenyl]-
2,2-difluoro-ethanol (A-14)

1) EtO” “SnBus
R F

. o

TEA, Pd(PPh;),Cl, dioxane, =

o FEF 3)2 RS,

[ ~ %Br 80°C, 12h HO (s <
oW, S D
o, F i

F Cu (3 eq) DMSO THF 0-50°C, 2h F 2)1NHCI, 25°C,2h T'(OEt)Av THF
Br L o 70°C. 12h

A-14-1 A-14-2 A-14-3 A-14-4
R F R F EF
HO. HO. HO.
NaBD, prep. HPLC 2 N HClidioxane
—_— > _ > —_— >
F (o} F [0} E

D,O/THF, 0 - HCl

\(R)S -70°C,2h &se vy WSy »
(Z) D H D H D 2

A-14-5 A-14-6 A14-7 A-14



Step 1: Synthesis of ethyl 2-(3-bromo-2-fluoro-pyig2,2-difluoro-acetate

To a solution of 1-bromo-2-fluoro-3-iodo-benzent ¢l 36.56 mmol, 1 eq) in DMSO
(200 mL) was added solid copper (6.97 g, 109.67 miwy.82uL) and ethyl 2-bromo-2,2-
difluoro-acetate (22.26 g, 109.67 mmol, 14.13 nilt)e reaction mixture was stirred at 5
for 16 h under Natmosphere. The reaction mixture was filtered,thed the filtrate was added
with water (80 mL) and extracted with EtOAc (80 rKL3). The organic layers were washed
with brine (60 mL), dried over anhydrous4$&y and concentrated under reduced pressure to
give a crude product. The crude product was puribig silica gel column chromatography
(10 % EtOAc in petroleum ether) to give ethyl 2b{@mo-2-fluoro-phenyl)-2,2-difluoro-
acetate (9.3 g, 77.07% yield, 90% purity) as wbite'H NMR (400 MHz, DMSO-g) & 8.02-
7.95 (m, 1H), 7.75-7.69 (m, 1H), 7.37 t= 8.0 Hz, 1H), 4.40-4.31 (m, 2H), 1.23Jt7 7.2
Hz, 3H).

Step 2: Synthesis of 2-(3-bromo-2-fluoro-phenyB-gifluoro-ethanol

To a solution of ethyl 2-(3-bromo-2-fluoro-pheng)2-difluoro-acetate (8.8 g, 29.62
mmol) in THF (140 mL) was slowly added LiBH2 M, 20.74 mL) at 0°C under N
atmosphere. Thereafter, the reaction mixture wagdtat 50°C for 2 h under Natmosphere.
Ag. NHsCl (80 mL) was slowly poured into the mixture, wiiwas then extracted with EtOAc
(60 mL X 3). The organic layers were washed witmddr(80 mL), dried over anhydrous
NaSQy and concentrated under reduced pressure to giveda product. The crude product
was purified by silica gel column chromatograplgf6(EtOAc in petroleum ether) to give 2-
(3-bromo-2-fluoro-phenyl)-2,2-difluoro-ethanol (1396.63% purity) as yellow oitH NMR
(400 MHz, DMSO¢k) 6 7.89 (t,J = 7.2 Hz, 1H), 7.61-7.52 (m, 1H), 7.29JtF 8.0 Hz, 1H),
5.76-5.70 (m, 1H), 3.96-3.88 (m, 2H).

Step 3: Synthesis of 1-[3-(1,1-difluoro-2-hydroxiywrd)-2-fluoro-phenyllethanone

A mixture of tributyl(1-ethoxyvinyl)stannane (8.2¢ 22.82 mmol, 7.71 mL), TEA
(3.17 g, 31.37 mmol, 4.37 mL) and Pd(B2@l> (1.10 g, 1.57 mmol) was mixed with a
solution of 2-(3-bromo-2-fluoro-phenyl)-2,2-diflumethanol (4 g, 15.68 mmol) in dioxane (50
mL), degassed and purged with fér 3 times, and then stirred at 80 for 12h under N
atmosphere. The mixture was added with HCI soluf@ml, 1 M) stirring at 25C, and then
stirred at 25°C for 1 h. Following the addition of water (30 mlthe reaction mixture was
extracted with EtOAc (50 mL X 3). The combined origdayers were washed with brine (80
mL X 3), dried over anhydrous B&Qs and concentrated under reduced pressure to give a
residue. It was purified by silica gel column chadography (12% EtOAc in petroleum ether)
to give 1-[3-(1,1-difluoro-2-hydroxy-ethyl)-2-fluorphenyljethanone (3.33 g, 90.43% vyield,
92.93% purity) as a yellow solidd NMR (400 MHz, DMSO-g) § 7.99-7.91 (m, 1H), 7.82-
7.74 (m, 1H), 7.43 () = 8.0 Hz, 1H), 5.73 (1) = 6.8 Hz, 1H), 3.95 (dt] = 6.8, 14.3 Hz, 2H),
2.60 (d,J= 4.4 Hz, 3H); MS (ESI) m/z = 218.9 [M+H]
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Step 4: Synthesis of (NZ,R)-N-[1-[3-(1,1-difluoreh¥droxy-ethyl)-2-fluoro-
phenyl]ethylidene]-2-methyl-propane-2-sulfinamide

To a solution of 1-[3-(1,1-difluoro-2-hydroxy-ethy2-fluoro-phenyllethanone (3.33
g, 15.26 mmol) in THF (35 mL) was added (R)-2-méihypane-2-sulfinamide (2.77 g, 22.89
mmol) and Ti(OEY (10.44 g, 45.79 mmol, 9.50 mL), and then the mixtuas stirred at 78
for 12 h under Watmosphere. The mixture was poured into watenfepand extracted with
EtOAc (50 mL X 3). The organic layers were washdti wrine (50 mL), dried over anhydrous
NaSQw and concentrated under reduced pressure to giveda product. The crude product
was purified by silica gel column chromatograpt?0% EtOAc in petroleum ether) to give
(NZ, R)-N-[1-[3-(1,1-difluoro-2-hydroxy-ethyl)-2-floro-phenyl]ethylidene]-2-methyl-
propane-2-sulfinamide (4.3 g, 85.90% yield, 97.99%Gty) as yellow oil.'H NMR (400 MHz,
DMSO-as) § 7.79 (br tJ = 7.2 Hz, 1H), 7.68 (br § = 6.8 Hz, 1H), 7.41 (br § = 7.6 Hz, 1H),
5.75-5.71 (m, 1H), 3.93 (df,= 6.4, 14.0 Hz, 2H), 2.69 (br d,= 1.6 Hz, 3H), 1.22 (s, 9H);
MS (ESI) m/z = 322.1 [M+H]

Step 5: Synthesis of (R)-N-[(1R)-1-deuterio-1-[31(Hifluoro-2-hydroxy-ethyl)-2-
fluoro-phenyl]ethyl]-2-methyl-propane-2-sulfinamide

To a solution of (NZ,R)-N-[1-[3-(1,1-difluoro-2-hydxy-ethyl)-2-fluoro-
phenyllethylidene]-2-methyl-propane-2-sulfinamide3(g, 13.38 mmol) in THF (80 mL) and
D20 (1.6 mL) was added NaB@506.23 mg) at -70C, and then the mixture was stirred at -
70°C for 2 h under Watmosphere. TLC (PE:EA = 1/1) indicated the resctvas complete.
The mixture was quenched with sat. aq.48H50 mL) and extracted with EtOAc (50 mL X
3). The organic layers were washed with brine (8Q,rdried over anhydrous N&Q; and
concentrated under reduced pressure to give a pmadieict. The crude product was purified
by silica gel column chromatography (20% EtOAc/plenm ether) to give (R)-N-[(1R)-1-
deuterio-1-[3-(1,1-difluoro-2-hydroxy-ethyl)-2-fluo-phenyl]ethyl]-2-methyl-propane-2-
sulfinamide (4.2 g, 81.28% vyield, 84% purity) adgw oil. MS (ESI) m/z = 325.0 [M+H]

Step 6: Synthesis of (R)-N-[(1S)-1-deuterio-1-[3¥difluoro-2-hydroxy-ethyl)-2-
fluoro-phenyl]ethyl]-2-methyl-propane-2-sulfinamide

(R)-N-[(1R)-1-deuterio-1-[3-(1,1-difluoro-2-hydroxgthyl)-2-fluoro-phenyl]ethyl]-
2-methyl-propane-2-sulfinamide was purified by pHPLC (column: Welch Xtimate C18
250*50mm*1Qum; mobile phase: [water (N\dH20O+NH4sHCO3)-ACN]; 5%-55% B, 20 min).
The solvent was concentrated under reduced presswlethen the reside was lyophilized to
give  (R)-N-[(1S)-1-deuterio-1-[3-(1,1-difluoro-2-tyoxy-ethyl)-2-fluoro-phenyl]ethyl]-2-
methyl-propane-2-sulfinamide (700 mg, 16.28% yi&ldQ% purity, peak 1) as a white solid.
'H NMR (400 MHz, DMSO-d) § 7.64 (t,J = 6.8 Hz, 1H), 7.48-7.39 (m, 1H), 7.33-7.26 (m,
1H), 5.70 (tJ = 6.4 Hz, 1H), 5.52 (s, 1H), 3.90 (dt= 6.4, 14.4 Hz, 2H), 1.48 (s, 3H), 1.09 (s,
9H); MS (ESI) m/z = 325.2 [M+H]
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Step 7: Synthesis of 2-[3-[(1R)-1-amino-1-deutexibyl]-2-fluoro-phenyl]-2,2-
difluoro-ethanol

To (R)-N-[(1S)-1-deuterio-1-[3-(1,1-difluoro-2-hyaky-ethyl)-2-fluoro-
phenyllethyl]-2-methyl-propane-2-sulfinamide (1.443.51 mmol) in dioxane (5 mL) was
added HCl/dioxane (20 mL) at“@, and then the mixture was stirred at°20for 2 h. The
mixture was concentrated under reduced pressyjigedntermediate A-14 (900 mg, 94.78%
yield, 95% purity, hydrochloride salt) as a whitdic. *H NMR (400 MHz, DMSO-¢) § 8.73
(br's, 2H), 7.87 (t) = 6.8 Hz, 1H), 7.57 (] = 7.2 Hz, 1H), 7.44-7.37 (m, 1H), 3.92 (bdt
14.2 Hz, 2H), 1.54 (s, 3H), 1.10 (s, 1H).

Preparation Example 15: (1R)-1-[2-chloro-3-
(trifluoromethyl)phenyllethanamine (A-15)

O
F ) ) F g
F. 1) tributyl(1-ethoxyvinyl)stannane, TEA, F HoN’ ﬁ
F Pd(PPh3),Cl,, dioxane, 85°C, 12h - o
Cl i
cl 2) 4N HCI, 20 °C, 1 h Tgé) 534’1;':':
Br o] '
F F
F F
. L-selectride HCl/dioxane F
R —— .
4 THF, -78 °C dioxane,25 °C,2 h cl
A N
&< e
A-15

Step 1: Synthesis of 1-[2-chloro-3-(trifluorometlplenyllethanone

A mixture of tributyl(1-ethoxyvinyl)stannane (12®8, 34.67 mmol, 11.71 mL), TEA
(6.24 g, 61.67 mmol, 8.58 mL) and Pd(B2@l> (1.10 g, 1.57 mmol) was mixed with a
solution of 1-bromo-2-chloro-3-(trifluoromethyl)b=ene (4 g, 15.68 mmol) in dioxane (140
mL), degassed and purged with fér 3 times, and then stirred at 80 for 16 h under K
atmosphere. TLC (PE:EA = 10/1) indicated that #eetion was complete. To the mixture was
added HCI solution (80 ml, 1 M) under stirring &€, and then the mixture was stirred at
25°C for 1 h. Following the addition of water (120 mithe reaction mixture was extracted
with EtOAc (150 mL X 3). The combined organic layerere washed with brine (150 mL X
3), dried over anhydrous B#O and concentrated under reduced pressure to gesidue.
The aqueous layer was stirred while slowly addig &q. KF (200 mL), followed by stirring
at 25°C for 1 h. It was purified by column chromatograglb$e EtOAc/petroleum ether) to
give 1-[2-chloro-3-(trifluoromethyl)phenyllethanor{é.2 g, 58.13% yield, 95% purity) as
yellow oil. *H NMR (400 MHz, DMSO-d) § 7.97 (d,J = 8.0 Hz, 1H), 7.92 (d] = 7.6 Hz,
1H), 7.71-7.63 (m, 1H), 2.61 (s, 3H).

Step 2: Synthesis of (NE,R)-N-[1-[2-chloro-3-(tufiromethyl)phenyl]ethylidene]-2-
methyl-propane-2-sulfinamide
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To a solution of 1-[2-chloro-3-(trifluoromethyl)phg]ethanone (4.2 g, 18.87 mmol)
in THF (60 mL) was added (S)-2-methylpropane-2isatide (3.43 g, 28.30 mmol) and
Ti(OEt)s (12.91 g, 56.61 mmol, 11.74 mL), and then the umextwas stirred at 8% for 16 h
under N atmosphere. TLC (PE:EA = 10/1) indicated that risaction was complete. The
mixture was poured into water (40 mL) and filteradd then the filtrate was extracted with
EtOAc (60 mL X 3). The organic layers were washdti wrine (80 mL), dried over anhydrous
NaSQy and concentrated under reduced pressure to giveda product. The crude product
was purified by silica gel column chromatograph$o(&tOAc in petroleum ether) to give
(NE,R)-N-[1-[2-chloro-3-(trifluoromethyl)phenyl]eyfidene]-2-methyl-propane-2-
sulfinamide (5.15 g , 75.40% vyield, 90% purity)yatlow oil. *H NMR (400 MHz, DMSO-
ds) 6 7.98 (br dJ = 7.6 Hz, 1H), 7.91 (br dl = 7.6 Hz, 1H), 7.82 (br d, = 7.6 Hz, 1H), 2.71
(s, 3H), 1.26 (s, 9H); MS (ESI) m/z = 326.0 [M+H]

Step 3: Synthesis of N-[(1R)-1-[2-chloro-3-(trifiwanethyl)phenyl]ethyl]-2-methyl-
propane-2-sulfinamide

L-selectride (1 M, 31.62 mL) was slowly added drageamo a solution of (NE,R)-N-
[1-[2-chloro-3-(trifluoromethyl)phenyllethylidené&]-methyl-propane-2-sulfinamide (5.15 g,
15.81 mmol) in THF (100 mL) at -7« for 0.5 h, and then the mixture was stirred at°@0
for 2 h under Matmosphere. The reaction mixture was quenchedsaithag. NHCI (60 mL)
added dropwise slowly at 2@ under N atmosphere, and then diluted with EtOAc (80 mL)
and extracted with EtOAc (80 mL X 3). The orgarigdrs were dried over anhydrous, 8@
and concentrated under reduced pressure to giveide @roduct. The crude product was
purified by silica gel column chromatography (13%DEc in petroleum ether) to give the
desired peak 2 fractions, N-[(1R)-1-[2-chloro-3fftioromethyl)phenyl]jethyl]-2-methyl-
propane-2-sulfinamide (2 g, 78.17% yield, 89.89%tpuee = 95.96%) as a yellow soliéH
NMR (400 MHz, DMSO-d) 6 7.89 (d,J = 8.0 Hz, 1H), 7.76 (d] = 6.8 Hz, 1H), 7.63-7.54 (m,
1H), 5.66 (dJ = 5.6 Hz, 1H), 4.93 (§ = 6.4 Hz, 1H), 1.48 (d] = 6.8 Hz, 3H), 1.10 (s, 9H).

Step 4: Synthesis of (1R)-1-[2-chloro-3-(trifluorethyl)phenyllethanamine

To a solution of N-[(1R)-1-[2-chloro-3-(trifluoronigyl)phenyl]lethyl]-2-methyl-
propane-2-sulfinamide (200 mg, 610.14nol) in dioxane (1 mL) was added dropwise
HCl/dioxane (1 mL), and then the mixture was stira¢ 25°C for 2 h. TLC (PE:EtOAC =1:1)
indicated that all starting materials were consuaratione new spot was formed. The mixture
was concentrated under reduced pressure tolgiganediate A-15 (136 mg, 99.68% vyield)
as a yellow solid. MS (ESI) m/z = 224.1 [M+H]

Preparation Example 16: [1-[3-[(1R)-1-aminoethyl]-2
fluorophenyl]cyclopropyllmethanol (A-16)
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Step 1: Synthesis of 1-(3-bromo-2-fluoro-phenyljopcopanecarbonitrile

A solution of 2-(3-bromo-2-fluoro-phenyl)acetoniigri(4.4 g, 20.56 mmol) and 1,2-
dibromoethane (5.02 g, 26.72 mmol, 2.02 mL) in TB&mL) was purged with Nor 3 times,
and then NaH (1.07 g, 26.72 mmol, 60% purity) wadeal at O°C. Thereafter, the mixture
was stirred at 20C for 16 h under Natmosphere. Sat. ag. MEl was poured into the mixture,
which was then extracted with EtOAc (30 mL X 3)eTdrganic layers were washed with brine
(50 mL), dried over anhydrous p&Qwand concentrated under reduced pressure to givela c
product. The crude product was purified by silieh gplumn chromatography (9% EtOAc in
petroleum ether) to give 1-(3-bromo-2-fluoro-phgaytlopropanecarbonitrile (4.6 g, 75.50%
yield, 81% purity) as yellow oitH NMR (400 MHz, DMSO-¢) § 7.74 (ddd,J = 1.6, 6.8, 8.0
Hz, 1H), 7.57 - 7.38 (m, 1H), 7.18 (dt= 0.8, 8.0 Hz, 1H), 1.86 - 1.60 (m, 2H), 1.57411.
(m, 2H).

Step 2: Synthesis of 1-(3-bromo-2-fluoro-phenyl)opcopanecarboxylate

A solution of 1-(3-bromo-2-fluoro-phenyl)cycloprapecarbonitrile (4.69 g, 19.54
mmol) in ethanol (80 mL) and sulfuric acid (10 mvzas purged with Bfor 3 times, and then
the mixture was stirred at 9Q for 48 h under Natmosphere. TLC (PE:EA = 10:1) indicated
the reaction was complete. The mixture was pounéal water (20 mL) and extracted with
EtOAc (20 mL X 3). The organic layers were washeth wrine (100 mL X 3), dried over
anhydrous Ng&5Q: and concentrated under reduced pressure to givela product. The crude
product was purified by silica gel column chromaitqany (2% EtOAc in petroleum ether) to
give 1-(3-bromo-2-fluoro-phenyl)cyclopropanecarblatg (3.74 g, 66.68% yield) as a yellow
solid. *H NMR (400 MHz, DMSO-d) § 7.63 (ddd,J = 1.6, 6.8, 8.0 Hz, 1H), 7.40 - 7.29 (m,
1H), 7.20 - 7.02 (m, 1H), 4.04 (4,= 7.2 Hz, 2H), 1.64 - 1.47 (m, 2H), 1.29 - 1.23 @Hl),
1.08 (t,J = 7.2 Hz, 3H).

Step 3: Synthesis of ethyl 1-(3-acetyl-2-fluoro-pyigcyclopropanecarboxylate

A mixture of tributyl(1-ethoxyvinyl)stannane (9.8 27.20 mmol, 9.19 mL) and
Pd(PPB)Cl> (1.78 g, 2.54 mmol) was mixed with a solution c{3tbromo-2-fluoro-
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phenyl)cyclopropanecarboxylate (7.3 g, 25.42 mmoldioxane (100 mL), degassed and
purged with N for 3 times, and then stirred at 8Dfor 16 h under Batmosphere. TLC (PE:EA
= 3:1) indicated that the reaction was complete mixture was quenched by adding 4 N HCI
solution (30 mL), and stirred at 2@« for 1 h. TLC (PE:EA = 5:1) indicated that all
intermediates were consumed and the reaction wagplete. Following the addition of water
(100 mL), the reaction mixture was extracted witB&c (100 mL X 3). The combined organic
layers were washed with brine (100 mL X 3), drisércanhydrous N&Qs and concentrated
under reduced pressure to give a residue. The aguayer was stirred while slowly adding
sat. ag. KF (150 mL), and then stirred at 25 for 1h. It was purified by column
chromatography (3% EtOAc in petroleum ether) to egiethyl 1-(3-acetyl-2-fluoro-
phenyl)cyclopropanecarboxylate (4.6 g, 72.29% Yiakla yellow solid*H NMR (400 MHz,
DMSO-as) § 7.78 - 7.68 (m, 1H), 7.65 - 7.54 (m, 1H), 7.26 {dt 1.2, 7.6 Hz, 1H), 4.04 (dq,
J=1.2, 7.2 Hz, 2H), 2.58 (dd,= 1.2, 4.4 Hz, 3H), 1.62 - 1.49 (m, 2H), 1.3222L(m, 2H),
1.09 (dt,J=1.2, 7.2 Hz, 3H).

Step 4: Synthesis of ethyl 1-[3-[(Z2)-N-[(R)-tertylsulfinyl]-C-
methylcarbonimidoyl]-2-fluoro-phenyl]cyclopropanebeaxylate

To a solution of ethyl-1-(3-acetyl-2-fluoro-pherggtlopropanecarboxylate (2 g, 7.99
mmol) was added (R)-2-methylpropane-2-sulfinam@@8(58 mg, 7.99 mmol) and Ti(OEt)
(5.47 g, 23.97 mmol, 4.97 mL), and then the mixtues degassed and purged withfdr 3
times. Thereafter, the mixture was stirred at@@r 16 h under Natmosphere. The mixture
was poured into water (50 mL) and was filtered, dnadfiltrate was extracted with EtOAc (50
mL X 3). The organic layers were washed with b(ib@0 mL), dried over anhydrous p&O,
and concentrated under reduced pressure to gived® groduct. The crude product was
purified by silica gel column chromatography (6%Ec in petroleum ether) to give ethyl 1-
[3-[(Z)-N-[(R)-tert-butylsulfinyl]-C-methylcarboninaoyl]-2-fluoro-
phenyl]cyclopropanecarboxylate (2.3 g, 73.28% yiéldPo purity) as yellow oil. MS (ESI)
m/z = 354.3 [M+H].

Step 5: Synthesis of ethyl 1-[3-[(1R)-1-[[(S)- tédtylsulfinylJamino]ethyl]-2-
fluorophenyl]cyclopropanecarboxylate

L-selectride (1 M, 5.91 mL) was slowly added drogsvio a solution of ethyl 1-[3-
[(Z)-N-[(R)-tert-butylsulfinyl]-C-methylcarbonimidg]-2-fluoro-phenyl]cyclopropane-
carboxylate (1.1 g, 3.11 mmol) in THF (20 mL) a8%Z under N atmosphere, and then the
mixture was stirred at -7& for 2 h under Natmosphere. The reaction mixture was quenched
with sat. aq. NECI (20 mL) added dropwise slowly at 20 under N atmosphere, and then
poured into water (20 mL) and extracted with EtQ208 mL X 3). The organic layers were
washed with brine (10 mL), dried over anhydrous3@@ and concentrated under reduced
pressure to give a crude product. The crude prodwst purified by silica gel column
chromatography (19% EtOAc in petroleum ether) teegethyl-1-[3-[(1R)-1-[[(S)- tert-
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butylsulfinyllamino]ethyl]-2-fluorophenyl]cyclopramecarboxylate (440 mg, 36.99% vyield,
93% purity, ee = 95.12%) as colorless diH NMR (400 MHz, DMSO-¢) § 7.46 - 7.33 (m,
1H), 7.25 - 7.17 (m, 1H), 7.15 - 7.05 (m, 1H), 5@5J = 6.0 Hz, 1H), 4.74 - 4.57 (m, 1H),
4.01 (dgJ = 2.0, 7.2 Hz, 2H), 1.51 (s, 2H), 1.47 {c 6.8 Hz, 3H), 1.22 - 1.16 (m, 2H), 1.11
-1.09 (m, 9H), 1.08 - 1.04 (m, 3H); MS (ESI) m/856.1 [M+HTJ.

Step 6: Synthesis of ethyl-1-[3-[(1R)-1-aminoetk¥4fluoro-
phenyl]cyclopropanecarboxylate
To ethyl 1-[3-[(1R)-1-[[(S)- tert-butylsulfinyl]Janmo]ethyl]-2-

fluorophenyl]cyclopropanecarboxylate (250 mg, 703:&o0l) in dioxane (1 mL) was added
dropwise HCl/dioxane (1 mL), and the mixture wagassed and purged with for 3 times.
Thereafter, the mixture was stirred af@© for 1 h under Natmosphere. It was confirmed
through LCMS that the starting materials were catgly consumed. The mixture was
concentrated under reduced pressure to give a pnodeeict, ethyl-1-[3-[(1R)-1-aminoethyl]-
2-fluoro-phenyl]cyclopropanecarboxylate (200 mg,/®8% yield, 97.9% purity, hydrochloride
salt) as a white solid, which was used in the meattion without further purification. MS
(ESI) m/z = 252.2 [M+H].

Step 7: Synthesis of [1-[3-[(1R)-1-aminoethyl]-2drophenyl]cyclopropyl]methanol

To a solution of ethyl 1-[3-[(1R)-1-aminoethyl]-R4bro-
phenyl]cyclopropanecarboxylate (200 mg, 795.870l) in THF (3 mL) was added LiAlH
(90.62 mg, 2.39 mmol) at -PQ, and then the mixture was stirred at 2CGor 2 h. The mixture
was quenched with aq. NaOH (15%, 0.6 mL) aP@@nd filtered, and then the filtrate was
concentrated under reduced pressure to Igitegmediate A-16 (165 mg, 74.30% yield, 75%
purity) as yellow oil'H NMR (400 MHz, DMSO-d) § 7.47 (dtJ = 1.6, 7.2 Hz, 1H), 7.21 (dt,
J=1.6, 7.2 Hz, 1H), 7.15 - 7.08 (m, 1H), 4.681(l = 5.6 Hz, 1H), 4.30 (q] = 6.4 Hz, 1H),
3.50 (br dJ = 5.6 Hz, 2H), 1.29 (d]l = 6.4 Hz, 3H), 0.91 - 0.85 (m, 2H), 0.73 - 0.68 @Hl).

Preparation Example 17: (1R)-1-[2-fluoro-3-(1-
methylcyclopropyl)phenyllethanamine (A-17)

0
1) tributyl(1-ethoxyvinyl)stannane, TEA,
MePhPBr ZnEty, CHalp, TFA Pd(PPh,),Cly, dioxane, 85 °C, 12 h
F 25 ° F
F t-BUOK, THF, 60°C, 16 h DCM, 0-25°C, 16 h 2)4NHCI, 20°C, 1h

Br T Br Br

9 - I/ \j
HN YK L-selectride, THF . 4N HCl/dioxane
() ), o
Ti(OEt)4, THF SN 78°C, 3 h ‘NH dioxane, 0 °C, 3h
reflux, 16 h {S) ! {S):‘3
,,/K O// '/,K

Step 1: Synthesis of 1-bromo-2-fluoro-3-isopropemhzene
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A solution of t-BuOK (5.17 g, 46.08 mmol, 1 eq) andthyl (triphenyl) phosphonium;
bromide (16.46 g, 46.08 mmol) in THF (100 mL) wagad at 20°C for 1 h. After a solution
of 1-(3-bromo-2-fluoro-phenyl)ethanone (10 g, 4600@o0l) in THF (100 mL) was added, the
reaction mixture was stirred at 860 for 16 h under Batmosphere. The mixture was poured
into water (80 mL) and extracted with EtOAc (80 {L3). The organic layers were washed
with brine (100 mL), dried over anhydrous48&y and concentrated under reduced pressure
to give a crude product. The crude product wadipdrby silica gel column chromatography
(petroleum ether) to give 1-bromo-2-fluoro-3-isgpeayl-benzene (7.5 g, 68.12% yield, 90%
purity) as white oil.*H NMR (400 MHz, DMSO-@) § 7.66 - 7.49 (m, 1H), 7.36 (di,= 1.6,
7.4 Hz, 1H), 7.16 - 7.10 (m, 1H), 5.31 ®+ 0.8 Hz, 1H), 5.22 (s, 1H), 2.08 (@= 0.8 Hz,
3H).

Step 2: Synthesis of 1-bromo-2-fluoro-3-(1-methglopropyl)benzene

TFA (7.95 g, 69.75 mmol, 5.18 mL) was slowly addedpwise to diethylzinc (1 M,
69.75 mL) solution at C for 20 min. Thereafter, the mixture was stirred & for 20 min,
and then CHl> (18.68 g, 69.75 mmol, 5.63 mL) solution in DCM (@#%) was added dropwise
at 0°C. The mixture was stirred at°Q for 20 min, and then 1-bromo-2-fluoro-3-isopropeny
benzene (3 g, 13.95 mmol) was slowly added dropati®&C. The mixture was stirred at 26
for 12h. TLC (PE:EA =10:1) indicated that the tg@twas complete. The mixture was poured
into water (30 mL) and extracted with DCM (30 mL3X The organic layers were washed
with brine (50 mL), dried over anhydrous 48&4 and concentrated under reduced pressure to
give a crude product. The crude product was purifig silica gel column chromatography
(petroleum ether) to give 1-bromo-2-fluoro-3-(1-mgtyclopropyl)benzene (2.7 g, 76.04%
yield, 90% purity) as colorless liquidH NMR (400 MHz, DMSO-¢) § 7.53 (dddJ = 1.6,
6.4, 8.0 Hz, 1H), 7.32 (df,= 1.6, 7.2 Hz, 1H), 7.06 (di,= 0.8, 7.8 Hz, 1H), 1.29 (s, 3H), 0.78
- 0.75 (m, 2H), 0.73 - 0.70 (m, 2H).

Step 3: Synthesis of 1-[2-fluoro-3-(1-methylcyclopyl)phenyl]lethanone

A mixture of tributyl(1-ethoxyvinyl)stannane (6.2 18.33 mmol, 6.19 mL) and
Pd(PPB)Cl> (612.77 mg, 873.08mol) was mixed with a solution of 1-bromo-2-fluoBe(1-
methylcyclopropyl)benzene (4 g, 17.46 mmol) in din& (60 mL), degassed and purged with
N2for 3 times, and then stirred at 1@0for 16 h under Natmosphere. After 4 N HCI solution
(10 mL) was added, the mixture was stirred atQ@or 1 h. Following the addition of water
(50 mL), the reaction mixture was extracted wit@Et (30 mL X 3). The combined organic
layers were washed with brine (30 mL X 3), drie@oanhydrous N&Qw and concentrated
under reduced pressure to give a residue. Theuesids purified by column chromatography
(petroleum ether) to give 1-[2-fluoro-3-(1-methyttypropyl)phenyljethanone (2.1 g, 60.69%
yield, 97% purity) as yellow oil*H NMR (400 MHz, DMSO-¢) § 7.64 (dt,J = 2.0, 7.6 Hz,
1H), 7.56 (dtJ = 2.0, 7.2 Hz, 1H), 7.21 (§,= 7.6 Hz, 1H), 2.58 (d] = 4.4 Hz, 3H), 1.32 (s,
3H), 0.79 - 0.76 (m, 2H), 0.74 - 0.71 (m, 2H); MS5() m/z = 193.0 [M+H].
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Step 4. Synthesis of (NE, S)-N-[1-[2-fluoro-3-(1-
methylcyclopropyl)phenyllethylidene]-2-methyl-propa2-sulfinamide

To a solution of 1-[2-fluoro-3-(1-methylcyclopropghenyllethanone (2 g, 10.40
mmol) in THF (30 mL) was added (S)-2-methylprop&asdlfinamide (1.51 g, 12.49 mmol)
and Ti(OEt) (4.75 g, 20.81 mmol, 4.32 mL), and then the mixtwas purged with Nfor 3
times. Thereafter, the mixture was stirred at@@or 5 h under Matmosphere. The mixture
was poured into water (20 mL), and the reactiontunec was filtered and the filtrate was
extracted with EtOAc (20 mL X 3). The organic layerere washed with brine (20 mL X 3),
dried over anhydrous M8Q; and concentrated under reduced pressure to giuela product.
The crude product was purified by silica gel colurthromatography (2% EtOAc in petroleum
ether) to give (NE, S)-N-[1-[2-fluoro-3-(1-methyldppropyl)phenyl]ethylidene]-2-methyl-
propane-2-sulfinamide (2.5 g, 77.44% yield, 95.209%4ty) as yellow oil. MS (ESI) m/z =
296.2 [M+HT".

Step 5: Synthesis of (S)-N-[(1R)-1-[2-fluoro-3-(Jethylcyclopropyl)phenyllethyl]-
2-methyl-propane-2-sulfinamide

L-selectride (1 M, 12.69 mL) was slowly added dregamo (NE, S)-N-[1-[2-fluoro-
3-(1-methylcyclopropyl)phenyl]ethylidene]-2-methmtopane-2-sulfinamide (2.5 g, 8.46
mmol) in THF (40 mL) at -78C for 0.5 h under Natmosphere, and then the mixture was
stirred at -78C for 3 h under Natmosphere. The reaction mixture was quenchedsaithag.
NH4Cl (50 mL) added dropwise slowly at -78 under N atmosphere, and then diluted with
EtOAc (60 mL) and extracted with EtOAc (60 mL X 3ne organic layers were dried over
anhydrous Ng5Qy and concentrated under reduced pressure to gide @roduct. The crude
product was purified by silica gel column chromaggdy (6% EtOAc in petroleum ether) to
give (S)-N-[(1R)-1-[2-fluoro-3-(1-methylcyclopropphenyl]ethyl]-2-methyl-propane-2-
sulfinamide (2.3 g, 76.19% yield, 83.38% purity,€€8.7%) as yellow oil*H NMR (400
MHz, DMSO-&) 6 7.34 - 7.25 (m, 1H), 7.19 (di= 1.6, 7.6 Hz, 1H), 7.09 - 7.02 (m, 1H), 5.40
(d,J = 6.0 Hz, 1H), 4.67 (q] = 6.4 Hz, 1H), 1.46 (d] = 8.0 Hz, 3H), 1.28 (s, 3H), 1.09 (s,
9H), 0.74 - 0.70 (m, 2H), 0.68 (m, 2H); MS (ESI)zm/298.2 [M+H].

Step 6: Synthesis of (1R)-1-[2-fluoro-3-(1-methydpropyl)phenyllethanamine

To (S)-N-[(1R)-1-[2-fluoro-3-(1-methylcyclopropylhenyl]ethyl]-2-methyl-
propane-2-sulfinamide (200 mg, 672.4810l) in dioxane (2 mL) was added dropwise
HCl/dioxane (2 mL), and then the mixture was degdssznd purged with Nfor 3 times.
Thereafter, the mixture was stirred at Z5for 2 h under Natmosphere. The mixture was
concentrated under reduced pressure to give a prodect, which was treated with MTBE (2
mL) at 25°C for 20 min to givelntermediate A-17 (120 mg, 73.02% vyield, 94% purity,
hydrochloride) as a white solidH NMR (400 MHz, DMSO-g) § 8.53 (br s, 3H), 7.52 - 7.47
(m, 1H), 7.35 (dtJ = 1.6, 7.2 Hz, 1H), 7.22 - 7.17 (m, 1H), 4.614biH), 1.51 (dJ = 6.8 Hz,
3H), 1.31 (s, 3H), 0.74 (br d,= 10.0 Hz, 4H); MS (ESI) m/z = 194.0 [M+H]
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Preparation Example 18: (1R)-1-deuterio-1-[2-fluore3-
(trifluoromethyl)phenyllethanamine (A-18)

FsC R FsC FsC FiC
HN < NaBD, 4N HCl/dioxane
Ti(OEt), THF RE D,OITHF, el 0°C.1h o
@N" wINS A
DH D 2

[0] 70°C,12h -70°C,4h

A-18

Step 1: Synthesis of (NZ,R)-N-[1-[2-fluoro-3-(tafbromethyl)phenyllethylidene]-2-
methyl-propane-2-sulfinamide

To a solution of 1-[2-fluoro-3-(trifluoromethyl)phgllethanone (3 g, 14.55 mmol) in
THF (50mL) was added Ti(OEt)(9.96 g, 43.66 mmol, 9.05 mL) and (R)-2-propane-2-
sulfinamide (2.65 g, 21.83 mmol), and then the orixtwas stirred at 7@ for 12 h under K
atmosphere. The mixture was poured into water (Bf) and the reaction mixture was filtered
and the filtrate was extracted with EtOAc (60 mL3X The organic layers were washed with
brine (50 mL), dried over anhydrous 4$&x and concentrated under reduced pressure to give
a crude product. The crude product was purifiegibga gel column chromatography (8%
EtOAC in petroleum ether) to give (NZ,R)-N-[1-[2+8r0-3-
(trifluoromethyl)phenyl]ethylidene]-2-methyl-propai2-sulfinamide (4.36 g, 90.10% vyield,
93.03% purity) as yellow oitH NMR (400MHz, DMSO-@) § 7.99 (brtJ=7.2 Hz, 1H), 7.92
(brt,J=7.2 Hz, 1H), 7.51 (br § = 8.0 Hz, 1H), 2.72 (br d,= 1.2 Hz, 3H), 1.22 (s, 9H); MS
(ESI) m/z = 310.1[M+H]

Step 2: Synthesis of (R)-N-[(1R)-1-deuterio-1-[Aefto-3-
(trifluoromethyl)phenyl]ethyl]-2-methyl-propane-2dinamide

To a solution of (NZ,R)-N-[1-[2-fluoro-3-(trifluonmethyl)phenyllethylidene]-2-
methyl-propane-2-sulfinamide (500 mg, 1.62 mmolYkF (10 mL) and RO (0.2 mL) was
added NaBD (61.15 mg, 1.62 mmol) at -7Q, and then the mixture was stirred at Z0for
4 h under Matmosphere. The mixture was quenched with safaONfB0 mL) and poured into
water (30 mL). It was extracted with EtOAc (40 mL3X The organic layers were washed
with brine (40 mL), dried over anhydrous 48&x and concentrated under reduced pressure to
give a crude product. The crude product was puarifigsilica gel column chromatography (18%
EtOAc/petroleum ether) to give (R)-N-[(1R)-1-deudet-[2-fluoro-3-
(trifluoromethyl)phenyl]ethyl]-2-methyl-propane-2H§inamide (330 mg, 48.42% yield, 74.08%
purity, 98.06% ee) as yellow oitH NMR (400MHz, DMSO-@) § 7.89 (br tJ = 7.2 Hz, 1H),
7.70-7.62 (m, 1H), 7.42 (§,= 8.0 Hz, 1H), 5.91 (s, 1H), 1.42 (s, 3H), 1.109d). MS (ESI)
m/z = 312.9[M+H]J.

Step 3: Synthesis of (1R)-1-deuterio-1-[2-fluoro-3-
(trifluoromethyl)phenyl]ethanamine

To a solution of (R)-N-[(1R)-1-deuterio-1-[2-fluc® (trifluoromethyl)phenyl]ethyl]-
2-methyl-propane-2-sulfinamide (330 mg, 1.06 mmial)dioxane (4 mL) was added 4N
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HCl/dioxane (4 mL) @C, and then the mixture was stirred at@for 1h. The mixture was
concentrated under reduced pressure to Igitegmediate A-18 (200 mg, 90.93% yield, 90%
purity) as a yellow solid’H NMR (400MHz, DMSO-d) & 8.80 (br s, 3H), 8.09 (8,= 7.2 Hz,
1H), 7.82 (t,J = 7.2 Hz, 1H), 7.52 (t) = 8.0 Hz, 1H), 1.56 (s, 3H); MS (ESI) m/z = 209.1
[M+H] .

Preparation Example 19: (1R)-2,2,2-trideuterio-1-[2fluoro-3-
(trifluoromethyl)phenyllethanamine (A-19)

FaC .
FiC ©2 3
3 f
h 7< F _ Cogl 4 N HCl/dioxane .
(E)
F
- Ti(OEY),, THF N™ THF, -40-23°C,24h ’ " ocen D

1G]
" ©& }“ NH, HCI
[e] 80°C,3h >r <0 b D
A-19

Step 1: Synthesis of (NE, S)-N-[[2-fluoro-3-(triitomethyl)phenyllmethylene]-2-
methyl-propane-2-sulfinamide

To a solution of 2-fluoro-3-(trifluoromethyl)benzghyde (5 g, 26.03 mmol, 3.59 mL)
in THF (60 mL) was added (S)-2-methylpropane-2isatide (4.73 g, 39.04 mmol) and
Ti(OEt)s (17.81 g, 78.08 mmol, 16.19 mL), and then the unxtvas degassed and purged with
N2 for 3 times. Thereafter, the mixture was stirre8@&°C for 3 h under Watmosphere. The
mixture was poured into water (40 mL), and the tieacmixture was filtered and extracted
with EtOAc (100 mL X 3). The organic layers wereslvad with brine (40 mL X 3), dried over
anhydrous Ng&5Qs and concentrated under reduced pressure to givela product. The crude
product was purified by silica gel column chromaiggy (5% EtOAc in petroleum ether) to
give (NE, S)-N-[[2-fluoro-3-(trifluoromethyl)phenjyhethylene]-2-methyl-propane-2-
sulfinamide (7.3 g, 93.75% vyield, 98.7% purity) asvhite solid. MS (ESI) m/z = 295.9
[M+H] .

Step 2: Synthesis of (S)-2-methyl-N-[(1R)-2,2, 2l¢niterio-1-[2-fluoro-3-
(trifluoromethyl)phenyl]ethyl]propane-2-sulfinamide

To a solution of (NE, S)-N-[[2-fluoro-3-(trifluoroathyl)phenyllmethylene]-2-
methyl-propane-2-sulfinamide (1.00 g, 3.39 mmol) TTHF (15 mL) was slowly added
dropwise iodo(trideuteriomethyl)magnesium (1 M,&0L) at -40°C. Thereafter, the mixture
was stirred at -40C for 6 h, and then it was warmed toZ3and stirred for 12 h. The mixture
was quenched with sat. aq. MH (20 mL) added dropwise slowly afQ, and extracted with
EtOAc (30 mL X 3). The organic layers were washathwrine (10 mL X 3), dried over
anhydrous N£g5Qs and concentrated under reduced pressure to giwela product. The crude
product was purified by silica gel column chromaiggdy (9% EtOAc in petroleum ether) to
give (S)-2-methyl-N-[(1R)-2,2,2-trideuterio-1-[24fbro-3-
(trifluoromethyl)phenyl]ethyl]propane-2-sulfinamidé5 mg, 3.69% yield, 60.5% purity, ee =
98.26%) as yellow oil. MS (ESI) m/z = 314.9 [M+H]
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Step 3: Synthesis of (1R)-2,2,2-trideuterio-1-[@eflo-3-
(trifluoromethyl)phenyl]ethanamine

To a  solution of  (S)-2-methyl-N-[(1R)-2,2,2-trideuib-1-[2-fluoro-3-
(trifluoromethyl)phenyl]ethyl]propane-2-sulfinamigé5 mg, 206.77umol) in dioxane (1 mL)
was added HCl/dioxane (4 M, 1 mL) &) and then the mixture was degassed and purged
with N for 3 times. Thereafter, the mixture was stirre@®°C for 1h under N atmosphere.
The mixture was concentrated under reduced pressugese Intermediate A-19 (50 mg,
78.43% yield, 80% purity, hydrochloride) as a yellsolid. *H NMR (400MHz, DMSO-d) §
8.50 (br s, 3H), 7.97 (8 =7.2 Hz, 1H), 7.84 ({} = 7.2 Hz, 1H), 7.54 (1) = 8.0 Hz, 1H), 4.71
(br d,J =5.2 Hz, 1H); MS (ESI) m/z = 314.3 [M+H]

Preparation Example 20: 2-[3-[(1R)-1-aminoethyl]-2fluoro-phenyl]-1,1-
dideuterio-2,2-difluoro-ethanol (A-20)

ElO SnBus

| ~ %Br TEA Pd(PPh3),Cl, dioxane, o (R)s
j@ NaBD4 80°C, 12 h NH; ﬁ
F DD B ———
L Cu, DMSO, 80 °C, 16 h THF, D20 2) INHCI, 45°C, 1h F Ti(OEt)4, THF
(¢}

Br -78~25°C, 4 h 70°C, 16 h

R F R F
HO
NaBH. 4 N HCl/dioxane HO
D DF o [ o _— > D D
F
<R THF, H,0 sf’*’s eml 25°C, 1h I8

!
@N K 70°C, 4 h u K o Qs

Step 1: Synthesis of ethyl 2-(3-bromo-2-fluoro-pyig2,2-difluoro-acetate

To a solution of ethyl 2-bromo-2,2-difluoro-acetétd.17 g, 69.79 mmol, 8.99 mL, 3
eq) in DMSO (200 mL) was added copper (4.43 g,%timhol, 494.98.L, 3 eq) and 1-bromo-
2-fluoro-3-iodo-benzene (7 g, 23.26 mmol, 1 eq)e Téaction mixture was stirred at 85for
16 h under N atmosphere. TLC (PE:EA = 1:0) indicated that te&ctants were completely
consumed and one major spot was formed. The oeastixture was filtered, and then the
filtrate was added with water (80 mL) and extracteth EtOAc (80 mL X 3). The organic
layers were washed with brine (60 mL), dried owdnarous NeSQ: and concentrated under
reduced pressure to give a crude product. The gatkict was purified by silica gel column
chromatography (0~10% ethyl acetate/Petroleum etioegive ethyl 2-(3-bromo-2-fluoro-
phenyl)-2,2-difluoro-acetate (5.68 g, 78.08% yi€@8% purity) as colorless oitH NMR (400
MHz, DMSO-a&) § 7.99 (t,J = 7.2 Hz, 1H), 7.75 - 7.70 (m, 1H), 7.37J& 8.0 Hz, 1H), 4.36
(q,3=7.2Hz, 2H), 1.23 (§ = 7.2 Hz, 3H).

Step 2: Synthesis of 2-(3-bromo-2-fluoro-phenyl)-diideuterio-2,2-difluoro-ethanol

To a solution of ethyl 2-(3-bromo-2-fluoro-pheng2-difluoro-acetate (3 g, 10.10
mmol) in THF (40 mL)/DO (0.8 mL) was added NaB[@496.68 mg, 13.13 mmol) at -78,
and then the reaction mixture was stirred at@%or 4 h under Natmosphere. The mixture
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was guenched with sat. ag. MH (50 mL) added dropwise slowly at 20, and extracted with
EtOAc (40 mL X 3) after the addition of water (30jnIhe organic layers were washed with
brine (50 mL), dried over anhydrous 488 and concentrated under reduced pressure to give
a crude product. The crude product was purifiedibga gel column chromatography (0~11%
EtOAC/PE) to give 2-(3-bromo-2-fluoro-phenyl)-1,idduterio-2,2-difluoro-ethanol (2.27 g,
87.45% yield) as light gray oiltH NMR (400 MHz, DMSOeg) & 7.95 - 7.85 (m, 1H), 7.64 -
7.50 (m, 1H), 7.29 (§ = 8.0 Hz, 1H), 5.70 (s, 1H).

Step 3: Synthesis of 1-[3-(2,2-dideuterio-1,1-diflo-2-hydroxy-ethyl)-2-fluoro-
phenyllethanone

A mixture of tributyl(1-ethoxyvinyl)stannane (4.38 11.99 mmol, 4.05 mL), TEA
(1.63 g, 16.11 mmol, 2.24 mL) and Pd(B@lz (565.24 mg, 805.3{tmol) was mixed with a
solution of 2-(3-bromo-2-fluoro-phenyl)-1,1-didette2,2-difluoro-ethanol (2.07 g, 8.05
mmol) in dioxane (40 mL), degassed and purged Nitfor 3 times, and then stirred at 80
for 16 h under Matmosphere. The mixture was added with Aq. HGIn(B, 1 M) under stirring
at 25°C, and then stirred at 2& for 1 h. Following the addition of water (40 mthe reaction
mixture was extracted with EtOAc (20 mL X 3). Thambined organic layers were washed
with brine (40 mL X 3), dried over anhydrousiS&y and concentrated under reduced pressure
to give a residue. Sat. aq. KF (60 mL) was sloadged, and then the mixture was stirred at
25 °C for 1 h. The residue was purified by silica geluoon chromatography (0~14%
EtOAC/PE) to give 1-[3-(2,2-dideuterio-1,1-diflueBshydroxy-ethyl)-2-fluoro-
phenyllethanone (1.6 g, 90.23% yield) as a whitielstH NMR (400 MHz, DMSO-4g) § 7.99
-7.90 (m, 1H), 7.83 - 7.73 (m, 1H), 7.43J% 7.6 Hz, 1H), 5.70 (s, 1H), 4.04 (s, 1H), 2.6 (d
J=4.4 Hz, 3H); MS (ESI) m/z = 221.1 [M+H]

Step 4: Synthesis of (NZ,R)-N-[1-[3-(2,2-dideutetid -difluoro-2-hydroxy-ethyl)-2-
fluoro-phenyllethylidene]-2-methyl-propane-2-suéfmide

To a solution of 1-[3-(2,2-dideuterio-1,1-difluoBshydroxy-ethyl)-2-fluoro-
phenyllethanone (230 mg, 1.04 mmol) in THF (5 mlgswadded (R)-2-methylpropane-2-
sulfinamide (189.91 mg, 1.57 mmol) and Ti(QH{14.83 mg, 3.13 mmol, 649.8%), and
then the mixture was stirred at 70 for 16 h under Natmosphere. The mixture was poured
into water (20 mL) and extracted with EtOAc (20 i§L3). The organic layers were washed
with brine (20 mL X 2), dried over anhydrousiS&y and concentrated under reduced pressure
to give a crude product. The crude product wadipdrby silica gel column chromatography
(0~20% EtOAC/PE) to give (NZ,R)-N-[1-[3-(2,2-didewib-1,1-difluoro-2-hydroxy-ethyl)-2-
fluoro-phenyl]ethylidene]-2-methyl-propane-2-suéfmide (250 mg, 72.31% vyield, 97.7%
purity) as yellow oil.*H NMR (400 MHz, DMSO-¢) § 7.79 (br tJ = 6.8 Hz, 1H), 7.68 (br t,
J=6.8 Hz, 1H), 7.41 (br ] = 7.6 Hz, 1H), 5.70 (s, 1H), 2.69 (brd= 1.6 Hz, 3H), 1.22 (s,
9H); MS (ESI) m/z = 324.0 [M+H]
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Step 5: Synthesis of (R)-N-[(1R)-1-[3-(2,2-dideutet,1-difluoro-2-hydroxy-ethyl)-
2-fluoro-phenyl]ethyl]-2-methyl-propane-2-sulfinasei

To a solution of (NZ,R)-N-[1-[3-(2,2-dideuterio-1difluoro-2-hydroxy-ethyl)-2-
fluoro-phenyl]ethylidene]-2-methyl-propane-2-suéfmide (250 mg, 773.1dmol) in THF (5
mL) and HO (0.1 mL) was added NaBH29.25 mg, 773.11mol) at -70°C, and then the
mixture was stirred at -7@ for 4 h under Natmosphere. The mixture was quenched with sat.
ag. NHCI (20 mL) at 20°C, added with water (20 mL) and then extracted &i9Ac (20 mL
X 3). The organic layers were washed with brinerf80, dried over anhydrous N&Q; and
concentrated under reduced pressure to give a pmadieict. The crude product was purified
by silica gel column chromatography (0~45% EtOAQ/RREd prep-HPLC (column: Welch
Xtimate C18 40*200mm pm; mobile phase: [water (NH2O + NHHCOz)-ACN];
gradient:16%-56% B over 25 min). The solvent wascentrated under reduced pressure, and
then the residue was lyophilized to give (R)-N-[93-(2,2-dideuterio-1,1-difluoro-2-
hydroxy-ethyl)-2-fluoro-phenyl]ethyl]-2-methyl-prape-2-sulfinamide (30 mg, 11.93% yield,
100% purity, ee = 100 %) as a white solitH NMR (400 MHz, DMSO-¢) § 7.63 (br t,J =
7.2 Hz, 1H), 7.43 (t) = 7.2 Hz, 1H), 7.38 - 7.22 (m, 1H), 6.04 (bdd; 1.6 Hz, 1H), 5.53 (d,
J=5.6 Hz, 1H), 4.71 (br §= 6.4 Hz, 1H), 2.54 (s, 1H), 1.48 (#i= 6.8 Hz, 3H), 1.09 (s, 9H);
LC/MS (ESI) m/z = 326.2 [M+H] Additionally, the desired product (R)-N-[(1R)-3-{2,2-
dideuterio-1,1-difluoro-2-hydroxy-ethyl)-2-fluorchpnyl]ethyl]-2-methyl-propane-2-
sulfinamide (90 mg, 276.59mol, 35.78% yield, 100% purity, ee = 99.96 %) whtamed as
a white solid.'H NMR (400 MHz, DMSO-g) § 7.70 (t,J = 7.2Hz, 1H), 7.47 - 7.40 (m, 1H),
7.34 - 7.26 (m, 1H), 5.86 (d,= 7.6 Hz, 1H), 4.68 (1] = 7.2 Hz, 1H), 1.40 (d] = 6.8 Hz, 3H),
1.10 (s, 9H); MS (ESI) m/z = 326.2 [M+H]

Step 6: Synthesis of 2-[3-[(1R)-1-aminoethyl]-2dto-phenyl]-1,1-dideuterio-2,2-
difluoro-ethanol

HCl/dioxane (4 mL) was added to (R)-N-[(1R)-1-BZ-dideuterio-1,1-difluoro-2-
hydroxy-ethyl)-2-fluoro-phenyl]ethyl]-2-methyl-prape-2-sulfinamide (90 mg, 276.46ol)
in dioxane (1 mL). Thereafter, the mixture wasrstirat 25°C for 2 h. LCMS confirmed the
complete consumption of starting materials andfdineation of the desired compound. The
mixture was concentrated under reduced pressgwadntermediate A-20 (60 mg, 94.14%
yield, 96% purity) as light gray oi*H NMR (400 MHz, DMSO-¢) § 8.66 (br s, 2H), 7.84 (t,
J=7.2 Hz, 1H), 7.58 () = 6.8 Hz, 1H), 7.46 - 7.34 (m, 1H), 4.75 - 4.56 (iHl), 1.54 (d,) =
6.4 Hz, 3H).

Preparation Example 21: (+/-)-1,2,2,2-tetradeuteridl -[2-fluoro-3-
(trifluoromethyl)phenyllethanamine (A-21)
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A-21

Step 1: Synthesis of 2,2,2-trideuterio-1-[2-flu@dtrifluoromethyl)phenyl]ethanol

To a solution of (2-fluoro-3-(trifluoromethyl)bendahyde (1 g, 5.21 mmol, 717.88
uL) in THF (20 mL) was slowly added dropwise iodaguteriomethyl)magnesium (1 M,
10.41 mL) at -78C under N atmosphere, and then the mixture was stirred@&tCG7#or 3 h.
The mixture was quenched by slowly adding satN&duCl (20 mL) dropwise and extracted
with EtOAc (30 mL X 3). The organic layers were Wwes with brine (30 mL), dried over
anhydrous Ng5Qs and concentrated under reduced pressure to ginela product. The crude
product was purified by silica gel column chromaiggy (2% EtOAc in petroleum ether) to
give 2,2,2-trideuterio-1-[2-fluoro-3-(trifluoromeghphenyllethanol (900 mg, 81.88% yield,
95% purity) as yellow oil.'H NMR (400 MHz, DMSO-@) § 7.85 (t,J = 7.2 Hz, 1H), 7.64 (t,
J=6.8 Hz, 1H), 7.40 (§ = 8.0 Hz, 1H), 5.49 (d] = 4.4 Hz, 1H), 5.03 (br d, = 4.4 Hz, 1H).

Step 2: Synthesis of 2,2,2-trideuterio-1-[2-flu@dtrifluoromethyl)phenyllethanone

To a solution of 2,2,2-trideuterio-1-[2-fluoro-3iftuoromethyl)phenyl]ethanol (900
mg, 4.26 mmol) in DCM (10 mL) was added (1,1-diaggt3-0x0-1,2-benziodoxol-1-
ylacetate (2.17 g, 5.11 mmol, 1.58 mL) &0 Thereafter, the mixture was warmed tc°€5
and stirred at 25C for 1 h. The mixture was added with sat. acgQN2 (20 mL) and extracted
with DCM (20 mL X 3). The organic layers were wagheith brine (30 mL), dried over
anhydrous Ng&5Qs and concentrated under reduced pressure to gieeda product. The crude
product was purified by silica gel column chromaiggy (1% EtOAc in petroleum ether) to
give 2,2,2-trideuterio-1-[2-fluoro-3-(trifluoromeghphenyllethanone (630 mg, 70.67% yield,
90% purity) as white oil!H NMR (400 MHz, DMSO-¢) § 8.13-8.05 (m, 1H), 7.85-7.77 (m,
1H), 7.35 (tJ = 8.0 Hz, 1H).

Step 3: Synthesis of 1,2,2,2-tetradeuterio-1-[Piftu3-
(trifluoromethyl)phenyl]ethanol

To a solution of 2,2,2-trideuterio-1-[2-fluoro-3ifluoromethyl)phenyllethanone (530
mg, 2.53 mmol) in THF (8 mL) and2D (0.16 mL) was added NaB[95.87 mg, 2.53 mmol)
at -70°C under N atmosphere, and then the mixture was stirred@eC7#Aor 4 h under N
atmosphere. The mixture was quenched with saNldeCl (10 mL) and extracted with EtOAc
(10 mL X 3). The organic layers were washed witmddr(20 mL), dried over anhydrous
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NaSQw and concentrated under reduced pressure to giveda product. The crude product
was purified by silica gel column chromatograph§6(BtOAc in petroleum ether) to give 1, 2,
2, 2-tetradeuterio-1-[2-fluoro-3-(trifluoromethyhpnyllethanol (430 mg, 79.98% yield, 95%
purity) as white oil.'H NMR (400 MHz, DMSO-@) § 7.85 (tJ = 7.2 Hz, 1H), 7.64 (] = 7.2
Hz, 1H), 7.40 (tJ) = 8.0 Hz, 1H), 5.48 (s, 1H).

Step 4: Synthesis of 2-chloro-N-[1,2,2,2-tetradgot&-[2-fluoro-3-
(trifluoromethyl)phenyl]ethyl]lacetamide

To a solution of 1,2,2,2-tetradeuterio-1-[2-flu@¢trifluoromethyl)phenyllethanol
(400 mg, 1.89 mmol) in 2-chloroacetonitrile (2.9238.65 mmol, 2.45 mL) was slowly added
sulfuric acid (2.22 g, 22.62 mmol, 1.21 mL) &0 Thereafter, the mixture was stirred a5
for 2 h under Matmosphere. The mixture was quenched with colém{@0 mL), adjusted to
pH = 10-13 with sat. aq. NaOH, and then extractgld ’CM (10 mL X 3). The organic layers
were washed with brine (30 mL), dried over anhydrddeSQw and concentrated under
reduced pressure to give a crude product. The guatkict was purified by silica gel column
chromatography (8% EtOAc in petroleum ether) tcegdvchloro-N-[1,2,2,2-tetradeuterio-1-
[2-fluoro-3-(trifluoromethyl)phenyl]ethyllacetamid@®10 mg, 71.05% vyield, 75.55% purity)
as yellow oil. '"H NMR (400 MHz, DMSO-d)  8.86 (s, 1H), 7.69 (tdl = 7.6, 15.2 Hz, 2H),
7.41 (t,J = 8.0 Hz, 1H), 4.09 (s, 2H); MS (ESI) m/z = 28\8+H] *.

Step 5: Synthesis of (+/-)-1,2,2,2-tetradeuteri@-fluoro-3-
(trifluoromethyl)phenyl]ethanamine

To a solution of 2-chloro-N-[1,2,2,2-tetradeutetig2-fluoro-3-
(trifluoromethyl)phenyl]ethyl]lacetamide (250 mg,864 umol) in acetic acid (0.6 mL) was
added thiourea (72.77 mg, 95548#0l) and ethanol (3 mL), and then the mixture wasesl
at 90°C for 2 h. The mixture was diluted with water (5 mhyljusted to pH = 9-10 with sat.
ag. NaOH, and then extracted with EtOAc (5 mL XT3)e organic layers were washed with
brine (10 mL), dried over anhydrous 488 and concentrated under reduced pressure to give
a crude product. The crude product was purifiegibga gel column chromatography (58%
EtOAc in petroleum ether) to givetermediate A-21 (180 mg, 73.38% yield, 74.82% purity)
as a yellow solid*H NMR (400 MHz, DMSO-g) § 8.81 (br s, 1H), 8.05 (brd,= 7.2 Hz, 1H),
7.76 (brtJ=7.2 Hz, 1H), 7.48 (1] = 8.0 Hz, 1H); MS (ESI) m/z = 212.0 [M+H]

Preparation Example 22: 2-[3-[(1R)-1-amino-2,2,2-ideuterio-ethyl]-2-fluoro-
phenyl]-2,2-difluoro-ethanol (A-22)
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A-22

Step 1: Synthesis of 2,2-difluoro-2-(2-fluoro-3-yitphenyl)ethanol

To a solution of 2-(3-bromo-2-fluoro-phenyl)-2,Zidoro-ethanol (3 g, 11.76 mmol)
in dioxane (40 mL) and # (5 mL) was added 4,4,55-tetramethyl-2-vinyl-2;3,
dioxoborolan(4.53 g, 29.41 mmol), 485 (15.33 g, 47.05 mmol) and Pd(RRK2.04 g, 1.76
mmol). The mixture was degassed and substituted midtogen for 3 times, and then it was
stirred at 90°C for 3 h under nitrogen atmosphere. The reactioxture was filtered and
concentrated under reduced pressure to give a gmadieict. The crude product was purified
by silica gel column chromatography (4% EtOAc itrpleum ether) to give 2,2-difluoro-2-
(2-fluoro-3-vinyl-phenyl)ethanol (1.44 g, 57.52%el, 95% purity) as yellow oitH NMR
(400 MHz, DMSO¢k) 6 7.81 (t,J = 7.2 Hz, 1H), 7.47 () = 6.8 Hz, 1H), 7.33-7.27 (m, 1H),
6.88 (dd,J = 11.2, 17.6 Hz, 1H), 5.98 (d,= 18.0 Hz, 1H), 5.69 (i = 6.4 Hz, 1H), 5.50 (d]
=11.2 Hz, 1H), 3.97-3.87 (m, 2H).

Step 2: Synthesis of 3-(1,1-difluoro-2-hydroxy-dj+fluoro-benzaldehyde

To a solution of 2,2-difluoro-2-(2-fluoro-3-vinylhgnyl)ethanol (1.44 g, 7.12 mmol)
in THF (16 mL) and KO (4 mL) was added dipotassium;dioxido(dioxo)osmulihydrate
(262.44 mg, 712.2@6mol) and NalQ (5.94 g, 27.78 mmol) at @. Thereafter, the reaction
mixture was degassed, substituted with nitrogem8g, and then stirred at 16 for 2 h under

nitrogen atmosphere. The reaction mixture wasréitteand the filtrate was poured inteCH
(4 mL) and extracted with DCM (20 mL x 3). The candal organic layers were washed with
brine (30 mL), dried over anhydrous &% and concentrated under reduced pressure to give
a crude product. The crude product was purifiecsibiga gel column chromatography (7%
EtOAc in petroleum ether) to give 3-(1,1-difluordagdroxy-ethyl)-2-fluoro-benzaldehyde
(990 mg, 64.68% yield, 95% purity) as yellow oiH NMR (400 MHz, DMSOes) & 10.26 (s,
1H), 8.03-7.95 (m, 1H), 7.88 (di,= 1.6, 7.6 Hz, 1H), 7.50 (§,= 7.6 Hz, 1H), 5.83-5.71 (m,
1H), 4.09-3.81 (m, 2H).

Step 3: Synthesis of (NZ,S)-N-[[3-(1,1-difluoro-gdroxy-ethyl)-2-fluoro-
phenyllmethylene]-2-methyl-propane-2-sulfinamide

Commercially available (S)-2-methylpropane-2-safmde was used in the same
manner as in Step 1 of Preparation Example 19vi®(@Z,S)-N-[[3-(1,1-difluoro-2-hydroxy-
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ethyl)-2-fluoro-phenyllmethylene]-2-methyl-propa8esulfinamide (850 mg, 93.01% vyield,
97.19% purity) as yellow oil. MS (ESI) m/z = 30§\Nd+H] *.

Step 4: Synthesis of (S)-2-methyl-N-[(1R)-2,2, 2i¢uiterio-1-[3-(1,1-difluoro-2-
hydroxy-ethyl)-2-fluoro-phenyl]ethyl]propane-2-suahmide

Commercially available iodo(trideuteriomethyl)magien (1 M in THF) was used in
the same manner as in Step 2 of Preparation Exalfpie give (S)-2-methyl-N-[(1R)-2,2,2-
trideuterio-1-[3-(1,1-difluoro-2-hydroxy-ethyl)-2uoro-phenyl]ethyl]propane-2-sulfinamide
(250 mg, 30.79% yield, 98.53% purity) as yellow 8IS (ESI) m/z = 327.0 [M+H]

Step 5: Synthesis of 2-[3-[(1R)-1-amino-2,2,2-tttkio-ethyl]-2-fluoro-phenyl]-2,2-
difluoro-ethanol

Intermediate A-22 (160 mg, 64.60% yield, 80% purity, hydrochloridegs obtained
in the same manner as in Step 3 of Preparation Ebeabh9 as yellow oil*H NMR (400 MHz,
DMSO-a) 6 8.75 (br s, 3H), 7.87 (§,= 6.8 Hz, 1H), 7.57 (1) = 6.8 Hz, 1H), 7.40 ({{ = 8.0
Hz, 1H), 5.99-5.44 (m, 1H), 4.63 (brd= 4.0 Hz, 1H), 3.93 (br § = 14.4 Hz, 2H); MS (ESI)
m/z = 223.1 [M+H].

Preparation Example 22-1: (1R)-1-[2-fluoro-3-(1,1,2
trifluoroethyl)phenyllethanamine (A-23)
R F R F R F R F
HOQ%(P Boc,O Hﬁ&%{? NfT, Et;N.3HF, TEA F\)Q/(E HCl/dioxane F\)k/(%
F DIEA, DCM, 25°C,3h F THF, 20- 50 °C, 36 h B} F 20°C,1h F
W NH, " NHBoc " HBoc o H,
A1 A-23

Step 1: Synthesis of tert-butyN-[(1R)-1-[3-(1,1-difluoro-2-hydroxyethyl)-2-
fluorophenyl]ethyl]carbamate

A mixture of Intermediate A-1 (1 g, 3.91 mmol, HCI), Be© (1.71 g, 7.82 mmol,
1.80 mL) and DIEA (1.01 g, 7.82 mmol, 1.36 mL) i€®™ (11 mL) was degassed and purged
with nitrogen for 3 times. Thereafter, the mixtuvas stirred at 25 °C for 3 h under nitrogen
atmosphere. The mixture was concentrated undeceeduressure to give a crude product. The
crude product was purified by silica gel columnazhatography (15% EA in PE) to give tert-
butyl N-[(1R)-1-[3-(1,1-difluoro-2-hydroxyethyl)-Buorophenyllethyllcarbamate (848 mg,
59.75% vyield, 88% purity) as colorless oiH NMR (400 MHz, DMSOdg) & 7.60 - 7.50 (m,
2H), 7.44 - 7.39 (m, 1H), 7.30 - 7.26 (m, 1H), 5(¥Q = 6.4 Hz, 1H), 4.92 (br {1 = 7.2 Hz,
1H), 3.91 (dtJ = 6.4, 14.4 Hz, 2H), 1.36 (s, 9H), 1.29 {d; 7.2 Hz, 3H); MS (ESI) m/z =
264.0 [M+H-56]".

Step 2: Synthesis of tert-butyl N-[(1R)-1-[2-fluoro-3-(1,1,2-
trifluoroethyl)phenyl]ethyl]carbamate

To a solution of tert-butyl N-[(1R)-1-[3-(1,1-diftwo-2-hydroxyethyl)-2-
fluorophenyl]ethyl]jcarbamate (400 mg, 1.25 mmdl) N-diethylethanamine;trihydrofluoride
(605.82 mg, 3.76 mmol, 612.5%) andN,N-diethylethanamine (760.54 mg, 7.52 mmol, 1.05
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mL) in anhydrous THF (10 mL) was slowly added dregg@aW\NfT (1.14 g, 3.76 mmol, 661.57
uL) at 20 °C. Thereafter, the mixture was stirre®@t’C for 36 h. The reaction mixture was
concentrated under reduced pressure to give a gmadieict. The crude product was purified
by silica gel column chromatography (5% EtOAc in) RiEgive tert-butyN-[(1R)-1-[2-fluoro-
3-(1,1,2-trifluoroethyl)phenyllethyllcarbamate (34%g, 82.84% vyield, 96.37% purity) as a
white solid.*H NMR (400 MHz, DMSOg) § 7.66 - 7.54 (m, 2H), 7.51 - 7.46 (m, 1H), 7.37 -
7.32 (m, 1H), 5.03 (1) = 13.8 Hz, 1H), 4.96 - 4.87 (m, 2H), 1.36 (s, 9HBO (d,J = 7.2 Hz,
3H); MS (ESI) m/z = 266.0 [M+H-56]

Step 3: Synthesis of (1R)-1-[2-fluoro-3-(1,1,24trdroethyl)phenyllethanamine

A mixture ofN-[(1R)-1-[2-fluoro-3-(1,1,2-trifluoroethyl)phenylibyl]jcarbamate (346
mg, 1.08 mmol) in HCl/dioxane (4N, 2 mL) and diogd@ mL) was degassed and purged with
nitrogen for 3 times. Thereafter, the mixture wégesl at 20 °C for 1 h under nitrogen
atmosphere. The reaction mixture was concentratederu reduced pressure to give
IntermediateA-23 (248 mg, 78.66% vyield, 88% purity, HCI) as a wisitdid. *H NMR (400
MHz, DMSO-ds) 6 8.66 (br s, 3H), 7.92 (8,= 7.2 Hz, 1H), 7.66 (1 = 6.8 Hz, 1H), 7.53 - 7.43
(m, 1H), 5.11 - 4.89 (m, 2H), 4.68 (@= 6.8 Hz, 1H), 1.55 (d] = 6.8 Hz, 3H); MS (ESI) m/z
=221.9 [M+HT.

Preparation Example 23: 1-methyl-5-(4,4,5,5-tetraméyl-1,3,2-dioxaborolan-2-
yhtriazole (T-8)

0,0
D B N
D>—I b Ne \f o7<< N ]\

N~ K,COs, THF, 16 h D N\~ n-BulLi,
THF, -78 °C - 20 °C, 4h p D
1 T-7 T-8

Step 1: Synthesis of 1-(trideuteriomethyl)triazole

To a solution of 1H-triazole (1.99 g, 28.74 mmo§7LmL) in THF (25 mL) was added
K2COs (7.95 g, 57.49 mmol) and trideuterio(iodo)methéhe, 34.49 mmol, 2.15 mL), and
then the mixture was stirred at 25for 12 h. The reaction mixture was poured intoen&20
mL) and extracted with EtOAc (30 mL x 3). The condd organic layers were washed with
brine (30 mL x 2), dried over N8Oy and concentrated under reduced pressure to ginela
productintermediate T-7 (1.18 g, 47.56% yield) as yellow oitH NMR (400 MHz, DMSO-
ds) 6 8.06 (s, 1H), 7.70 (s, 1H).

Step 2: Synthesis of [3-(trideuteriomethyl)triaZeid]boronic acid

To a solution of Intermediate T-7 (600 mg, 6.97 jmo THF (10 mL) was slowly
added n-BuLi (2.5 M, 3.07 mL) atC under nitrogen atmosphere. The reaction mixture wa
stirred at -20°C for 1 h and then cooled to -78. To the reaction mixture was slowly added
2-isopropoxy-4,4,5,5-tetramethyl-1,3,2-dioxabor@h.56 g, 8.36 mmol, 1.71 mL) at -%8.
After 15 min, the reaction mixture was warmed t&0for 1 h. The reaction mixture was
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guenched with ag. ammonium salt. The reaction maxiuas concentrated under reduced
pressure to give a crude produttermediate T-8 (2.2 g) as a white solid. MS (ESI) m/z =
131.2 [M+HJ".

Preparation Example 24: 1-methyl-5-(4,4,5,5-tetramtéyl-1,3,2-dioxaborolan-2-
yhtriazole (T-5)

A
5 oS W1
N ] - N">g-0

/N n-BuLi, / 5
THF, -78 °C - 20 °C, 4 h
T-2 T-5

To a solution of 1-methyltriazole (2 g, 24.07 mmial)’HF (20 mL) was slowly added
n-BuLi (2.5 M, 10.59 mL) at 6C under nitrogen atmosphere. The reaction mixturestiared
at -20°C for 1 h and then cooled to -78. To the reaction mixture was slowly added 2-
isoprofoxy-4,4,5,5-tetramethyl-1,3,2-dioxaboroldh®.37 g, 28.88 mmol, 5.89 mL) at -7@8.
After 15 min, the reaction mixture was warmed t€ @or 1 h. The reaction mixture was
guenched with agq. ammonium salt (100 mg, 6 mL). fdsetion mixture was concentrated
under reduced pressure to give a crude prddteatmediate T-5 (7.9 g) as a light yellow solid,
which was used in the next reaction without furghanification. MS (ESI) m/z =210.2 [M+H]

Preparation Example 25: tributyl-(3-methyltriazol-4-yl)stannane (T-3)

Y 1.n-BuLi, THF, -78°C, 2 h N=N
> ¥/
N/ - AN
e B o
2. Bu3SnCl, -78°C, 1 h SnBus
T-2 T3

A solution of 1-methyltriazole (3 g, 36.10 mmol)TirF (30 mL) was cooled to - 78,
and then n-BuLi (2.5 M, 16.17 mL) was slowly ada@edl the reaction mixture was stirred at -
78 °C for 2 h. Thereafter, tributyl(chloro)stannane @b6g, 52.04 mmol, 14mL) was slowly
added and the reaction mixture was stirred at°c7&r 1 under nitrogen atmosphere. The
reaction mixture was quenched with water addedIglan0°C, and extracted with EtOAc (70
mLx3). The combined organic layers were washed luiite (50 mL x 2), dried over N&Q,
and concentrated under reduced pressure to giueda productntermediate T-3 (17.35 g,
34.97 mmol, 96.85% yield, 75% purity) as light gl oil. *H NMR (400 MHz, DMSO¢) &
7.58 (br s, 1H), 4.06 - 4.00 (m, 3H), 1.50 - 1.44 @H), 1.28 (br dJ = 7.2 Hz, 8H), 1.19 -
1.12 (m, 6H), 0.87 - 0.82 (m, 9H).

Preparation Example 26: tributyl-[3-(trideuteriomet hyl)triazol-4-yl]stannane (T-

9)
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SnBus

A solution of 1-(trideuteriomethyl)triazole (1 g1.61 mmol) in THF (20 mL) was
cooled to -78C, and then n-BuLi (2.5 M, 5.20 mL) was slowly addaad the reaction mixture
was stirred at -78C for 1 h. Thereatfter, tributyl(chloro)stannane &d¢, 16.03 mmol, 4.31
mL) was slowly added, and the reaction mixture stased at -78C for 1 h under nitrogen
atmosphere. The reaction mixture was quenchedimhshdding aq. N&ECI (20 mL) dropwise
at 0°C, and extracted with EtOAc (40 mLx3). The combineglanic layers were washed with
brine (20 mL x 2), dried over N8Oy and concentrated under reduced pressure to ginela
productintermediate T-9 (4 g, 10.66 mmol) as yellow oil. It was used in tiext reaction
without further purification'H NMR (400 MHz, DMSOeg) § 7.60 (s, 1H), 1.49 (m, 4H), 1.35
-1.21 (m, 8H), 1.19 - 1.09 (m, 6H), 0.88 - 0.83 @Hl).

Preparation Example 27: tributyl-(3-ethyltriazol-4-yl)stannane (T-11)

_N 1.n-BuLi, THF, -78°C, 2h N=N
N= . Y
\/'\Il % - \/N
2. BusSnCl, -78°C, 1h SnBus
T-10 T-11

A solution of 1-ethyltriazole (500 mg, 5.15 mmat) THF (10 mL) was cooled to -

78°C, and then n-BuLi (2.5 M, 2.31 mL) was slowly ad@ed the reaction mixture was stirred
at -78°C for 2 h. Thereafter, tributyl(chloro)stannane @dl 6.57 mmol, 1.77 mL) was slowly
added and the reaction mixture was stirred at’€78r 1 h under nitrogen atmosphere. The
reaction mixture was quenched with aq. ammoniurn (28l mL) added slowly at @C, and
extracted with EtOAc (20 mLx3). The combined orgdalyers were washed with brine (10
mL x 2), dried over N&sQs and concentrated under reduced pressure tdigeenediate T-
11 (2.4 g, 90.54% vyield, 75% purity) as light yellay¥. *H NMR (400 MHz, DMSO-g) §
7.58 (s, 1H), 4.33 (g1 = 7.2 Hz, 2H), 1.37-1.21 (m, 12H), 1.20-1.13 (m) 66186 (d,J = 8.0
Hz, 12H).

Preparation Example 27-1: tributyl-(3-cyclopropyl-4-yl)stannane (T-14)

o 1) n-BuLi, THF, -78 °C NeN
1) TsNHNH, MeOH, 25 °C, 2 h N=N 2) Bu3SnCl o
\O)\fo > N\/ > V/N\%
2) H,;N—<]| AcOH, MeOH, 75 °C, 14 h Ve
H SnBu3
T-14

Step 1: Synthesis of 1-cyclopropyltriazole
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To a solution of 4-methylbenzenesulfonohydrazidg,(86.85 mmol) in methanol (50
mL) was added 2,2-dimethoxyacetaldehyde (4.89 gl2&mol, 4.25 mL). The reaction
mixture was stirred at 2% for 2 h. Thereafter, acetic acid (1.61 g, 26.85ahh.54 mL) and
cyclopropaneamine (1.53 g, 26.85 mmol, 1.86 mL)ewagtded to the reaction mixture, which
was then stirred at 78C for 14 h. The reaction mixture was concentratedeurreduced
pressure to give a residue. The residue was paibifyesilica gel column chromatography (10%
EtOAc in petroleum ether) to give 1-cyclopropylbade (6 g, 49.15% yield, 90% purity) as
yellow oil. 'H NMR (400 MHz, DMSO-@) § 8.13 (s, 1H), 7.69 (d,= 0.8 Hz, 1H), 4.02 - 3.92
(m, 1H), 1.15 - 1.08 (m, 4H).

Step 2: Synthesis of tributyl-(3-cyclopropyltriazblyl)stannane

A solution of 1-cyclopropyltriazole (200 mg, 1.83mul) in THF (4 mL) was cooled
to -78°C, and then n-BuLi (2.5 M, 1.10 mL) was slowly addet the reaction mixture was
stirred at -78C for 2 h. Thereafter, tributyl(chloro)stannane éldl, 3.50 mmol, 942.1pL)
was slowly added to the reaction mixture, which ween stirred at -78C for 1 h under
nitrogen atmosphere. The reaction mixture was duashevith ag. ammonium salt (10 mL)
added slowly at 0C, and extracted with EtOAc (15 mLx3). The combioeganic layers were
washed with brine (10 mL x 2), dried overJdS&sand concentrated under reduced pressure to
give Intermediate T-14 (1 g, 95.93% yield, 70% purity) as white offlH NMR (400 MHz,
DMSO-a) 6 7.59 (s, 1H), 3.71 (it = 3.6, 7.2 Hz, 1H), 1.53 - 1.46 (m, 6H), 1.29271(m,
6H), 1.10 - 1.05 (m, 10H), 0.87 (s, 9H).

Preparation Example 27-2: tributyl-(3-isopropyltria zol-4-yl)stannane (T-15)

N=N 1) n-BuLi, THF, -78 °C N=N
! 2) Bu3SnCl !
\(N\/ ) 3 - \(N 7
SnBu3
T-15

Commercially available 2,2-dimethoxyacetaldehydd banzyloxyethanamine were
used in the same manner as in Step 2 of Prepa@ti@ample 27-1 to givehtermediate T-15
(1 g, 97.21% yield, 70% purity) as white ofldH NMR (400 MHz, DMSO-g) § 7.55 (s, 1H),
452 (td,J = 6.8, 13.2 Hz, 1H), 1.48 (s, 12H), 1.29 (bdd&; 7.6 Hz, 6H), 1.14 - 1.09 (m, 6H),
0.86 (d,J = 7.6 Hz, 9H).

Preparation Example 27-3: [3-(2-benzyloxyethyl)tri@ol-4-yl]-tributyl-stannane

(T-16)
~o N=N 1) n-BuLi, THF, -78°C, 1 h N=N
)\fo 1) TSNHNH, MeOH, 25 °C, 2h N/ 2)BusSnCl, -78°C,1h _ N_ ./
g - -
0
2) ~NH; J/ J/ SnBu
H BnO BnO BnO °
AcOH, MeOH, 75 °C, 14 h
T-16
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Commercially available 2,2-dimethoxyacetaldehydd banzyloxyethanamine were
used in the same manner as in Preparation Exariplet@ givelntermediate T-16 (720 mg,
crude product) as yellow oil. It was used in th&trreaction without further purificationtH
NMR (400 MHz, DMSO¢s) 5 7.82 (s, 1H), 7.40 - 7.37 (m, 3H), 7.33 (bdd; 6.0 Hz, 2H),
4.71 (t,J = 5.2 Hz, 2H), 4.58 (s, 2H), 3.94 {t= 5.2 Hz, 2H), 1.59 - 1.55 (m, 6H), 1.37 (m,
6H), 1.19 (m, 6H), 0.96 - 0.95 (m, 6H).

Preparation Example 27-4: tert-butyl 3-(5-(tributylstanyl)-1H-1,2,3-triazol-1-
yl)azetidine-1-carboxylate(T-17)

N= 1) n-BuLi, THF, -70 °C, 2 h N

~
o 1) TSNHNH,, MeOH, 25 °C, 2 h ) 2) BugSnCl,-70°C, 1 h N
H BocN/j

ST
BOCI\II_—L BOCN/j SnBug

2) NH;
AcOH, MeOH, 75 °C, 12 h

T17

Commercially available 2,2-dimethoxyacetaldehyde &mt-butyl 3-aminoazetidine-
1-carboxylate were used in the same manner as epaRation Example 27-1 to give
Intermediate T-17 (720 mg, crude product) as yellow oil. It was ugedhe next reaction
without further purification.!H NMR (400 MHz, DMSOdg) § 8.36 (d,J = 1.2 Hz, 1H), 7.80
(d,J = 0.8 Hz, 1H), 5.50 (tt) = 5.2, 8.0 Hz, 1H), 4.39 (brd,= 8.6 Hz, 2H), 4.17 (br s, 2H),
1.41 (s, 9H).

Preparation Example 27-5: 1-(oxetan-3-yl)-5-(tribuylstanyl)-1H-1,2,3-triazole

(T-18)
) N=N
o N=N 1) n-BuLi, THF \
R )\(O 1) TsNHNH,, MeOH, 25 °C,2h & | 2) BugSnCi \ N\E\
© 2) | S THF, -78 °C, 3 h BusSn o
H NH
2
AcOH, MeOH, 75 °C, 12 h
7418

Commercially available 2,2-dimethoxyacetaldehydd 2#aminooxetane were used in
the same manner as in Preparation Example 27-lvédmermediate T-18 (600 mg, 1.45
mmol, 90.64% yield) as yellow oil. It was usedhe hext reaction without further purification.
'H NMR (400 MHz, DMSO¢) § 7.67 (s, 1H), 5.64 - 5.53 (m, 1H), 5.00 Jd5 6.8 Hz, 4H),
1.48 - 1.42 (m, 6H), 1.28 (br d= 7.6 Hz, 6H), 1.17 - 1.11 (m, 6H), 0.87 - 0.84 @Hl).

Preparation Example 27-6: tributyl-(3-cyclobutyltri azol-4-yl)stannane (T-19)

N=
N=N 1) n-BuLi, THF, -78°C, 1 h N
I\\l N\_N

1) TsNHNH,, MeOH, 25 °C, 2 h 2) BusSnCl, -78 °C, 1 h S/
~ 0] > \g
(0) EL \g BusSn

2)
H NH,

AcOH, MeOH, 75 °C, 12 h

Z4

T-19
Commercially available 2,2-dimethoxyacetaldehyde eyclobutaneamine were used
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in the same manner as in Preparation Example 8 gil¢Intermediate T-19 (1.06 g, 79.18%
yield) as yellow oil. It was used in the next réactwithout further purificationtH NMR (400
MHz, DMSO-de) 6 7.58 (s, 1H), 4.81 (quil, = 8.2 Hz, 1H), 2.74 - 2.58 (m, 2H), 2.47 - 2.40
(m, 2H), 1.91 (tdJ = 4.8, 10.0 Hz, 2H), 1.50 - 1.42 (m, 7H), 1.30261(m, 6H), 1.18 - 1.13
(m, 6H), 0.87 - 0.84 (m, 9H).

Preparation Example 27-7: 1-(2,2-difluorocyclopropy)triazole (T-20)

0 . 7 N=N -
\\S/CI n-BuLi, THF _ O\\ 0 TEDA HN _J F ,N:N
) > S — = A N\)
O o P 0=S=0
-78-35°C,7h (0] NaF, xylene, I NaH, HMPA, 20 -
120°C, 4 h 0 80 °C, 6 h

F f,: T-20

Step 1: Synthesis of vinyl 4-methylbenzenesulfonate

n-BuLi (2.5 M in hexane, 18.46 mL) was added und#rogen atmosphere in
anhydrous THF (70 mL) and the mixture was stiaed85°C for 4 h. After being cooled to -
78 °C, a solution of 4-methylbenzenesulfonyl chlorideg(841.96 mmol) in anhydrous THF
(20 mL) was added dropwise for 0.5 h. The resultmgture was stirred at -7& for 1 h,
heated to 28C, and then stirred for 1 h. The reaction mixtures\waured into ED (50 mL)
and extracted with EtOAc (50 mL x 3). The combieganic layers were washed with brine
(50 mL x 2), dried over anhydrous 2, and concentrated under reduced pressure to give a
crude product. The crude product was purified tgasigel column chromatography (5%
EtOAc in petroleum ether) to give vinyl 4-methylzenesulfonate (4.3 g, 51.69% yield) as
transparent oil*H NMR (400 MHz, DMSO-¢) § 7.82 (d,J = 8.4 Hz, 2H), 7.51 (dl = 8.0 Hz,
2H), 6.73 (ddJ = 5.6, 13.2 Hz, 1H), 4.94 (dd~= 2.4, 13.2 Hz, 1H), 4.82 (dd~= 2.4, 5.6 Hz,
1H), 2.43 (s, 3H).

Step 2: Synthesis of (2,2-difluorocyclopropyl)4-imdbenzenesulfonate

To a mixture of vinyl 4-methylbenzenesulfonate (§,5%.66 mmol) and NaF (74.13
uL, 1.77 mmol) in o-xylene (2 mL) was added trimesilyl-2,2-difluoro-2-fluorosulfonyl-
acetate (3.5 g, 17.66 mmol) dropwise at 320or 2 h. The mixture was stirred at 120 for
2 h. The reaction mixture was concentrated unddwaed pressure to give a crude product.
The crude product was purified by silica gel coluthnromatography (5% EtOAc in petroleum
ether) to give (2,2-difluorocyclopropyl)4-methyltrmesulfonate (3.77 g, 82.49% vyield, 95.9%
purity) as a yellow solidH NMR (400 MHz, DMSO¢g) & 7.85 (d,J = 8.4 Hz, 2H), 7.53 (d,
J = 8.0 Hz, 2H), 4.63 (ddt] = 2.4, 4.8, 9.2 Hz, 1H), 2.44 (s, 3H), 2.11 - 1(88 1H), 1.83
(tdd, J =5.2,10.4, 16.8 Hz, 1H).

Step 3: Synthesis of 1-(2,2-difluorocyclopropyBidle

To a solution of 1H-triazole (1.63 mL, 28.20 mmiolDMF (40 mL) was added NaH
(2.13 g, 28.20 mmol, 60% purity) under nitrogen@éphere for 3 times. The reaction mixture
was stirred at 26C for 1 h under nitrogen atmosphere. Afterward,{@#fRiorocyclopropyl)4-
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methylbenzenesulfonate (3.5 g, 14.10 mmol) in DMFFiL) was added dropwise for 15 min,
and the mixture was stirred at 80 for 5 h under nitrogen conoditions. The mixtureswa
qguenched with kD (30 mL) at 20°C, and then extracted with EtOAc (50 mL x 4). The
combined organic layers were washed with brinenf20x 3), dried over anhydrous P&y,
filtered and concentrated under reduced pressugevéna crude product. The crude product
was purified by silica gel column chromatograph§%®DCM in PE) to givéntermediate T-
20 (400 mg, 16.8% yield, 86.02% purity) as yellow dilS (ESI) m/z = 146.1 [M+H]
Preparation Example 27-8: tert-butyl 4-(5-tributylstanyltriazol-1-yl)piperidine-
1-carboxylate (T-21)

N=
1) n-BuLi, THF

~
o) N=N
\O)\’//O 1) TSNHNH,, MeOH, 25 °C, 2 h K/N\C\ 2) BusSnCl N\
- NB >
\ H2N\C oc BU3Sﬂ NBoc
NBoc

2) AcOH, MeOH, 75 °C, 12 h

z-Z

T-21

Commercially available 2,2-dimethoxyacetaldehyde dan 4-
methylbenzenesulfonohydrazide were used in the saammer as in Preparation Example 27-
1 to givelntermediate T-21 (3 g, 95.08% yield, 85% purity) as yellow oilwas used in the
next reaction without further purificatiofd NMR (400 MHz, DMSOe) § 7.58 (s, 1H), 4.34
(brt,J = 10.8 Hz, 1H), 4.14 - 4.04 (m, 2H), 2.94 (brd)21.98 (s, 2H), 1.94 - 1.87 (m, 2H),
1.53-1.45(m, 6H), 1.42 (s, 9H), 1.31 - 1.26 6id), 1.20 - 1.15 (m, 6H), 0.87 - 0.83 (m, 9H).

Preparation Example 27-9: tert-butyl (S)-3-(5-(tributylstanyl)-1H-1,2,3-triazol-1-
yl)pyrrolidine-1-carboxylate (T-22)

1) n-BuLi, THF N=

~o N=N
1) TsNHNH 5, MeOH, 25 °C, 2 h (/N © 2) BusSnCl \_NS)
g C el £
H

2) AcOH, MeOH, 75 °C, 12 h NBoc BusSn NBoc

S,
H2N.L© T-22
NB

0C

z-=Z

Commercially available 2,2-dimethoxyacetaldehyde d anert-butyl (3S)-3-
aminopyrrolidine-1-carboxylate were used in the sananner as in Preparation Example 27-
1 to givelntermediate T-22 (890 mg, 12.35% yield, 71% purity) as yellow ttilwas used in
the next reaction without further purificatiofd NMR (400 MHz, CDCY) § 7.73 (s, 1H), 7.59
(s, 1H), 5.21 (br s, 1H), 3.91 (ddi= 6.4, 12.0 Hz, 1H), 3.82 - 3.72 (m, 1H), 3.59 ¢b2H),
2.53 - 2.40 (m, 2H), 1.46 (s, 9H); MS (ESI) m/z392L [M+H]".

Preparation Example 28: 1-[5-(3-methyltriazol-4-yl}3-pyridyl]-6-oxo-
pyridazine-3-carboxylic acid (4-1)
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BugSn T-3 (BPin),

p
>

B X N Pd(PPh3),Cl, toluene, KOAc, Pd(dppf)Cls,

100°C,16 h dioxane, 100°C, 16 h
B-1
~o
O//L\(N/I\LH
NS
(6]
c-1 ~0 NaOH

-
>

Cu(OAc),, TEA, Py (0]

THF, H,0, 25°C, 16 h 19)
MeCN, 90 °C, 16 h

31

Step 1: Synthesis of 3-bromo-5-(3-methyltriazol¥pyridine

A solution of 3,5-dibromopyridine (10.92 g, 46.10nal), tributyl-(3-methyltriazol-4-
yl)stannane (22.3 g, 59.92 mmol) and Pd@#l (3.24 g, 4.61 mmol) in toluene (200 mL)
were substituted with nitrogen for 3 times, anchthiee mixture was stirred at 9Q for 16 h
under nitrogen atmosphere. The reaction mixturepgased into water (150 mL) and extracted
with EtOAc (200 mL x 3). The combined organic la/erere washed with brine (200 mL x 3),
dried over NaSQw and concentrated under reduced pressure to gineda product. The crude
product was purified by silica gel column chromagany (80% EA in petroleum ether) to
give 3-bromo-5-(3-methyltriazol-4-yl)pyridine (484 39.93% vyield) as a yellow solid*H
NMR (400 MHz, DMSOek) 6 8.83-8.83 (m, 1H), 8.40 3,= 2.0 Hz, 1H), 8.09 (s, 1H), 7.66-
7.49 (m, 1H), 4.13 (s, 3H); MS (ESI) m/z = 153.04M".

Step 2: Synthesis of [5-(3-methyltriazol-4-yl)-3rmlyl]boronic acid

A solution of 3-bromo-5-(3-methyltriazol-4-yl)pyiitke (6.76 g, 28.28 mmol), 4,4,5,5-
tetramethyl-2-(4,4,5,5-tetramethyl-1,3,2-dioxobareR-yl)-1,3,2-dioxoborolan  (14.36 g,
56.55 mmol), Pd(dppf)CI(2.31 g, 2.83 mmol) and KOAc (5.55 g, 56.55 mmoljioxane
(2120 mL) was substituted with nitrogen for 3 timasd then the mixture was stirred at 200
for 16 h under nitrogen atmosphere. The reactiotiure was filtered and concentrated under
reduced pressure to give a crude product. The guatkict was purified by silica gel column
chromatography (3% MeOH in DCM) to give [5-(3-mdthgzol-4-yl)-3-pyridyl]boronic acid
(Intermediate P-11, 6.76 g, 78.52% vyield, 67% purity) as a dark braehd. MS (ESI) m/z
= 205.1 [M+HT.

Step 3: Synthesis of methyl-1-[5-(3-methyltriazeyd% 3-pyridyl]-6-oxo-pyridazine-
3-carboxylate

A solution of methyl-6-oxo-1H-pyridazine-3-carboaté (3.78 g, 24.51 mmol), [5-(3-
methyltriazol-4-yl)-3-pyridyl]boronic acid (5 g, 281 mmol), Cu(OAQ) (4.45 g, 24.51 mmol),
TEA (4.96 g, 49.02 mmol, 6.82 mL) and pyridine @@ 49.02 mmol, 3.96 mL) in MeCN
(100 mL) was substituted with oxygen for 3 timesd éhen the mixture was stirred at 90
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for 16 h under oxygen atmosphere. The reactionurexivas filtered and concentrated under
reduced pressure to give a crude product. The gatkict was purified by silica gel column
chromatography (3% MeOH in DCM) to give methyl-{Bmethyltriazol-4-yl)-3-pyridyl]-
6-0xo-pyridazine-3-carboxylate (1.83 g, 5.27 mnadl,51% vyield, 89.98% purity) as a dark
brwon solid. MS (ESI) m/z = 312.9 [M+H]

Step 4: Synthesis of 1-[5-(3-methyltriazol-4-ylpgridyl]-6-0x0-pyridazine-3-
carboxylic acid

To a solution of methyl-1-[5-(3-methyltriazol-4-y8)ypyridyl]-6-oxo-pyridazine-3-
carboxylate (1.0 g, 3.20 mmol) in THF (4 mL)® (2 mL) was added NaOH (256.16 mg,
6.40 mmol). The mixture was substituted with nigndor 3 times, and then stirred at Z5
for 16 h under nitrogen atmosphere. The mixture adjgsted to pH = 2-3 with aq. 1 N HCI
and thenintermediate 4-1 (725 mg, 74.01% yield, 97.5% purity) was obtairsdsolid
filtration as a yellow solid. MS (ESI) m/z = 299M+H] .

Preparation Example 28-1: 1-[5-(3-ethyltriazol-4-y)-3-pyridyl]-5-methyl-6-oxo-
pyridazine-3-carboxylic acid (4-9)

N=N
\,NN:N /N:N \/N P/
Br T-4 = NN~
BuaSn (BPIN)2
=
= ‘ > = > ‘
SN Pd(PPh),Cl, kN KOAc, Pd(dppfiCl, ~ HO~sg~Xx N
Br toluene,100 °C, 16 h Br dioxane, 90 °C, 12 h C‘)H
B-1 B-3 P-12
5 N=N N=N
N \\/N V4 \\/N V7
07 NH
NS
ca o} >0 & NaOH, H,O OH “
> N., AN - N., AN
Cu(OAc),, Py, TEA oy N THF, 25°C,16h © [ N
MeCN, 90 °C, 16 h N0 o
37 4-9

3,5-dibromopyridine and Intermediate T-4 were usedhe same manner as in
Preparation Example 28 to givetermediate 4-9 (86 mg, crude product) as a light yellow
solid. MS (ESI) m/z = 327.1 [M+H]]

Preparation Example 28-2: (2-fluoro-5-(1-methyl-1H1,2,3-triazol-5-yl)pyridin-
3-yhboronic acid (P-20)

_NN:N N=N ’N:N
I =~ _N__ _ —N_ ~
% BusSn T-3 _ (BPIn)2 _
| - = - =
B N Pd(PPh;),Cl, toluene, I KOAc, Pd(dppiCl, o | N
E 100 °C,16 h Br X dioxane, 100 °C, 16 h \$
F OH F
B-11 P-20

3-bromo-2-fluoro-5-iodopyridine and IntermediatTvere used in the same manner
as in Steps 1 and 2 of Preparation Example 28v® Igtermediate P-20 as a light yellow
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solid. MS (ESI) m/z = 223.1 [M+H]
Preparation Example 28-3: (2-fluoro-5-(1-trideuteromethyltriazol-5-yl)pyridin-
3-yl]boronic acid (P-21)

| D30'N§J

= BusSn  T-9 R (BPin), R
g~ XN Pd(PPh),Cl; toluene, KOAc, Pd(dppf)Cl,
F 100°C,16 h dioxane, 100 °C, 16 h
B-11 P-21

3-bromo-2-fluoro-5-iodopyridine and Intermediat® Were used in the same manner
as in Step 1 and Step 2 of Preparation Example g8¢&Intermediate P-21as a light yellow
solid. MS (ESI) m/z = 226.1 [M+H]

Preparation Example 28-4: (2-fluoro-5-(1-cyclopropitriazol-5-yl)pyridin-3-
yl]boronic acid (P-22)

|>_NN~“N N=N N=N
| % I\j 7 '\j V7
P Bussn  T-14 (BPin), %
| > = > =
B XN Pd(PPhy),Cl; toluene, - KOAc Pd(dppClz o | l
L 100 °C,16 h B dioxane, 100 °C, 16 h B
F OH F
B-11 pP-22

3-bromo-2-fluoro-5-iodopyridine and IntermediatelZ-were used in the same
manner as in Step 1 and Step 2 of Preparation Hea2Bo givdntermediate P-22as a light
yellow solid. MS (ESI) m/z = 249.1 [M+H]

Preparation Example 29: methyl-1-[5-(3-methyltriazd-4-yl)-3-pyridyl]-6-oxo-
pyridazine-3-carboxylate (3-1): Alternative method

Br

_ Niy N=N
- O-g N Br —N% N
0 >%’O P-1 ~o = Bu;Sn  T-3
N. - | - ~ —
07 "NH > N. SN > o} |
S Cu(OAc)s,, boric acid o} ~ N Pd(PPh3),Cl, toluene, N. SN
O 4AMS,MeCN,90°C, 16 h . o 100°C, 16 h o Z N
N0
c-1 2-1 3-1

Step 1: Synthesis of methyl 1-(5-bromo-3-pyridyp6o-pyridazine-3-carboxylate

A solution of methyl 6-oxo-1H-pyridazine-3-carboaté (5 g, 32.44 mmol), 3-bromo-
5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)gynie (9.21 g, 32.44 mmol), Cu(OAc)
(2.95 g, 16.22 mmol), boric acid (4.01 g, 64.88 Mjmand 4A MS (1 g) in MeCN (120 mL)
was substituted with oxygen for 3 times, and thiimesl at 90°C for 16 h under oxygen
atmosphere. The reaction mixture was poured intem(@0 mL) and extracted with EtOAc
(30 mL x 3). The combined organic layers were weshi¢h brine (50 mL), dried over N8O,
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and concentrated under reduced pressure to gived® groduct. The crude product was
purified by silica gel column chromatography (58% M in petroleum ether) to give methyl
1-(5-bromo-3-pyridyl)-6-oxo-pyridazine-3-carboxydaf2.2 g, 21.54% vyield, 98.49% purity)
as a white solid. MS (ESI) m/z = 312.0 [M+H]

Step 2: Synthesis of methyl-1-[5-(3-methyltriazeydd3-pyridyl]-6-oxo-pyridazine-
3-carboxylate

A solution of methyl-1-(5-bromo-3-pyridyl)-6-oxo-pgazine-3-carboxylate (2.2 g,
7.09 mmol), tributyl-(3-methyltriazol-4-yl)stannarfé.92 g, 21.28 mmol) and Pd(PpIEI>
(497.95 mg, 709.44mol) in toluene (20 mL) was substituted with niteogfor 3 times, and
then stirred at 100C for 16 h under nitrogen atmosphere. The reactiotumre was filtered,
and then the filtrate was extracted with EtOAc i8l0 x 3) after the addition of water (20mL).
The combined organic layers were washed with bfaemL x 2), dried over N&OQ; and
concentrated under reduced pressure to give a pmadieict. The crude product was purified
by silica gel column chromatography (2% MeOH in D give Intermediate 3-1 (1.0 g,
32.50% vyield, 72% purity) as a white solid. MS (B8/z = 327.1 [M+H]J.

Preparation Example 30: 6-0x0-1-[5-[3-(trideuterionethyl)triazol-4-yl]-3-
pyridyl]pyridazine-3-carboxylic acid (4-2)

P N=N N=N
> « D_ |
- Br D j‘g” DD%/N P D %/N P
(0] = BuzSn T-9 D NaOH D
OQ\E/"L Pd(PPhy),Cl,, toluene NS N THF, H,0 NN
N0 100 °C - 25°C, 2 h -
o o)
2-1 32 42

Step 1: Synthesis of methyl 6-o0x0-1-[5-[3-(tridewdgmethyl)triazol-4-yl]-3-
pyridyllpyridazine-3-carboxylate

A solution of 1-(5-bromo-3-pyridyl)-6-oxo-pyridazr3-carboxylate (1 g, 3.22 mmol),
tributyl-[3-(trideuteriomethyl)triazol-4-yl]stannan (3.63 g, 9.67 mmol) and Pd(RREI.
(226.34 mg, 322.4@mol) in toluene (10 mL) was substituted with niteogfor 3 times, and
stirred at 100C for 16 h under nitrogen atmosphere. The reactiotiure was poured into
water (20mL) and extracted with EtOAc (30 mL x 3he combined organic layers were
washed with brine (20 mL x 2), dried overdS&y and concentrated under reduced pressure to
give a crude product. The crude product was puriiiesilica gel column chromatography (5%
MeOH in DCM) to give methyl 6-oxo-1-[5-[3-(trideutemethyl)triazol-4-yl]-3-
pyridyl]pyridazine-3-carboxylate (420 mg, 30.57%Idi, 74% purity) as a yellow solid. MS
(ESI) m/z = 316.1 [M + H]

Step 2: Synthesis of 6-0x0-1-[5-[3-(trideuteriomaitiiazol-4-yl]-3-
pyridyl]pyridazine-3-carboxylic acid

To a solution of methyl 6-0xo0-1-[5-[3-(trideuteriethyl)triazol-4-yl]-3-
pyridyl]pyridazine-3-carboxylate (420 mg, 1.33 mijnml THF (8 mL) and KO (2 mL) was
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added NaOH (79.92 mg, 2.00 mmol). After the nitnogubstitution for 3 times, the mixture
was stirred at 28C for 2 h under nitrogen atmosphere. The mixture adjasted to pH = 6-7
with ag. 1 N HCI and then concentrated under redipcessure to givintermediate 4-2 (420
mg, 65.93% yield, 63% purity) as a yellow solid. SNESI) m/z = 302.1 [M + H]

Preparation Example 31: 1-[5-(3-ethyltriazol-4-yl)3-pyridyl]-6-oxo-pyridazine-
3-carboxylic acid (4-3)

N:N

| N=N N=N

Br \/N\/) T-11 NN~ NN~
~ / SnBus LIOH.H,0

i N ‘N > "o a > OH 7
~ A o

o1 N Pd(PPh3),Cly; toluene oA AN THRHO,20°C 0 A N AN

N 100°C, 16 h
0 X o S o
21 23 .s

Step 1: Synthesis of 1-[5-(3-ethyltriazol-4-yl)-8rmlyl]-6-o0x0-pyridazine-3-
carboxylate

A solution of 1-(5-bromo-3-pyridyl)-6-oxo-pyridazr3-carboxylate (260 mg, 838.43
umol), tributyl-(3-ethyltriazol-4-yl)stannane (48%.6ng, 1.26 mmol) and Pd(PHCl» (58.85
mg, 83.84umol) in toluene (5 mL) was substituted with nitrager 3 times, and then stirred
at 100°C for 16 h under nitrogen atmosphere. The reactiptume was poured into water (30
mL) and extracted with EtOAc (10 mL x 3). The conda organic layers were washed with
brine (10 mL x 5), dried over N8Oy and concentrated under reduced pressure to ginela
product. The crude product was purified by silieh golumn chromatography (3% MeOH in
DCM) to give 1-[5-(3-ethyltriazol-4-yl)-3-pyridylB-oxo-pyridazine-3-carboxylate (110 mg,
13.67% yield, 34% purity) as yellow oil. MS (E®$hz = 327.1 [M + H].

Step 2: Synthesis of 1-[5-(3-ethyltriazol-4-yl)-8rmlyl]-6-0x0-pyridazine-3-
carboxylic acid

To a solution of 1-[5-(3-ethyltriazol-4-yl)-3-pymt]-6-oxo-pyridazine-3-carboxylate
(110 mg, 337.10 umol) in THF (3 mL) was added LiB#D (28.29 mg, 674.21 umol) and
H-O (1 mL), and then the mixture was stirred at°@0for 1 h. The reaction mixture was
concentrated under reduced pressure to give a gmadieict. The crude product was purified
by prep-HPLC (column: Welch Xtimate C18 150*30 mmifs; mobile phase: [water (HCI)-
MeCN]; B%: 0%-26%, 25 min). Most of MeCN was contated under reduced pressure,
and the remaining solvent was removed by lyophibrato givelntermediate 4-3 (47 mg,
44.65% yield, 100% purity) as a white solid. MS (§8/z = 313.0 [M + H]J.

Preparation Example 32: 1-[5-(3-methyltriazol-4-yl}3-pyridyl]-6-oxo-pyridin-3-
carboxylic acid (4-4)
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| N=N
L O"B N L Br /Nw/
0 P-1 >§(° o ~ T3 SnBus

07 > ONH > SN ————————
~ Cu(OAc),, 4A MS o) Z "N Pd(dppf)Cly, toluene

boric acid, MeCN 100 °C, 16 h
90°C, 16 h
C-2 2-2
N=N N:N
—~N_~ N _~
L NaOH
(o) = ] —_— OH = ‘
N THF, H,O N
= ' 2 o} Z "N
N o o)
3-4 4-4

Step 1: Synthesis of ethyl 1-(5-bromo-3-pyridylp®e-pyridine-3-carboxylate

A solution of ethyl 6-oxo-1H-pyridine-3-carboxyla(35.17 mg, 3.20 mmol), 3-
bromo-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolantpyridine (1 g, 3.52 mmol), Cu(OAg)
(290.75 mg, 1.60 mmol), 4A MS (500 mg, 3.20 mmak &oric acid (395.92 mg, 6.40 mmol)
in MeCN (15 mL) was substituted with oxygen forirdes, and then stirred at 90 for 16 h
under oxygen atmosphere. The reaction mixture \ilteyefd, and then the filtrate was
concentrated under reduced pressure to give a pmadieict. The crude product was purified
by silica gel column chromatography (30% EtOAc etrpleum ether) to give ethyl 1-(5-
bromo-3-pyridyl)-6-oxo-pyridine-3-carboxylate (87gm7.65% vyield, 90.95% purity) as a
white solid. MS (ESI) m/z = 322.9 [M + H]

Step 2: Synthesis of ethyl 1-[5-(3-methyltriazoj3-3-pyridyl]-6-oxo-pyridine-3-
carboxylate

A solution of ethyl-1-(5-bromo-3-pyridyl)-6-oxo-pgine-3-carboxylate (87 mag,
269.23 umol), tributyl-(3-methyltriazol-4-yl)stannane (288. mg, 673.08 umol) and
Pd(dppf)Ct (19.70 mg, 26.92umol) in toluene (2 mL) was substituted with nitrager 3
times, and then stirred at 180 for 16 h under nitrogen atmosphere. The reactibture was
filtered, and then the filtrate was concentratedeuneduced pressure to give a crude product.
The crude product was purified by silica gel coluchnomatography (2% MeOH in DCM) to
give ethyl 1-[5-(3-methyltriazol-4-yl)-3-pyridyl]-@xo-pyridine-3-carboxylate (30 mg, 32.07%
yield, 93.62% purity) as a white solid. MS (ESlzr 326.1 [M + HJ.

Step 3: Synthesis of 1-[5-(3-methyltriazol-4-ylp8ridyl]-6-0x0-pyridine-3-
carboxylic acid

To a solution of ethyl 1-[5-(3-methyltriazol-4-yBpyridyl]-6-oxo-pyridine-3-
carboxylate (30 mg, 92.22mol) in THF (1 mL) and KO (0.5 mL) was added NaOH (7.38
mg, 184.43umol). After nitrogen substitution for 3 times,etmixture was stirred at 2& for
1 h under nitrogen atmosphere. The mixture wasséetjuto pH = 5-6 with aq. 1 N HCI, and
then the organic layers were concentrated undecestipressure to givetermediate 4-4 (25
mg, crude) as yellow oil. MS (ESI) m/z = 298.0 #ivH]".
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Preparation Example 33: 3-methyl-5'-(1-methyl-1H-12,3-triazol-5-yl)-2-ox0-2H-
[1,3"-bipyridine]-5-carboxylic acid (4-5)

Br

N,
[N _N x N N
B Br T3 —

j N=/
Lo >}/0 P-1 Lo /@ Bu,SH
07 > NH Cu(OAC), Pyridine o\ N7 N Pd(PPh3),Cl,, TEA
—_— _—
X0 ACN, 95°C, 16 h N0 Toluene, 100 °C

c3 2-3
N=N N=N
~N_~ N
L J L
« N LIOHH,0 0 |
07N = N
THF/H,0, RT
™ N
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Step 1: Synthesis of ethyl 5'-bromo-3-methyl-2-@&b{1,3'-bipyridine]-5-
carboxylate

To a solution of ethyl 5-methyl-6-o0xo0-1,6-dihydroaiinate (500 mg, 2.76 mmol) in
MeCN (21.2 mL) was added 5-bromo-3-pyridineboroaatd pinacol ester (1.18 mg, 4.14
mmol), Cu(OAc} (501 mg, 2.76 mmol) and pyridine (0.89 mL, 11 mmanhd then the mixture
was stirred at 90C for 16 h. Following the addition of water, theacdon mixture was
extracted with EtOAc. The combined organic layeerevwashed with copper sulfdig(
pentahydrate, dried over P& and concentrated under reduced pressure to givede c
product. The crude product was purified by silieh@lumn chromatography (50% EtOAc in
hexane) to give ethyl 5-bromo-3-methyl-2-oxd-PL,3'-bipyridine]-5-carboxylate (460 mg,
49% yield) as a white solitH NMR (400 MHz, CDCJ) § ppm 8.77 (d, J = 2.0 Hz, 1H), 8.60
(d, J = 2.4 Hz, 1H), 8.06 (d, J = 2.4 Hz, 1H), 801 = 2.0 Hz, 1H), 7.84 (d, J = 0.8 Hz, 1H),
4.34 (q,J =7.0 Hz, 2H), 2.22 (s, 3H), 1.37 &,0.2 Hz, 3H); MS (ESI) m/z = 336.95, 338.95
[M+H]*.

Step 2: Syynthesis of ethyl 3-methyl-5'-(1-methid-1,2,3-triazol-5-yl)-2-0x0-Bi-
[1,3'-bipyridine]-5-carboxylate

A solution of ethyl 5'-bromo-3-methyl-2-oxd42[1,3'-bipyridine]-5-carboxylate (300
mg, 0.890 mmol), tributyl(1-methyl-1H-1,2,3-triazelyl)stannane (993 mg, 2.67 mmol), TEA
(124 pL, 0.890 mmol) and Pd(PMCI> (62.6 mg, 0.089 mmol) in toluene (8.9 mL) was
substituted with nitrogen for 3 times, and themreti at 100°C for 17h under nitrogen
atmosphere. The reaction mixture was poured intem(@0 mL) and extracted with EtOAc
(10 mL x 3). The combined organic layers were wedshih brine (10 mL x 5), dried over
NaSQy and concentrated under reduced pressure to giveda product. The crude product
was purified by silica gel column chromatography%d EtOAc in hexane) to give ethyl 3-
methyl-5'-(1-methyl-1H-1,2,3-triazol-5-yl)-2-o0x0-2[,3'-bipyridine]-5-carboxylate (81 mg,
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27% yield) as a white solid*H NMR (400 MHz, CDC}) § 8.79 (d,J = 2.0 Hz, 1H), 8.74 (d,
J=2.4Hz, 1H), 8.16 (d] = 2.0 Hz, 1H), 7.97 (§ = 2.2 Hz, 1H), 7.87-7.86 (m, 2H), 4.36 (q,
J=17.2 Hz, 2H), 4.18 (s, 3H), 2.24 (s, 3H), 1.374( 7.2 Hz, 3H); MS (ESI) m/z = 340.07
[M+H] .

Step 3: Synthesis of 3-methyl-5'-(1-methyd-1,2,3-triazol-5-yl)-2-oxo-B-[1,3'-
bipyridine]-5-carboxylic acid

To a solution of ethyl 3-methyl-5'-(1-methyl-1H-13Zriazol-5-yl)-2-ox0-2H-[1,3'-
bipyridine]-5-carboxylate (81 mg, 0.239 mmol) in FK2.39 mL) was added LiOH-B (30
mg, 0.716 mmol) amd # (1.19 mL), and then the mixture was stirred atQ%or 1 h. The
reaction mixture was poured into water and adjustepH = 1 wtih ag. 1 N HCI, and then
Intermediate 4-5 (73 mg, 98% yield) was obtained by solid filtratias a white solid. MS
(ESI) m/z = 312.04 [M+H]

Preparation  Example 34: 1-[5-(2-methylpyrazol-3-y)3-pyridyl]-6-oxo-
pyridazine-3-carboxylic acid (4-6)

N=
Br /N%
T-6

~o = I Ho B-oH
o~ NN > OH
« K,COs, Pd(PPhs), AN
o dioxane, H,0, 100 °C, 16 h NN
21 4-6

A solution of methyl-1-(5-bromo-3-pyridyl)-6-oxo-pygazine-3-carboxylate (500 mg,
1.61 mmol), (2-methylpyrazol-3-yl)boronic acid (406 mg, 3.22 mmol), ¥COs (557.09 mg,
4.03 mmol) and Pd(PRh (186.32 mg, 161.2dmol) in dioxane (5 mL) and # (0.5 mL) was
substituted with nitrogen for 3 times, and themrati at 100°C for 16 h under nitrogen
atmosphere. The reaction mixture was concentratel@rureduced pressure to remove the
solvent, and then diluted with water (10 mL). Wikie addition of aq. 1 N HCI, the reaction
mixture was adjusted to pH = 3-4, and then extrchetith EtOAc (20 mL x 3). The organic
layers were washed with brine (30 mL), dried ovesQ®: and concentrated under reduced
pressure to give a crude produntermediate 4-6 (835 mg, crude) as a brown solid. MS (ESI)
m/z = 298.1 [M+H].

Preparation Example 35: 5-methyl-1-[5-(3-methyltriazol-4-yl)-3-pyridyl]-6-oxo-
pyridazine-3-carboxylic acid (4-7)

o N=N N=N
N=N N / —~N o
/,\j _ 07> 'NH —N__
N fo) )
C-4 ~ / LiOH,H,O OH =z ]
2 > 0 | R
' No SN D
HO.g~ N  CuOAc)TEA Py 07 N 2"512% T1';Fh
MeCN, 90 °C, 16 h , X
HCI) © X (o) o
P-11 3-6 4-7
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Step 1: Synthesis of methyl 5-methyl-1-[5-(3-methgkol-4-yl)-3-pyridyl]-6-0x0-
pyridazine-3-carboxylate

A solution of methyl 5-methyl-6-oxo-1H-pyridazineearboxylate (200 mg, 1.19
mmol), [5-(3-methyltriazol-4-yl)-3-pyridyl]boroniacid (242.63 mg, 1.19 mmol), Cu(OAc)
(216.03 mg, 1.19 mmol), TEA (240.71 mg, 2.38 mm38l1.11uL) and pyridine (188.17 mg,
2.38 mmol, 192.0LL) in MeCN (5 mL) was substituted with nitrogen f@itimes, and then
stirred at 9C°C for 16 h under nitrogen atmosphere. After the taaldiof water (30 mL), the
reaction mixture was extracted with EtOAc (30 mB)xThe organic layers were washed with
brine (50 mL), dried over N&Qs, and then concentrated under reduced pressuredocag
crude product. The crude product was purified Wigasigel column chromatography (1%
MeOH in DCM) to give methyl 5-methyl-1-[5-(3-methhzol-4-yl)-3-pyridyl]-6-oxo-
pyridazine-3-carboxylate (305 mg, 69.15% yield, 884fity) as a yellow solid. MS (ESI) m/z
= 327.1 [M+HT.

Step 2: Synthesis of 5-methyl-1-[5-(3-methyltriaZeyl)-3-pyridyl]-6-oxo-
pyridazine-3-carboxylic acid

LiIOH'H20 (117.67 mg, 2.80 mmol) and® (2 mL) were added to a solution of methyl
5-methyl-1-[5-(3-methyltriazol-4-yl)-3-pyridyl]-6-m-pyridazine-3-carboxylate (305 mg,
934.70umol) in THF (4 mL), and then stirred at 26 for 16 h. The reaction mixture was
concentrated under reduced pressure to removenspdwed then diluted with water (10 mL).
The reaction mixture was adjusted to pH = 3-4 vaith 1 N HCI, and then extracted with
EtOAc (20 mL x 3). The organic layers were washdéti Wrine (30 mL), dried over N&(Oy,
and then concentrated under reduced pressureddng@rmediate 4-7 (63 mg, 20.29% vyield,
94% purity) as a white solid. MS (ESI) m/z = 31pvi-H] ™.

Preparation Example 35-1: 5-methyl-1-[5-(3-methyltrazol-4-yl)-2-fluoro-3-
pyridyl]-6-oxo-pyridazine-3-carboxylic acid (4-82)

~

0 NNH N=N N=N
S N 7 N~

LiOH H20

Cu( OAc)2 TEA, Py Hzo THE oA NN
MeCN, 90 °C, 16 h 25°C,16h ~ F
o

Br
P-20 4-82

Intermediate P-20 and methyl 5-bromo-6-oxo-1,6-dibpyridazine-3-carboxylate
(C-6) were used in the same manner as in Preparatiampe 35 to givéntermediate 4-82
as a yellow solid. MS (ESI) m/z = 395.1 [M+H]

Preparation Example 36: 5-deuterio-1-[5-(3-methyltrazol-4-yl)-3-pyridyl]-6-
oxo-pyridazine-3- carboxylate (4-33)
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Step 1: Synthesis of methyl 1-(5-bromo-3-pyridyii€éuterio-6-oxo-pyridazine-3-
carboxylate

A solution of methyl 5-deuterio-6-oxo-1H-pyridaziiecarboxylate (95 mg, 612.39
umol), 3-bromo-5-(4,4,5,5-tetramethyl-1,3,2-dioxailan-2-yl)pyridine P-1, 521.68 mg,
1.84 mmol), Cu(OAe)(111.23 mg, 612.3Amol), TEA (185.90 mg, 1.84 mmol, 255.4L)
and pyridine (145.32 mg, 1.84 mmol, 148,29 in MeCN (4 mL) was substituted with oxygen
for 3 times, and then stirred at 90 for 16 h under oxygen atmosphere. The reactiornurax
was filtered, and then the filtrate was concentraieder reduced pressure to give a crude
product. The crude product was purified by silieh@lumn chromatography (30% EtOAc in
petroleum ether) to give methyl 1-(5-bromo-3-pyljely-deuterio-6-oxo-pyridazine-3-
carboxylate (105 mg, 43.54% vyield, 79% purity) ageflow solid. 'H NMR (400 MHz,
DMSO-a) 6 8.84 (dJ = 2.0 Hz, 2H), 8.39 (] = 2.0 Hz, 1H), 7.95 - 7.91 (s, 1H), 3.88 (s, 3H);
MS (ESI) m/z = 312.8 [M+H]

Step 2: Synthesis of methyl 5-deuterio-1-[5-(3-nghttazol-4-yl)-3-pyridyl]-6-oxo-
pyridazine-3-carboxylate

A solution of methyl 1-(5-bromo-3-pyridyl)-5-deuies6-oxo-pyridazine-3-
carboxylate (105 mg, 337.50mol), tributyl-(3-methyltriazol-4-yl)stannane (220. mg,
591.18umol) and Pd(PP)Cl> (23.69 mg, 33.7mol) in dioxane (3 mL) was substituted
with nitrogen for 3 times, and then stirred at 2Q5for 5 h under nitrogen atmosphere. The

reaction mixture was filtered, and then the fikratas concentrated under reduced pressure to
give a crude product. The crude product was puariiiesilica gel column chromatography (2%
MeOH in PE) to give methyl 5-deuterio-1-[5-(3-mdthgzol-4-yl)-3-pyridyl]-6-oxo-
pyridazine-3-carboxylate (100 mg, 53.62% vyield,786.purity) as a yellow solid. MS (ESI)
m/z = 314.3 [M+H].

Step 3: Synthesis of 5-deuterio-1-[5-(3-methyltiag-yl)-3-pyridyl]-6-oxo-
pyridazine-3-carboxylic acid

A solution of methyl 5-deuterio-1-[5-(3-methyltri@z4-yl)-3-pyridyl]-6-oxo-
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pyridazine-3-carboxylate (50 mg, 159.pMol, 1 eq) and NaOH (12.77 mg, 3194@ol, 2
eq) in THF (1 mL) and kD (0.5 mL) was substituted with nitrogen for 3 tspand then stirred
at 25°C for 1 h under nitrogen atmosphere. The reactiaxture was adjusted to pH = 5-6
with ag. 1 N HCI, and then concentrated under redyessure to giviatermediate 4-33(40
mg, 57.45% yield, 68.6% purity) as a yellow solidwas used in the next reaction without
further purification. MS (ESI) m/z = 299.9 [M+H]

Preparation Example 36-1. 1-[5-(3-cyclopropyltriazd-4-yl)-3-pyridyl]-5-
deuterio-6-oxo-pyridazine-3-carboxylic acid (4-36)

N=N N=N
Br N=N N N
Y
o 2 TNy - V- Vo
No SN T-14 SnBu _ o] “3 NaOH OH &
o - N ) - N N > N N
“ Pd(PPh)Cl, dioxane, 07 > N THF, H,0, 25°C, 1h O N
o 105°C, 5 h “
N
D o o)
D D
3-20 4-36

Intermediate 3-20 and intermediate T-14 were usé¢tle@ same manner as in Steps 2
and 3 of Preparation Example 36 to glmeermediate 4-36 (20 mg, 79.12% yield, 98.6%
purity) as a yellow solid. MS (ESI) m/z = 326.1 [M¥.

Preparation Example 36-2: 1-[3-(3-isopropyltriazol4-yl)phenyl]-5-methyl-6-oxo-
pyridazine-3-carboxylic acid (4-37)

Br

N N-N N=N
YNW/ YN 7
T-15  SnBug
NN . > OH
Cu(OAc),, Py, TEA Pd(PoPh3)2C|2, dioxane, Ny
O MeCN, 90°C, 16 h 105°C, 16 h _
o)
3-23 4-37

Step 1: Synthesis of methyl 1-(5-bromo-3-pyridyirethyl-6-oxo-pyridazine-3-
carboxylate

A solution of methyl 5-methyl-6-oxo-1H-pyridazineearboxylate (600 mg, 3.57
mmol), 3-bromo-5-(4,4,5,5-tetramethyl-1,3,2-dioxeddan-2-yl)pyridine (1.01 g, 3.57 mmol),
Cu(OAc)» (1.30 g, 7.14 mmol), TEA (722.14 mg, 7.14 mmoB 34 uL) and pyridine (564.50
mg, 7.14 mmol, 576.0gL) in MeCN (15 mL) was substituted with oxygen ftimes, and
then stirred at 90C for 16 h under oxygen atmosphere. The reactionurexvas filtered, and
then the filtrate was concentrated under reducedspire to give a crude product. The crude
product was purified by silica gel column chromaggdy (80% EtOAc in petroleum ether) to
give methyl 1-(5-bromo-3-pyridyl)-5-methyl-6-oxo-pgazine-3-carboxylate (Intermediate 3-
23, 200 mg, 13.83% yield, 80% purity) as a yellmlids MS (ESI) m/z = 325.9 [M+H]

Step 2: Synthesis of 1-[3-(3-isopropyltriazol-4phEnyl]-5-methyl-6-0xo0-
pyridazine-3-carboxylic acid
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A solution of methyl 1-(5-bromo-3-pyridyl)-5-methgloxo-pyridazine-3-
carboxylate (200 mg, 617.Q4mol), tributyl-(3-isopropyltriazol-4-yl)stannane(® mg, 1.50
mmol) and Pd(PPeCl> (86.62 mg, 123.41umol) in dioxane (5 mL) was substituted with
nitrogen for 3 times, and then stirred at 20or 16 h under nitrogen atmosphere. The reaction
mixture was filtered, and then the filtrate was @amtrated under reduced pressure to give a
crude product. The crude product was purified BppgdPLC (Column: Welch Xtimate C18
40*200 mm 7um; mobile phase: [water (hydrochloride)-ACN]; 09988, 20.5 minute). The
acetonitrile was concentrated under reduced presand the remaining solvent was removed
by lyophilization to givdntermediate 4-37 (30 mg, 13.63% yield, 95.15% purity) as a yellow
solid. MS (ESI) m/z = 341.0 [M+H]

Preparation Example 36-3: 1-[5-(3-cyclopropyltriazd-4-yl)-3-pyridyl]-5-methyl-
6-0x0-pyridazine-3-carboxylic acid (4-39)

N=N
Br N=N N' _
- ) D-N_ \Val
| T-14 BuSn
No. AN . OH “ 7
o ¥ N - N. AN
S Pd(PPhs),Cly, dioxane, 07 Y N
o 105 °C, 16 h \
o)
3-23 4-39

Intermediates 3-23 and T-14 were used in the saamnar as in Step 2 of Preparation
Example 36-2 to givintermediate 4-39(40 mg, 25.04% vyield, 98% purity) as a dark brown
solid. MS (ESI) m/z = 339.1 [M+H]

Preparation Example 36-4: 1-[5-(3-cyclopropyltriazd-4-yl)-3-pyridyl]-5-ethyl-6-
oxo-pyridazine-3-carboxylic acid (4-41)

Br N=N
= N 2
i Br N: \;
~o O'BQ - >N /N
N >§Vo‘ o “ BusSn OH 7
0 Z">NH P-1 o NN T-14 - N N
> - 5 Ny
XX Cu(OAc),, Py, TEA, S Pd(PPhj),Cl,, dioxane,
MeCN, 90 °C, 12 h 0 105°C, 16 h N"So
c-9 3-22

4-41
Intermediates C-9 and P-1 were used in the sam@&enas in Preparation Example
36-2 to givelntermediate 4-41(90 mg, 38.44% yield, 89% purity) as yellow oil SMESI)
m/z = 353.0 [M+H].
Preparation Example 36-5: 1-[5-(3-isopropyltriazol4-yl)-3-pyridyl]-5-ethyl-6-
oxo-pyridazine-3-carboxylic acid (4-40)
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Intermediate 3-22 (the product obtained in Stepy Breparation Example 36-5) and
Intermediate T-15 were used in the same mannen & dparation Example 36-1 to give
Intermediate 4-40(90 mg, 74.48% vyield, 79.6% purity) as yellow &S (ESI) m/z = 355.1
[M+H] .

Preparation Example 36-6: 5-ethyl-1-[5-(3-methyltrazol-4-yl)-3-pyridyl]-6-oxo-
pyridazine-3-carboxylic acid (4-31)

N=N N=N N=N

~ ~B ~
(o) = ‘ (o) = ‘ NaOH OH = ‘
- B
NN g0, Pd@ppnc, 07 VNN THE R0, 200020 0PN AN
THF, 65 °C, 12 h
NS0 NS0 NS0
Br

3-8 4-31

Step 1: Synthesis of methyl 5-ethyl-1-[5-(3-methgitol-4-yl)-3-pyridyl]-6-0x0-
pyridazine-3-carboxylate

A solution of 5-bromo-1-[5-(3-methyltriazol-4-yI)8yridyl]-6-oxo-pyridazine-3-
carboxylate (46 mg, 117.58mol), C3CQOs (76.63 mg, 235.1amol), Pd(dppf)d (3.44 mg,
4.70umol) and triethyl borate (1 M in THF, 470.3L) in THF (3 mL) was substituted with
nitrogen for 3 times, and then stirred att@dor 12 h under nitrogen atmosphere. The reaction
mixture was filtered, and then the filtrate was @amirated under reduced pressure to give a
crude product. The crude product was purified bgasgel column chromatography (3% DCM
in MeOH) to give methyl 5-ethyl-1-[5-(3-methyltriaz4-yl)-3-pyridyl]-6-oxo-pyridazine-3-
carboxylate (26 mg, 32.48% yield, 50% purity) aghite solid. MS (ESI) m/z = 340.6 [M+H]

Step 2: Synthesis of 5-ethyl-1-[5-(3-methyltriaZeld)-3-pyridyl]-6-oxo-pyridazine-
3-carboxylic acid

The intermediate, methyl 5-ethyl-1-[5-(3-methylao&4-yl)-3-pyridyl]-6-oxo-
pyridazine-3-carboxylate was used in the same nmraami| Step 3 of Preparation Example 36
to givelntermediate 4-31(20 mg, 48.14% yield, 60% purity) as a yellow doMS (ESI) m/z
= 326.9 [M+HT.

Preparation Example 36-7: 1-[5-(3-methyltriazol-4-y)-3-pyridyl]-6-0x0-5-
phenyl-pyridazine-3-carboxylic acid (4-26)

4
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3-8

Step 1: Synthesis of methyl 1-[5-(3-methyltriazey$3-pyridyl]-6-oxo-5-phenyl-
pyridazine-3-carboxylate

A solution of 5-bromo-1-[5-(3-methyltriazol-4-yI)Byridyl]-6-oxo-pyridazine-3-
carboxylate Ihtermediate 3-8 30 mg, 76.69umol), phenylboronic acid(28.05 mg, 230.07
umol), Pd(dppf)Cd (5.61 mg, 7.67umol), NaCOs (16.26 mg, 153.38mol) and HO (0.4 mL)
in dioxane (4 mL) was degassed and purged witlogetn for 3 times. Then the mixture was
stirred at 8C°C for 1 h under nitrogen atmosphere. The mixture puagfied by silica column
chromatography (7% MeOH in DCM) to give methyl-{Bmethyltriazol-4-yl)-3-pyridyl]-
6-0x0-5-phenyl-pyridazine-3-carboxylatttermediate 3-28 58 mg, 97.36% vyield, 100%
purity) as a yellow solid. MS (ESI) m/z = 389.1[M¥H

Step 2: Synthesis of 1-[5-(3-methyltriazol-4-ylp$gridyl]-6-0x0-5-phenyl-
pyridazine-3-carboxylic acid

Intermediate 3-28 was used in the same manner &&em2 of Preparation Example
36-1 to giventermediate 4-26(55 mg, 98.38% vyield, 62% purity) as a yellow doMS (ESI)
m/z = 375.1 [M+H].

Preparation Example 36-8: 5-(cyclohexen-1-yl)-1-[%3-methyltriazol-4-yl)-3-
pyridyl]-6-oxo-pyridazine-3-carboxylic acid (4-28

N=N N=N
/N:N ~N_ ~N_~
—~N_~ OH
B
el e e
~o “ . N. AN NaOH N. AN
- e e
AN XN Pd(dppf)Cly, NayCOs, ° ) THE o O |
dioxane, H,0, 80 °C, 3 h N0 25°C, 2 h X0
NS0
Br
3-8 3-24 4-28

Intermediate 3-8 and (cyclohexen-1-yl)boronic gaitlich is commercially available)
were used in the same manner as in Preparation [ie&@886-7 to givdntermediate 4-28(56
mg, 75.46% yield, 76.66% purity) as a yellow soME5 (ESI) m/z = 379.2 [M+H]

Preparation Example 36-9: 5-cyano-1-[5-(3-methyltazol-4-yl)-3-pyridyl]-6-oxo-
pyridazine-3-carboxylic acid (4-24)
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Step 1: Synthesis of methyl 5-cyano-1-[5-(3-metigipl-4-yl)-3-pyridyl]-6-0xo-
pyridazine-3-carboxylate

Zn(CN) (70 mg, 596umol) and Zn (40 mg, 61ftmol) were added to a solution of
methyl 5-bromo-1-[5-(3-methyltriazol-4-yl)-3-pyrigy6-oxo-pyridazine-3-carboxylate (200
mg, 511umol), DPPF (56.69 mg, 1Qdnol) and Pe(dba} (46.82 mg, 51.umol) in DMA (3
mL). Then the mixture was substituted with nitrogen3 times, and stirred at 120 for 2 h
under nitrogen atmosphere. The reaction mixturefitased, the filtrate was poured into water
(20 mL), and then extracted with EtOAc (15 mL x #he combined organic layers were
washed with brine (10 mL x 3), dried over 48&y, and then concentrated under reduced
pressure to give a crude product. The aq. layers ggenched with ag. 1N HCI (5 mL) and
stirred overnight. The residue was purified bycsilgel column chromatography (0~100%
ethyl acetate/Petroleum ether) to give methyl 5aoya-[5-(3-methyltriazol-4-yl)-3-pyridyl]-
6-0x0-pyridazine-3-carboxylate (73 mg, 25.23% yji&f.6% purity) as dark brown oil. MS
(ESI) m/z = 338.1 [M+H].

Step 2: Synthesis of 5-cyano-1-[5-(3-methyltriazeH)-3-pyridyl]-6-oxo-pyridazine-
3-carboxylic acid

LiBr (29.89 mg, 344umol) was added to a solution of®I (1 mL) in MeCN (1 mL)
at -10°C for more than 1 minute. Then the mixture wasetiiat -10°C for 1 h to give solution
A. Methyl 5-cyano-1-[5-(3-methyltriazol-4-yl)-3-piyl]-6-0xo-pyridazine-3-carboxylate (43
mg, 127umol) and DIEA (39.97.L, 229 umol) were added dropwise to the solution A at -
10°C, and then it was stirred at 20 for 1 h. The reaction mixture was poured into wébe
mL), adjusted to pH = 4 with ag. 1 N HCI, and trextracted with EtOAc (10 mL x 3). The
combined organic layers were washed with brine [5x12), dried over Ng5Qi, and then
concentrated under reduced pressure to gie¥mediate 4-24 (25 mg, 60.06% yield, 99%
purity) as brown oil. MS (ESI) m/z = 323.9 [M+H]

Preparation Example 36-10: 5-acetyl-1-[5-(3-methyitazol-4-yl)-3-pyridyl]-6-
oxo-pyridazine-3-carboxylic acid (4-34)
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Step 1: Synthesis of methyl 5-acetyl-1-[5-(3-méetitigtol-4-yl)-3-pyridyl]-6-0xo-
pyridazine-3-carboxylate

Tributyl(1-ethoxyvinyl)stannane (454.23 mg, 1.26 ain424.91uL), TEA (212.12
mg, 2.10 mmol, 291.7aL) and Pd(PP$).Cl> (73.57 mg, 104.8.umol) were added to a
solution of methyl 5-bromo-1-[5-(3-methyltriazolyd)-3-pyridyl]-6-oxo-pyridazine-3-
carboxylate (410 mg, 1.05 mmol) in dioxane (6 mHen the mixture was stirred at 120
for 18 h under N atmosphere. To the mixture was added HCI solufs@ml, 1 M) under
stirring at 20°C, and then the mixture was stirred at®@dor 2.5 h. After the addition of water
(10 mL), the reaction mixture was extracted witEt (20 mL x 3). The combined organic
layers were washed with brine (10 mL x 3), drieceroanhydrous N&Qs, and then
concentrated under reduced pressure to give aueesgit. aq. KF (15 mL) was slowly added
to the aqueous layer under stirring, and then theune was stirred at 23C for 1 h. The
product was purified by silica gel column chromaigany (2% MeOH in DCM) to give methyl
5-acetyl-1-[5-(3-methyltriazol-4-yl)-3-pyridyl]-63m-pyridazine-3-carboxylate (200 mg,
21.54% yield, 40% purity) as a yellow solid. MS (E®/z = 355.1 [M+H]T.

Step 2: Synthesis of 5-acetyl-1-[5-(3-methyltriadeyl)-3-pyridyl]-6-0x0-pyridazine-
3-carboxylic acid

Methyl 5-acetyl-1-[5-(3-methyltriazol-4-yl)-3-pynd]-6-oxo-pyridazine-3-
carboxylate was used in the same manner as in StdpPreparation Example 36 to give
Intermediate 4-34 (80 mg, 41.57% yield, 99.8% purity) as a yelloidavS (ESI) m/z =
340.9 [M+HT".

Preparation Example 36-11: 5-(hydroxymethyl)-1-[5-8-methyltriazol-4-yl)-3-
pyridyl]-6-oxo-pyridazine-3-carboxylic acid (4-25)

:N:N ,N:N
N=N —N Y _—N P
_N_~
~
- Bu3SnCH,OH 0 “ NaOH OH “
= > —_—
(0] . ‘N > 0 /N‘N N — o /N‘N N
N X Xphos-Pd-G2, dioxane ’ ’
[e) 2 N ’ ’ \ o N
80°C,2h o 25°C,2h o
N o
OH OH
Br
3-8 4-25

Step 1: Synthesis of methyl 5-(hydroxymethyl)-1(8methyltriazol-4-yl)-3-
pyridyl]-6-oxo-pyridazine-3-carboxylate
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Xphos-Pd-G2 (10.06 mg, 12.48nol), tributylstanylmethanol (123.12 mg, 383.46
umol) was added to a solution of methyl 5-bromo-{g&nethyltriazol-4-yl)-3-pyridyl]-6-
oxo-pyridazine-3-carboxylate (50 mg, 127820l) in dioxane (3 mL). Then the mixture was
stirred at 8C°C for 2 h. The mixture was purified by silica gelwan chromatography (5%
MeOH in DCM) to give methyl 5-(hydroxymethyl)-1-[&-methyltriazol-4-yl)-3-pyridyl]-6-
oxo-pyridazine-3-carboxylate (21 mg, 44.03% vyidld,74% purity) as yellow oil. MS (ESI)
m/z = 343.0 [M+H].

Step 2: Synthesis of 5-(hydroxymethyl)-1-[5-(3-mgtitiazol-4-yl)-3-pyridyl]-6-oxo-
pyridazine-3-carboxylic acid

Methyl-5-(hydroxymethyl)-1-[5-(3-methyltriazol-4-yB-pyridyl]-6-oxo-pyridazine-
3-carboxylate was used in the same manner as jm3td Preparation Example 36 to give
Intermediate 4-25(20 mg, 99.31% yield, 96% purity) as a yellow ddilS (ESI) m/z = 329.0
[M+H] .

Preparation Example 36-12: 5-cyclohexyl-1-[5-(3-métltriazol-4-yl)-3-pyridyl]-
6-0x0-pyridazine-3-carboxylic acid (4-29)

N=N N=N N=N

N N N
~N Z ~ 7 7
Q . | Pd(OH) Hy, 20Psi Q . | NaOH OH . |
OO ONTY OOV UNTY ———— OPFONTY
X EtOH, dioxane . THF, H,O S
o 45°C, 16 h o 25°C, 0.5h o
4-

3-24 29

Step 1: Synthesis of methyl 5-cyclohexyl-1-[5-(3thydtriazol-4-yl)-3-pyridyl]-6-
0x0-pyridazine-3-carboxylate

Pd(OH) (13.96 mg, 19.8@mol, 20% purity) was added to a solution of Intedate
3-24 (26 mg, 66.2@mol) in dioxane (4 mL) and ethanol (4 mL) underagen atmosphere.
Hydrogen was purged several times under reducessyme Then the mixture was stirred at
45°C for 16 h under hydrogen atmosphere (20 Psi). @aetion mixture was filtered, and then
the filtrate was concentrated under reduced pregsigive a crude product. The crude product
was purified by silica gel column chromatograph%(®CM in MeOH) to give methyl 5-
cyclohexyl-1-[5-(3-methyltriazol-4-yl)-3-pyridyl]-®xo-pyridazine-3-carboxylate (30 mg,
98.56% yield, 85.860% purity) as a white solid. {ESI) m/z = 395.0 [M+H].

Step 2: Synthesis of 5-cyclohexyl-1-[5-(3-methynol-4-yl)-3-pyridyl]-6-o0xo-
pyridazine-3-carboxylic acid

Methyl 5-cyclohexyl-1-[5-(3-methyltriazol-4-yl)-3ypidyl]-6-oxo-pyridazine-3-
carboxylate was used in the same manner as in StdpPreparation Example 36 to give
Intermediate 4-29(30 mg, 93.19% vyield, 89.880% purity) as a yelknlid. MS (ESI) m/z =
380.7 [M+HT.
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Preparation Example 36-13: 1-[5-[3-(1-tert-butoxycaonylazetidin-3-yl)triazol-
4-yl]-3-pyridyl]-6-oxo-pyridazine-3-carboxylic acid (4-66)

=N N=N
N / N\ N
B @’
/é T-17 Boc SnBus . _ \\j\NBoc NaOH T\NBOC
Pd(PPh3),Cl,, toluene, N. ™ ‘N THF/HZO
100 °C, 16 h 0" ¥y N

20°C,1h

4-66
Methyl 1-(5-bromopyridin-3-yl)-6-oxo-1,6-dihydropgiazine-3-carboxylate 2¢1)
and Intermediate T-17 were used in the same mamigr Preparation Example 36-1 to give
Intermediate 4-66(380 mg, 69.96% purity, 71.36% yield) as yellow IS (ESI) m/z = 340.0
[M+H] .
Preparation Example 36-14: 1-[5-[3-(oxetan-3-yl)trazol-4-yl]-3- pyridyl]-6-oxo-
pyridazine-3-carboxylic acid (4-35)

~

(0]

N=N
N 1
0 N N
N:
N o T\o b
S\/N 21 NaOH OH = ‘
BusSn T\O Pd(PPh3),Cly, dioxane, THF/HZO O%\EN/\N& XN
NS0

105°C, 16 h

T-18 4-35

Intermediates 2-1 and T-18 were used in the sanmmnenas in Preparation Example
36-1 to givelntermediate 4-35(27 mg, 32.53umol, 38.42 yield, 41% purity) as a light yellow
solid. MS (ESI) m/z = 341.0 [M+H]

Preparation Example 36-15: 1-[5-(3-cyclobutyl-4-yB3-pyridyl]-6-oxo-
pyridazine-3-carboxylic acid (4-43)

Br

~

Z | N=N N:
N N N
- 0" ¥ N N N\
g ~ 0 o
\_N 21 0 o NaOH
U 0 = - > OH i
BusSn Pd(PPh),Cly, dioxane, No SN THF/H0,25°C, 1h N, AN
105°C, 10h 0" Y N 07 N
NS0 N"No
T-19 4-43

Intermediates 2-1 and T-19 were used in the sanmmenas in Preparation Example
36-1 to givelntermediate 4-43 (50 mg, 81.13% yield, 93.48% purity) as a yellalids MS
(ESI) m/z = 339.0 [M+H].

Preparation Example 37: 1-[6-(methylamino)-5-(1-médtyl-1H-1,2,3-triazol-5-yl)-
3-pyridyl]-6-oxo-1,6-dihydropyridazine-3-carboxylic acid (4-44)

112



~o

N. N
= -N _
O%\K/'K' T LN N
Br c1 "o Br (BusSn —N#

N F Cu(OAc),, pyridine o B F Pd(PPh;),Cl,, TEA o ~ F
- N - = N. _N -
Og ACN, 90°C, OIN ooy N toluene, 100°C, O/N R e
o x
o NN
P-7 3-30 3-21
N=N N=N
~N_~ _N_—
o H . H
Methylamine in THF o N LiOH.H,0 N
o) | A e OH B
60°C, O/N THF, H,0 N. N
C, 0 o /N\N N 2 o NN —
NS
N0 o
4-44

Step 1: Synthesis of methyl 1-(5-bromo-6-fluoroy8igyl)-6-oxo-1,6-
dihydropyridazine-3-carboxylate

Methyl 6-oxo-1,6-dihydropyridazine-3-carboxylateé-1) and Intermediate P-7 were
used in the same manner as in Step 1 of Prepafaktample 33 to givéntermediate 3-30
(213 mg, 100%) as a white solitH NMR (400 MHz, CDC}) § 8.54 (ddJ = 2.4, 1.2 Hz, 1H),
8.37 (ddJ=7.6,2.4 Hz, 1H), 7.95 (d,= 9.6 Hz, 1H), 7.12 (d] = 10.0 Hz, 1H), 3.40 (s, 3H);
MS (ESI) m/z = 327.9 [M+H] 329.9 [M+3H]T.

Step 2: Synthesis of methyl 1-[6-fluoro-5-(1-mettid-1,2,3-triazol-5-yl)-3-pyridyl]-
6-ox0-1,6-dihydropyridazine-3-carboxylate

Intermediates 3-30 and T-3 were used in the sanmmenaas in Step 2 of Preparation
Example 33 to givéntermediate 3-21(145 mg, 67%) as a white solitH NMR (400 MHz,
CDCl) 6 8.73 (qJ = 7.3 Hz, 1H), 8.24 (dd,= 8.0, 2.8 Hz, 1H), 7.99 (d,= 9.6 Hz, 1H), 7.89
(s, 1H), 7.15 (dJ = 9.6 Hz, 1H), 4.13 (d] = 1.2 Hz, 3H), 4.00 (s, 3H); MS (ESI) m/z = 331.0
[M+H] .

Step 3: Synthesis of methyl 1-[6-(methylamino)-5aféthyl-1H-1,2,3-triazol-5-yl)-3-
pyridyl]-6-ox0-1,6-dihydropyridazine-3-carboxylate

A solution of Intermediate 3-21 (70 mg, 0.212 mmuolmethylamine (1M in THF,
1.1 mL) was stirred at 6@ for 16 h under Natmosphere. Methylamine (1M in THF, 1.1 mL)
was further added to the reaction mixture andestiat 60°C for 2 h. Then the reaction mixture
was concentrated under reduced pressure, crystiliy DCM and hexane to give methyl 1-
[6-(methylamino)-5-(1-methyl-1H-1,2,3-triazol-5-y8)}pyridyl]-6-oxo-1,6-
dihydropyridazine-3-carboxylate (63mg, 87%) as #oye solid. It was used in the next
reaction without further purification. MS (ESI) m#z342.0 [M+HJ.

Step 4: Synthesis of 1-[6-(methylamino)-5-(1-methk-1,2,3-triazol-5-yl)-3-
pyridyl]-6-ox0-1,6-dihydropyridazine-3-carboxylicid

The intermediate, methyl 1-[6-(methylamino)-5-(1thy-1H-1,2,3-triazol-5-yl)-3-
pyridyl]-6-oxo-1,6-dihydropyridazine-3-carboxylateas used in the same manner as in Step 3
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of Preparation Example 33 to gilistermediate 4-44 (25 mg, 41%) as a yellow solid. MS
(ESI) m/z = 328.0 [M+H].

Preparation Example 38: 1-[5-(1-methyl-1H-1,2,3-trazol-5-yl)-6-morpholino-3-
pyridyl]-6-oxo-1,6-dihydropyridazine-3-carboxylic acid (4-45)

N=N N=N N=N
N~ /N/ /"j
_ (\O Y (\O
~0 - F ~ N N\)
N \ | morpholine, Na,CO5 ] ‘ ~ LiOH.H,0 OH ‘ o
Ny — N. N . N. N
© ACN, 90°C, O/N TN THF, H0 T
\ O il y \ O \ O
3-21 4-45

Step 1: Synthesis of methyl 1-[5-(1-methyl-1H-1:#j8z0l-5-yl)-6-morpholino-3-
pyridyl]-6-ox0-1,6-dihydropyridazine-3-carboxylate

Intermediate 3-2165 mg, 0.197 mmol), morpholine (25.5 puL, 0.295 rMmemd
NaCOs (42 mg, 0.394 mmol) in MeCN (0.5 mL) were placegimicrowave vial and stirred
at 90C for 17.5 h. Then the mixture was cooled to roomgerature and diluted with EtOAc.
The solid was filtered with celite pad, washed ViitDAc. The filtrate was concentrated under
reduced pressure. The product was purified byasitjel column chromatography to give
methyl 1-[5-(1-methyl-1H-1,2,3-triazol-5-yl)-6-mdmplino-3-pyridyl]-6-oxo-1,6-
dihydropyridazine-3-carboxylate (54 mg, 69%) aboy solid.*H NMR (400 MHz, CDCY)
0 8.67 (dJ=2.8 Hz, 1H), 7.95 (d] = 9.6 Hz, 1H), 7.81 (s, 1H), 7.79 @7 2.8 Hz, 1H), 7.11
(d,J =10.0 Hz, 1H), 4.04 (s, 3H), 3.99 (s, 3H), 3.66) (= 4.6 Hz, 4H), 3.14 ({J = 4.8 Hz,
4H); MS (ESI) m/z = 398.1 [M+H]

Step 2: Synthesis of 1-[5-(1-methyl-1H-1,2,3-trieZeyl)-6-morpholino-3-pyridyl]-
6-0x0-1,6-dihydropyridazine-3-carboxylic acid

The intermediate, methyl 1-[5-(1-methyl-1H-1,2,Bt0l-5-yl)-6-morpholino-3-
pyridyl]-6-oxo-1,6-dihydro-pyridazine-3-carboxylateas used in the same manner as in Step
3 of Preparation Example 33 to gigermediate 4-45 (33 mg, 63%) as a yellow solid. MS
(ESI) m/z = 384.1 [M+H].

Preparation Example 39: methyl 5-fluoro-6-oxo-1,6-thydropyridin-3-
carboxylate (C-5)

~ ~ ~,

0
07 NF IN UHP, TFAA 07N IN’/O Acetic anhydride 0~ > "NH
S S S
DCM, 0 °C to RT 140°C, 16 h o
F

F F

C-5

Step 1: Synthesis of 3-fluoro-5-(methoxycarbonwtigyne-1-oxide

Urea hydrogen peroxide (1.27 g, 13.5 mmol) antutrbacetic acid anhydride (4.66
mL, 33.5 mmol) were add to a solution of methyllhtefonicotinate (1 g, 6.45 mmol) in DCM
(14.3 mL) under nitrogen atmosphere &C0 Then the reaction mixture was stirred at°’@5
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for 17 h. The reaction mixture was cooled tQadded with aq. NaHCand then extracted
with DCM. The combined organic layers were washéti ag. sodium bisulfate, dried over
NaSQ4, and then concentrated under reduced pressurécagcrude product. The crude
product was purified by silica gel column chromaggy (5% MeOH in DCM) to give 3-
fluoro-5-(methoxycarbonyl)pyridine-1-oxide (245 n2% vyield) as a light yellow solidH
NMR (400 MHz, CDC}) 6 9.07 (s, 1H), 8.67 (s, 1H), 8.01 (ddds 8.6, 2.8,1.6 Hz, 1H), 3.99
(s, 3H); MS (ESI) m/z = 171.95 [M+H]

Step 2: Synthesis of methyl 5-fluoro-6-oxo-1,6-dlhypyridine-3-carboxylate

A solution of 3-fluoro-5-(methoxycarbonyl)pyridirieoxide (394 mg, 2.30 mmol) in
acetic anhydride (11.3 mL) was stirred at P@0for 17 h under nitrogen atmosphere. The
reaction mixture was quenched with aq. NaH@@d extracted with EtOAc. The combined
organic layers were dried over 8, and then concentrated under reduced pressureeo g
a crude product. The crude product was purifiecsibga gel column chromatography (5%
MeOH in DCM) to givelntermediate C-5 (129 mg, 33% yield) as a white solitH NMR
(400 MHz, CDC%) 6 12.81 (brs, 1H), 8.07-8.08 (m, 1H), 7.77 (dd&; 10.4, 2.2 Hz, 1H), 3.89
(s, 3H).

Preparation Example 40: methyl 5-deuterio-6-oxo-1Hayridazine-3-carboxylate

(C-8)
~N
~ (0]
0 N
N. 0O 'NH

(0] ~ 'NH »> S

NNg Pt/C, i-PrOH, c-hex, D,0, o
Ar (15 psi),80 °C, 24 h D
C-1 C-8

A solution of methyl 6-oxo-1H-pyridazine-3-carboatg (200 mg, 1.30 mmol), Pt/C
(163.59 mg, 38.93mol, 5% purity) in RO (4 mL), isopropanol (0.2 mL) and cyclohexane
(1.8 mL) was degassed and purged with argon flon&st Then the mixture was stirred at’@0
for 24 h under argon atmosphere in 50 mL autoclahe. reaction mixture was diluted with
DCM (20 mL), filtered, and the filter cake was wadhwith DCM (20 mL x 2), concentrated
under reduced pressure to gimeermediate C-8 (100 mg, 49.68% yield) as a brown solid.
NMR (400 MHz, DMSO-d6) 7.89 (s, 1H), 3.91 (s, 3H); MS (ESI) m/z = 155W+H]".

Preparation Example 41: methyl 5-ethyl-6-oxo0-1H-pyidazine-3-carboxylate (C-

9)
N \' N
(0] Z NH ~ B~ _ 1) Z">NH
N0  Cs,CO3, Pd(dppfCly NS0
Br THF, 65 °C, 16 h
Cc-6 co

A solution of methyl 5-bromo-6-oxo-1H-pyridazinecdrboxylate (46 mg, 117.59
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umol), C3CQOs (6.99 g, 21.46 mmol), Pd(dppfi13.14 g, 4.29 mmol) and triethyl borate (1
M, 107.29 mL) in THF (60 mL) was substituted wititrogen for 3 times, and then stirred at
65 °C for 16 h under nitrogen atmosphere. The reactiotiure was filtered, and then the
filtrate was concentrated under reduced pressuggviba crude product. The crude product
was purified by silica gel column chromatograph$6(DCM in MeOH) to givdntermediate
C-9 (930 mg, 42.82% yield, 90% purity) as a dark breetd. MS (ESI) m/z = 183.1 [M+H]

Preparation Example 42: 3-fluoro-5'-(1-methyl-1H-12,3-triazol-5-yl)-2-o0x0-2H-
[1,3'-bipyridine]-5-carboxylic acid (4-8)

N=N N=N
N~ N_~
o) ~o & OH 2N
N X N

0”7 " "NH Cu(OAc),, pyridine 07 Y ON LiOHH,0 07 Y ON

0 ACN, 90 °C 0 THF, H,0, RT o
F F F
C-5 4-8

Intermediate C-5 of Preparation Example 39 was us#te same manner as in Steps
1 and 3 of Preparation Example 33 to divermediate 4-8 (12.8 mg, 58% vyield). MS (ESI)
m/z = 316.06 [M+H].

Preparation Example 42-1. 5-bromo-1-[5-(3-methyltrazol-4-yl)-3-pyridyl]-6-
oxo-pyridazine-3-carboxylic acid (4-10)

~N
9 N=N N=N
N=N 0N NH _N_~ _N_
_N_~ NNo
C-6 ~ iBr, DIEA
y Br 0 = ‘ LIBr, OH = ‘
- -
N. N N. N
HO‘B S ‘N Py, TEA, Cu(OAC),, MeCN 0] ~ N MeCN, H,O 0) ~ N
éH 90°C. 16 h A o 20°C, 16 h A o
Br r
P-11 3-8 4-10

Step 1. Synthesis of methyl 5-bromo-1-[5-(3-mettig#tol-4-yl)-3-pyridyl]-6-0xo-
pyridazine-3-carboxylate

Intermediates C-6 and P-11 were used in the sameenas in Step 1 of Preparation
Example 36-2 to giventermediate 3-8 (137 mg, 13.78% vyield, 93% purity) as a yellowigol
MS (ESI) m/z = 391.0, 392.9 [M+H]

Step 2: Synthesis of 5-bromo-1-[5-(3-methyltriazel)-3-pyridyl]-6-oxo-
pyridazine-3-carboxylic acid

Intermediate 3-8 was used in the same manner&ten2 of Preparation Example 36-
9 Intermediate 4-10 (90 mg, crude product) as a brown solid. MS (E&Y = 376.9, 379.0
[M+H]*.
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Preparation Example 42-2: 3-bromo-5'-(1-methyl-1H-12,3-triazol-5-yl)-2-oxo-
2H-[1,3‘-bipyridine]-5-carboxy|ic acid (4-11)

N=N
NH /N _ _N__
OH =
N
_LioHHO 07

N
Cu(OAc), Pyrldlne N
ACN, 95 °C 16 h THF/H,O, RT N 0
Br Br
P-11 3-9 4-11

Intermediates P-11 and C-7 were used in the sameenas in Preparation Example
35 to givelntermediate 4-11 (52 mg, 71% vyield) as a light yellow solid. MS (E&/z =
375.98, 377.97 [M+H]

Preparation Example 42-3: 1-(5-bromo-2-fluoro-3-pyrdyl)-6-oxo-pyridazine-3-
carboxylic acid (4-30)

~,

Br OAKN/ILH Br
= c-1 SN0 ~o N LiBr, DIEA OH Z
N. SN
2N

HO N cu(0AQ), Py, MeCN, 90 °C, 16 h o) MeCN, 25 °C, 20 h 07> N

|
AN F XN F
OH F o

P-10 3-25 4-30

Commercially available (5-bromo-2-fluoropyridin-8yoronic acid P-10 and
Intermediate C-1 were used in the same manner & dparation Example 42-1 to give
Intermediate 4-30(45 mg, 78.85% yield, 93.6% purity, hydrochlorides)a yellow solid. MS
(ESI) m/z = 313.8 [M+H].

Preparation Example 42-4: 1-[5-(3-methyltriazol-4-y)-3-pyridyl]-6-0x0-5-
(trifluoromethyl)pyridazine-3-carboxylic acid (4-77)

N=N

N P N=N N=N
F —~N N~
~ S
~ = O)S(
0 ‘ F F0 ~o _ NaOH OH =
oA NN | N AN
Cul, DMF, 100°C ¢ /N‘N N THE H,0,25°C, 2 h 0O Z N
X
Br ° N 0 N ©
CF3 CF3
3-8 4-77

Step 1: Synthesis of methyl 1-[5-(3-methyltriazeyi3-pyridyl]-6-0x0-5-
(trifluoromethyl)pyridazine-3-carboxylate

Cul (14.61 mg, 76.68Amol) and methyl 2,2-difluoro-2-fluorosulfonyl-acesg736.67
mg, 3.83 mmol, 487.86L) were add to a solution of Intermediate 3-8 (80§, 766.9lumol)
in DMF (5 mL). The mixture was stirred at 80 for 3 h. The reaction mixture was concentrated
under reduced pressure to give a crude productcitite product was diluted with EtOAc (30
mL) and washed with brine (15 mL x 3). The orgdayers were dried over anhydrous,Néx,
and then concentrated under reduced pressuredagivude product. The crude product was
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purified by silica gel column chromatography (1% ®t¢ in DCM) to give methyl 1-[5-(3-
methyltriazol-4-yl)-3-pyridyl]-6-oxo-5-(trifluoromidyl)pyridazine-3-carboxylate (40 mg,
9.59% yield, 69.9% purity) as yellow oil. MS (E$th)z = 380.9 [M+H]".

Step 2: Synthesis of 1-[5-(3-methyltriazol-4-yl)p8ridyl]-6-0x0-5-
(trifluoromethyl)pyridazine-3-carboxylic acid

The intermediate, methyl 1-[5-(3-methyltriazol-4-B-pyridyl]-6-0x0-5-
(trifluoromethyl) pyridazine-3-carboxylate was usedthe same manner as in Step 2 of
Preparation Example 35 to givetermediate 4-77 (30 mg, 27.26% yield, 35% purity) as a
yellow solid. MS (ESI) m/z = 366.9 [M+H]

Preparation Example 42-5: 1-[5-[3-(1-tert-butoxycabonyl-4-piperidyl)triazol-4-
yl]-3-pyridyl]-6-oxo-pyridazine-3-carboxylic acid (4-79)

Br
(o) Z3

~

N=N N=N

N. AN \ \

N:;\\] 0o _ N N N
S\/N 21 o NBoc NaOH NBoc

> ~ —_—
BusSn \O 0 z OH =
® NBOC b4 (PPhs),Cly, dioxane, N N THF, H,0, Y
105 °C 0" > N 2h,25°C 07 NN
"o "o
T-21 479

Intermediates T-21 and 2-1 were used in a similanmer as in Preparation Example
31 to givelntermediate 4-79(450 mg, 81.58% yield, 88% purity) as a yellowidadMS (ESI)
m/z = 468.1 [M+H] +.

Preparation Example 43: 1-(6-methyl-5-(1-methyl-1H%,2,3-triazol-5-yl)pyridin-
3-yl)-6-ox0-1,6-dihydropyridazine-3-carboxylic acid(4-12)

N N
N=N N=N O O O
Buasn N7 Fe, NH,CI N \owo/
Pd (PPh3),Clp Z EtOH, H,0, 80°C, 10 h 7 NaNO,, aq. HCI, NaOAc
toluene, 90 °C, 24 h 0N N HoN N EtOH, Hy0, 1 h, 0-20 °C
0O o o
\OWO/ N=N
N~
N-NH
1,2-dichlorobenzene - Tf,0, TEA
= _— (6] = | EEE—
0 DCM, -70-20 °C, 2 h
Ne _ 180°C, 8 h oSN CM, C,
N x
N HO o)
[\I:N N:N ) =N
N~ —N_ ~ —N -~
- Pd(OAc),, dppf, Et3SiH - LiOH.H,0
(0} = ] (6] = ] —_— OH = ‘
DMF, 100 °C, 1h . THF, H,0, 3 h .
NN PN N 2 NN
0~ "0 N N

Step 1: Synthesis of 2-methyl-3-(3-methyltriazo35-nitro-pyridine
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A solution of 3-bromo-2-methyl-5-nitro-pyridine (1§, 46.08 mmol), tributyl-(3-
methyltriazol-4-yl)stannane (17.15 g, 46.08 mmaiyl #d(PP¥)-Cl> (1.62 g, 2.30 mmol) in
toluene (100 mL) was substituted with nitrogen3dimes, and then stirred at 180for 16 h
under nitrogen atmosphere. The reaction mixture fiteesed, and then the filtrate was
concentrated under reduced pressure to give a pmadieict. The crude product was purified
by silica gel column chromatography (50% EtOAc @trpleum ether) to give 2-methyl-3-(3-
methyltriazol-4-yl)-5-nitro-pyridine (7.7 g, 58.009teld, 76.08% purity) as a yellow solil.S
(ESI) m/z = 220.1 [M+H].

Step 2: Synthesis of 6-methyl-5-(3-methyltriazof¥pyridine-3-amine

Fe (9.81 g, 175.64 mmol) and NE (18.79 g, 351.28 mmol) were added to a solution
of 2-methyl-3-(3-methyltriazol-4-yl)-5-nitro-pyride (7.7 g, 35.13 mmol) in EtOH (150 mL)
and BHO (50 mL), and then the mixture was stirred at@@or 3 h under nitrogen atmosphere.
The reaction mixture was filtered, and then thedie was concentrated under reduced pressure.
After the addition of water (15 mL), the reactioixtare was extracted with EtOAc (60 mL x
3). The combined organic layers were washed witeli20 mL x 2), dried over N&Q, and
then concentrated under reduced pressure to giwala product, 6-methyl-5-(3-methyltriazol-
4-yl)pyridine-3-amine (5.86 g, 84.62% yield, 95.98Urity) as a yellow solid. MS (ESI) m/z
=190.1 [M+HT.

Step 3: Synthesis of dimethyl (2E)-2-[[6-methyl&+hethyltriazol-4-yl)-3-
pyridyllhydrazono]-3-oxo-pentanedioate

A solution of NaNQ@ (1.38 g, 19.98 mmol) in #D (15 mL) was added to HCI (12 M,
8.39 mL) and 6-methyl-5-(3-methyltriazol-4-yl)pyig-3-amine (3.78 g, 19.98 mmol) in®l
(20 mL) at 0°C. Then dimethyl 3-oxopentanedioate (3.48 g, 19.980m2.88 mL) in EtOH
(12 mL) and NaOAc (12.00 g, 146.27 mmol) inQH(40 mL) were added to the reaction
mixture. The reaction mixture was stirred at 20 for 1 h. The reaction mixture was
concentrated under reduced pressure, then extradtiedEtOAc (30 mL x 3). The combined
organic layers were washed with brine (20 mL xd2ed over NaSQy, and then concentrated
under reduced pressure to give a crude productciitte product was purified by silica gel
column chromatography (5% MeOH in DCM) to give dig (2E)-2-[[6-methyl-5-(3-
methyltriazol-4-yl)-3-pyridyllhydrazono]-3-oxo-peartedioate (6.1 g, 70.10% yield, 85.96%
purity) as yellow oil. MS (ESI) m/z = 375.1 [M+H]

Step 4: Synthesis of methyl 4-hydroxy-1-[6-methyl35methyltriazol-4-yl)-3-
pyridyl]-6-oxo-pyridazine-3-carboxylate

A mixture of dimethyl (2E)-2-[[6-methyl-5-(3-methyilazol-4-yl)-3-
pyridyllhydrazono]-3-oxo-pentanedioate (6.1 g) j@-tlichlorobenzene (80 mL) was stirred at
180°C for 8 h. The reaction mixture was filtered, andrthhe filtrate was concentrated under
reduced pressure to give a crude product. The gatkict was purified by silica gel column
chromatography (4% MeOH in DCM) to give methyl 4dhyxy-1-[6-methyl-5-(3-
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methyltriazol-4-yl)-3-pyridyl]-6-oxo-pyridazine-3acboxylate (1.18 g, 15.65% yield, 74%
purity) as a yellow solidtH NMR (400 MHz, DMSO¢g) § 12.22 (br s, 1H), 8.75 (d,= 2.4
Hz, 1H), 8.04 (dJ = 2.4 Hz, 1H), 7.98 (s, 1H), 6.23 (s, 1H), 3.903(4), 3.84 (s, 3H), 2.42 (s,
3H); MS (ESI) m/z = 343.0 [M+H]

Step 5: Synthesis of methyl 1-[6-methyl-5-(3-métiiyzol-4-yl)-3-pyridyl]-6-0x0-4-
(trifluoromethylsulfonyloxy)pyridazine-3-carboxykat

TEA (869.09 mg, 859 mmol, 1.20 mL) and trifluoraimgdsulfonyl
trifluoromethanesulfonate (1.62 g, 5.73 mmol, 924.[7) in DCM (5 mL) were slowly added
to a mixture of methyl 4-hydroxy-1-[6-methyl-5-(3etiyltriazol-4-yl)-3-pyridyl]-6-oxo-
pyridazine-3-carboxylate (0.98 g, 2.86 mmol) in DCM mL) at -70°C, and then the mixture
was stirred at 20C for 2 h. After the addition of water (15 mL), theaction mixture was
extracted with DCM (30 mL X 3). The combined orgalayers were washed with brine (10
mL x 2), dried over N&5Qs, and then concentrated under reduced pressuredcagerude
product. The crude product was purified by silieh@plumn chromatography (50% EtOH in
petroleum ether) to give methyl 1-[6-methyl-5-(3thdtriazol-4-yl)-3-pyridyl]-6-oxo-4-
(trifluoromethylsulfonyloxy)pyridazine-3-carboxy&a(939 mg, 47.85% yield, 69.21% purity)
as a yellow solid. MS (ESI) m/z = 475.1 [M+H]

Step 6: Synthesis of methyl 1-[6-methyl-5-(3-methakol-4-yl)-3-pyridyl]-6-
oxopyridazine-3-carboxylate

A solution of methyl 1-[6-methyl-5-(3-methyltriazdtyl)-3-pyridyl]-6-0x0-4-
(trifluoromethylsulfonyloxy)pyridazine-3-carboxy&{939 mg, 1.98 mmol), Pd(OAq)66.66
mg, 296.92 umol), Dppp (244.92 mg, 593.84 umol)BEr8iH (299.22 mg, 2.57 mmol, 411.01
uL) in DMF (10 mL) was substituted with nitrogerr #times, and then stirred at 190 for
1 h under nitrogen atmosphere. After the additiowater (15 mL), the reaction mixture was
extracted with EtOAc (40 mL X 3). The combined amgdayers were washed with brine (20
mL x 2), dried over Ng&5Q4, and then concentrated under reduced pressuredaagcrude
product. The crude product was purified by silieh golumn chromatography (3% MeOH in
DCM) to give methyl 1-[6-methyl-5-(3-methyltriazdlyl)-3-pyridyl]-6-oxopyridazine-3-
carboxylate (850 mg, 1.56 mmol, 78.96% vyield, 6Q84itp) as a yellow solid. MS (ESI) m/z
= 327.1 [M+HT.

Step 7: Synthesis of 1-[6-methyl-5-(3-methyltribeyl)-3-pyridyl]-6-0xo-
pyridazine-3-carboxylic acid

LiOH'H20 (173.61 mg, 4.14 mmol) was added to a solutiomethyl 1-[6-methyl-5-
(3-methyltriazol-4-yl)-3-pyridyl]-6-oxopyridazine-8arboxylate (450 mg, 1.38 mmol) in THF
(4 mL) and HO (2 mL). Then the mixture was stirred at25for 1 h. After the addition of
water (10 mL), the reaction mixture was extracteth ietOAc (20 mL X 3), and then the
organic layers were removed. The mixture was agfutt pH = 2-3 with ag. 1 N HCI, and
then extracted with EtOAc (20 mL x 3). The combieganic layers were washed with brine
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(10 mL x 2), dried over N&Qi, and then concentrated under reduced pressurévéo g
Intermediate 4-12 (287 mg, 48.83% vyield, 73.27% purity) as a yelknlid. MS (ESI) m/z =
313.0 [M+HT.

Preparation Example 43-1: 1-[5-(3-ethyltriazol-4-y)-6-methyl-3-pyridyl]-6-oxo-
pyridazine-3-carboxylic acid (4-13)

N:

¥N>)N N=N N= 0o o o
Br T-11 = NN NN MM
y BusSH Fe, NH,CI ~o o
| —_— —_—
ON N Pd(PPhs),Cl; toluene 7 EtOH, H20 7 1. NaNO,, aq. HCl, H,0, 0°C, 1 h
2 100°C, 16 h oN” AN 80°C, 16 h i SN 20 NaOA, EtOH, 20°C, 1h
B-4
0O o o N-N
\OWO/ NN
N
“NH 1,2-dichlorobenzene Tf,0, TEA
o 2 e
Z 180°C, 8 h . 70-20°
‘ H C, o _N NN N DCM, -70-20 °C, 3 h
Na N. S
| N HO o]
N=N N=N N=N
NN~ NN~ NN~
Pd(OAC),, dppp, Et;SiH NaOH
\o = ‘ ~ = ] —_— OH ‘
N. N DMF, 100 °C, 1 h N. N THF, H,0,
O UONTS O UONTS 20°C,1h 0PN
T~ "0 N0 NNg

4-13
Intermediate T-11 was concentrated in the same aeraamin Preparation Example 43
to giveIntermediate 4-13 (55 mg, 55.45% yield, 67.66% purity) as a whitedsdMS (ESI)
m/z = 327.0 [M+H].
Preparation Example 44: 1-(6-chloropyridazin-4-yl)6-oxo-pyridazine-3-
carboxylic acid (4-14)
~o Cl

N
- [0}
= N. N
e - AP
Cl X DIEA, NMP X THF, HQO

120°C,1h ° 25°C,05h

B-5 3-16

Step 1: Synthesis of methyl 1-(6-chloropyridazigi46-oxo-pyridazine-3-
carboxylate

A solution of 3,5-dichloropyridazine (5 g, 33.56 miy) methyl 6-oxo-1H-pyridazine-
3-carboxylate (5.17 g, 33.56 mmol) and DIEA (21g6967.81 mmol, 29.23 mL) in NMP (5
mL) was stirred in microwave at 12Q for 1 h. After the addition of water (100 mL), the
reaction mixture was extracted with EtOAc (100 mIB)X The combined organic layers were
washed with brine (100 mL), dried overd$&u, and then concentrated under reduced pressure
to give a crude product. The crude product wadipdrby silica gel column chromatography
(30% EtOAc in petroleum ether) to give methyl lef@eropyridazin-4-yl)-6-oxo-pyridazine-
3-carboxylate latermediate 3-16 1.92 g, 19.95% yield, 93% purity) as a yellowidotH
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NMR (400 MHz, DMSOdg) & 9.67 (d,J = 2.0 Hz, 1H), 8.32 (d] = 2.0 Hz, 1H), 7.97 (d] =
10.0Hz, 1H), 7.28 (d]) = 10.0 Hz, 1H), 3.92 (s, 3H); MS (ESI) m/z = 26pB+-H] .

Step 2: Synthesis of 1-(6-chloropyridazin-4-yl)-%eepyridazine-3-carboxylic acid

NaOH (174.00 mg, 4.35 mmol) was added to a solutadn methyl 1-(6-
chloropyridazin-4-yl)-6-oxo-pyridazine-3-carboxyaf580 mg, 2.18 mmol) in THF (6 mL),
H>0O (2 mL). Then the mixture was stirred at 20 for 0.5 h. The reaction mixture was
concentrated under reduced pressure tolgitezmediate 4-14 (540 mg, 84.42% yield, 85.90%
purity) as a yellow solid. MS (ESI) m/z = 253.1 [M¥.

Preparation Example 45: 1-[6-(2-methylpyrazol-3-ylpyridazin-4-yl]-6-oxo-
pyridazine-3-carboxylic acid (4-15)

Cl 0"
~ o
(0] = hl T-6 NaOH
o /N\N N
Brettphos Pd G3 THF, H,0 25 °C, 16 h
N o K>CO3, dioxane/H,0O
90 °C, 16 h
3-16 317

Step 1: Synthesis of methyl 1-[6-(2-methylpyrazeltpyridazin-4-yl]-6-oxo-
pyridazine-3-carboxylate

A solution of Intermediate 3-16 (300 mg, 1.13 mmol}methyl-5-(4,4,5,5-
tetramethyl-1,3,2-dioxaborolan-2-yl)pyrazole (351.ing, 1.69 mmol), BrettPhos Pd G3
(101.99 mg, 112.5umol) and KCQO;z (310.99 mg, 2.25 mmol) in dioxane (5 mL) angH
(0.5 mL) was substituted with nitrogen for 3 timasd then it was stirred at 90 for 3 h under
nitrogen atmosphere. After the addition of watdr (3L), the reaction mixture was extracted
with EtOAc (30 mL X 3). The combined organic layemre washed with brine (50 mL), dried
over NaSQy, and then concentrated under reduced pressureg@grude product. The crude
product was purified by silica gel column chromaégdny (30% EtOAc in petroleum ether) to
give methyl 1-[6-(2-methylpyrazol-3-yl)pyridazinyd}-6-oxo-pyridazine-3-carboxylate (67
mg, 17.77% yield, 93.2% purity) as a yellow soMS (ESI) m/z = 313.1 [M+H]

Step 2: Synthesis of 1-[6-(2-methylpyrazol-3-yl)ipfazin-4-yl]-6-oxo-pyridazine-3-
carboxylic acid

NaOH (17.16 mg, 429.10mol) and HO (1 mL) were added to a solution of methyl
1-[6-(2-methylpyrazol-3-yl)pyridazin-4-yl]-6-oxo-pylazine-3-carboxylate (67 mg, 214.55
umol) in THF (2 mL). Then the mixture was stirred?&t°C for 2 h. The reaction mixture was
concentrated under reduced pressure to Igitemediate 4-15 (60 mg, 45.76% vyield, 48.8%
purity) as a white solid. MS (ESI) m/z = 299.0 [M}fH

Preparation Example 46: 1-[6-(3-methyltriazol-4-ylpyrazin-2-yl]-6-oxo-
pyridine-3-carboxylic acid (4-27)
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Step 1: Synthesis of ethyl 1-(6-bromopyrazin-264pxo-pyridine-3-carboxylate

A solution of ethyl 6-oxo-1H-pyridine-3-carboxyla{®.46 g, 32.65 mmol), 2,6-
dibromopyrazine (9.32 g, 39.18 mmol), Cul (1.26.§3 mmol), CZL03 (10.64 g, 32.65 mmol)
and 2-(dimethylamino)acetic acid (3.37 g, 32.65 mnmodioxane (80 mL) was degassed and
purged with N for 3 times. The mixture was stirred at 100for 16 h under Natmosphere.
The reaction mixture was diluted with water andraoted with EtOAc (50 mL X 3). The
combined organic layers were washed with brinentk, dried over anhydrous MNaQs, and
then concentrated under reduced pressure to gorede product. The crude product was
purified by silica column chromatography (20% EtOAt PE) to give ethyl 1-(6-
bromopyrazin-2-yl)-6-oxo-pyridine-3-carboxylate 26g, 2.13% yield, 95.32% purity) as a
yellow solid.*H NMR (400MHz, DMSOsl) § 9.12 (s, 1H), 9.01 (s, 1H), 8.61 (0= 2.4 Hz,
1H), 7.94 (dd,) = 2.4, 9.6 Hz, 1H), 6.64 (d,= 10.0 Hz, 1H), 4.29 (g} = 7.2 Hz, 2H), 1.29 (t,
J=7.2 Hz, 3H); MS (ESI) m/z = 323.9 [M+H]

Step 2: Synthesis of ethyl 1-[6-(3-methyltriazojdpyrazin-2-yl]-6-oxo-pyridine-3-
carboxylate

A solution of ethyl 1-(6-bromopyrazin-2-yl)-6-oxagapdine-3-carboxylate (150 mg,
462.78 umol), tributyl-3-methyltriazol-4-yl)stannane (228.8mg, 601.61 umol) and
Pd(PPB)Cl> (32.48 mg, 46.28mol) in dioxane (4 mL) was degassed and substitwidud
nitrogen for 3 times, and then it was stirred @ A0 for 16 h under nitrogen atmosphere. The
reaction mixture was filtered, and then the fikratas concentrated under reduced pressure to
give ethyl 1-[6-(3-methyltriazol-4-yl)pyrazin-2-yg§-oxo-pyridine-3-carboxylate (104 mg,
68.87% yield, 100% purity) as a yellow solltf NMR (400MHz, DMSOeds) § 9.29 (s, 1H),
9.15 (s, 1H), 8.79 (dl = 2.6 Hz, 1H), 8.56 (s, 1H), 7.95 (db> 2.6, 9.6 Hz, 1H), 6.67 (d,=
9.6 Hz, 1H), 4.34 (s, 3H), 4.28 (@~ 7.2 Hz, 2H), 1.31 - 1.28 (m, 3H); MS (ESI) m/327.0
[M+H]*.

Step 3: Synthesis of 1-[6-(3-methyltriazol-4-yl)pgin-2-yl]-6-0x0-pyridine-3-
carboxylic acid

Ethyl 1-[6-(3-methyltriazol-4-yl)pyrazin-2-yl]-6-am¢pyridine-3-carboxylate  was
used in the same manner as in Step 3 of Prepafakample 36 to givéntermediate 4-27
(45 mg, 96.55% yield, 98.06% purity) as a yellowdsdViS (ESI) m/z = 299.1 [M+H]

Preparation Example 46-1: 1-[5-(3-cyclopropyltriazd-4-yl)-3-pyridyl]-6-oxo-
pyridine-3-carboxylic acid (4-78)
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Intermediates 2-2 and T-14 were used in the sanmenaas in Steps 2 and 3 of
Preparation Example 36 to gilrdermediate 4-78(120 mg, 93.23% yield, 96.8% purity) as a
yellow solid. MS (ESI) m/z = 323.9 [M+H]

Preparation Example 47: 1-[5-(3-cyclopropyltriazol4-yl)-3-pyridyl]-6-oxo-
pyridazine-3-carboxylic acid (4-47)

o

V/N /
T-14 SnBu; ~

b -9
Pd(PPh3),Cl,
dioxane, 105 °C, 12 h 0
N

Intermediates 2-1 and T-14 were used in the samenenaas in Steps 2 and 3 of
Preparation Example 36 to giltermediate 4-47 (35 mg, 88.82% yield, 97.3% purity) as a
yellow solid.*H NMR (400 MHz, DMSO¢g) § 9.03 (d,J = 2.0 Hz, 1H), 8.95 (d] = 2.4 Hz,
1H), 8.56 (tJ = 2.0 Hz, 1H), 8.17 (s, 1H), 7.96 @= 9.6 Hz, 1H), 7.22 (d] = 9.6 Hz, 1H),
4.01 (td,J = 3.6, 7.3 Hz, 2H), 1.20 - 1.15 (m, 2H), 1.12d¢bd = 2.8 Hz, 2H); MS (ESI) m/z
= 324.9 [M+H]".

Preparation Example 47-1. 1-[5-(3-isopropyltriazol4-yl)-3-pyridyl]-6-oxo-
pyridazine-3-carboxylic acid (4-32)

4-47

N=N N!“:N
N~ ﬁ/ 7
Bu;;sn‘&/N
=
T-15 ~o 2 NaOH OH i
N. ~_N
Pd(PPh3)2Cl, AN NN THF H0,20°C,2h 07 P N
dioxane, 105 °C S
N O
O
21 4-32

Intermediates 2-1 and T-15 were used in the samenaas in Steps 2 and 3 of
Preparation Example 36 to gilidermediate 4-32 (55 mg, 93.99% yield, 98.31% purity) as a
yellow solid. MS (ESI) m/z = 326.6 [M+H]

Preparation Example 48: 1-(5-bromo-2-fluoro-3-pyridyl)-6-oxo-pyridine-3-
carboxylic acid (4-73)
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Step 1: Synthesis of methyl 1-(5-bromo-2-fluoroy8igyl)-6-oxo-pyridine-3-
carboxylate

5-bromo-2-fluoro-pyridine-3-amine (5 g, 26.18 mmuolas added to a solution of
methyl 6-oxopyran-3-carboxylat€C{10; 8.07 g, 52.36 mmol) in pyridine (100 mL). The
mixture was stirred at 8 for 12 h under nitrogen atmosphere. The reactiotume was
filtered, and then the filtrate was concentratedaunmeduced pressure to give a crude product.
The crude product was purified by silica columnochatography (12% EtOAc in PE) to give
a residue. The residue was dissolved in MeOH (5 amld) purified by prep-HPLC (column:
Welch Xtimate C18 250*50mm*10n;mobile phase: [water( N#HICOz)-MeCN]; 5%-55% B,
20 minutes). Most of MeCN was removed under redyredsure, and the remaining solvent
was removed by lyophilization to give methyl 1-(imo-2-fluoro-3-pyridyl)-6-oxo-pyridine-
3-carboxylate (360 mg, 4.12% yield, 98.08% purég)a yellow-white solid. MS (ESI) m/z =
326.8 [M+HTJ".

Step 2: Synthesis of 1-(5-bromo-2-fluoro-3-pyridgHpxo-pyridine-3-carboxylic acid

The intermediate, methyl 1-(5-bromo-2-fluoro-3-piyti)-6-oxo-pyridine-3-
carboxylate was used in the same manner as inZSté@Preparation Example 36-9 to give
Intermediate 4-73 (60 mg, 60.43% vyield, 96.39% purity) as a whitédsaviS (ESI) m/z
=313.0 [M+HT.

Preparation Example 49: 1-(6-chloropyridazin-4-yl)N-[(1R)-1-[2-fluoro-3-
(trifIuoromethyl)phenyl]ethyl]-6-oxo-pyridazine-3-carboxamide (D-1)

OH /(iN A-3 /N
N
(0] /\N\

EDCI, HOB, DIEA N
NNg DMF, 16 h

\ o)

4-14 D-1

DIEA (752.07 mg, 5.82 mmol, 1.01 mL), HOBt (393.14), 2.91 mmol) and EDCI
(557.77 mg, 2.91 mmol) were added to a solutionlgb-chloropyridazin-4-yl)-6-oxo-
pyridazine-3-carboxylic acid (490 mg, 1.94 mmolddntermediate A-3 (378.06 mg, 1.55
mmol, HCI salt) in DMF (6 mL). The mixture was degad and purged withoNor 3 times,
and then stirred at 2% for 5 h under Natmosphere. After the addition of water (8 mL§g th
reaction mixture was extracted with EtOAc (20 mL3X The combined organic layers were
washed with brine (10 mL x 2), dried over anhydrdl&sSQs, and then concentrated under
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reduced pressure to give a crude product. The grabkict was purified by silica gel column
chromatography (3% MeOH in DCM) to gilrgermediate D-1 (140 mg, 11.33% yield, 69.37%
purity) as brown oil. MS (ESI) m/z = 442.1 [M+H]

Preparation Example 49-1: 1-(6-chloropyridazin-4-y)-N-[(1R)-1-[2-fluoro-3-
(difluoromethyl)phenyl]ethyl]-6-oxo-pyridazine-3-carboxamide (D-2)

S

o] Z N EDCI, HOBt, DIEA
N DMF, 25 °C, 16 h

\ 0

4-14 D-2

Intermediate A-2 was used in the same manner Bsejparation Example 49 to give
Intermediate D-2 (37.0 mg, 30.83% vyield) as a white sofid. NMR (400 MHz, DMSO¢ls)
8 9.97 (dJ = 2.0 Hz, 1H), 9.21 (d] = 8.0 Hz, 1H), 8.75 (d] = 2.0 Hz, 1H),8.46 (s, 1H), 7.94
(d,J=10.0 Hz, 1H), 7.72 (br § = 7.2 Hz, 1H), 7.57 -7.51 (m, 1H), 7.35 {d+ 8.0 Hz, 1H),
7.28 (d,J =10.0 Hz, 1H), 7.22 (1=7.2 Hz, 1 H), 5.44 (quind,= 7.2 Hz, 1H), 4.43 (s, 3H),
1.55 (d,J = 7.2 Hz, 3H); MS (ESI) m/z = 471.2 [M+H]

Preparation Example 49-2: 1-(5-bromo-2-fluoro-3-pyidyl)-N-[(1R)-1-[2-fluoro-
3-(trifluoromethyl)phenyl]ethyl]-6-oxo-pyridazine-3-carboxamide (D-10)

méﬁi?jj?

NS
0" ¥ N EDCI, HOB, DIEA
A F DMF, 25 °C, 16 h \ o |:

4-30 D-10

Intermediates A-3 and 4-30 were used in the sammeras in Preparation Example
49 to givelntermediate D-10 (30 mg, 55.80% vyield, 93.46% purity) as a yelloics *H
NMR (400 MHz, CD(3) 6 8.42 (s, 1H), 8.10 (dd, = 2.4, 7.6 Hz, 1H), 8.05 (m, 1H), 7.54 (t,
J=7.2Hz, 2H), 7.35 (m, 1H), 7.26 - 7.20 (m, 1A12 (ddJ= 1.2, 9.6 Hz, 1H), 5.43 (m, 1H),
1.62 (d,J = 7.2 Hz, 3H); MS (ESI) m/z = 504.9 [M+H]

Preparation Example 49-3: 1-(5-bromo-3-pyridyl)-N-[1R)-1-[2-fluoro-3-[1-
(hydroxymethyl)cyclopropyl]phenyl]ethyl]-6-oxo-pyri dazine-3-carboxamide (D-11)
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Step 1: Synthesis of 1-(5-bromo-3-pyridyl)-6-oxadggzine-3-carboxylic acid

Intermediate 2-1 was used in the same mannerSiemn2 of Preparation Example 30
to givelntermediate 4-67(1.85 g, 92.04% vyield, 95% purity) as a light gallisolid. MS (ESI)
m/z = 295.9 [M+H].

Step 2: Synthesis of 1-(5-bromo-3-pyridyl)-N-[(1Ry2-fluoro-3-[1-
(hydroxymethyl)cyclopropyl]phenyllethyl]-6-oxo-pylazine-3-carboxamide

Intermediates 4-67 and A-16 were used in the saamar as in Preparation Example
49 to giveintermediate D-11 (240 mg, 30.80% vyield, 89.82% purity) as a yellwolid. MS
(ESI) m/z = 489.0 [M+H].

Preparation Example 49-4. 1-(5-bromo-3-pyridyl)-N-[1R)-1-[2-fluoro-3-
(trifluoromethyl)phenyl]ethyl]-6-oxo-pyridazine-3-carboxamide (D-12)

F3C
F { FsC
Br " NH,
OH = | A-3 F Br
N SN > o

07N EDCI, HOBt, DIEA, NH 7
NN DMF, 25 °C, 1.5 h AN N
N0
4-67 D-12

Intermediates 4-67 and A-3 were used in the sanmeras in Preparation Example
49 to givelntermediate D-12(34.3 g, 71.01% vyield, 95% purity) as a light yallsolid. *H
NMR (400 MHz, DMSO#€k) 6 9.14 (d,J = 7.6 Hz, 1H), 9.01 (d] = 2.0 Hz, 1H), 8.83 (d] =
2.0 Hz, 1H), 8.54 (&) = 2.0 Hz, 1H), 7.90 (d] = 9.6 Hz, 1H), 7.83 (1] = 7.2 Hz, 1H), 7.68 (t,
J=6.8 Hz, 1H), 7.41 (] = 7.6 Hz, 1H), 7.20 (dl = 9.6 Hz, 1H), 5.43 (quinl = 7.2 Hz, 1H),
1.52 (d,J = 7.2 Hz, 3H); MS (ESI) m/z = 486.8 [M+H]

Preparation Example 49-5: 1-(5-bromo-3-pyridyl)-N-[1R)-1-[3-(1,1-difluoro-2-
hydroxy-ethyl)-2-fluorophenyl]ethyl]-6-oxo-pyridazine-3-carboxamide (D-13)
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4-67

RF

HO
F
» F F
HCI NH, HO
A1 F Br
®

EDCI, HOAt, DIEA, ™ UNH “ 3
DMF, 25 °C, 16 h N AN

D-13

Intermediates A-1 and 4-67 were used in the sammeras in Preparation Example
49 to givelntermediate D-13(280 mg, 49.57% yield, 89.2% purity) as a whitikdsdS (ESI)

m/z = 498.8 [M+H].

Preparation Example 49-6: 1-(5-bromo-2-fluoro-3-pyrdyl)-N-[(1R)-1-[2-fluoro-
3-(trifluoromethyl)phenyl]ethyl]-6-oxo-pyridine-3-c arboxamide (D-14)

4-73

“?*?

EDCI, HOBt, DIEA,
DMF, 15 °C, 2h

F
\ o)

D-14

Intermediates A-3 and 4-73 were used in the sanmearas in Preparation Example
49 to givelntermediate D-14 (30 mg, 55.80% vyield, 93.46% purity) as a yellaics

Preparation

Example

49-7:  1-(6-chloropyridazin-4-y)-N-[(1R)-1-[3-(1,1-

difluoro-2-hydroxy-ethyl)-2-fluoro-phenyl]ethyl]-6- oxo-pyridazine-3-carboxamide (D-15)

RF

HO FE F
HO
F
A1 “ "NH, F cl
EDCI, HOB, DIEA, wSNH Z N
. N f
DMF, 25 °C, 2 h AN
NS0
D-15

Intermediates A-1 and 4-14 were used in the sanmetas in Preparation Example
49 to givelntermediate D-15 (66 mg, 13.65% vyield, 26% purity) as a yellow goli

Preparation Example 49-8: 1-(5-bromo-2-fluoropyridin-3-yl)-N-[(1R)-1-[3-(1,1-
difluoro-2-hydroxy-ethyl)2-fluoro-phenyl]ethyl]-6-0 xo-pyridazine-3-carboxamide (D-16)

£

4-30

%@Qﬁ?

EDCI, HOBt, DIEA,
DMF, 25°C, 16 h \ F
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Intermediates A-1 and 4-30 were used in the sanmeras in Preparation Example
49 to givelntermediate D-16 (10 mg, 21.30% yield, 90.84% purity) as colorle#s'H NMR
(400 MHz, MeOD) 8.48 (t,J = 2.8 Hz, 2H), 8.01 (d] = 10.0 Hz, 1H), 7.55 (br §,= 7.2 Hz,
1H), 7.48 (br tJ = 6.8 Hz, 1H), 7.23 (1) = 7.6 Hz, 1H), 7.18 (d] = 10.0 Hz, 1H), 5.48 (q]
= 7.2 Hz, 1H), 4.00 (t)J = 13.6 Hz, 2H), 1.55 (d] = 7.2 Hz, 3H); MS (ESI) m/z = 516.8
[M+H+1]".

Preparation Example 49-9: N-{(R)-1-[3-(1,1-difluore2-hydroxyethyl)-2-
fluorophenyl]ethyl}-5-bromo-1-[5-(1-methyl-1H-1,2,3triazol-5-yl)-2-fluoropyridin-3-
yI]-6-oxo-1,6-dihydropyridazine-3-carboxamide (D-17

N=N N=N
N 7 Jﬁ? N P
EDCI, HOBt, DIEA,
DMF, 25 °C, 16 h \ F

Br
482 D-17
Intermediates A-1 and 4-82 were used in the sammeras in Preparation Example
49 to givelntermediate D-17 (45 mg, 55.80% yield, 93.46% purity) as a yellaalics MS
(ESI) m/z =596.1 [M+HJ.
Preparation Example 50: 1-[6-(3-methyltriazol-4-ylpyridazin-4-yl]-6-oxo-
pyridazine-3-carboxylic acid (4-22)

Cl Br

o /KEN POBr; o /KEN
B —
NN 80°C,05h P NN
N0 N0
3416
N:N N:N
NN T-3 Nz N7
N )
Vl\SnBU3 - LiOH
0O = \'\\l _— OH = \’\\l
Pd(PPh3),Cl,, toluene No AN THF/H,0 N. AN
100 °C, 12 h 0"y N 20°C,1h " 7 N
N0 N0
3-35 4-22

Step 1: Synthesis of methyl 1-(6-bromopyridazinb4éroxo-pyridazine-3-
carboxylate

A solution of methyl 1-(6-chloropyridazin-4-yl)-6xo-pyridazine-3-carboxylic acid
(250 mg, 937.5amol) in phosphoryl bromide (709.22., 6.98 mmol) was stirred at 8Q for
0.5 h. After the addition of water (10 mL) slowlhe reaction mixture was extracted with
EtOAc (20 mL X 3). The combined organic layers weeshed with brine (10 mL x 2), dried
over NaSQy, and then concentrated under reduced pressureivio rgethyl 1-[6-(3-
methyltriazol-4-yl)pyridazin-4-yl]-6-oxo-pyridazir@-carboxylate (145 mg, 42.75% vyield, 86%

129



purity) as black oil. MS (ESI) m/z = 311.0 [M+H]

Step 2: Synthesis of methyl 1-[6-(3-methyltriazeyd¥pyridazin-4-yl]-6-oxo-
pyridazine-3-carboxylate

A solution of methyl 1-(6-bromopyridazin-4-yl)-6-0xpyridazine-3-carboxylate (145
mg, 466.10umol), tributyl-3-methyltriazol-4-yl)stannane (346.9mg, 932.20umol) and
Pd(PPB)Cl, (65.43 mg, 93.22imol) in toluene (4 mL) was degassed and substitwi#d
nitrogen for 3 times, and then stirred at 200or 12 h under nitrogen atmosphere. The reaction
mixture was filtered, and then the filtrate was camtrated under reduced pressure to give
methyl 1-[6-(3-methyltriazol-4-yl)pyridazin-4-yl]-6xo-pyridazine-3-carboxylate (146 mg,
crude product) as black oil. MS (ESI) m/z = 314vk-H] *

Step 3: Synthesis of 1-[6-(3-methyltriazol-4-yl)mazin-4-yl]-6-oxo-pyridazine-3-
carboxylic acid

LiOH-H20 (19.56 mg, 466.0omol) and HO (1 mL) were added to a solution of
methyl 1-[6-(3-methyltriazol-4-yl)pyridazin-4-yl]-6xo-pyridazine-3-carboxylate (146 mg,
466.0umol) in THF (2 mL), and then the mixture was stiria 20°C for 1 h. The reaction
mixture was adjusted to pH = 3-4 with aq. 1 N H&lid extracted with EtOAc (20 mL x 3).
The combined organic layers were washed witd KRO mL) and brine (10 mL x 3), dried
over anhydrous N&Qs, and then concentrated under reduced pressutiggdngermediate
4-22(130 mg, 57.79% vyield, 62% purity) as black oilSNESI) m/z = 300.1 [M+H].

Preparation Example 51: 1-[5-[3-(2-benzyloxyethylyiazol-4-yl]-3-pyridyl]-6-
oxo-pyridazine-3-carboxylic acid (4-42)

N:N
N/ T-16
j \gnBU3

Br N:N
\O b BnO ) N\L NaOH
O%\EN;N&\ N . ~o Z ~oBn ————>  OH
T e T A LT e Lo
NS0 )

21 4-42
Intermediates 2-1 and T-16 were used in the sanmenas in Preparation Example
30 to givelntermediate 4-42 (70 mg, 34.36% yield, 38% purity) as a brown saits (ESI)
m/z = 419.2 [M+H].
Preparation Example 52: methyl 5-isopropenyl-1-[5-§-methyltriazol-4-yl)-3-
pyridyl]-6-oxo-pyridazine-3-carboxylate (4-72)

_ N=N N=N N=N

N=N i i
N Mo N~ N N7
B Tris(2,2,6,6-tetramethyl-3,5-
~0 = ‘ O \O = ‘ heptanedionato)manganese(lll) o) = ‘ NaOH OH = ‘
Ne AN — > N AN
Ny N NN phenyisilane, 0, DCM, i-PrOH, 07 7 N 07 7 N

(o] Pd(dppf)Cl,, NaCO3, (@) THF, H,0, 25 °C, 2 h

. : 0-25°C, 2h
S Ao dioxane, H;0,80°C,8h I\ A NS0 Y o

Br OH OH

N=N
N\
7

\

N\L
OBn

N

3-8 4-72
Step 1: Synthesis of methyl 5-isopropenyl-1-[5-(8thyltriazol-4-yl)-3-pyridyl]-6-
oxo-pyridazine-3-carboxylate
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Pd(dppf)Ct (18.71 mg, 25.56:mol), NaCOs (54.19 mg, 511.24mol) and 2-
isopropenyl-4,4,5,5-tetramethyl-1,3,2-dioxaborol1#8.87 mg, 766.9imol) were added to
a solution of 5-bromo-1-[5-(3-methyltriazol-4-yl}8/ridyl]-6-oxo-pyridazine-3-carboxylate
(200 mg, 255.64umol) in dioxane (5 mL) and water (0.5 mL). The mpe was stirred at 8@
for 3 h under nitrogen atmosphere. The reactiortureéxwas filtered, and then the filtrate was
concentrated under reduced pressure to give a gmadieict. The crude product was purified
by silica gel column chromatography (1% MeOH in Dbl give methyl 5-isopropenyl-1-[5-
(3-methyltriazol-4-yl)-3-pyridyl]-6-oxo-pyridazin8-carboxylate (90 mg, 71.40% yield, 71.46%
purity) as a yellow solid. MS (ESI) m/z = 353.0 [M}+.

Step 2. Synthesis of methyl 5-(1-hydroxy-1-methyiyd-1-[5-(3-methyltriazol-4-
yI)-3-pyridyl]-6-oxo-pyridazine-3-carboxylate

Phenylsilane (55.28 mg, 510.8@mol, 63.04 uL) and tris[(Z)-1-tert-butyl-4,4-
dimethyl-3-oxo-pent-1-enoxy]lmanganese (15.45 mgh£2pmol) were added to a solution of
methyl-5-isopropenyl-1-[5-(3-methyltriazol-4-yl){3yridyl]-6-oxo-pyridazine-3-carboxylate
(90 mg, 255.43imol) in DCM (1 mL) and-PrOH (4 mL). The mixture was stirred at@© for
5 h under oxygen atmosphere. The reaction mixtuae fitered, and then the filtrate was
concentrated under reduced pressure to give a pmadieict. The crude product was purified
by silica gel column chromatography (1% MeOH in DCid give methyl 5-(1-hydroxy-1-
methyl-ethyl)-1-[5-(3-methyltriazol-4-yl)-3-pyridj#6-oxo-pyridazine-3-carboxylate (60 mg,
55.26% yield, 87.14% purity) as a yellow solid. NESI) m/z = 370.9 [M+HT.

Step 3: Synthesis of methyl 5-isopropenyl-1-[5-(8thyltriazol-4-yl)-3-pyridyl]-6-
0x0-pyridazine-3-carboxylate

The intermediate, methyl 5-(1-hydroxy-1-methyl-djHl-[5-(3-methyltriazol-4-yl)-
3-pyridyl]-6-oxo-pyridazine-3-carboxylate was usedthe same manner as in Step 4 of
Preparation Example 28 to gilritermediate 4-72(50 mg, 81.01% yield, 93.528% purity) as
a yellow solid. MS (ESI) m/z = 356.9 [M+H]

Preparation Example 53: 3-bromo-2-fluoro-5-(4,4,5,5etramethyl-1,3,2-
dioxaborolan-2-yl)pyridine (P-7)

Br Br Br
NaNOZ, polyethylene F Pd(PPhg)zClz, K2C03, 82P|N2 F
AN NH; | X | N
l _N HF/pyridine, 0°C, 30min ~ 45°C, 1h I =N ~B =N

| 1,4-dioxane, 100°C, O/N 0o
|
e}
B-6 B-7 P-7

Step 1: Synthesis of 3-bromo-2-fluoro-5-iodopyralin

Sodium nitrite (402 mg, 5.82 mmol) was added drgevwto 3-bromo-5-iodopyridine-
2-amine (1.5 g, 5.02 mmol) in HF/pyridine mixtug4d (mL) at C°C in a polyethylene reaction
vessel. The reaction mixture was stirred & @or 0.5 h, and then it was warmed to°45and
stirred for 1 h. After the addition of ice, the cdan mixture was adjusted to pH = 5 with aq.
NaHCGQ;, and then extracted with ether. The combined ocdayers were washed with water,
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dried over NaSQu, and then concentrated under reduced pressureg@grude product. The
crude product was purified by silica gel columnarhatography to give 3-bromo-2-fluoro-5-
iodopyridine (1.32 g, 87%) as a white solid.NMR (400 MHz, CDCJ) § 8.34-8.33 (m, 1H),
8.25 (ddJ = 8.0, 2.0 Hz, 1H).

Step 2: Synthesis of 3-bromo-2-fluoro-5-(4,4,5 Baeethyl-1,3,2-dioxaborolan-2-
yl)pyridine

Bis(pinacolato)diboron (1.22 g, 4.82 mmol) andCiKs (1.21 g, 8.76 mmol) were
added to a solution of 3-bromo-2-fluoro-5-iodopymil (1.32 g, 4.38 mmol) in dioxane (10
mL), and then the mixture was substituted with ogagn for 3 times.
Bis(triphenylphosphine)palladium(ll) dichloride @%ng, 0.219 mmol) was added and stirred
at 100°C for 18 h under nitrogen atmosphere. The reactioture was diluted with EtOAc,
and then the combined organic layers were washidagi NHCI, water and brine, dried over
NaSQu, and then concentrated under reduced pressurevd¢oagcrude product. The crude
product was purified by silica gel column chromaggqny to giveintermediate P-7 (1.04 g,
79%) as a white solidH NMR (400 MHz, CDCY) & 8.47 (s, 1H), 8.32 (d] = 9.2 Hz, 1H),
1.35 (s, 12H). MS (ESI) m/z = 302.0, 304.0 [M+¥H]

Preparation Example 53-1: 3-bromo-2-methoxy-5-(4,8,5-tetramethyl-1,3,2-
dioxaborolan-2-yl)pyridine (P-8)

Br

Br Br _ xOMe
NaOMe Pd(PPh3),Cly, K,CO3, Bopin, \
X F AN OMe O\B _N
| | _N MeOH, 40°C, 3.5h | | _N 1,4-dioxane, 100°C, O/N o
B-7 P-8

Step 1: Synthesis of 3-bromo-5-iodo-2-methoxypyedi

NaOMe (43 mg) was added to a solution of 3-bronftu@ro-5-iodopyridine (200 mg,
0.663 mmol) in methanol (2.2 mL) in portions. Thére mixture was stirred at room
temperature for 3.5 h. The reaction mixture wasceatrated under reduced pressure. The
crude product was diluted with water and extraetéd EtOAc. The combined organic layers
were washed with brine, dried over anhydrous3@, and then concentrated under reduced
pressure to give 3-bromo-5-iodo-2-methoxypyridi2@Q mg, 96%) as a gray solitH NMR
(400 MHz, CDC%) 6 8.26 (d,J = 2.0 Hz, 1H), 8.05 (d] = 2.0 Hz, 1H), 3.98 (s, 3H).

Step 2: Synthesis of 3-bromo-2-methoxy-5-(4,4,8tfamethyl-1,3,2-dioxaborolan-
2-yl)pyridine

Bis(pinacolato)diboron (178 mg, 0.701 mmol) andagstum carbonate (176 mg, 1.27
mmol) were added to a solution of 3-bromo-5-iodmthoxypyridine (200 mg, 0.637 mmol)
in dioxane (2 mL). The mixture was degassed angguiwith nitrogen. The mixture was added
with bis(triphenylphosphine)palladium(ll)dichlorig22 mg, 0.0319 mmol), and stirred at 200
for 16.5 h under nitrogen atmosphere. The mixtuas @ooled to room temperature and diluted
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with EtOAc. The mixture was washed with sat. ag48Kwater and brine. The organic layers
were dried over anhydrous P80y, and then concentrated under reduced pressuveaslt
purified by silica column chromatography to givéermediate P-8 (90 mg, 45%) as a white
solid.™H NMR (400 MHz, CDCY) & 8.44 (d,J = 1.6 Hz, 1H), 8.15 (dl = 1.6 Hz, 1H), 4.04 (s,
3H), 1.33 (s, 12H); MS (ESI) m/z = 314.0 [M+H]

Preparation Example 53-2:N,N-dimethyl-[3-bromo-5-(4,4,5,5-tetramethyl-1,3,2-
dioxaborolan-2-yl)-2-pyridylJamine (P-9)

Br Br N
dimethylamine in THF | Pd(PPhg),Cl,, KoCOs, Bopin, N
‘ ‘ O\B N
>N 50°C, 2h -~ N 1,4-dioxane, 100°C, O/N iy
B-7 P-9

Step 1: Synthesis &f,N-dimethyl(3-bromo-5-iodo-2-pyridyl)amine

3-bromo-2-fluoro-5-iodopyridine (100 mg, 0.331 minulas added to a solution of
dimethylamine (2M in THF, 0.83 mL), and the mixtw@s stirred at 50C for 2 h under
nitrogen atmosphere. The resultant was cooleddmrtemperature, and then extracted with
EtOAc and water. The organic layers were washeld wéter and brine, dried over anhydrous
NaSQ4, and then concentrated under reduced pressunetbl iN-dimethyl-(3-bromo-5-iodo-
2-pyridyl)amine (108 mg, 100%) as a yellow solidwhs used in the next reaction without
further purification.!H NMR (400 MHz, CDCJ) § 8.30 (d,J = 2.0 Hz, 1H), 7.98 (d] = 2.0
Hz, 1H), 2.98 (s, 6H); MS (ESI) m/z =326.7 [M+1B28.7 [M+3H]T.

Step 2: Synthesis of N,N-dimethyl-[3-bromo-5-(4,4,5,5-tetramethyl-1,3,2-
dioxaborolan-2-yl)-2-pyridyllamine

The intermediate, N,N-dimethyl-(3-bromo-5-iodo-2rplyl)amine (108 mg, 0.330
mmol) was used in the same manner as in Step 2regaRation Example 53 to give
Intermediate P-9 (57 mg, 53%) as a brown solid. MS (ESI) m/z = B2[M+H]*, 329.0
[M+3H]".

Preparation Example 54: (R)-1-(5-bromo-6-fluoropyrdin-3-yl)-N-(1-(2-fluoro-3-
trifluoromethyl)phenyl)ethyl)-6-oxo-1,6-dihydropyri dazine-3-carboxamide (D-3)

CF CF,
® Br

F F cuon idine " Br
EDCI HOAt, DIPEA u( C)o, pyridine . .
MNonp ©NH B
DMF, RT, O/N ACN, 90°C, O/N N. _N

/ “NH O ~ N
N

D-3 o

Step 1: SvntheS|s of (R)-N-(l-(2-f|uoro-3-tr|flucme:thvl)phenvl)ethvl)-6-oxo-1,6-
dihydropyridazine-3-carboxamide

EDCI (205 mg, 1.07 mmol), HOAt (146 mg, 1.07 mmahd DIEA (0.37 mL, 2.14
mmol) were added to a solution of 6-oxo-1,6-dihyymedazine-3-carboxylic acid (100 mg,
0.714 mmol) and Intermediate A-3 (174 mg, 0.714 mtd€l) in DMF (3 mL). The mixture
was degassed and purged with fiir 3 times, and then stirred at 26 for 18 h under N
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atmosphere. The reaction mixture was poured inttewand extracted with EtOAc. The
combined organic layers were washed with brinesftimes, dried over anhydrous 18,
and then concentrated under reduced pressuregagivude product. The crude product was
purified by silica gel column chromatography toeg& main product, (R)-N-(1-(2-fluoro-3-
trifluoromethyl)phenyl)ethyl)-6-oxo-1,6-dihydropgazine-3-carboxamide (164 mg, 70%
yield) as a white solidH NMR (400 MHz, CDCJ) § 12.39 (br, 1H), 8.04 (d,= 10.0 Hz, 1H),
7.56-7.52 (m, 3H), 7.23 3,= 7.6 Hz, 1H), 7.06 (d} = 10.0 Hz, 1H), 5.44 (quind,= 7.3, 14.7
Hz, 1H), 1.63 (dJ = 7.2 Hz, 3H); MS (ESI) m/z = 330.1 [M+H]

Step 2: Synthesis of (R)-1-(5-bromo-6-fluoropyridisyl)-N-(1-(2-fluoro-3-
trifluoromethyl)phenyl)ethyl)-6-ox0-1,6-dihydropgazine-3-carboxamide

To a solution of (R)-N-(1-(2-fluoro-3-trifluoromegjphenyl)ethyl)-6-oxo-1,6-
dihydropyridazine-3-carboxamide (164 mg, 0.498 nmmolMeCN (8 mL) was added 3-
bromo-2-fluoro-5-(4,4,5,5-tetramethyl-I-1,3,2-didoaron-2-yl)pyridine (301 mg, 0.996
mmol), Cu(OAc} (91 mg, 0.498 mmol) and pyridine (0.16 mL, 1.99 elynand the mixture
was stirred at 90C for 19 h. After the addition of water, the reantimixture was extracted
with EtOAc. The combined organic layers were washield copper sulfate(ll) pentahydrate,
dried over NaSQu, and then concentrated under reduced pressureg@grude product. The
crude product was purified by silica gel columnarhatography to givéntermediate D-3
(219 mg, 87% vyield, 99.3% purity) as a white soltd.NMR (400 MHz, CDCY) § 8.46-8.45
(m, 1H), 8.37 (ddJ = 7.4, 2.6 Hz, 1H), 8.04 (d,= 9.6 Hz, 1H), 7.55 (1} = 7.4 Hz, 2H), 7.36
(d,J=8.0 Hz, 1H), 7.24-7.22 (m, 1H), 7.13 @& 9.6 Hz, 1H), 5.43 (quind = 7.3, 14.7 Hz,
1H), 1.64 (dJ = 7.2 Hz, 3H); MS (ESI) m/z = 503.0 [M+H]505.0 [M+3HJ.

Preparation Example 54-1: (R)-1-(5-bromo-6-fluoropyidin-3-yl)- N-(1-(3-
difluoromethyl)-2-fluorophenyl)ethyl)-6-oxo-1,6-dihydropyridazine-3-carboxamide (D-4)

F F

F
OH F F Br F
O)\EN)E F EDCI, HOAt, DIPEA F * ‘ ~F Cu(OAc),, pyridine F Br
+ —_— . _N F
) “SNH, DMF, RT, ON ° ) A

O A
NH A%‘E ACN, 90°C, ON NH W T
NN AN
"o o
A2 W1 p7 D4

Commercially available 6-oxo-1,6-dihydropyridazidesarboxylic acid and
Intermediate A-2 were used in the same manner aBr@paration Example 54 to give
Intermediate D-4 (87 mg, 37% 2Step yield) as a white solid.NMR (400 MHz, CDCY) §
8.46-8.45 (m, 1H), 8.37 (dd,= 7.6, 2.4 Hz, 1H), 8.05 (d,= 10.0 Hz, 1H), 7.54 (f] = 7.2 Hz,
1H), 7.46 (tJ = 7.2 Hz, 1H), 7.26-7.22 (m, 1H), 7.13 (ds 9.6 Hz, 1H), 6.90 (1] = 55.0 Hz,
1H), 5.43 (quint) = 7.4, 15.1 Hz, 1H), 1.63 (d= 7.2 Hz, 3H); MS (ESI) m/z = 484.9 [M+H]
487.0 [M+3HT.

Preparation Example 54-2:N-{(R)-1-[2-fluoro-3-(trifluoromethyl)phenyl]ethyl}-
5-bromo-1-[5-(1-methyl-1H-1,2,3-triazol-5-yl)-3-pyidyl]-6-oxo-1,6-dihydropyridazine-
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3-carboxamide (D-5)

~

(o OH j? HO”\C? ] Fj? N
o N-wn LiOH.H,0 o N-\H EDCI HOAt, DIPEA Cu(OAC),, pyridine WUSNH ‘ x
%\&(&o TTHE 0,120 2\&(&0 " DOM.RT, 230 )\E(E m AN e
Br Br N"No o}
. L =
Step 1: Synthesis of 5-bromo-6-o0xo0-1,6-dihydro-8igazinecarboxylic acid
LiOH-H20 (94 mg, 2.23 mmol) was added to a solution ohyléi-bromo-6-oxo-1,6-
dihydro-3-pyridazinecarboxylat€(6, 260 mg, 1.12 mmol) in THF (11.2 mL) and® (5.6
mL), and the mixture was stirred atZ5for 1.2 h. The reaction mixture was poured intbera
and the aqueous layer was adjusted to pH = 4 WthiCl, and then extracted with EtOAc for
3 times. The combined organic layers were washé#d bwine, dried over anhydrous 0y,
and then concentrated under reduced pressure te Hiromo-6-oxo-1,6-dihydro-3-
pyridazinecarboxylic acid (215 mg, 88%) as a yelknlid. MS (ESI) m/z = 218.9 [M+H]
220.9 [M+3HT.
Step 2: Synthesis M-{(R)-1-[2-fluoro-3-(trifluoromethyl)phenyl]ethyl}5-bromo-6-
0x0-1,6-dihydropyridazine-3-carboxamide
Intermediate A-3 was used in the same mannerageml of Preparation Example 54
to give Intermediate W-3 (120 mg, 30%) as a yellow solid. MS (ESI) m/z 840[M+H]",
409.9 [M+3HT.
Step  3:  N-{(R)-1-[2-fluoro-3-(trifluoromethyl)phenyllethyl}5-bromo-1-[5-(1-
methyl-1H-1,2,3-triazol-5-yl)-3-pyridyl]-6-oxo-1,8thydropyridazine-3-carboxamide
Intermediates W-3 and P-11 were used in the same@enas in Step 2 of Preparation
Example 54 to givéntermediate D-5 (101 mg, 61%) as a light pink solitH NMR (400 MHz,
CDCl) 5 8.96 (s, 1H), 8.81 (s, 1H), 8.48 (s, 1H), 8.2Q &,2.2 Hz, 1H), 7.89 (s, 1H), 7.57-
7.53 (m, 2H), 7.39 (d] = 8.0 Hz, 1H), 7.24-7.22 (m, 1H), 5.43 (quins 7.4, 14.9 Hz, 1H),
4.19 (s, 3H), 1.66 (dl = 6.4 Hz, 3H); MS (ESI) m/z = 566.2 [M+H]569.2 [M+3H].
Preparation Example 54-3:N-{(R)-1-[3-(difluoromethyl)-2-fluorophenyl]ethyl}-
5-bromo-1-[5-(1-methyl-1H-1,2,3-triazol-5-yl)-3-pyidyl]-6-oxo-1,6-dihydropyridazine-
3-carboxamide (D-7)

E
P41 N . NN
HO\B N l\i
T F — S
o OH Ho .
i Cu(OAc),, pyridine T UNH A
o~ H LiOH.H,0 o> AN n EDCI HOAt, DIPEA (OAC)2, py y 3
e ————— _— .
NNg  THF, H,0, 1.2h NNy DCM.RT 23n NN ACN, 90°C, 15.5h oo

Br Br X 0

Br Br
C-6 W-5 D-7
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Intermediate C-6 was used in the same mannerRgparation Example 54-2 to give
Intermediate D-7 (80 mg, 36%) as a brown solid. MS (ESI) m/z = 84pJ+H]*, 550.1
[M+3H]".

Preparation Example 54-4: (R)-N-(1-(3-(2-((tert-buyldimethylsilyl)oxy)-1,1-
difluoroethyl)-2-fluorophenyl)ethyl)-6-oxo-1,6-dihydroxypyridazine-3-carboxamide (W)

F
\/lji? TBDMSO F
OH A1 E
OM EDC HOAt, DIPEA TBDMSCI, imidazole o
_— - A
NS0

NH

D'V'F RT, 2h N NH ACN, 25°C, O/N o;\@-l
\ X o)

W

Step 1 Synthesis of N-[(1R)-1-[3-(1,1-difluoro-Remoxyethyl)-2-
fluorophenyl]ethyl]-6-0x0-1,6-dihydropyridazine-2doxamide

Commercially available 6-oxo-1,6-dihydropyridazidesarboxylic acid and
Intermediate A-1 were used in the same manner @&em 1 of Preparation Example 54 to give
the intermediate, N-[(1R)-1-[3-(1,1-difluoro-2-hymhyethyl)-2-fluorophenyl]ethyl]-6-oxo-
1,6-dihydropyridazine-3-carboxamide (281 mg, 58%Id)i as a white solidtH NMR (400
MHz, DMSO-&) 6 13.44 (br, 1H), 8.98 (dl = 8.4 Hz, 1H), 7.77 (d] = 10.0 Hz,1H), 7.65 (t,
J=7.0Hz, 1H), 7.43 (11 = 6.8 Hz, 1H), 7.28 (1} = 7.8 Hz, 1H), 6.95 (d] = 9.6 Hz, 1H), 5.72
(t, J=6.4 Hz, 1H), 5.38 (quig, = 7.1, 14.5 Hz, 1H), 3.91 (td,= 14.4, 6.4 Hz, 2H), 1.48 (d,
=7.2 Hz, 3); MS (ESI) m/z = 342.01 [M+H]

Step 2: Synthesis of (R)-N-(1-(3-(2-((tert-butyldithylsilyl)oxy)-1,1-difluoroethyl)-
2-fluorophenyl)ethyl)-6-0x0-1,6-dihydroxypyridazi3ecarboxamide

TBDMSCI (149 mg, 0.988 mmol) and imidazole (84 rmg@4 mmol) were added to a
solution of N-[(1R)-1-[3-(1,1-difluoro-2-hydroxyeyt)-2-fluorophenyljethyl]-6-oxo-1,6-
dihydropyridazine-3-carboxamide (281 mg, 0.823 mmiol MeCN (9 mL) at room
temperature, and the mixture was stirred for 14le mixture was diluted with EtOAc,
guenched with 10% aq. NaHGCQand then extracted. The organic layers were doiest
anhydrous Ng5Qy, filtered, and then concentrated under reducesispre. The crude product
was purified by silica column chromatography toegintermediate W (300 mg, 80% yield)
as a yellow-white soliddH NMR (400 MHz, DMSO-d6p 13.41 (br, 1H), 8.94 (d, = 8.0 Hz,
1H), 7.76 (dJ = 9.6 Hz, 1H), 7.66 (1 = 7.0 Hz, 1H), 7.42 (= 6.8 Hz, 1H), 6.93 (d] = 9.6
Hz, 1H), 5.37 (quind = 7.2, 16.9 Hz, 1H), 4.12 @,= 13.4 Hz, 2H), 1.47 (dl = 7.2 Hz, 3H),
0.73 (s, 9H), -0.05 (dl = 2.8 Hz, 6H); MS (ESI) m/z = 456.07 [M+H]

Preparation Example 54-5: (R)-5-(cyclohex-1-en-1-yl)-N-(1-(2-fluoro-3-
(trifluoromethyl)phenyl)ethyl)-6-oxo-1,6-dihydropyr idine-3-carboxamide(W-2)
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Step 1: Synthesis of (R)-5-bromo-N-(1-(2-fluorotB#uoromethyl)phenyl)ethyl)-6-
0x0-1,6-dihydropyridine-3-carboxamide

Commercially available 5-bromo-6-oxo-1,6-dihydrastioic acid and Intermediate
A-3 were used in the same manner as in Step 1 epaPation Example 54 to give the
intermediate, (R)-5-bromo-N-(1-(2-fluoro-3-(trifltmmethyl)phenyl)ethyl)-6-oxo-1,6-
dihydropyridine-3-carboxamide (250 mg, 75 % yiedd)a yellow-white solidH NMR (400
MHz, DMSO-de) & 8.79 (d,J = 7.2 Hz, 1H), 8.38 (d] = 2.4 Hz, 1H), 8.12 (d] = 2.4 Hz, 1H),
7.76 (t,J = 6.8 Hz, 1H), 7.66 (1) = 7.2 Hz, 1H), 7.39 (§ = 7.8 Hz, 1H), 5.33 (quin} = 7.0
Hz, 1H), 1.46 (dJ = 6.8 Hz, 3H); MS (ESI) m/z = 407.01 [M+H}4.8.99 [M+3H]T.

Step 2: Synthesis of (R)-5-(cyclohex-1-en-1-yl)-N-(1-(2-fluoro-3-
(trifluoromethyl)phenyl)ethyl)-6-ox0-1,6-dihydrogdine-3-carboxamide

K2CQO;z (64.1 mg, 0.463 mmol), Pd(OAc)5.3 mg, 0.0232 mmol) and P£{13 mg,
0.00463 mmol) were added to a solution of (R)-5aweN-(1-(2-fluoro-3-
(trifluoromethyl)phenyl)ethyl)-6-oxo-1,6-dihydropgine-3-carboxamide and (1-cyclohexen-
1-yl)boronic acid (88 mg, 0.695 mmol) in dioxane2(InL) and HO (0.23 mL), and the
mixture was stirred at 11@ for 1 h using microwave. The reaction mixture \wasred into
water and extracted with EtOAc. The combined orgdayers were dried over anhydrous
NaSQu, and then concentrated under reduced pressurevdoagcrude product. The crude
product was filtered by silica column chromatograDCM: MeOH = 20: 1 to 10: 1) to give
Intermediate W-2 (64 mg, 49% vyield) as an ivory solid. MS (ESI) m/567.32 [M+H]J.

Preparation Example 54-6:N-{(R)-1-[2-fluoro-3-(trifluoromethyl)phenyl]ethyl}-
5-bromo-1-[5-(1-methyl-1H-1,2,3-triazol-5-yl)-3-pyidyl]-6-oxo-1,6-dihydropyridazine-
3-carboxamide(D-6)
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Step 1: Synthesis of methyl 5-(hydroxymethyl)-6-ad-pyridazine-3-carboxylate

A solution of methyl 5-bromo-6-oxoH:pyridazine-3-carboxylate (10 g, 42.91 mmol),
tributylstanylmethanol (27.56 g, 85.83 mmol), [2g@inophenyl)phenyl]-chloro-
palladium;dicyclohexyl-[3-(2,4,6-triisopropylphenghenyl]phosphan (3.38 g, 4.29 mmol) in
dioxane (150 mL) was substituted with nitrogen3dimes, and then stirred at 80 for 16 h
under nitrogen atmosphere. The reaction mixture s@asentrated under reduced pressure to
give a crude product. The crude product was puarthesilica gel column chromatography (2%
MeOH in DCM) to give methyl 5-(hydroxymethyl)-6-0xid1-pyridazine-3-carboxylate (3.4 g,
40.44% yield, 94% purity) as a brown solid. MS (E8Iz = 184.9 [M+H].

Step 2: Synthesis of methyl 1-(5-bromo-3-pyridyjHydroxymethyl)-6-oxo-
pyridazine-3-carboxylate

A solution of methyl 5-(hydroxymethyl)-6-oxd-tpyridazine-3-carboxylate (1.2 g,
6.52 mmol), 3-bromo-5-(4,4,5,5-tetramethyl-1,3,@d@iborolan-2-yl)pyridine (2.22 g, 7.82
mmol), Cu(OAc) (1.18 g, 6.52 mmol) and pyridine (1.58 mL, 19.5%mah) in DCM (30 mL)
was stirred at 25C for 16 h under oxygen atmosphere. The reactionurexwvas filtered, and
then the filtrate was concentrated under reducedspire to give a crude product. The crude
product was purified by silica gel chromatograp®%(MeOH in DCM) to give methyl 1-(5-
bromo-3-pyridyl)-5-(hydroxymethyl)-6-oxo-pyridazifgecarboxylate (220 mg, 8.39% vyield,
84.5% purity) as a white solid. MS (ESI) m/z = 3{IM+H]".

Step 3: Synthesis of 1-(5-bromo-3-pyridyl)-5-(hyxiymethyl)-6-oxo-pyridazine-3-
carboxylic acid

NaOH (38.81 mg, 970.2gmol) was added to a solution of methyl 1-(5-bromo-3
pyridyl)-5-(hydroxymethyl)-6-oxo-pyridazine-3-carkbgdate (220 mg, 646.81mol) in THF (4
mL) and BO (0.5 mL). The reaction mixture was stirred at°@0for 1 h. The mixture was
adjusted to pH = 6-7 with ag. 1N HCI| and conceettatinder reduced pressure to give
Intermediate 4-46 (200 mg, 65.90% yield, 69.5% purity) as a yellaics MS (ESI) m/z =
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327.9 [M+HT".

Step 4: Synthesis of 1-(5-bromo-3-pyridyl)-5-(hyxiymethyl)-6-oxo-N-[rac-(1R)-1-
[2-fluoro-3-(trifluoromethyl)phenyllethyl]pyridaze3-carboxamide

Intermediates 4-46 and A-3 were used in the sanmeras in Preparation Example
36 to givelntermediate D-6 (200 mg, 349.2@mol, 56.95% yield, 89.98% purity) as a yellow
solid. MS (ESI) m/z = 516.9 [M+H]

Preparation Example 54-7:N-{(R)-1-[3-(trifluoromethyl)-2-fluorophenyl]ethyl}-
5-bromo-1-[5-(1-cyclopropyltriazol-5-yl)-3-pyridyl] -6-oxo-1,6-dihydropyridazine-3-
carboxamide (D-18)

N=N
N~

Vv F
)j? P'ZHZO\ () F N=N
OH W F VN g
N _ LiOHHO /N NH _EDGI, HOAL DIPEA Cu(OAc),, pyridine T UNH W \N
o THF HO.12h " DOMRT, 230 )\@ ACN, 90°C, 15.5h O}\;)L F/
S Ng NS0
Br Br
C-6 W-3 D-18
Intermediates C-6 and P-22 were used in the sameenas in Preparation Example
54-2 to giveintermediate D-18 (80 mg, 36%) as a brown solid. MS (ESI) m/z = 3§M+H]",
586.3 [M+3HT.
Preparation Example 54-8:N-{(R)-1-[3-(trifluoromethyl)-2-fluorophenyl]ethyl}-
5-bromo-1-[5-(1-methyl-1H-1,2,3-triazol-5-yl)-3-pyidyl]-6-0xo-1,6-dihydropyridazine-
3-carboxamide (D-19)

N-N

DyC N F ]
P21 N . N=N
HO‘B ~-N c Nf P
T DsC~
HO F 3
OH F ;
N | LOHHO /N NH  EDCL HOAL DIPEA Cu(OAc),, pyridine N [
_ N. N
o THF, HZO 1.2h DCM RT, 2.3h Nonw ACN, 90°C, 15.5h o
S X F
o o}
Br Br
c6 W-3 D-19

Intermediates C-6 and P-21 were used in the samaanas in Preparation Example
54-2 to giventermediate D-19 (80 mg, 36%) as a brown solid. MS (ESI) m/z = 8§¥+H]",
586.3 [M+3HT.

[Examples]

Example 1: N-[(1R)-1-[3-(1,1-difluoro-2-hydroxy-ettyl)-2-fluoro-phenyl]ethyl]-
1-[5-(3-methyltriazol-4-yl)-3-pyridyl]-6-oxo-pyrida zine-3-carboxamide
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Example 1

To a solution of Intermediate 4-1 (725 mg, 2.43 mraad Intermediate A-1 (497.17
mg, 1.94 mmol, HCI salt) in DMF (8 mL), HOBt (492.6ng, 3.65 mmol), DIEA (942.49 mg,
7.29 mmol, 1.27 mL) and EDCI (698.98 mg, 3.65 mmebre added. The mixture was
degassed and purged with fdr 3 times, and then stirred at Z5for 16 h under Natmosphere.
The reaction mixture was poured into water (10 mhg extracted with EtOAc (30 mLx3).
The combined organic layers were washed with ldifenLx3), dried over anhydrous p&0,

and concentrated under reduced pressure to giveide roduct. The crude product was
purified by silica gel column chromatography (2% ®4¢ in DCM) to givea compound of
Example 1(1074.1 mg, 89.30% yield) as a white sottd. NMR (400 MHz, DMSO-d) 6 9.13
(d,J=2.4 Hz, 1H), 9.08 (dl = 8.0 Hz, 1H), 8.93 (d] = 2.0 Hz, 1H), 8.52 (] = 2.0 Hz, 1H),
8.14 (s, 1H), 7.93 (dl = 9.6 Hz, 1H), 7.65 (1] = 7.2 Hz, 1H), 7.47 - 7.41 (m, 1H), 7.31 - 7.26
(m, 1H), 7.23 (d, J = 9.6 Hz, 1H), 5.72JtF 6.4 Hz, 1H), 5.42 (quinfl = 7.2 Hz, 1H), 4.17
(s,3H), 3.91 (dt)=6.4, 14.4 Hz, 2H), 1.49 (d= 7.2 Hz, 3H); MS (ESI) m/z = 500.1 [M+H]

Examples 1-1 to 1-72

The compounds in Table 1 below were prepared irsdinee manner as in Example 1
through one-step amide coupling using the corredipgnintermediates described in the
Preparation Examples.

[Table 1]

No. | Chemical Name/Structure Spectra (LCMSINMR)

1-1 | N-[(1R)-1-[3-(difluoromethyl)-2-fluoro- | LCMS: tr = 0.540 min, MS (ESI) m/z
phenyllethyl]-1-[5-(3-methyltriazol-4-yl)-3t = 470.2 [M+HT.
pyridyl]-6-oxo-pyridazine-3-carboxamide | *H NMR (400 MHz, DMSO¢k) 6 =

9.12 (d,J = 2.4 Hz, 1H), 9.08 (d] =
8.0 Hz, 1H), 8.92 (d) = 2.0 Hz, 1H),
8.51 (t,J = 2.0 Hz, 1H), 8.13 (s, 1H),
7.92 (d,J = 10.0 Hz, 1H), 7.69 (1] =
7.2 Hz, 1H), 7.53 (t) = 6.8 Hz, 1H),
7.36 - 7.32 (m, 1H), 7.24 - 7.08 (m,
2H), 5.42 (t,J = 7.2 Hz, 1H), 4.17 (s,
3H), 1.50 (d,J = 7.2 Hz, 3H).

1-2 | N-[(1R)-1-[2-fluoro-3- LCMS: tr = 2.105 min, MS (ESI) m/g
(trifluoromethyl)phenyl]ethyl]-1-[5-(3- = 488.1 [M+HT.
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methyltriazol-4-yl)-3-pyridyl]-6-oxo-
pyridazine-3-carboxamide

IH NMR (400 MHz, DMSO#dg) & =
9.16-9.10 (m, 2H), 8.92 (d,= 2.0 Hz,
1H), 8.51 (t,J = 2.0 Hz, 1H), 8.13 (s,
1H), 7.92 (d,J = 9.6 Hz, 1H), 7.83 (b
t,J =7.2 Hz, 1H), 7.68 (br t = 7.2
Hz, 1H), 7.40 (tJ = 7.6 Hz, 1H), 7.22
(d,J=9.6 Hz, 1H), 5.46 - 5.39 (m, 1H),
4.17 (s, 3H), 1.51 (dl = 7.2 Hz, 3H).

=

1-3 | N-[(1R)-1-[2-chloro-3-(1,1-difluoro-2- LCMS: tr = 0.515 min, MS (ESI) m/z
hydroxy-ethyl)phenyl]ethyl]-1-[5-(3- =516.1 [M+HT.
methyltriazol-4-yl)-3-pyridyl]-6-oxo- 'H NMR (400 MHz, DMSO#dg) ) 6 =
pyridazine-3-carboxamide 9.19-9.13 (m, 2H), 8.93 (d= 2.0 Hz,
HOQFE? - 1H), 8.53 (t,J = 2.0 Hz, 1H), 8.14 (s,

N N 1H), 7.91 (dJ = 9.6 Hz, 1H), 7.70 (d,
WSNH = J=7.6 Hz, 1H), 7.54 - 7.50 (m, 1H),
0 /\”‘N e 7.47 -7.42 (m, 1H), 7.23 (d= 9.6 Hz,
© 1H), 5.70 (t,J = 6.4 Hz, 1H), 5.58 |
5.51 (m, 1H), 4.18 (s, 3H), 4.03 (at
= 6.4, 14.4 Hz, 2H), 1.47 (d,= 7.2
Hz, 3H).

1-4 | N-[(1R)-1-[3-amino-5- LCMS : tr =0.433 min, MS (ESI) m/z
(difluoromethyl)phenyl]ethyl]-6-oxo-1-[5- | = 470.2 [M+HT.
[3-(trideuteriomethyl)triazol-4-yl]-3- 'H NMR (400 MHz, DMSO¢k) 6 =
pyridyl]pyridazine-3-carboxamide 9.12 (d,J= 2.0 Hz, 1H), 8.94-8.90 (m,

F 2H), 8.50 (s, 1H), 8.12 (s, 1H), 7.95 (d,
F J = 9.6 Hz, 1H), 7.23 (d) = 9.6 Hz,
1H), 6.94 (s, 1H), 6.80 (s, 1H), 6.69 (br
s, 2H), 6.66 (br s, 1H), 6.58 (s, 1H),
5.36 (s, 2H), 5.07-5.02 (m, 1H), 1.45
(br d,J=7.2 Hz, 3H).
1-5 | N-[(1R)-1-[2-fluoro-3- LCMS : tr = 0.560 min, MS (ESI) m/g

(trifluoromethyl)phenyl]ethyl]-6-oxo-1-[5-
[3-(trideuteriomethyl)triazol-4-yl]-3-
pyridyl]pyridazine-3-carboxamide

‘%Dg

= 491.3 [M+HTF.

IH NMR (400 MHz, METHANOL-
ds) & = 9.10 (dJ = 2.4 Hz, 1H), 8.87
(d,J = 1.6 Hz, 1H), 8.50 (i = 2.0 Hz,
1H), 8.04 - 8.00 (m, 2H), 7.72 (brd,
= 7.2 Hz, 1H), 7.59 (br t] = 7.2 Hz,
1H), 7.31 (tJ = 7.6 Hz, 1H), 7.21 (d
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= 9.6 Hz, 1H), 5.53 - 5.48 (m, 1H
1.59 (d,J = 7.2 Hz, 3H).

1-6

N-[(1R)-1-[3-(difluoromethyl)-2-fluoro-
phenyl]ethyl]-6-oxo-1-[5-[3-
(trideuteriomethyl)triazol-4-yl]-3-
pyridyl]pyridazine-3-carboxamide

L

LCMS : tr = 0.531 min, MS (ESI) m/
= 473.3 [M+HT.

IH NMR (400 MHz, DMSO#dg) & =
9.14-9.08 (m, 2H), 8.93 (d,= 2.0 Hz,
1H), 8.52 (tJ = 2.0 Hz, 1H), 8.14 (s
1H), 7.93 (d,J = 9.6 Hz, 1H), 7.69 (b
t,J = 7.0 Hz, 1H), 7.53 (br t] = 6.4
Hz, 1H), 7.37-7.33 (m, 1H), 7.24

1H), 7.23-7.21 (m, 1H), 5.42 (brd=
7.6 Hz, 1H), 1.50 (d] = 7.2 Hz, 3H).

N

=

[72)

N-[(1R)-1-[3-(1,1-difluoro-2-hydroxy-
ethyl)-2-fluoro-phenyl]ethyl]-6-oxo-1-[5-
[3-(trideuteriomethyl)triazol-4-yl]-3-
pyridyl]pyridazine-3-carboxamide

LCMS : tr =0.512 min, MS (ESI) m/
= 503.3 [M+H]".

'H NMR (400 MHz, DMSO€) & =
9.13 (d,J = 2.4 Hz, 1H), 9.08 (d] =
8.4 Hz, 1H), 8.93 (d) = 2.0 Hz, 1H),
8.52 (t,J = 2.0 Hz, 1H), 8.14 (s, 1H
7.93(dJ=9.6Hz,1H),7.65 (1=7.2

Hz, 1H), 7.44 (t) = 6.8 Hz, 1H), 7.31

- 7.26 (m, 1H), 7.23 (dJ = 9.86Hz,

1H), 5.72 (t,J = 6.4 Hz, 1H), 5.42

(quint,J = 7.2 Hz, 1H), 3.91 (dt) =
6.4, 14.4 Hz, 2H), 1.49 (d,= 7.2 Hz,
3H).

N

D

1-8

(R)-N-(1-(2-fluoro-3-(1,1,2-

trifluoroethyl)phenyl)ethyl)-1-(5-(1-methyl-=

1H-1,2,3-triazol-5-yl)pyridin-3-yl)-6-0xo-
1,6-dihydropyridazine-3-carboxamide

LCMS : & = 2.542 min, MS (ESI) m/
502.18 [M+H]".

'H NMR (400 MHz, DMSO¢k) 6 =
9.13-9.11 (m, 1H), 8.93 (d,= 2.0 Hz,
1H), 8.52 (tJ = 2.0 Hz, 1H), 8.14 (s
1H), 7.93 (dJ=9.6 Hz, 1H), 7.72 (1
=7.2Hz, 1H), 7.52 (§ = 6.8 Hz, 1H),
7.35 (t,J=7.8 Hz, 1H), 7.23 (d1= 10
Hz, 1H), 5.42 (quint]) = 7.3 Hz, 1H),
5.05 (t,J = 13.8 Hz, 1H), 4.94 (i =
13.8 Hz, 1H), 4.18 (s, 3H), 1.50 @=
7.2 Hz, 3H).

1-9

N-[(1R)-1-[3-amino-5-

LCMS : tr=1.375 min, MS (ESI) m/

N

N
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(trifluoromethyl)phenyl]ethyl]-1-[5-(3-
methyltriazol-4-yl)-3-pyridyl]-6-oxo-
pyridazine-B—carboxamide

N=N
N/
(R)

= 485.4 [M+H]".

'H NMR (400 MHz, METHANOL-
ds): 6 =9.09 (dJ = 2.4 Hz, 1H), 8.85
(d,J = 2.0 Hz, 1H), 8.48 (] = 2.4 Hz,
1H), 8.05 - 8.02 (m, 2H), 7.21 (d,=
9.6 Hz, 1H), 6.90 (br dJ = 6.0 Hz,
2H), 6.81 (s, 1H), 5.15 (¢, = 7.2 Hz,
1H), 4.19 (s, 3H), 1.54 (d,= 7.2 Hz,
3H).

1-10

(R)-N-(1-(3-(1,1-difluoro-2-methoxyethyl)t

2-fluorophenyl)ethyl)-1-(5-(1-methyl-1H-
1,2,3-triazol-5-yl)pyridin-3-yl)-6-oxo0-1,6-
dihydropyridazine-3-carboxamide

R F
/O ,N:N
—N_~
F
G
" NH = ‘
PN N

LCMS : & = 2.543 min, MS (ESI) m/
=514.19 [M+H]".

'H NMR (400 MHz, DMSO¢) & =
9.13-9.11 (m, 2H), 8.93 (d,= 2.0 Hz,
1H), 8.52 (t,J = 2.2 Hz, 1H), 8.14 (s,
1H), 7.93 (dJ = 10 Hz, 1H), 7.67 (1)
= 7.2 Hz, 1H), 7.46 (1) = 6.8 Hz, 1H),
7.30 (tJ=7.8Hz, 1H), 7.23 (d1=9.6
Hz, 1H), 5.42 (quint]) = 7.2 Hz, 1H),
4.18 (s, 3H), 3.96 () = 14 Hz, 1H),
3.33 (s, 3H), 1.49 (dl = 8.0 Hz, 3H).

N

1-11

N-[(1R)-1-[3-(1,1-difluoroethyl)-2-fluoro-

phenyl]lethyl]-1-[5-(3-methyltriazol-4-yl)-3t

pyridyl]-6-oxo-pyridazine-3-carboxamide

LCMS : tr =2.471 min, MS (ESI) m/
= 484.1 [M+H]".

'H NMR (400 MHz, DMSO#€k) 6 =
9.13 (d,J = 2.4 Hz, 1H), 9.07 (d] =
8.0 Hz, 1H), 8.92 (dJ = 2.0 Hz, 1H),
8.52 (t,J = 2.0 Hz, 1H), 8.13 (s, 1H
7.92 (d,J = 10.0 Hz, 1H), 7.64 (] =
7.2 Hz, 1H), 7.46 (t) = 7.2 Hz, 1H),
7.28 (t,J = 7.6 Hz, 1H), 7.22 (d) =
10.0 Hz, 1H), 5.43 (quint] = 7.2 Hz,
1H), 4.17 (s, 3H), 2.01 (= 19.2 Hz,
3H), 1.50 (dJ = 7.2 Hz, 3H).

N

1-12

N-[(1R)-1-[2-fluoro-3-
(trifluoromethyl)phenyl]ethyl]-1-[5-(3-
ethyltriazol-4-yl)-3-pyridyl]-6-oxo-
pyridazine-3-carboxamide

LCMS : tr=2.651 min, MS (ESI) m/
=502.1 [M+H]".

'H NMR (400 MHz, DMSO€) & =
9.19-9.11 (m, 2H), 8.87 (d,= 2.0 Hz,
1H), 8.47 (t,J = 2.0 Hz, 1H), 8.10 (s,
1H), 7.92 (dJ=9.6 Hz, 1H), 7.83 (b

N

=
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t,J = 7.2 Hz, 1H), 7.68 (br = 7.2

Hz, 1H), 7.40 (tJ) = 7.6 Hz, 1H), 7.22

(d,J = 9.6 Hz, 1H), 5.43 (quind,= 7.2

Hz, 1H), 4.50 (qJ = 7.2 Hz, 2H), 1.52

(d,J=7.2 Hz, 3H), 1.40 (] = 7.2 Hz,
3H).

D

D

1-13

N-[(1R)-1-[3-(1,1-difluoro-2-hydroxy-
ethyl)-2-fluoro-phenyl]ethyl]-1-[5-(3-
ethyltriazol-4-yl)-3-pyridyl]-5-methyl-6-

oxo-pyridazine-3-carboxamide
R F

HO NN
. NN~
e

NH Z

o /N‘N N

NS0

LCMS : tr = 1.844 min, MS (ESI) m/
= 528.2 [M+H]".

IH NMR (400 MHz, DMSO¢k) 6 =

9.14 (d,J = 2.4 Hz, 1H), 9.04 (d] =

8.4 Hz, 1H), 8.85 (dJ = 2.0 Hz, 1H),
8.47 (t,J = 2.0 Hz, 1H), 8.09 (s, 1H
7.85 (d,J=1.6 Hz, 1H), 7.63 (1= 6.8
Hz, 1H), 7.44 () = 6.8 Hz, 1H), 7.28
(t,J= 7.6 Hz, 1H), 5.72 (] = 6.4 Hz,
1H), 5.42 (tJ = 7.6 Hz, 1H), 4.50 (g)

= 7.6 Hz, 2H), 3.98.87 (m, 2H), 2.21

(d,J = 1.2 Hz, 3H), 1.49 (dl = 7.2 Hz,
3H), 1.40 (tJ = 7.2 Hz, 3H).

N

)

1-14

N-[(1R)-1-[3-(1,1-difluoro-2-hydroxy-
ethyl)-2-fluoro-phenyl]ethyl]-1-[5-(2-
ethylpyrazol-3-yl)-3-pyridyl]-6-oxo-
pyridazine-3-carboxamide

LCMS : tz = 1.830 min, MS (ESI) m/
= 513.2 [M+HT.
IH NMR (400 MHz, METHANOL-

ds) § = 9.05 (d,J = 2.4 Hz, 1H), 8.75

(d,J=2.0 Hz, 1H), 8.38 (] = 2.4 Hz,
1H), 8.01 (dJ = 9.6 Hz, 1H), 7.62 (d
J=2.0 Hz, 1H), 7.57 (tJ = 6.8 Hz,

1H), 7.51-7.46 (m, 1H), 7.25-7.19 (m,

2H), 6.56 (dJ = 2.0 Hz, 1H), 5.50 (q
J = 6.8 Hz, 1H), 4.60 (br s, 2H), 4.
(q,J = 7.2 Hz, 2H), 3.99 () = 13.6

Hz, 2H), 1.57 (dJ = 7.2 Hz, 3H), 1.41

(t, J = 7.2 Hz, 3H).

N

7

1-15

N-[(1R)-1-[3-(difluoromethyl)-2-fluoro-
phenyl]lethyl]-5-methyl-1-[5-(3-
methyltriazol-4-yl)-3-pyridyl]-6-oxo-
pyridazine-3-carboxamide

LCMS : tr=2.279 min, MS (ESI) m/
= 484.2 [M+HT.

'H NMR (400MHz, DMSOsdg) & =
9.12 (d,J = 2.4 Hz, 1H), 9.03 (d] =
8.0 Hz, 1H), 8.91 (d) = 2.0 Hz, 1H),
8.51 (t,J = 2.0 Hz, 1H), 8.13 (s, 1H

N
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7.85 (d,J= 1.2 Hz, 1H), 7.68 (br § =
7.6 Hz, 1H), 7.52 (s, 1H), 7.36 - 7.29
(m, 1H), 7.22 (s, 1H), 7.08 (s, 1H)
5.41 (brtJ = 7.6 Hz, 1H), 4.17 (s, 3H),
2.21 (s, 3H), 1.50 (d} = 7.2 Hz, 3H)

1-16

N-[(1R)-1-[3-(1,1-difluoro-2-hydroxy-
ethyl)-2-fluoro-phenyl]ethyl]-1-[5-(2-

methylpyrazol-3-yl)-3-pyridyl]-6-oxo-
pyridazine-3-carboxamide

HO

LCMS : tr = 0.514 min, MS (ESI) m/
= 341.0 [M+HT.

IH NMR (400 MHz, DMSO#dg) & =
9.14-9.03 (m, 2H), 8.86 (d,=2.0 Hz,
1H), 8.42 (tJ=2.0 Hz, 1H), 7.92 (dJ
=9.6 Hz, 1H), 7.65 (t) =6.6 Hz, 1H),
7.57 (d,J=2.0 Hz, 1H), 7.47-7.41 (m,
1H), 7.32-7.25 (m, 1H), 7.22 (d=9.6
Hz, 1H), 6.64 (dJ =2.0 Hz, 1H), 5.72
(t, J =6.4 Hz, 1H), 5.43 (t) =7.6 Hz,
1H), 3.95 (s, 3H), 3.94-3.83 (m, 2+
1.49 (d,J=7.2 Hz, 3H).

N

N—r

1-17

N-[(1R)-1-[2-fluoro-3-
(trifluoromethyl)phenyl]ethyl]-1-[5-(2-
methylpyrazol-3-yl)-3-pyridyl]-6-oxo-
pyridazine-3-carboxamide

N

LCMS : tr = 2.270 min, MS (ESI) m/
= 487.1 [M+HT.

IH NMR (400 MHz, DMSO#dg) & =
9.15 (d,J =7.6 Hz, 1H), 9.05 (d] =2.4
Hz, 1H), 8.86 (dJ =2.0 Hz, 1H), 8.42
(t, J =2.0 Hz, 1H), 7.92 (d] =9.6 Hz,
1H), 7.83 (t,J =7.2 Hz, 1H), 7.68 ()
= 6.8 Hz, 1H), 7.57 (d] =2.0 Hz, 1H),
7.40 (t,J =8.0 Hz, 1H), 7.22 (d] =9.6
Hz, 1H), 6.64 (dJ =2.0 Hz, 1H), 5.46
- 5.40 (m, 1H), 3.95 (s, 3H), 1.51 (@
=7.2 Hz, 3H).

1-18

N-[(1R)-1-[3-(1,1-difluoro-2-hydroxy-
ethyl)-2-fluoro-phenyl]ethyl]-1-[5-(3-
ethyltriazol-4-yl)-3-pyridyl]-6-oxo-
pyridazine-3-carboxamide

LCMS : tr = 1.617 min, MS (ESI) m/
= 514.2 [M+HT].

IH NMR (400 MHz, DMSO#dg) & =
9.17-9.06 (m, 2H), 8.87 (d,= 2.0 Hz,
1H), 8.48 (t,J = 2.0 Hz, 1H), 8.10 (s,
1H), 7.93 (d,) = 9.6 Hz, 1H), 7.65 (1]
= 7.2 Hz, 1H), 7.44 (1] = 6.8 Hz, 1H),
7.31-7.26 (m, 1H), 7.23 (d,= 9.6 Hz,

N
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1H), 7.04-7.03 (m, 1H), 5.72 3= 6.4
Hz, 1H), 5.48-5.37 (m, 1H), 4.51 (@,
= 7.2 Hz, 2H), 3.95-3.83 (m, 2H), 1.
(d,J=7.2 Hz, 3H), 1.41 (] = 7.2 Hz,
3H).

>0

1-19

N-[(1R)-1-[2-fluoro-3-
(trifluoromethyl)phenyl]ethyl]-1-[6-(2-
methylpyrazol-3-yl)pyridazin-4-yl]-6-oxo-
pyridazine-3-carboxamide

LCMS : tr = 2.350 min, MS (ESI) m/
= 488.1 [M+HT.

IH NMR (400 MHz, DMSO#ds) & =
9.89 (d,J = 2.4 Hz, 1H), 9.26 (d] =
7.6 Hz, 1H), 8.62 (d) = 2.4 Hz, 1H),
7.94 (dJ=9.6 Hz, 1H), 7.87 (1= 7.2
Hz, 1H), 7.70 (tJ = 7.2 Hz, 1H), 7.64
(d,J=2.0 Hz, 1H), 7.43 (] = 7.6 Hz,
1H), 7.27 (dJ = 9.6 Hz, 1H), 6.98 (d
J = 2.0 Hz, 1H), 5.46 (1) = 7.2 Hz,
1H), 4.24 (s, 3H), 1.56 (d,= 7.2 Hz,
3H).

N

1-20

N-[(1R)-1-[3-(1,1-difluoro-2-hydroxy-
ethyl)-2-fluoro-phenyl]ethyl]-1-[6-(2-
methylpyrazol-3-yl)pyridazin-4-yl]-6-oxo-
pyridazine-3-carboxamide

LCMS : tr = 2.705 min, MS (ESI) m/
= 500.1 [M+H]".

IH NMR (400 MHz, DMSO#ds) & =
9.82 (d,J = 2.4 Hz, 1H), 8.63 (dJ =
2.4 Hz, 1H), 8.00 (dJ = 10.0 Hz, 1H)
7.64 - 7.58 (m, 2H), 7.50 (,= 6.8 Hz,
1H), 7.28 - 7.25 (m, 1H), 7.27 - 7.

(q,J = 6.8 Hz, 1H), 4.29 (s, 3H), 4.C
(t, J = 13.6 Hz, 2H), 1.61 (d] = 7.2
Hz, 3H)

(m, 1H), 6.95 (dJ = 2.0 Hz, 1H), 5.51

N

21

0

1-21

(R)-N-(1-(2-fluoro-3-

(trifluoromethyl)phenyl)ethyl)-3-methyl-5'

(1-methyl-1H-1,2,3-triazol-5-yl)-2-oxo0-2H
[1,3'-bipyridine]-5-carboxamide

F
F N:N
~N__~
F
G
W NH /‘

LCMS : tr = 2.696 min, MS (ESI) m/
= 501.14 [M+HT".

- 'H NMR (400 MHz, DMSO#dg) & =
8.95 (d,J = 2.0 Hz, 2H), 8.86 (dJ =
2.0 Hz, 1H), 8.73 (d] = 6.8 Hz, 1H),
8.39 (d,J = 2.4 Hz, 1H), 8.36 ({]= 2.2
Hz, 1H), 8.13 (s, 1H), 7.91-7.90 (r
1H), 7.77 (tJ = 7.0 Hz, 1H), 7.67 (1]
= 6.8 Hz, 1H), 7.40 (1] = 7.8 Hz, 1H),

N

>
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5.36 (quint,J = 7.0 Hz, 1H), 4.16 (s,
3H), 2.11 (s, 3H), 1.47 (d,= 7.2 Hz,
3H).

1-22

(R)-3-bromo-N-(1-(2-fluoro-3-
(trifluoromethyl)phenyl)ethyl)-5'-(1-
methyl-1H-1,2,3-triazol-5-yl)-2-0x0-2H-
[1,3'-bipyridine]-5-carboxamide

N=N
~N_~
7
N
o] ~ "N
NN

LCMS : tr = 2.542 min, MS (ESI) m/
= 502.18 [M+H".

IH NMR (400 MHz, DMSO#dg) & =
9.13-9.11 (m, 1H), 8.93 (d,= 2.0 Hz,
1H), 8.52 (t,J = 2.0 Hz, 1H), 8.14 (s,
1H), 7.93 (dJ = 9.6 Hz, 1H), 7.72 (1]
= 7.2 Hz, 1H), 7.52 (1] = 6.8 Hz, 1H),
7.35 (t,J= 7.8 Hz, 1H), 7.23 (dl = 10
Hz, 1H), 5.42 (quint) = 7.3 Hz, 1H),
5.05 (t,J = 13.8 Hz, 1H), 4.94 (1] =
13.8 Hz, 1H), 4.18 (s, 3H), 1.50 (=
7.2 Hz, 3H).

N

1-23

N-[(1R)-1-[3-(1,1-difluoro-2-hydroxy-
ethyl)-2-fluoro-phenyl]ethyl]-5-methyl-1-
[5-(3-methyltriazol-4-yl)-3-pyridyl]-6-oxo-
pyridazine-3-carboxamide

LCMS : tr=1.701 min, MS (ESI) m/
=514.2 [M+HT.

'H NMR (400 MHz, DMSO¢) § =
9.12 (d,J = 2.4 Hz, 1H), 9.03 (dJ =
8.0 Hz, 1H), 8.91 (dJ = 2.0 Hz, 1H),
8.51 (t,J = 2.0 Hz, 1H), 8.13 (s, 1H),
7.86 (d,J= 1.2 Hz, 1H), 7.64 (br f] =
7.2 Hz, 1H), 7.46-7.42 (m, 1H), 7.30-
7.26 (m, 1H), 5.72 (t) = 6.4 Hz, 1H),
5.42 (t,J = 7.2 Hz, 1H), 4.17 (s, 3H),
3.91 (br dJ = 6.0 Hz, 2H), 2.21 (dJ
= 1.2 Hz, 3H), 1.49 (dJ = 7.2 Hz,
3H).

N

1-24

N-[(1R)-1-[2-fluoro-3-
(trifluoromethyl)phenyl]ethyl]-1-[5-(3-
methyltriazol-4-yl)-3-pyridyl]-6-oxo-
pyridine-3-carboxamide

N=N
_N__
F
w
NH Z
N
AN
X

LCMS : tr=1.748 min, MS (ESI) m/
= 487.1 [M+HT).

'H NMR (400 MHz, DMSO€) & =
8.95 (d,J = 2.0 Hz, 1H), 8.87 (d] =
2.4 Hz, 1H), 8.75 (d) = 7.2 Hz, 1H),
8.51(dJ=2.4Hz,1H),8.37 (1=2.0
Hz, 1H), 8.13 (s, 1H), 7.99 (dd= 2.4,
9.6 Hz, 1H), 7.77 (t) = 7.2 Hz, 1H),
7.67 (t,J=6.8HHz, 1H), 7.40 (1 =8.0
Hz, 1H), 6.61 (dJ = 9.6 Hz, 1H), 5.40t

N
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5.32 (m, 1H), 4.16 (s, 3H), 1.47 @=
7.2 Hz, 3H).

1-25

1-[5-(3-ethyltriazol-4-yl)-3-pyridyl]-N-
[(1R)-1-[2-fluoro-3-
(trifluoromethyl)phenyl]ethyl]-5-methyl-6-
oxo-pyridazine-3-carboxamide

LCMS : t = 2.373 min, MS (ESI) m/
= 516.2 [M+H]".

IH NMR (400 MHz, DMSO#ég) 6 =
9.13 (d,J = 2.4 Hz, 1H), 9.09 (dJ =
8.0 Hz, 1H), 8.85 (dJ = 2.0 Hz, 1H),
8.46 (t,J = 2.0 Hz, 1H), 8.09 (s, 1H
7.86 - 7.80 (m, 2H), 7.68 (,= 7.2 Hz,

1H), 7.39 (t,J = 7.6 Hz, 1H), 5.42

(quint,J = 7.2 Hz, 1H), 4.50 (G} = 7.2
Hz, 2H), 2.20 (s, 3H), 1.51 (d,= 7.2
Hz, 3H), 1.40 (tJ = 7.2 Hz, 3H).

N

D

1-26

N-[(1R)-1-[2-fluoro-3-
(trifluoromethyl)phenyl]ethyl]-1-[6-methyl-
5-(3-methyltriazol-4-yl)-3-pyridyl]-6-oxo-
pyridazine-3-carboxamide

LCMS : tr=2.207 min, MS (ESI) m/
=502.2 [M+HT.

'H NMR (400 MHz, DMSO¢) & =
9.03 (d,J = 2.4 Hz, 1H), 8.82 (br d]
=8.0 Hz, 1H), 8.25 (dl = 2.4 Hz, 1H),
7.94 (s, 1H), 7.88 (s, 1H), 7.91 (s, 1}
7.84 (tJ=7.6 Hz, 1H), 7.66 (11=7.2
Hz, 1H), 7.39 (tJ = 7.6 Hz, 1H), 7.17
(d,J=9.6 Hz, 1H), 5.44 ({1 = 7.2 Hz,
1H), 3.95 (s, 3H), 2.47 (s, 3H), 1.56
J=7.2 Hz, 3H).

N

4

d,

1-27

1-[5-(3-ethyltriazol-4-yl)-6-methyl-3-
pyridyl]-N-[(1R)-1-[2-fluoro-3-
(trifluoromethyl)phenyl]ethyl]-6-oxo-
pyridazine-3-carboxamide

LCMS : tr =2.237 min, MS (ESI) m/
=516.2 [M+HT).

'H NMR (400 MHz, DMSO¢) & =
9.09 (d,J = 8.0 Hz, 1H), 9.03 (d] =
2.4 Hz, 1H), 8.25 (d) = 2.4 Hz, 1H),
7.99 (s, 1H), 7.88 (d] = 9.6 Hz, 1H),
7.82 (t,J=7.6 Hz, 1H), 7.68 (1] = 6.8
Hz, 1H), 7.40 (tJ = 7.6 Hz, 1H), 7.14
(d,J=9.6 Hz, 1H), 5.41 (quing,=7.2

Hz, 1H), 4.27 (g) = 7.2 Hz, 2H), 2.42
(s, 3H), 1.51 (dJ = 7.2 Hz, 3H), 1.31

(t, J = 7.2 Hz, 3H).

N

)

D

1-28

N-[(1R)-1-[3-(1,1-difluoro-2-hydroxy-
ethyl)-2-methyl-phenyl]ethyl]-1-[6-methyl

LCMS : tr=1.617 min, MS (ESI) m/
=510.2 [M+HT.

N
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5-(3-methyltriazol-4-yl)-3-pyridyl]-6-oxo-
pyridazine-3-carboxamide

R F
HO

IH NMR (400 MHz, DMSO#dg) & =
9.06-8.97 (m, 1H), 8.31 (d,= 2.4 Hz,
1H), 8.01 (s, 1H), 7.87 (d,= 9.6 Hz,
1H), 7.57 (dJ = 7.6 Hz, 1H), 7.35 (d
J = 7.6 Hz, 1H), 7.29-7.22 (m, 1H

7.18 (d,J = 9.6 Hz, 1H), 5.41-5.32 (m,

1H), 3.92 (s, 3H), 3.90-3.82 (m, 2+
2.46 (s, 3H), 2.43-2.43 (m, 1H), 2.
(s, 2H), 1.43 (br dJ = 6.8 Hz, 3H).

),

),
11

1-29

(N-[(AR)-1-[3-(1,1-difluoro-2-hydroxy-
ethyl)-2-fluoro-phenyl]ethyl]-1-[6-methyl-
5-(3-methyltriazol-4-yl)-3-pyridyl]-6-oxo-
pyridazine-3-carboxamide

R F
H

LCMS : tr = 1.519 min, MS (ESI) m/
= 514.2 [M+H]".

IH NMR (400 MHz, DMSO#ds) & =
9.23-9.12 (m, 2H), 8.54 (d,= 2.0 Hz,
1H), 8.07 (s, 1H), 7.90 (d,= 9.6 Hz,
1H), 7.67 (br tJ = 6.8 Hz, 1H), 7.44
(brt,J = 6.8 Hz, 1H), 7.27 (t) = 7.6
Hz, 1H), 7.21 (dJ = 9.6 Hz, 1H), 5.4¢
- 5.44 (m, 1H), 3.97 (s, 3H), 3.91 (br
J=14.4 Hz, 2H), 2.54 (s, 3H), 1.50
d,J = 6.8 Hz, 3H).

N

)

br

1-30

(R)-3-fluoro-N-(1-(2-fluoro-3-
(trifluoromethyl)phenyl)ethyl)-5'-(1-
methyl-1H-1,2,3-triazol-5-yl)-2-o0x0-2H-
[1,3'-bipyridine]-5-carboxamide

FsC N=N
Fj? —N ~
“NH 5
NN N
)\g\/go

F

LCMS : tr =2.937 min, MS (ESI) m/
=505.16 [M+H]".

'H NMR (400 MHz, DMSO€) & =
9.14 (d,J = 6.8 Hz, 1H), 8.76 (d] =
1.6 Hz, 1H), 8.70 (d) = 2.4 Hz, 1H),
8.46 (d,J = 2.0 Hz, 1H), 8.36 (dd] =
10.8, 2.0 Hz, 1H), 8.15 (§ = 2.2 Hz,
1H), 8.10 (s, 1H), 7.80 (1 = 7.0 Hz,
1H), 7.68 (dJ = 7.2 Hz, 1H), 5.20 (g
J=6.4 Hz, 1H).

N

1-31

N-[(1R)-1-[2-chloro-3-
(trifluoromethyl)phenyl]ethyl]-1-[5-(3-
methyltriazol-4-yl)-3-pyridyl]-6-oxo-
pyridazine-3-carboxamide

LCMS : tr = 2.062 min, MS (ESI) m/
= 504.1 [M+H]".

IH NMR (400 MHz, DMSO#¢g) & =
9.13 (d,J = 8.0 Hz, 1H), 8.60 (s, 1H
8.35 (s, 1H), 8.20 (s, 1H), 7.66 (s, 2t
7.43 - 7.29 (m, 4H), 7.28 - 7.20 (1

1H), 5.14 (t,J = 7.2 Hz, 1H), 3.15 |

3.08 (M, 2H), 3.08 - 2.98 (m, 2H), 2.¢

N
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- 2.85 (m, 1H), 2.02 - 1.93 (m, 1H),
1.92 - 1.81 (m, 2H), 1.57 (dd, J = 3.6,
8.8 Hz, 1H), 1.50 (d, J= 7.2 Hz, 3H),
0.96 (d, J = 6.8 Hz, 3H).

1-32 | N-[(1R)-1-[2-fluoro-3-[1- LCMS : tr =2.643 min, MS (ESI) m/z
(hydroxymethyl)cyclopropyl]phenyl]ethyl]- | = 488.1 [M+H] .
1-[5-(3-methyltriazol-4-yl)-3-pyridyl]-6- TH NMR (400 MHz, DMSO-ds) & =
oxo-pyridazine-3-carboxamide 9.13 (d, J=2.0 Hz, 1H), 8.98 (brd, J

- =8.4Hz, 1H),8.92 (d,J=1.6 Hz, 1H),
N 8.52 (d, J= 2.0 Hz, 1H), 8.13 (s, 1H),
P 7.93(d,J=9.6 Hz, 1H), 7.34 (brt,J =
AN 7.2 Hz, 1H), 7.25 - 7.17 (m, 2H), 7.06
o (t,J=7.6 Hz, 1H), 5.40 (quin, J=7.2
Hz, 1H), 4.65 (t, J = 5.6 Hz, 1H), 4.17
(s, 3H), 3.43 (br d, J = 6.0 Hz, 2H),
1.46 (br d, J = 7.2 Hz, 3H), 0.82 (m,
2H), 0.65 (m, 2H).

1-33 | N-[(IR)-1-[2-fluoro-3-(1- LCMS : tr =2.072 min, MS (ESI) m/z
methylcyclopropyl)phenyl]ethyl]-1-[5-(3- | =474.2 [M+H]".
methyltriazol-4-yl)-3-pyridyl]-6-oxo- TH NMR (400 MHz, DMSO-ds) 6 =
pyridazine-3-carboxamide 9.13 (d,J=2.4 Hz, 1H), 896 (d, J =

8.4 Hz, 1H), 8.92 (d, J= 2.0 Hz, 1H),
e 8.51 (t, J= 2.4 Hz, 1H), 8.13 (s, 1H),
P 7.92 (d, J=9.6 Hz, 1H), 7.32 (t, J =
AN AN 7.6 Hz, 1H), 7.22 (d, J = 9.6 Hz, 2H),
Ng 7.08 - 7.04 (m, 1H), 5.42 - 5.37 (m,
1H), 4.17 (s, 3H), 1.47 (d, /= 7.2 Hz,
3H), 1.29 (s, 3H), 0.73 (d, J = 2.0 Hz,
2H), 0.69 (d, J = 2.4 Hz, 2H).
1-34 | N-[(1R)-1-deuterio-1-[2-fluoro-3- LCMS : tr =2.018 min, MS (ESI) m/z

(trifluoromethyl)phenyl]ethyl]-1-[5-(3-
methyltriazol-4-yl)-3-pyridyl]-6-oxo-

pyridazine-3-carboxamide

— 489.2 [M+H] "

'H NMR (400 MHz, DMSO-ds) & =
9.15-9.10 (m, 2H), 8.93 (d, J=2.0 Hz,
1H), 8.51 (t, J = 2.4 Hz, 1H), 8.13 (s,
1H), 7.92 (d,J = 10.0 Hz, 1H), 7.84 (br
t, J=17.2 Hz, 1H), 7.68 (br t, J = 7.2
Hz, 1H), 7.40 (t, J = 8.0 Hz, 1H), 7.22
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0]

(d,J=10.0 Hz, 1H), 4.17 (s, 3H), 1.5
(s, 3H).

v 1

1-35

N-{(R)-1-[2-fluoro-3-
(trifluoromethyl)phenyl]-ethyl-(2,2,2-
trideuterio)}-1-[5-(1-methyl-1H-1,2,3-

triazol-5-yl)-3-pyridyl]-6-oxo-pyridazine-3t

carboxamide

LCMS : tr=1.278 min, MS (ESI) m/
= 491.1 [M+H]".

'H NMR (400 MHz, DMSOsdg) 6 =
9.17 - 9.09 (m, 2H), 8.93 (d,= 2.0
Hz, 1H), 8.52 (t,J) = 2.0 Hz, 1H), 8.14
(s, 1H), 7.93 (dJ = 10.0 Hz, 1H), 7.83
(t,J=7.2 Hz, 1H), 7.69 (1] = 7.2 Hz,
1H), 7.41 (tJ = 7.8 Hz, 1H), 7.23 (d
J=10.0 Hz, 1H), 5.42 (d] = 8.0 Hz,
1H), 4.18 (s, 3H).

IN

1-36

N-{(R)-1-[2-fluoro-3-
(trifluoromethyl)phenyl]-ethyl-(2,2,2-
trideuterio)}-1-(5-{1-[trideuteriomethyl]-
1H-1,2,3-triazol-5-yl}-3-pyridyl)-6-oxo-
1,6-dihydropyridazine-3-carboxamide

2 3

LCMS : tr = 0.621 min, MS (ESI) m/
= 494.3 [M+H]".

IH NMR (400 MHz, DMSO¢e) 5 =
9.14 - 9.09 (m, 2H), 8.93 (d,= 2.0
Hz, 1H), 8.51 (tJ = 2.0 Hz, 1H), 8.13
(s, 1H), 7.92 (dJ = 9.6 Hz, 1H), 7.83
(t, J= 7.2 Hz, 1H), 7.68 (1] = 6.8 Hz,
1H), 7.40 (t,J = 7.6 Hz, 1H), 7.22 (d
J=9.6 Hz, 1H), 5.41 (d] = 7.6 Hz,
1H).

N

1-37

N-{(lR)-l-[3-(1,1—d|fluoro-2-hydroxy-

ethyl)-2-fluoro-phenyl]ethyl}-6’-(1-methyl-

1H-1,2,3-triazol-5-yl)-6-o0x0-6H-[1,4'-
bipyridazine]-1,6-dihydro-3-carboxamide

LCMS : tr = 0.556 min, MS (ESI) m/
=501.2 [M+H]".

'H NMR (400 MHz, DMSOQ¢dg) 6 =
9.97 (d,J = 2.4 Hz, 1H), 9.20 (d] =
8.0 Hz, 1H), 8.75 (dJ = 2.4 Hz, 1H),
8.46 (s, 1H), 7.94 (&} = 10.0 Hz, 1H),
7.68 (brtJ=7.2 Hz, 1H), 7.45 (br 1l
= 6.8 Hz, 1H), 7.33 - 7.25 (m, 2H
5.72 (br s, 1H), 5.44 (quid,= 7.2 Hz,
1H), 4.43 (s, 3H), 3.92 (br §,=1 4.2
Hz, 2H), 1.53 (dJ = 7.2 Hz, 3H).

N

1-38

N-{(R)-1-[2-fluoro-3-

LCMS : tr=1.871 min, MS (ESI) m/

IN
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(trifluoromethyl)phenyl]ethyl}-1-[5-(1-
methyl-1H-1,2,3-triazol-5-yl)-3-pyridyl]-6-
0x0-1,6-dihydropyridazine-5-deuterio-3-
carboxamide

= 489.0 [M+H]".

'H NMR (400 MHz, DMSO¢) 6 =
9.14 - 9.11 (m, 2H), 8.93 (d,= 2.0
Hz, 1H), 8.52 (tJ = 2.0 Hz, 1H), 8.13
(s, 1H), 7.95 - 7.90 (m, 1H), 7.84 {,
=7.2Hz, 1H), 7.69 () = 6.8 Hz, 1H),
7.41 (tJ=7.6 Hz, 1H),5.44 (1=7.2
Hz, 1H), 4.17 (s, 3H), 1.52 (d,= 7.2
Hz, 3H).

1-39

N-{(R)-1-[3-(1,1-difluoro-2-hydroxyethyl)-
2-fluorophenyl]ethyl}-1-[5-(1-isopropyl-
1H-1,2,3-triazol-5-yl)-3-pyridyl]-5-methyl-
6-0x0-1,6-dihydropyridazine-3-
carboxamide

LCMS : tz = 1.258 min, MS (ESI) m/
= 542.1 [M+H]".

1H NMR (400 MHz, CDC#) § = 9.12
(t, J= 2.4 Hz, 1H), 8.69 (1] = 2.0 Hz,
1H), 8.20 - 8.15 (m, 1H), 7.92 (d,=
1.2 Hz, 1H), 7.86 (dJ = 2.4 Hz, 1H),
7.60 (br d,J = 8.4 Hz, 1H), 7.53 (br t,
J=7.6 Hz, 1H), 7.45 (br § = 6.8 Hz,
1H), 7.25 - 7.19 (m, 1H), 5.42 (brd,
= 7.2 Hz, 1H), 4.18 - 3.98 (m, 2H),
2.34 (s, 3H), 1.68 (ddd] = 2.0, 6.8,
11.2 Hz, 6H), 1.63 - 1.60 (m, 3H).

N

1-40

N-{(R)-1-[3-(1,1-difluoro-2-hydroxyethyl)-
2-fluorophenyl]ethyl}-1-[5-(1-cyclopropyl-
1H-1,2,3-triazol-5-yl)-3-pyridyl]-5-methyl-
6-0x0-1,6-dihydropyridazine-3-
carboxamide

LCMS : tr = 1.225 min, MS (ESI) m/
= 540.1 [M+H]".

IH NMR (400 MHz, DMSO¢k) 5 =
9.11 (d,J = 2.4 Hz, 1H), 9.03 - 8.98
(m, 2H), 8.63 (tJ = 2.0 Hz, 1H), 8.16
(s, 1H), 7.85 (dJ = 1.2 Hz, 1H), 7.63
(brt,J=6.8 Hz, 1H), 7.44 (br = 6.8
Hz, 1H), 7.27 (tJ = 7.6 Hz, 1H), 5.72
(t, J= 6.4 Hz, 1H), 5.41 (quird = 7.2
Hz, 1H), 4.07 - 3.99 (m, 1H), 3.91 (d
J=6.4, 14.3 Hz, 2H), 2.21 (d,= 0.8
Hz, 3H), 1.48 (dJ = 7.2 Hz, 3H), 1.19
- 1.11 (m, 4H).

N

—t

1-41

N-{(R)-1-[3-(1,1-difluoro-2-hydroxyethyl)-

2-fluorophenyl]ethyl}-5-ethyl-1-[5-(1-

LCMS : tr = 1.225 min, MS (ESI) m/
= 556.2 [M+H]".

N
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isopropyl-1H-1,2,3-triazol-5-yl)-3-pyridyl]-
6-0x0-1,6-dihydropyridazine-3-
carboxamide

IH NMR (400 MHz, DMSO¢k) 5 =
9.16 (d,J = 2.0 Hz, 1H), 9.05 (br d
= 8.0 Hz, 1H), 8.79 (dl = 1.6 Hz, 1H),
8.41 (s, 1H), 8.03 (s, 1H), 8.07 - 7.97
(m, 1H), 7.76 (s, 1H), 7.64 (brX= 6.8
Hz, 1H), 7.44 (br tJ) = 6.8 Hz, 1H),
7.30 - 7.24 (m, 1H), 5.71 (br s, 1H
5.42 (br t,J = 7.6 Hz, 1H), 4.78 (td]
= 6.8, 13.2 Hz, 1H), 3.91 (br= 13.2
Hz, 2H), 2.60 (qJ = 7.2 Hz, 2H), 1.53
(s, 6H), 1.49 (br dJ = 7.2 Hz, 3H),
1.18 (t,J = 7.6 Hz, 3H).

N

1-42

N-{(R)-1-[3-(1,1-difluoro-2-hydroxyethyl)-
2-fluorophenyl]ethyl}-1-[5-(1-cyclopropyl-
1H-1,2,3-triazol-5-yl)-3-pyridyl]-5-ethyl-6-

0xo-1,6-dihydropyridazine-3-carboxamide9.11 (d,J = 2.0 Hz, 1H), 9.04 - 8.99

IN

LCMS : tr = 1.185 min, MS (ESI) m/
= 554.2 [M+H]".
'H NMR (400 MHz, DMSO¢dg) 6 =

(m, 2H), 8.63 (s, 1H), 8.16 (s, 1H)
7.76 (s, 1H), 7.64 (br8,= 7.2 Hz, 1H),
7.44 (brtJ=7.2 Hz, 1H), 7.31 - 7.28
(m, 1H), 5.71 (tJ = 6.4 Hz, 1H), 5.42
(quin,J = 7.2 Hz, 1H), 4.06 - 4.00 (m
1H), 3.92 (dtJ = 6.0, 14.4 Hz, 2H),
2.60 (q,d = 7.2 Hz, 2H), 1.49 (d] =
7.2 Hz, 3H), 1.21 - 1.13 (m, 7H).

1-43

N-[(1R)-1-[3-(1,1-difluoro-2-hydroxy-
ethyl)-2-fluoro-phenyl]ethyl]-6-oxo-1,6-
dihydropyridazine-5-deuterio-3-
carboxamide

IN

LCMS : tr = 1.144 min, MS (ESI) m/
= 527.2 [M+H]".

IH NMR (400 MHz, DMSO¢) & =
9.12 (d,J = 2.4 Hz, 1H), 9.07 (d] =
8.0 Hz, 1H), 9.02 (dJ = 2.0 Hz, 1H),
8.65 (t,J = 2.0 Hz, 1H), 8.17 (s, 1H
7.92 (s, 1H), 7.64 (br §,= 7.2 Hz, 1H),
7.44 (br tJ = 6.8 Hz, 1H), 7.31 - 7.24
(m, 1H), 5.71 (br s, 1H), 5.49 - 5.35
(m, 1H), 4.08 - 3.99 (m, 1H), 3.96| -
3.87 (M, 2H), 1.49 (d] = 7.2 Hz, 3H),
1.19 - 1.13 (m, 4H).

1-44

N-{(R)-1-[2-fluoro-3-
(trifluoromethyl)phenyl]ethyl}-5-{(R)-1-[2-

N

LCMS : tr=2.780 min, MS (ESI) m/
= 693.2 [M+H]".
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fluoro-3-
(trifluoromethyl)phenyl]ethylamino}-1-[5-
(1-methyl-1H-1,2,3-triazol-5-yl)-3-
pyridyl]-6-oxo-1,6-dihydropyridazine-3-
carboxamide

/N ¥z
(R)
NH
(R)
F
F
F

F

IH NMR (400 MHz, DMSO¢e) 5 =
9.38 (d,J = 7.2 Hz, 1H), 9.12 (d] =
8.4 Hz, 1H), 8.88 (dJ = 2.0 Hz, 1H),
8.83 (d,J=2.4 Hz, 1H), 8.25 (] = 2.2

Hz, 1H), 8.06 (s, 1H), 7.85-7.77 (m,
2H), 7.70-7.64 (m, 3H), 7.42-7.35 (M,

2H), 5.48 (quin,] = 7.3, 14.7 Hz, 1H)
5.26 (quin,J = 7.0, 14.0 Hz, 1H), 4.0

(s, 3H), 1.51 (dJ = 7.2 Hz, 3H), 1.48

(d,J = 7.2 Hz, 3H).

H

1-45

N-{(R)-1-[2-fluoro-3-
(trifluoromethyl)phenyl]ethyl}-1-[6-
(methylamino)-5-(1-methyl-1H-1,2,3-
triazol-5-yl)-3-pyridyl]-6-oxo-1,6-
dihydropyridazine-3-carboxamide

LCMS : tr = 2.710 min, MS (ESI) m/
= 517.1 [M+H]".

IH NMR (400 MHz, DMSO#dg) & =
9.06 (d,J = 8.0 Hz, 1H), 8.52 (d] =

2.4 Hz, 1H), 7.88-7.84 (m, 3H), 7.80

(d,J = 2.4 Hz, 1H), 7.68 (i = 7.2 Hz,

N

U)

F /N,N=/N 1H), 7.40 (tJ=7.4 Hz, 1H), 7.11 (d
" e ) n = 9.6 Hz, 1H), 6.44-6.42 (m, 1H), 5.41
] ™ LK (quin, J = 7.4, 14.5 Hz, 1H), 3.90 (
Ay 3H), 2.84 (dJ = 4.8 Hz, 3H), 1.51 (d,
J = 6.8 Hz, 3H).
1-46 | N-{(R)-1-[2-fluoro-3- LCMS : tr = 2.874 min, MS (ESI) m/

(trifluoromethyl)phenyl]ethyl}-1-[5-(1-
methyl-1H-1,2,3-triazol-5-yl)-6-
morpholino-3-pyridyl]-6-oxo-1,6-
dihydropyridazine-3-carboxamide

= 572.3 [M+H]".

IH NMR (400 MHz, DMSO#ds) § =
9.11 (d,J = 8.0 Hz, 1H), 8.77 (d] =
2.4 Hz, 1H), 8.09 (d] = 2.8 Hz, 1H),
7.97 (s, 1H), 7.88 (d] = 9.6 Hz, 1H),
7.83 (tJ=7.2 Hz, 1H), 7.69 (1 = 7.0
Hz, 1H), 7.40 (tJ = 7.8 Hz, 1H), 7.11
(d, J = 10.0 Hz, 1H), 5.42 (quin] =
7.1, 14.3 Hz, 1H), 4.02 (s, 3H), 3.58
J = 4.6 Hz, 4H), 3.03 () = 4.6 Hz,
4H), 1.51 (d,) = 6.8 Hz, 3H).

N

4

1-47

N-{(R)-1-[3-(difluoromethyl)-2-
fluorophenyl]ethyl}-1-[6-methyl-5-(1-

LCMS : tr =0.531 min, MS (ESI) m/
= 484.1 [M+H]".

IN
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methyl-1H-1,2,3-triazol-5-yl)-3-pyridyl]-6-

0x0-1,6-dihydropyridazine-3-carboxamide9.05 (d,J = 8.0 Hz, 1H), 9.01 (d] =

'H NMR (400 MHz, DMSO€) & =

2.4 Hz, 1H), 8.27 (dJ = 2.4 Hz, 1H),
8.03 (s, 1H), 7.89 (d = 10.0 Hz, 1H),
7.67 (tJ=7.2 Hz, 1H), 7.53 (1= 6.8

(t, J = 54.4 Hz 1H), 7.19 (dJ = 10.0
Hz, 1H), 5.40 (quin,] = 7.2 Hz, 1H),
3.95 (s, 3H), 2.47 (s, 3H), 1.49 @z
7.2 Hz, 3H).

Hz, 1H), 7.32 (t, J = 7.6 Hz, 1H), 7.22

1-48

N-{(R)-1-[2-fluoro-3-

(trifluoromethyl)phenyl]ethyl}-1-[6-(1-
methyl-1H-1,2,3-triazol-5-yl)pyrazin-2-yl}-
6-0x0-1,6-dihydropyridine-3-carboxamide

LCMS : tr = 0.632 min, MS (ESI) m/
= 488.1 [M+H]".

IH NMR (400 MHz, MeOD) = 9.18
 (d,J = 3.6 Hz, 2H), 8.69 (d] = 2.4 Hz,
1H), 8.44 (s, 1H), 8.10 (dd] = 2.8,
10.0 Hz, 1H), 7.74-7.66 (m, 1H), 7.6
7.56 (m, 1H), 7.33 () = 8.0 Hz, 1H),
6.72 (d,J = 9.6 Hz, 1H), 5.46 (q] =
7.2 Hz, 1H), 4.41 (s, 3H), 1.59 (@=
7.2 Hz, 3H).

N

1-49

N-[(1R)-1-[2-fluoro-3-
(trifluoromethyl)phenyl]ethyl]-1-[5-(3-
isopropyltriazol-4-yl)-3-pyridyl]-6-oxo-
pyridazine-3-carboxamide

LCMS : tr=2.261 min, MS (ESI) m/
=514.2 [M+H]".

'H NMR (400 MHz, DMSO#€k) 6 =
9.16 (d,J = 2.0 Hz, 1H), 9.13 (d] =
8.0 Hz, 1H), 8.80 (dJ = 2.0 Hz, 1H),
8.41 (t,J = 2.0 Hz, 1H), 8.03 (s, 1H
7.92(dJ=9.6 Hz, 1H),7.83 (1=7.2
Hz, 1H), 7.68 (tJ = 7.2 Hz, 1H), 7.4(
(t,J=7.6 Hz, 1H), 7.22 (d] = 9.6 Hz,
1H), 5.43 (quinJ = 7.2 Hz, 1H), 4.7¢
(quin,J = 6.8 Hz, 1H), 1.54 - 1.51 (n
9H).

N

)

—

1-50

N-[(1R)-1-[2-fluoro-3-
(trifluoromethyl)phenyl]ethyl]-1-[5-(1-
cyclopropyl-1H-1,2,3-triazol-5-yl)-3-
pyridyl]-6-oxo-pyridazine-3-carboxamide

LCMS : tr=2.179 min, MS (ESI) m/
=514.1 [M+H]".

'H NMR (400 MHz, DMSO€) & =
9.14-9.09 (m, 2H), 9.02 (A= 2.0 Hz,

N

1H), 8.64 (t,J = 2.0 Hz, 1H), 8.16 (S
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1H), 7.92 (dJ = 9.6 Hz, 1H), 7.82 (1]
= 7.2 Hz, 1H), 7.68 (1) = 7.2 Hz, 1H),
7.39 (tJ= 7.6 Hz, 1H), 7.22 (d]= 9.6
Hz, 1H), 5.42 (tJ = 7.2 Hz, 1H), 4.06
-3.99 (M, 1H), 1.51 (d = 7.2 Hz, 3H),
1.18 - 1.12 (m, 4H).

1-51

N-[(1R)-1-[3-(difluoromethyl)-2-fluoro-
phenyl]ethyl]-1-[5-(1-cyclopropyl-1H-
1,2,3-triazol-5-yl)-3-pyridyl]-6-oxo-
pyridazine-3-carboxamide

LCMS : tr = 1.959 min, MS (ESI) m/
= 496.1 [M+H]".

IH NMR (400 MHz, DMSO#ds) & =
9.12 (d,J = 2.4 Hz, 1H), 9.07 (d] =
8.0 Hz, 1H), 9.02 (dJ = 2.0 Hz, 1H),
8.65 (t,J = 2.0 Hz, 1H), 8.17 (s, 1H
7.92 (d,J = 9.6 Hz, 1H), 7.68 (br ] =
7.2 Hz, 1H), 7.53 (br t| = 7.2 Hz, 1H),
7.35 - 7.29 (m, 1H), 7.24 - 7.20 (M,
2H), 7.08 (s, 1H), 5.42 (quid, = 7.2
Hz, 1H), 4.06 - 4.00 (m, 1H), 1.50 (d,
J=7.2 Hz, 3H), 1.18 - 1.12 (m, 4H).

N

1-52

N-[(1R)-1-[3-(1,1-difluoro-2-hydroxy-
ethyl)-2-fluoro-phenyl]ethyl]-1-[5-(1-

isopropyl-1H-1,2,3-triazol-5-yl)-3-pyridyl]-

6-0x0-pyridazine-3-carboxamide
R F

N

LCMS : tr = 1.683 min, MS (ESI) m/
= 528.2 [M+H]".

IH NMR (400 MHz, DMSO#ds) & =
9.16 (d,J = 2.4 Hz, 1H), 9.08 (d] =
8.2 Hz, 1H), 8.80 (dJ = 2.0 Hz, 1H),
8.41 (t,J = 2.0 Hz, 1H), 8.03 (s, 1H
7.92 (d,J = 9.6 Hz, 1H), 7.64 (br ] =
7.2 Hz, 1H), 7.48 - 7.41 (m, 1H), 7.27
(t, = 7.6 Hz, 1H), 7.22 (d] = 9.6 Hz,
1H), 5.72 (t,J = 6.4 Hz, 1H), 5.46 |
5.37 (m, 1H), 4.78 (quin] = 6.4 Hz,
1H), 3.96 - 3.86 (m, 2H), 1.52 (d,=
6.4 Hz, 6H), 1.49 (d] = 7.2 Hz, 3H).

1-53

N-[(1R)-1-[3-(1,1-difluoro-2-hydroxy-
ethyl)-2-fluoro-phenyl]ethyl]-1-[5-(1-
cyclopropyl-1H-1,2,3-triazol-5-yl)-3-

pyridyl]-6-oxo-pyridazine-3-carboxamide

LCMS : tr = 1.614 min, MS (ESI) m/
= 526.1 [M+H]".

IH NMR (400 MHz, DMSO¢k) 5 =
9.12 (d,J = 2.4 Hz, 1H), 9.07 (d] =
8.0 Hz, 1H), 9.02 (dJ = 2.0 Hz, 1H),
8.65 (t,J = 2.4 Hz, 1H), 8.17 (s, 1H
7.93 (d,J = 9.6 Hz, 1H), 7.64 (br i =

N
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6.8 Hz, 1H), 7.44 (br t| = 6.8 Hz, 1H),
7.30-7.25 (m, 1H), 7.23 (d= 9.6 Hz,

1H), 5.71 (t,J = 6.4 Hz, 1H), 5.47 |

5.37 (M, 1H), 4.08 - 3.99 (m, 1H), 3.
(dt,J = 6.4, 14.4 Hz, 2H), 1.49 (d,=
7.2 Hz, 3H), 1.19 - 1.13 (m, 4H).

1-54

N-[(1R)-1-[2-fluoro-3-
(trifluoromethyl)phenyl]ethyl]-1-[5-(1-
cyclobutyl-1H-1,2,3-triazol-5-yl)-3-
pyridyl]-6-oxo-pyridazine-3-carboxamide

LCMS : tr = 2.334 min, MS (ESI) m/
=528.2 [M+H]".

IH NMR (400 MHz, DMSO#ds) & =
8.98 (d,J = 2.4 Hz, 1H), 8.69 (d] =
1.6 Hz, 1H), 8.13 (tJ = 2.4 Hz, 1H),
8.07 (d,J = 9.6 Hz, 1H), 7.84 (s, 1H
7.55 (t,J = 7.2 Hz, 2H), 7.44 - 7.39 (n
1H), 7.25 - 7.21 (m, 1H), 7.15 (d,=
9.6 Hz, 1H), 5.47 - 5.41 (m, 1H), 4.
- 4.86 (m, 1H), 2.99 - 2.89 (m, 2H

2.58 - 2.51 (m, 2H), 2.07 - 1.90 (M,

2H), 1.64 (d,J = 7.2 Hz, 3H).

N

—

)4
),

1-55

1-[5-(1-cyclobutyl-1H-1,2,3-triazol-5-yl)-3¢

pyridyl]-N-[(1R)-1-[3-(1,1-difluoro-2-
hydroxy-ethyl)-2-fluoro-phenyl]ethyl]-6-
oxo-pyridazine-3-carboxamide

N:N\
\N\Q
7
N. N
PN UNT Y
N0

LCMS : tr = 1.769 min, MS (ESI) m/
=540.1 [M+H]".

IH NMR (400 MHz, DMSO#ds) & =
9.10 (d,J = 2.4 Hz, 1H), 8.68 (d] =
2.0 Hz, 1H), 8.17 (&) = 2.0 Hz, 1H),
8.07 (d,J = 9.6 Hz, 1H), 7.88 (s, 1H
7.59 (br dJ = 8.4 Hz, 1H), 7.56 - 7.5

(m, 1H), 7.45 (tJ = 6.8 Hz, 1H), 7.22

(t,J=7.6 Hz, 1H), 7.16 (dl = 9.6 Hz,
1H), 5.47 - 5.39 (m, 1H), 4.92 (quid
= 8.4 Hz, 1H), 4.20 - 4.02 (m, 2H
3.59 (br t,J = 6.4 Hz, 1H), 2.94 (quin
J=10.0 Hz, 2H), 2.60 - 2.51 (m, 2H
2.08-1.91(m, 2H), 1.62 (d= 7.2 Hz,
3H).

N

N

1-56

1-[5-(1-cyclopropyl-1H-1,2,3-triazol-5-yl)-
3-pyridyl]-6-oxo-N-[(1R)-1-[3-amino-5-

(trifluoromethyl)phenyl]ethyl]pyridazine-3;

carboxamide

LCMS : tr = 1.735 min, MS (ESI) m/
=511.2 [M+H]".

IH NMR (400 MHz, DMSO#ds) & =
9.11 (d,J = 2.4 Hz, 1H), 9.01 (dJ =
2.0 Hz, 1H), 8.97 (d) = 8.4 Hz, 1H),

N
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8.64 (t,J = 2.4 Hz, 1H), 8.15 (s, 1H

—

F
F W nen 7.94 (d,J = 9.6 Hz, 1H), 7.23 (d] =
N _~

Vel 9.6 Hz, 1H), 6.80 (br dJ = 11.2 Hz,

SNH N 2H), 6.71 (s, 1H), 5.55 (s, 2H), 5.
NN (quin,J = 7.2 Hz, 1H), 4.09 - 3.95 (n
NS0 1H), 1.45 (dJ = 7.2 Hz, 3H), 1.18 |

1.11 (m, 4H).
1-57 | 1-[5-[1-(oxetan-3-yl)triazol-5-yl]-3- LCMS : tr =2.019 min, MS (ESI) m/

pyridyl]-6-oxo-N-[(1R)-1-[2-fluoro-3-

(trifluoromethyl)phenyl]ethyl]pyridazine-3;

carboxamide

=530.1 [M+H]".

IH NMR (400 MHz, DMSO¢k) 5 =
9.18-9.10 (m, 2H), 8.80 (d= 2.0 Hz,
1H), 8.34 (tJ = 2.0 Hz, 1H), 8.19 (s
1H), 7.93 (d,J = 9.6 Hz, 1H), 7.84 (1]
= 7.6 Hz, 1H), 7.69 (1] = 7.2 Hz, 1H),
7.41 (tJ=8.0 Hz, 1H), 7.24 (A= 9.6
Hz, 1H), 5.93 - 5.82 (m, 1H), 5.48
5.40 (M, 1H), 5.08 - 5.03 (m, 2H), 5.
-4.97 (m, 2H), 1.53 (d}= 7.2 Hz, 3H).

N

1-58

N-[(1R)-1-amino-5-
(trifluoromethyl)phenyl]ethyl]-6-oxo-1-[5-
[1-(trideuteriomethyl)triazol-5-yl]-3-
yridyl]pyridazine-3-carboxamide

NH2

N
D 5
Ny

o)

\

LCMS : t = 1.695 min, MS (ESI) m/
= 488.2 [M+H]".

IH NMR (400 MHz, DMSO¢e) 5 =
9.17 - 9.08 (m, 2H), 8.93 (d= 2.0 Hz,
1H), 8.54 (t,J = 2.0 Hz, 1H), 8.14 (s

1H), 7.94 (d,J = 9.6 Hz, 1H), 7.41

7.28 (m, 2H), 7.25 - 7.20 (m, 2H), 5.
-5.11 (m, 3H), 1.50 (d} = 7.2 Hz, 3H).

N

1A
H

1-59

(R)-N-(1-(2-fluoro-3-
(trifluoromethyl)phenyl)ethyl)-5-(2-
hydroxypropane-2-yl)-1-(5-(1-methyl-1H-
1,2,3-triazol-5-yl)pyridin-3-yl)-6-oxo0-1,6-
dihydropyridazine-3-carboxamide

R4
&3

OH

N
/

LCMS : tr = 1.833 min, MS (ESI) m/
=546.0 [M+H]".

IH NMR (400 MHz, DMSO#ds) & =
9.14 - 9.04 (m, 2H), 8.92 (d= 1.6 Hz,
1H), 8.48 (s, 1H), 8.17 - 8.02 (m, 2+
7.82 (brtJ=7.2 Hz, 1H), 7.68 (br §
= 7.2 Hz, 1H), 7.40 (1] = 7.6 Hz, 1H),
5.51 (s, 1H), 5.43 (quin] = 7.2 Hz,

1H), 4.17 (s, 3H), 1.53 - 1.47 (m, 9H).

N

1,

158



1-60

1-[5-(1-cyclopropyl-1H-1,2,3-triazol-5-yl)-
3-pyridyl]-6-oxo-N-[(1R)-2,2,2-trideuterio-

1-[3-(1,1-difluoro-2-hydroxy-ethyl)-2-
fluoro-phenyl]ethyl]pyridazine-3-
carboxamide

F F
HO
F Vel
Bﬁ\“‘ NH
D o2 2Ny
N

LCMS : tr = 1.588 min, MS (ESI) m/
=529.2 [M+H]".

IH NMR (400 MHz, DMSO¢k) 5 =
9.12 (d,J = 2.4 Hz, 1H), 9.06 (d] =
8.0 Hz, 1H), 9.02 (dJ = 2.0 Hz, 1H),
8.65 (t,J = 2.0 Hz, 1H), 8.17 (s, 1H
7.93 (d,J = 10.0 Hz, 1H), 7.64 (] =
6.8 Hz, 1H), 7.44 (&) = 6.8 Hz, 1H),
7.28 (t,J = 7.6 Hz, 1H), 7.23 (dJ =
10.0 Hz, 1H), 5.71 (br s, 1H), 5.40

J = 8.0 Hz, 1H), 4.07 - 4.00 (m, 1H
3.91 (dt,J = 3.5, 14.0 Hz, 2H), 1.19
1.13 (m, 4H).

N

N—r

1-61

N-{(R)-1-[2-fluoro-3-
(trifluoromethyl)phenyl]ethyl}-5-

(hydroxymethyl)-1-[5-(1-methyl-1H-1,2,3-

triazol-5-yl)-3-pyridyl]-6-oxo-1,6-
dihydropyridazine-3-carboxamide

F F
F N=N
—N
. y
W H = ‘
N

OH

LCMS: MS (ESI) m/z =
[M+H]*.

'H NMR (400MHz, DMSOedg) & =
9.15-9.09 (m, 2H), 8.92 (d,= 2.0 Hz,
1H), 8.51 (t,J = 2.0 Hz, 1H), 8.13 (s
1H), 7.91 (s, 1H), 7.83 (@ = 7.2 Hz,
1H), 7.68 (tJ = 7.2 Hz, 1H), 7.40 (4
= 8.0 Hz, 1H), 5.64 (1] = 5.6 Hz, 1H),
5.44 (t,J = 7.2 Hz, 1H), 4.47 (br d,=
4.4 Hz, 2H), 4.17 (s, 3H), 1.52 @=
7.2 Hz, 3H).

518.]

1-62

N-{(R)-1-[2-fluoro-3-
(trifluoromethyl)phenyl]ethyl}-5-acetyl-1-
[5-(1-methyl-1H-1,2,3-triazol-5-yl)-3-
pyridyl]-6-oxo-1,6-dihydropyridazine-3-
carboxamide

/N P
(R)

O

LCMS : tr =1.295 min, MS (ESI) m/
= 530.2 [M+H]".

'H NMR (400 MHz, DMSO€) & =
9.20 (br dJ = 7.6 Hz, 1H), 9.11 (d]
=2.0Hz, 1H), 8.96 (dl= 1.6 Hz, 1H),
8.51 (s, 1H), 8.13 (d] = 1.6 Hz, 2H),
7.82 (brtJ=7.2 Hz, 1H), 7.68 (br g
=7.2 Hz, 1H), 7.40 (1) = 8.0 Hz, 1H),

5.44 (quin,d = 7.2 Hz, 1H), 4.17 (s,

3H), 2.60 (s, 3H), 1.52 (br d,= 7.2
Hz, 3H).

N

1-63

N-{(R)-1-[2-fluoro-3-
(trifluoromethyl)phenyl]ethyl}-1-[5-(1-

LCMS : tr =0.722 min, MS (ESI) m/
=564.2 [M+H]".

N
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methyl-1H-1,2,3-triazol-5-yl)-3-pyridyl]-6-
0x0-5-phenyl-1,6-dihydropyridazine-3-
carboxamide

A R)

'H NMR (400 MHz, DMSO¢k) § =
9.21-9.12 (m, 2H), 8.94 (d,= 2.0 Hz,
1H), 8.56 (t,J = 2.0 Hz, 1H), 8.14 (s
1H), 8.01 (s, 1H), 7.91-7.83 (m, 3H
7.69 (t,J = 7.2 Hz, 1H), 7.52-7.47 (m,
3H), 7.42 (t,J = 8.0 Hz, 1H), 5.46
(quin,J = 7.2 Hz, 1H), 4.18 (s, 3H),
1.53 (d,J=7.2 Hz, 3H).

N—r

1-64

N-{(R)-1-[2-fluoro-3-
(trifluoromethyl)phenyl]ethyl}-5-(1-

cyclohexen-1-yl)-1-[5-(1-methyl-1H-1,2,3}

triazol-5-yl)-3-pyridyl]-6-oxo-1,6-
dihydropyridazine-3-carboxamide

N

LCMS : tr =0.732 min, MS (ESI) m/
=568.2 [M+H]".

'H NMR (400 MHz, DMSO€) & =
9.13-9.03 (m, 2H), 8.91 (4= 1.6 Hz,
1H), 8.48 (s, 1H), 8.13 (s, 1H), 7.82 (br
t,J=7.2 Hz, 1H), 7.70 - 7.65 (m, 2H),
7.40 (tJ=7.6 Hz, 1H), 7.16 (br s, 1H
5.43 (brtJ=7.2 Hz, 1H), 4.16 (s, 3H
2.34 (br s, 2H), 2.23 (br d,= 2.4 Hz,
2H), 1.69 (br dJ = 4.8 Hz, 2H), 1.59
(br d,J =5.6 Hz, 2H), 1.51 (br dl =
7.2 Hz, 3H).

1-65

N-{(R)-1-[2-fluoro-3-
(trifluoromethyl)phenyl]ethyl}-5-
cyclohexyl-1-[5-(1-methyl-1H-1,2,3-
triazol-5-yl)-3-pyridyl]-6-oxo-1,6-

dihydropyridazine-3-carboxamide
F

F
F N=N
F //Nié
W
WOONH = ]
o N

N

LCMS : tr = 1.859 min, MS (ESI) m/
= 569.9 [M+H]".

IH NMR (400 MHz, DMSO#ds) § =
9.11 (d,J = 2.4 Hz, 1H), 9.08 (dJ =
7.6 Hz, 1H), 8.91 (dJ = 2.0 Hz, 1H),
8.50 (t,J = 2.0 Hz, 1H), 8.13 (s, 1H
7.83 (t,J=7.6 Hz, 1H), 7.71 - 7.65 (n
2H), 7.40 (tJ = 7.6 Hz, 1H), 5.42 (1]
= 7.6 Hz, 1H), 4.17 (s, 3H), 2.87 - 2.74
(m, 1H), 1.92 - 1.59 (m, 6H), 1.51 (d,
J=7.2 Hz, 3H), 1.39 - 1.30 (m, 4H).

—
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1-66

N-{(R)-1-[2-fluoro-3-
(trifluoromethyl)phenyl]ethyl}-5-ethyl-1-
[5-(1-methyl-1H-1,2,3-triazol-5-yl)-3-
pyridyl]-6-oxo-1,6-dihydropyridazine-3-
carboxamide

F
F /N:N
N _~
F
RG
w NH = ‘
N N

LCMS : tr =0.720 min, MS (ESI) m/
=516.1 [M+H]".

'H NMR (400 MHz, DMSO€) 6 =
9.00 (d,J = 2.4 Hz, 1H), 8.77 (d] =
2.0 Hz, 1H), 8.22 (t) = 2.0 Hz, 1H),
7.92 (s, 1H), 7.88 (s, 1H), 7.59 - 7.
(m, 2H), 7.45 (br dJ = 8.0 Hz, 1H),
7.26 - 7.22 (m, 1H), 5.45 (quid= 7.2
Hz, 1H), 4.19 (s, 3H), 2.71 (4,= 7.6
Hz, 2H), 1.65 (dJ = 7.2 Hz, 3H), 1.24
(t, J=7.6 Hz, 3H).

N

)

1-67

(R)-5'-(1-cyclopropyl-1H-1,2,3-triazol-5-
yl)-2'-fluoro-N-(1-(2-fluoro-3-
(trifluoromethyl)phenyl)ethyl)-2-oxo-2H-
[1,3'-bipyridine]-5-carboxamide

LCMS : tr = 0.563 min, MS (ESI) m/
= 531.3 [M+HT.

IH NMR (400 MHz, DMSO¢k) 5 =

8.78-8.74 (m, 2H), 8.68 (dd, = 2.4,
8.8 Hz, 1H), 8.47 (dJ = 2.4 Hz, 1H),
8.13 (s, 1H), 8.05 (dd,= 2.8, 10.0 Hz
1H), 7.77 (tJ = 7.2 Hz, 1H), 7.67 (4

= 7.2 Hz, 1H), 7.39 (1] = 8.0 Hz, 1H),
6.64 (d,J = 9.6 Hz, 1H), 5.36 (quir]

= 7.2 Hz, 1H), 4.08-4.00 (m, 1H), 1.4
(d,J = 7.2 Hz, 3H), 1.16-1.08 (m, 4H

N

==

7

1-68

1-[5-(1-cyclopropyl-1H-1,2,3-triazol-5-yl)-

3-pyridyl]-N-[(1R)-1-[2-fluoro-3-
(trifluoromethyl)phenyl]ethyl]-2-oxo-2H-
[1,3'-bipyridine]-5-carboxamide

LCMS : tr = 1.357 min, MS (ESI) m/
= 513.0 [M+HT.

IH NMR (400 MHz, DMSO#ds) & =
9.05 (d,J = 1.2 Hz, 1H), 8.87 (d] =
2.0 Hz, 1H), 8.75 (br dJ = 6.8 Hz,
1H), 8.51 (dJ = 2.4 Hz, 1H), 8.46 (s
1H), 8.15 (s, 1H), 7.99 (dd,= 2.4, 9.6
Hz, 1H), 7.77 (br tJ = 7.2 Hz, 1H),
7.67 (br t,J = 7.2 Hz, 1H), 7.39 (1) =
7.6 Hz, 1H), 6.61 (dJ = 9.6 Hz, 1H),
5.36 (quin,d = 7.2 Hz, 1H), 4.05 (tt
= 3.6, 7.2 Hz, 1H), 1.47 (d,= 7.0 Hz,
3H), 1.18 - 1.09 (m, 4H).

N~

1-69

N-[(R)-1-[2-fluoro-3-
(trifluoromethyl)phenyl]ethyl]-1-[5-(1-
methyl-1 H-1,2,3-triazol-5-yl)-3-pyridyl]-6

LCMS : tr=1.919 min, MS (ESI) m/
= 555.9 [M+HT.
-'H NMR (400 MHz, DMSO¢dg) 6 =

N
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0x0-5-(trifluoromethyl)-pyridazine-3-
carboxamide

EX:

CF3

9.29 (br dJ = 7.2 Hz, 1H), 9.09 (br <
1H), 8.97 (br s, 1H), 8.50 (br s, 1+
8.25 (br s, 1H), 8.14 (s, 1H), 7.83 (br
1H), 7.69 (br s, 1H), 7.41 (brd,= 7.2
Hz, 1H), 5.50 - 5.39 (m, 1H), 4.16
3H), 1.53 (br d,J = 6.4 Hz, 3H).

1-70

(R)-N-(1-(3-(1,1-difluoro-2-hydroxyethyl)-

2-fluorophenyl)ethyl)-1-(5-(1-(oxetan-3-

yl)-1H-1,2,3-triazol-5-yl)pyridin-3-yl)-6-

0xo-1,6-dihydropyridazine-3-carboxamidg
R F

LCMS : tr =0.788 min, MS (ESI) m/
=542.0 [M+HT.
'H NMR (400 MHz, DMSOsdg) 6=
29.15 (d,J = 2.4 Hz, 1H), 9.09 (d] =
8.0 Hz, 1H), 8.79 (d) = 2.0 Hz, 1H),
8.34 (t,J = 2.0 Hz, 1H), 8.19 (s, 1H
7.93 (dJ=9.6 Hz, 1H), 7.65 (br g =
7.2 Hz, 1H), 7.44 (br t1=6.8 Hz, 1H),
7.28 (tJ=7.6 Hz, 1H), 7.24 (d1= 9.6
Hz, 1H), 5.90 - 5.83 (m, 1H), 5.71 {t
=6.4 Hz, 1H), 5.43 ({}= 7.2 Hz, 1H),
5.05 (dt,J = 3.6, 6.4 Hz, 2H), 5.01

4.97 (m, 2H), 3.96 - 3.87 (M, 2H), 1.5

(d,J = 7.2 Hz, 3H).

N

1®)
o

1-71

(R)-N-(1-(3-(1,1-difluoro-2-hydroxyethyl-

2,2-dideuterio)-2-fluorophenyl)ethyl)-1-(5¢

(1-(oxetan-3-yl)-1H-1,2,3-triazol-5-

yl)pyridin-3-yl)-6-oxo-1,6-

dihydropyridazine-3-carboxamide
R F

LCMS : tr = 1.444 min, MS (ESI) m/
= 544.2 [M+HT.

'H NMR (400 MHz, DMSO¢g) 6=
9.15 (s, 1H), 9.08 (br d] = 8.4 Hz,
1H), 8.79 (s, 1H), 8.34 (s, 1H), 8.18
1H), 7.93 (dJ = 9.6 Hz, 1H), 7.65 (b
t,J = 7.2 Hz, 1H), 7.44 (br ) = 6.8
Hz, 1H), 7.28 (tJ = 7.6 Hz, 1H), 7.23
(d, J = 10.0 Hz, 1H), 5.91 - 5.82 (1
1H), 5.67 (s, 1H), 5.48 - 5.38 (m, 1+

5.07 - 5.03 (m, 2H), 5.01 - 4.96 (M,

2H), 1.50 (br d,J = 7.2 Hz, 3H).
Deuterated ratio; 98.85%.

N

=

)

-

J2
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N

1-72 | (R)-N-(1-(3-(1,1-difluoro-2-hydroxyethyl)-| LCMS : tr = 0.940 min, MS (ESI) m/
2-fluorophenyl)ethyl)-1-(5-(1-methyl-1H- | = 567.9 [M+HT.
1,2,3-triazol-5-yl)pyridin-3-yl)-6-0x0-5- | *H NMR (400 MHz, DMSOsds) 6=
(trifluoromethyl)-1,6-dihydropyridazine-3- 9.23 (d,J = 8.4 Hz, 1H), 9.10 (d] =
carboxamide 2.4 Hz, 1H), 8.97 (dJ = 2.0 Hz, 1H),
8.50 (t,J = 2.0 Hz, 1H), 8.26 (s, 1H),
8.14 (s, 1H), 7.69 - 7.62 (m, 1H), 7.45
(brt,J =6.8 Hz, 1H), 7.32 - 7.25 (m,
1H), 5.71 (t,J = 6.4 Hz, 1H), 5.44
(quin,J = 7.2 Hz, 1H), 4.17 (s, 3H),
3.91 (dtJ = 6.4, 14.4 Hz, 2H), 1.50 (d,
J=7.2 Hz, 3H).

Example 2. N-[(1R)-1-[3-amino-5-(difluoromethyl)phenyl]lethyl]-1-[5-(3-
methyltriazol-4-y|)-3-pyridyl]-6-oxo-pyridazine-3-carboxamide

F
N=N
_N_ 02 F NPz NN
N _N
N _ FeNWol 7
) (R) ®
- N EDCI, HOB, DIEA EtOH, HZO 80°C, 12 h WSNH N
G )\(N/g SN
0PN N

NH, DMF, 25°C, 5h

A-6 41 51 Example 2

Step 1: Synthesis of N-[(1R)-1-[3-(difluorometh¥nitro-phenyl]ethyl]-1-[5-(3-
methyltriazol-4-yl)-3-pyridyl]-6-oxo-pyridazine-3acboxamide

To a solution ofntermediate 4-1(88 mg, 295.05 umol) arldtermediate A-6 (52.18
mg, 206.53 umol, HCI) in DMF (2 mL) was added HQB®.80 mg, 442.57 umol), EDCI
(84.84 mg, 442.57 umol) and DIEA (114.40 mg, 885ufabl, 154.18 uL). The mixture was
degassed and purged with fér 3 times, and then stirred at 30for 5 h under Natmosphere.
The reaction mixture was poured into water (10 mhdl extracted with EtOAc (30 mLx3).
The combined organic layers were washed with [{fifenLx3), dried over anhydrous p&Ou
and concentrated under reduced pressure to givede g@roduct. The crude product was
purified by silica gel column chromatography (2% ®t¢ in DCM) to give N-[(1R)-1-[3-
(difluoromethyl)-5-nitro-phenyl]ethyl]-1-[5-(3-me¥ftriazol-4-yl)-3-pyridyl]-6-oxo-
pyridazine-3-carboxamide (66 mg, 33.34% vyield, 7d9ty) as brown oil. MS (ESI) m/z =
497.1 [M+HT.

Step 2: Synthesis of N-[(1R)-1-[3-amino-5-(difluarethyl)phenyllethyl]-1-[5-(3-
methyltriazol-4-yl)-3-pyridyl]-6-oxo-pyridazine-3acboxamide

To a solution of N-[(1R)-1-[3-(difluoromethyl)-54mo-phenyllethyl]-1-[5-(3-
methyltriazol-4-yl)-3-pyridyl]-6-oxo-pyridazine-3acboxamide (62 mg, 124.89 umol) in
EtOH (3 mL) and HO (1 mL) was added Fe (34.87 mg, 624.46 umol) aHaddN (66.81 mg,
1.25 mmol). The mixture was degassed and purgddNwitor 3 times, and then stirred at 8D
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for 12 h under N atmosphere. The reaction mixture was concentriayeditration under
reduced pressure, and then poured into water (1)0amd. extracted with EtOAc (10 mLx3).
The combined organic layers were washed with l{difenLx3), dried over anhydrous p&0,
and concentrated under reduced pressure to gived® groduct. The crude product was
purified by prep-HPLC (Welch Xtimate C18 150*30 mBn*um; mobile phase:
[water(NHsH20+ NHsHCOs)-MeCN]; B%: 8%-48%, 28 min). The remaining solvewas
removed by lyophilization to givecompound of Example 211.9 mg, 20.24% yield, 99.08%
purity) as a white solidH NMR (400 MHz, DMSOds) & = 9.12 (d,J = 2.4 Hz, 1H), 8.95 -
8.90 (m, 2H), 8.51 (] = 2.4 Hz, 1H), 8.12 (s, 1H), 7.95 @@= 10.0 Hz, 1H), 7.23 (dl = 10.0
Hz, 1H), 6.95 (s, 1H), 6.81 (s, 1H), 6.69 (s, 261K7 (s, 1H), 6.59 (s, 1H), 5.37 (s, 2H), 5.08 -
5.01 (m, 1H), 4.16 (s, 3H), 1.46 @z 7.2 Hz, 3H)MS (ESI) m/z = 467.2 [M+H].

Examples 2-1 to 2-7

The compounds in Table 2 below were prepared irsénge manner as in Example 2
through a two-step method of amide coupling folldvily reducing a nitro group, using the
corresponding intermediates described in the Pa¢iparExamples.

[Table 2]
No. | Chemical Name/Structure Spectra (LCM$I/NMR)
2-1 | N-[(1R)-1-[5-amino-2-fluoro-3- LCMS : tr = 1.724 min, MS (ESI) m/z £

(trifluoromethyl)phenyl]ethyl]-1-[5-(3- | 503.2 [M+H]".
methyltriazol-4-yl)-3-pyridyl]-6-oxo- 'H NMR (400 MHz, DMSOe) 6 = 9.14
pyridazine-3-carboxamide (d,J = 2.4 Hz, 1H), 9.02 (d) = 7.6 Hz,
1H), 8.93 (dJ = 2.0 Hz, 1H), 8.52 (1 =
2.0 Hz, 1H), 8.13 (s, 1H), 7.94 (@~ 9.6
Hz, 1H), 7.24 (dJ = 9.6 Hz, 1H), 6.84 (dd,
J=2.4,6.0Hz, 1H), 6.73 (dd,= 2.8, 5.6
Hz, 1H), 5.40 (s, 2H), 5.30-5.23 (m, 1H),
4.17 (s, 3H), 1.46 (0} = 7.2 Hz, 3H).
2-2 | N-[(1R)-1-[5-amino-2-methyl-3- LCMS : tr = 1.691 min, MS (ESI) m/z
(trifluoromethyl)phenyl]ethyl]-1-[5-(3- | 499.4 [M+H]".
methyltriazol-4-yl)-3-pyridyl]-6-oxo- 'H NMR (400 MHz, DMSOsdg) 6 = 9.33
pyridazine-3—carboxamide (d,J=7.2 Hz, 1H), 9.16 (d] = 2.4 Hz,
1H), 8.94 (dJ = 2.0 Hz, 1H), 8.62 (J =

2.0 Hz, 1H), 8.16 (s, 1H), 7.91 (@= 10.0
/N 7 Hz, 1H), 7.73 (s, 1H), 7.61 (d,= 1.6 Hz,
1H), 7.23 (d,J = 10.0 Hz, 1H), 5.39-5.23
\ N (m, 3H), 4.18 (s, 3H), 2.51-2.49 (m, 3Hi),
2.47 (s, 3H), 1.48 (dl = 6.8 Hz, 3H).
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2-3

N-[(1R)-1-[5-amino-3-(difluoromethyl)-

2-fluoro-phenyl]ethyl]-5-methyl-1-[5-(3t

methyltriazol-4-yl)-3-pyridyl]-6-oxo-
pyridazine-3-carboxamide

F)?/NHZ N=N
F N
W NH =z ‘
o /N‘N N

N

LCMS : tr = 2.242 min, MS (ESI) m/z

467.2 [M+H]".

'H NMR (400 MHz, DMSOsdg) 6 = 9.13
(d, J = 2.4 Hz, 1H), 8.93-8.89 (m, 2H
8.52 (t,J = 2.4 Hz, 1H), 8.13 (s, 1H), 7.§

(d,J = 1.2 Hz, 1H), 7.19 (s, 1H), 7.05 (s

1H), 6.91 (s, 1H), 6.74-6.70 (m, 1H), 6.
(dd, J = 2.8, 5.2 Hz, 1H), 5.27-5.21 (1
3H), 4.16 (s, 3H), 2.22 (d,= 1.2 Hz, 3H),
1.44 (d,J = 7.2 Hz, 3H).

2-4

N-[(1R)-1-[5-amino-2-methyl-3-
(trifluoromethyl)phenyl]ethyl]-1-[5-(2-
methylpyrazol-3-yl)-3-pyridyl]-6-oxo-
pyridazine-3-carboxamide

F
F

F

LCMS : tr = 1.876 min, MS (ESI) m/z
498.2 [M+HT".

IH NMR (400MHz, DMSO#€g) & = 9.07
(d,J = 2.0 Hz, 1H), 8.95 (dJ = 7.6 Hz,
1H), 8.84 (dJ = 2.0 Hz, 1H), 8.42 (] =
2.0 Hz, 1H), 7.92 (dJ = 10.0 Hz, 1H)
7.56 (d,J = 2.0 Hz, 1H), 7.22 (d] = 10.0
Hz, 1H), 6.86 (s, 1H), 6.79 (d,= 2.0 Hz,
1H), 6.63 (dJ = 2.0 Hz, 1H), 5.33 - 5.2
(m, 3H), 3.93 (s, 3H), 2.24 (s, 3H), 1.41
J= 6.8 Hz, 3H).

2-5

N-[(1R)-1-[5-amino-2-fluoro-3-
(trifluoromethyl)phenyl]ethyl]-5-methyl;
1-[5-(3-methyltriazol-4-yl)-3-pyridyl]-6-
oxo-pyridazine-3-carboxamide

LCMS : tr = 1.929 min, MS (ESI) m/z
517.1 [M+HT".

IH NMR (400 MHz, DMSO¥ék) § = 9.22
(d,J = 2.4 Hz, 1H), 9.05 (dJ = 8.0 Hz,
1H), 8.99 (d,J = 2.0 Hz, 1H), 8.60 (t) =
2.0 Hz, 1H), 8.21 (s, 1H), 7.96 (@= 1.2
Hz, 1H), 6.91 (ddJ = 2.4, 5.6 Hz, 1H)

6.81 (dd,J = 2.8, 5.2 Hz, 1H), 5.49 (s,

2H), 5.37-5.31 (m, 1H), 4.25 (s, 3H), 2.
(d,J = 1.2 Hz, 3H), 1.51 (dJ = 7.2 Hz,
3H).

2-6

N-[(1R)-1-[5-amino-2-methyl-3-
(trifluoromethyl)phenyl]ethyl]-5-methyl;
1-[5-(3-methyltriazol-4-yl)-3-pyridyl]-6-
oxo-pyridazine-3-carboxamide

LCMS : tr = 1.929 min, MS (ESI) m/z

513.1 [M+HJ'.

'H NMR (400 MHz, DMSOdg) & = 9.12
(d,J = 2.4 Hz, 1H), 8.91-8.86 (m, 2H
8.50 (t,J= 2.0 Hz, 1H), 8.12 (s, 1H), 7.8
(s, 1H), 6.86 (dJ = 1.6 Hz, 1H), 6.79 (d
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L - J= 2.0 Hz, 1H), 5.28 (s, 2H), 5.25 (brd
Fj;? Ny = 7.6 Hz, 1H), 4.15 (s, 3H), 2.23 (s, 3H1),

2.21 (s, 3H), 1.41 (dl = 6.8 Hz, 3H).

2-7 | N-[(1R)-1-[3-amino-5- LCMS : tr = 1.463 min, MS (ESI) m/z
(difluoromethyl)phenyl]ethyl]-5-methyl{ 481.1 [M+HT".
1-[5-(3-methyltriazol-4-yl)-3-pyridyl]-6-| *H NMR (400 MHz, DMSOsdg) § = 9.11

0Xx0-pyridazine-3-carboxamide (d,J= 2.4 Hz, 1H), 8.90 - 8.86 (m, 2H),
F F W 8.50 (t,J = 2.0 Hz, 1H), 8.12 (s, 1H), 7.48
N (d,J= 1.2 Hz, 1H), 6.94 (s, 1H), 6.80 (s,
" 2 1H), 6.69 (br s, 2H), 6.66 (s, 1H), 6.58 (s,
NN SN 1H), 5.36 (s, 2H), 5.06 - 5.02 (m, 1H), 4.15
N So (s, 3H), 2.22 (s, 3H), 1.45 (d= 7.2 Hz,
3H)

Example  3: 5-cyano-N-[(1R)-1-[3-(1,1-difluoro-2-hydoxy-ethyl)-2-fluoro-
phenyl]ethyl]-1-[5-(3-methyltriazol-4-y|)-3-pyridy| ]-6-oxo-pyridazine-3-carboxamide

N=N N=N
N N=N _N_
N/
A1 N

EDCI, HOBt, DIEA, DMF CuCN, NMP N
25°C, 3 h 180°C, 2 h

Br

Br Il
4-10 5-2 Example3 N

Step 1: Synthesis of 5-bromo-N-[(1R)-1-[3-(1,1-ddto-2-hydroxy-ethyl)-2-fluoro-
phenyl]lethyl]-1-[5-(3-methyltriazol-4-yl)-3-pyrid{46-oxo-pyridazine-3-carboxamide

To a solution of Intermediate 4-10 (80 mg, 212ufridl) and Intermediate A-1 (54.23
mg, 212.12umol, HCI) in DMF (4 mL) was added EDCI (81.33 m@4423 umol), HOBt
(57.32 mg, 424.23amol) and DIEA (82.24 mg, 636.35mol, 110.84uL). The mixture was
degassed and purged with fdr 3 times, and then stirred at @0for 5 h under Natmosphere.
The reaction mixture was poured into water (10 mhd extracted with EtOAc (30 mLx3).
The combined organic layers were washed with kdifenLx3), dried over anhydrous p&0s
and concentrated under reduced pressure to givede @roduct. The crude product was
purified by silica gel column chromatography (2%®@H in DCM) to give 5-bromo-N-[(1R)-
1-[3-(1,1-difluoro-2-hydroxy-ethyl)-2-fluoro-phengthyl]-1-[5-(3-methyltriazol-4-yl)-3-
pyridyl]-6-oxo-pyridazine-3-carboxamide (85 mg, 5%% yield) as a yellow solid. MS (ESI)
m/z = 580.1 [M+H].

Step 2: Synthesis of 5-cyano-N-[(1R)-1-[3-(1,1-diffo-2-hydroxy-ethyl)-2-fluoro-
phenyl]lethyl]-1-[5-(3-methyltriazol-4-yl)-3-pyrid{46-oxo-pyridazine-3-carboxamide
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To a solution of 5-bromo-N-[(1R)-1-[3-(1,1-difluci@hydroxy-ethyl)-2-fluoro-
phenyl]ethyl]-1-[5-(3-methyltriazol-4-yl)-3-pyrid{H6-oxo-pyridazine-3-carboxamide (85 mg,
146.97umol) in NMP (3 mL) was added CuCN (131.63 mg, 1mdmol, 321.06uL). The
reaction mixture was heated in the microwave at A8@or 2 h. The reaction mixture was
poured into water (30 mL), and extracted with EtQA® mL x 3). The combined organic
layers were washed with brine (20 mL x 3), drie@ro&nhydrous N&Qs and concentrated
under reduced pressure to give a crude productcitite product was purified by prep-HPLC
(column: Xtimate C18 150*40 mm*1@m; mobile phase: [water (NHCOz)-MeCN];
gradient:12%-52% B over 36 min). MeCN was remouveder reduced pressure, and the
remaining solvent was removed by lyophilizatiorgtee a compound ofExample 3(2.4 mg,
2.69% yield) as a white solidH NMR (400 MHz, METHANOL#s) § = 9.09 (br s, 1H), 8.90
(br's, 1H), 8.52 (s, 1H), 8.48 (t= 2.0 Hz, 1H), 8.04 (s, 1H), 7.55 (bt= 6.8 Hz, 1H), 7.48
(brt,J= 6.8 Hz, 1H), 7.22 (t) = 8.0 Hz, 1H), 5.49 (q] = 7.2 Hz, 1H), 4.19 (s, 3H), 3.98 (t,
J=13.6 Hz, 2H), 1.56 (d} = 7.2 Hz, 3H)MS (ESI) m/z = 525.3 [M+H]

Examples 3-1 to 3-5

The compounds in Table 3 below were prepared isénge manner as in Example 3
through a two-step method of amide coupling folldvsy substitution with a cyano group,
using the corresponding intermediates describéderPreparation Examples.

[Table 3]

No. | Chemical Name/Structure Spectra (LCM$I/NMR)

3-1 | 5-cyano-N-[(1R)-1-[3-(difluoromethyl)-2-LCMS: tr = 1.850 min, MS (ESI) m/z
fluorophenyl]ethyl]-1-[5-(1-methyl-1H- | 495.2 [M+H]'.
1,2,3-triazol-5-yl)pyridin-3-yl]-6-0x0-1,61 *H NMR (400 MHz, METHANOL ¢) §
dihydropyridazine-3-carboxamide =9.09 (brs, 1H), 8.90 (br s, 1H), 8.51{(s,
1H), 8.48 (t,J = 2.0 Hz, 1H), 8.04 (s,

F
F NP‘=/N 1H), 7.55 (br tJ = 6.8 Hz, 1H), 7.48 (br
o t, J = 6.8 Hz, 1H), 7.22 (tJ = 8.0 Hz,
W SNH = ‘
o _ N
O

1H), 7.15-7.08 (m, 1H), 5.49 (q,= 7.2
Hz, 1H), 4.20 (s, 3H), 1.56 (d= 7.2 Hz,
3H).

N.
N
2

3-2 | 5-cyano-N-{(1R)-1-[2-fluoro-3- LCMS : tr = 0.565 min, MS (ESI) m/z
(trifluoromethyl)phenyl]ethyl}-1-[5-(1- | 513.0 [M+H]".

methyl-1H-1,2,3-triazol-5-yl)-3-pyridyl]- | *H NMR (400 MHz, DMSOsg) = 9.27
6-0x0-1,6-dihydropyridazine-3- (d,J=7.6 Hz, 1H), 9.09 (d] = 2.4 Hz,
carboxamide 1H), 8.98 (d,J = 2.0 Hz, 1H), 8.66 (s,
1H), 8.49 (t,J = 2.4 Hz, 1H), 8.14 (s,
1H), 7.82 (tJ= 7.2 Hz, 1H), 7.69 (1] =

167



F
F
F N:N
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WONH = ]
N. N
O N
N0
Il
N

7.2 Hz, 1H), 7.41 (= 8.0 Hz, 1H), 5.4
(quin,J = 7.2 Hz, 1H), 4.16 (s, 3H), 1.5
(d,J=7.2 Hz, 3H).

2

11

y

3-3 | 5-cyano-N-[(1R)-1-[2-fluoro-3-(1,1- LCMS : tr = 0.545 min, MS (ESI) m/z
difluoro-2-hydroxy-ethyl)-2-fluoro- 543.1 [M+H]",
phenyl]-1-(5-(1-methyl-1H-1,2,3-triazol-| *H NMR (400 MHz, DMSOss) = 9.03
5-yl)-2-fluoropyridin-3-yl)-6-oxo-1,6- (d,J =8 Hz, 1H), 8.82 - 8.73 (m, 2H
dihydropyridazine-3-carboxamide 8.67 (s, 1H), 8.15 (s, 1H), 7.59 (bdtz
o, N - 6.8 Hz, 1H), 7.42 (br ) = 6.8 Hz, 1H),

Q;? N 7.31-7.25(m, 1H), 5.70 (br s, 1H), 5.
N 2 (brt,J=7.2 Hz, 1H), 4.15 (s, 3H), 3.9
NN (brt,J=14.2 Hz, 2H), 1.45 (1= 7.2
NN F Hz, 3H).
I

3-4 | 5-cyano-N-[(1R)-1-[2-fluoro-3- LCMS : tr = 0.555 min, MS (ESI) m/z
(trifluoromethyl)phenyl]ethyl]-1-(5-(1- | 557.1 [M+H]".
cyclopropyl-1H-1,2,3-triazol-5-yl)-2- 'H NMR (400 MHz, DMSO#¢k) 6 = 9.25
fluoropyridin-3-yl)-6-oxo-1,6- (d,J=7.6 Hz, 1H), 8.76 - 8.63 (m, 3H
dihydropyridazine-3-carboxamide 8.14 (s, 1H), 7.80 (§=7.2 Hz, 1H), 7.67
rS (t, J = 7.2 Hz, 1H), 7.39 (&) = 7.6 Hz,
Fij? VN’N:/N 1H), 5.41 (quin, = 7.2 Hz, 1H), 4.07

S SNH 2 3.98 (m, 1H) , 1.50 (d] = 7.2 Hz, 3H),
NN 1.18 - 1.12 (m, 4H).
N 0 F
CN
3-5 | 5-cyano-N-[(1R)-1-(2-fluoro-3- LCMS : tr = 0.560 min, MS (ESI) m/z

(trifluoromethyl)phenyl)ethyl]-1-[2-
fluoro-5-(1-(methyl-trideuterio)-1H-1,2,3
triazol-5-yl)pyridin-3-yl]-6-oxo-1,6-
dihydropyridazine-3-carboxamide

534.1 [M+H]".

14 NMR (400 MHz, DMSO#g) 5 = 9.27
(d,J = 7.6 Hz, 1H), 8.76 - 8.63 (m, 3H
8.14 (s, 1H), 7.82 (1= 7.2 Hz, 1H), 7.6¢
(t, J = 7.2 Hz, 1H), 7.41 (&) = 8.0 Hz,
1H), 5.43 (quin,] = 7.2 Hz, 1H), 1.52 (d
J=7.2 Hz, 3H).

)
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Example 4: N-[(1R)-1-[2-fluoro-3-(trifluoromethyl)p henyl]lethyl]-1-[6-(3-
methyltriazol-4-yl)pyridazin-4-yl]-6-oxo-pyridazine -3-carboxamide

NN~
N
Cl o7<<
-5
= ‘[\‘j _
o 2 Pd(dppf)Clo-DCM, K,COs,
A o dioxane, H,O, 90°C, 3 h

Example 4

A mixture ofIntermediate D-1 (65 mg, 147.14umol), Intermediate T-5 (461.39 mg,
2.21 mmol), KCOz (40.67 mg, 294.2jdmol) and Pd(dppf)GICHCI> (12.02 mg, 14.7kmol)
in dioxane (3 mL) and ¥ (0.3 mL) was degassed and purged witHadd 3 times, and then
stirred at 90°C for 3 h under N atmosphere. The reaction mixture was poured irztten8
mL) and extracted with EtOAc (20 mLx3). The combir@ganic layers were washed with
brine (10 mLx2), dried over anhydrousJS8&x and concentrated under reduced pressure, and
purified by silica gel column chromatography (3% ®t in DCM) to give a crude product.
The crude product was purified by prep-HPLC (coluMfelch Xtimate C18 150*30 mm*5
um; mobile phase: [water (HCI)-MeCN]; gradient: 2@%@% B over 25 min). MeCN was
removed under reduced pressure, and the remaioingné was removed by lyophilization to
give acompound ofExample 4(4.1 mg, 5.31% yield) as a white solitki NMR (400 MHz,
DMSO-a) 6 = 9.99-9.91 (m, 1H), 8.86-8.75 (m, 1H), 8.51-8(A® 1H), 8.01 (d,) = 9.6 Hz,
1H), 7.77 (br tJ) = 7.1 Hz, 1H), 7.61 (br | = 7.2 Hz, 1H), 7.34 (] = 7.6 Hz, 1H), 7.23 (d]
= 10.0 Hz, 1H), 5.53 (4] = 7.2 Hz, 1H), 4.54 (s, 3H), 1.64 @5 7.2 Hz, 3H); MS (ESI) m/z
=489.1 [M+H]".

Example 5: N-[(1R)-1-[2-fluoro-3-(difluoromethyl)phenyl]ethyl]-1-[6-(3-
methyltriazol-4-yl)pyridazin-4-yl]-6-oxo-pyridazine -3-carboxamide

NN~
N N=N
cl o 7<<

. T-5 .
W H = IN _ kS = hl
O%\EN;N& NN Pd(dppf)Cly-DCM, KoCOs, O%\EN)L N

dioxane, H,O, 90°C, 3 h
D-2 Example 5

The compound of Example Svas obtained as a while solid in the same mannier as
Example 4 usingntermediate D-2 (37.0 mg, 30.83% vyield, 100% purity}H NMR (400
MHz, DMSO-dg) 6 = 9.97 (dJ = 2.0 Hz, 1H), 9.21 (d] = 8.0 Hz, 1H), 8.75 (d] = 2.0 Hz,
1H),8.46 (s, 1H), 7.94 (d, = 10.0 Hz, 1H), 7.72 (br § = 7.2 Hz, 1H), 7.57 - 7.51 (m, 1H),
7.35 (d,J = 8.0 Hz, 1H), 7.28 (d] = 10.0 Hz, 1H), 7.22 (] = 7.2 Hz, 1 H ), 5.44 (quid, =
7.2 Hz, 1H), 4.43 (s, 3H), 1.55 (@= 7.2 Hz, 3H)MS (ESI) m/z = 471.0 [M+H]
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Example 6: (R)N-(1-(2-fluoro-3-(trifluoromethyl)phenyl)ethyl-1-(6-fluoro-5-(1-
methyl-1H-1,2,3-triazol-5-yl)pyridin-3-yl-6-oxo0-1,6-dihydropyridazine-3-carboxamide

N=N
FsC /Nj/
SnBus
F Br T-3
" NH | N Pd(PPhs),Cl,, TEA,
N. _N
0 > N
toluene, 100 °C, O/N
NS
o)
D-3

Example 6

The compound of Example 6vas obtained as a white solid in the same manner as
Step 2 of Preparation Example 33 udimigrmediate D-3 andintermediate T-3 (34 mg, 28%
yield, 97.5% purity) as a white solitH NMR (400 MHz, DMSOe) § = 9.12 (d,J = 8.0 Hz,
1H), 8.86 (s, 1H), 8.68 (dd,= 8.4, 2.4 Hz, 1H), 8.08 (s, 1H), 7.92 Jd5 9.6 Hz, 1H), 7.82 (t,
J=7.0Hz, 1H), 7.69 (] = 7.2 Hz, 1H), 7.23 (d] = 9.6 Hz, 1H), 5.42 (quid = 7.2, 14.4 Hz,
1H), 4.10 (s, 3H), 1.51 (d,= 6.8 Hz, 3H); MS (ESI) m/z = 506.1 [M+H]

Examples 6-1 to 6-9

The compounds in Table 4 below were prepared irsdinee manner as in Example 6
through one-step stille coupling, using the coroesiing intermediates described in the
Preparation Examples.

3

[Table 4]

No. | Chemical Name/Structure Spectra (LCM$I/NMR)

6-1 | N-{(1R)-1-(3-(difluoromethyl)-2- LCMS : tr = 2.663 min, MS (ESI) m/z
fluorophenyl)ethyl}-1-(6-fluoro-5-(1- | 488.1 [M+HJ'.
methyl-1H-1,2,3-triazol-5-yl)pyridin-3t *H NMR (400 MHz, DMSOds) 5= 9.09 (d,
yl)-6-0x0-1,6-dihydropyridazine-3- | J = 8.0 Hz, 1H), 8.87-8.86 (m, 1H), 8.¢
carboxamide (dd,J = 8.4, 2.4 Hz, 1H), 8.09 (&, = 1.2

F Hz, 1H), 7.92 (dJ = 9.6 Hz, 1H), 7.68 (1]
Fﬁ{j Ry = 7.0 Hz, 1H), 7.53 ( = 7.0 Hz, 1H), 7.3
] X, A F (t, J=7.6 Hz, 1H), 7.23 (] = 54.4 Hz, 1H)
AN AN N 7.23 (dJ=9.6 Hz, 1H), 5.41 (quig,= 7.3,
g 14.7 Hz, 1H), 4.10 (s, 3H), 1.50 @ 7.2

Hz, 1H).

6-2 | N-{(1R)-1-[2-fluoro-3- LCMS : tr = 1.928 min, MS (ESI) m/z
(trifluoromethyl)phenyl]ethyl}-1-[5-(1-| 546.1 [M+HT".
isopropyl-1H-1,2,3-triazol-5-yl)-3- 'H NMR (400 MHz, DMSOs) 6= 9.16 (d,
pyridyl]-5-(hydroxymethyl)-6-oxo0-1,64 J = 2.4 Hz, 1H), 9.12 (d] = 8.0 Hz, 1H),
dihydropyridazine-3-carboxamide 8.80 (dJ=2.0 Hz, 1H), 8.41 (1 = 2.0 Hz,
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)Fji? YN z
WSNH = ‘
o /N N N

OH

= 7.2 Hz, 1H), 7.68 (br t] = 7.2 Hz, 1H),
7.39 (t,J = 7.6 Hz, 1H), 5.64 (] = 5.6 Hz,
1H), 5.44 (quinJ = 7.2 Hz, 1H), 4.77 (td]
= 6.8, 13.2 Hz, 1H), 4.46 (br d,= 4.4 Hz,
2H), 1.52 (d,] = 6.4 Hz, 9H).

6-3

N-{(R)-1-[2-fluoro-3-

(fluoromethyl)phenyl]ethyl}-1-[5-(1-
cyclopropyl-1H-1,2,3-triazol-5-yl)-3-
pyridyl]-5-(hydroxymethyl)-6-oxo-1,6-

dihydropyridazine-3-carboxamide
F

F
F
F
N

0] Z N

N=N
Vel g

“

OH

LCMS : tr = 1.372 min, MS (ESI) m/z
544.1 [M+HT.

IH NMR (400 MHz, DMSO#€) 3= 9.11 (br
s, 2H), 9.01 (br s, 1H), 8.64 (br s, 1H), 8
(s, 1H), 7.90 (br s, 1H), 7.82 (brk= 6.8
Hz, 1H), 7.68 (br tJ = 6.0 Hz, 1H), 7.40 (b
t,J=7.6 Hz, 1H), 5.65 (br s, 1H), 5.44
t, J = 7.2 Hz, 1H), 4.47 (br d] = 4.0 Hz,
2H), 4.02 (br s, 1H), 1.51 (br d,= 6.8 Hz,
3H), 1.14 (br dJ = 8.4 Hz, 4H).

6-4

N-{(R)-1-[2-fluoro-3-
(trifluoromethyl)phenyl]ethyl}-1-[5-(1-
ethyl-1H-1,2,3-triazol-5-yl)-3-pyridyl]-
5-(hydroxymethyl)-6-oxo-1,6-

dihydropyridazine-3-carboxamide
F

F
F N=N
NN~
F
W KIH = ‘
N N

o] Z N

NS0

OH

LCMS : tr = 1.344 min, MS (ESI) m/z

532.1 [M+HT.

'H NMR (400 MHz, DMSOe) 6= 9.14 (d,
J=2.0 Hz, 1H), 9.11 (br d,= 8.0 Hz, 1H),
8.86 (d,J = 1.6 Hz, 1H), 8.47 (s, 1H), 8.0
(s, 1H), 7.90 (s, 1H), 7.83 (brd= 7.6 Hz,
1H), 7.68 (br tJ = 7.2 Hz, 1H), 7.40 (br g
=7.6 Hz, 1H), 5.68 - 5.59 (m, 1H), 5.44

(br d,J = 7.2 Hz, 3H), 1.40 (§) = 7.2 Hz,
3H).

1H), 8.02 (s, 1H), 7.90 (s, 1H), 7.82 (bd{,

t,J=7.6 Hz, 1H), 4.53 - 4.45 (m, 4H), 1.5

16

=

br

8

br

6-5

N-{(R)-1-[2-fluoro-3-
(trifluoromethyl)phenyl]ethyl}-1-[6-
methoxy-5-(1-methyl-1H-1,2,3-triazol
5-yl)-3-pyridyl]-6-oxo-1,6-
dihydropyridazine-3-carboxamide

T F
F
F
o

N=N

LCMS : tr = 1.850 min, MS (ESI) m/z

518.2 [M+HJ".

L1H NMR (400 MHz, DMSO#és) 8= 9.08 (d,
J=7.6 Hz, 1H), 8.75 (dJ = 2.4 Hz, 1H),
8.29 (d,J = 2.4 Hz, 1H), 7.92 (s, 1H), 7.9
(d,J=9.6 Hz, 1H), 7.83 (] = 7.4 Hz, 1H),
7.69 (t,J = 7.2 Hz, 1H), 7.41 (1) = 7.8 Hz,
2H), 7.19 (dJ = 9.6 Hz, 1H), 5.43 (quin]
= 7.2, 14.5 Hz, 1H), 4.01 (s, 3H), 4.00

)0

_N_
W O
%\El\ll\N
N0

3H), 1.52 (dJ = 7.2 Hz, 3H).
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6-6

N-{(R)-1-[2-fluoro-3-
(trifluoromethyl)phenyl]ethyl}-1-[6-
(dimethylamino)-5-(1-methyl-1H-
1,2,3-triazol-5-yl)-3-pyridyl]-6-oxo-
1,6-dihydropyridazine-3-carboxamide

LCMS : tr = 1.615 min, MS (ESI) m/z
531.2 [M+HTJ".

'H NMR (400 MHz, DMSOe¢k) & = 9.08
(d,J=8.0Hz, 1H), 8.66 (dl = 2.4 Hz, 1H),
7.98 (d,J=2.4 Hz, 1H), 7.89-7.82 (m, 3H
7.69 (t,J=7.2 Hz, 1H), 7.40 (1 = 7.8 Hz,
1H), 7.15 (dJ = 10.0 Hz, 1H), 5.42 (quirn
J=7.3,14.8 Hz, 1H), 3.92 (s, 3H), 2.72
6H), 1.51 (dJ = 6.8 Hz, 3H).

N-{(R)-1-[2-fluoro-3-
(trifluoromethyl)phenyl]ethyl}-1-[2-
fluoro-5-(1-methyl-1H-1,2,3-triazol-5-
yl)-3-pyridyl]-6-o0x0-1,6-
dihydropyridazine-3-carboxamide

LCMS : tr = 2.018 min, MS (ESI) m/z

506.0 [M+HTJ".

IH NMR (400 MHz, DMSO#dg) & = 9.11
(d,J=7.6 Hz, 1H), 8.76 - 8.63 (m, 2H), 8.
(s, 1H), 7.96 (d) = 9.6 Hz, 1H), 7.79 (t)

= 7.2 Hz, 1H), 7.67 () = 7.2 Hz, 1H), 7.3¢
(t, J = 7.6 Hz, 1H), 7.26 (dJ = 10.0 Hz,
1H), 5.41 (quinJd = 7.2 Hz, 1H), 4.17 (g
3H), 1.48 (d,] = 7.2 Hz, 3H).

6-8

N-{(R)-1-[2-fluoro-3-(1,1-difluoro-2-
hydroxy-ethyl)-2-fluoro-phenyl]ethyl}-
1-[2-fluoro-5-(1-cyclopropyl-1H-1,2,31
triazol-5-yl)-3-pyridyl]-6-oxo-1,6-
dihydropyridazine-3-carboxamide

FF

HO\)ﬁg\) N=N
N~
F \Vel

NH “

LCMS : tr = 0.880 min, MS (ESI) m/z

544.0 [M+HT.

IH NMR (400 MHz, DMSO#gg) & = 9.04
(d,J=8.0 Hz, 1H), 8.83 - 8.74 (m, 2H), 8.
(s, 1H), 7.97 (dJ = 10.0 Hz, 1H), 7.60 (b
t, J = 6.8 Hz, 1H), 7.43 (br t) = 6.8 Hz,
1H), 7.31 - 7.20 (m, 2H), 5.70 (br s, 1K
5.40 (br t,J = 7.2 Hz, 1H), 4.06 - 3.98 (n
1H), 3.91 (br tJ = 14.2 Hz, 2H), 1.45 (dl
= 7.2 Hz, 3H), 1.17 - 1.10 (m, 4H).

N-{(R)-1-[2-fluoro-3-
(trifluoromethyl)phenyl]ethyl}-6-oxo-
1-(5-(1-((R)-pyrrolidin-3-yl)-1H-1,2,3-
triazol-5-yl)pyridin-3-yl)-1,6-
dihydropyridazine-3-carboxamide

LCMS : tr = 0.451 min, MS (ESI) m/z
543.3 [M+HTJ".

'H NMR (400 MHz, DMSO¢g) 6 = 9.17
(d,J=2.0 Hz, 1H), 9.14 (br d = 7.6 Hz,
1H), 8.82 (d,J = 1.6 Hz, 1H), 8.45 - 84

(m, 1H), 8.07 (s, 1H), 7.92 (d,= 9.6 Hz,
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1H), 7.83 (br tJ = 7.2 Hz, 1H), 7.68 (br g
= 7.2 Hz, 1H), 7.40 () = 7.6 Hz, 1H), 7.22

N N//(',Q) _ _
QH (d, J = 9.6 Hz, 1H), 5.43 (br f] = 7.2 Hz,
N 1H), 5.09 - 4.93 (m, 1H), 3.28 - 3.22 (M,
NN 1H), 3.20 (dJ = 6.8 Hz, 1H), 3.13 (br d
N0 = 4.4 Hz, 1H), 3.10 (br s, 1H), 2.89 (ddd,

= 5.6, 7.6, 11.2 Hz, 1H), 2.27 - 2.14 (m,

2H), 1.52 (dJ = 7.2 Hz, 3H).
Example 7: (R)-3-cyclopropyl-N-(1-(2-fluoro-3-(trifluoromethyl)phenyl)ethyl)-

5'-(1-methy|-1H-1,2,3-triazo|-5-y|)-2-oxo-2H-[1,3'bipyridine]-5-carboxamide

/N P —~N -
HO “OH
Pd(OAc),, PCy3, K,CO3
Dioxane/H,0, 110 °C, 1 h
Microwave
Br
Example 1-22 Example 7

The compound of Example Zvas obtained as a white solid by reacting the @amg
of Example 1-22in a similar manner to Example 4 (4.0 mg, 21%d)ietH NMR (400 MHz,
DMSO-ds) 6 = 8.95 (dJ = 2.0 Hz, 1H), 8.86 (dl = 2.4 Hz, 1H), 8.73 (d] = 7.2 Hz, 1H), 8.37
(t, J=2.2 Hz, 1H), 8.33 (d] = 2.4 Hz, 1H), 8.13 (s, 1H), 7.75 {t= 7.0 Hz, 1H), 7.67 (1] =
7.2 Hz, 1H), 7.50 (d] = 2.0 Hz, 1H), 7.40 (1) = 8.0 Hz, 1H), 5.35 (quirJ, = 6.9 Hz, 1H), 4.16
(s, 3H), 2.08-2.03 (m, 1H), 1.47 (@ 6.8 Hz, 3H), 0.93 (dd] = 8.4, 2.0 Hz, 1H), 0.75-0.72
(m, 2H); MS (ESI) m/z = 527.21 [M+H]

Examples 7-1 to 7-4

The compounds in Table 5 below were prepared isénge manner as in Example 7
through one-step Suzuki coupling, using the cooedmg intermediates described in the
Preparation Examples.

[Table 5]

No. | Chemical Name/Structure Spectra (LCM$I/NMR)

7-1 | N-{(R)-1-[2-fluoro-3- LCMS : tr = 1.771 min, MS (ESI) m/g
(trifluoromethyl)phenyl]ethyl}-5-[methyl- | = 505.2 [M+HT.
trideuterio]-1-[5-(1-methyl-1H-1,2,3- 'H NMR (400 MHz, DMSOsdg) 6 =
triazol-5-yl)-3-pyridyl]-6-oxo-1,6- 9.12 (d,J=2.4 Hz, 1H),9.09 (d]=7.6
dihydropyridazine-3-carboxamide Hz, 1H), 8.92 (dJ = 2.0 Hz, 1H), 8.51

(t, J=2.2 Hz, 1H), 8.13 (s, 1H), 7.86 (s,
1H), 7.82 (tJ = 7.2 Hz, 1H), 7.68 (1] =
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/K/? /N/
H
/ N

003

7.2 Hz, 1H), 7.40 (tJ = 8.0 Hz, 1H),
5.45-5.41 (m, 1H), 4.17 (s, 3H), 1.51 (d,
J= 6.8 Hz, 3H).

N

N

N

7-2 | N-{(R)-1-[3-(difluoromethyl)-2- LCMS : tr = 1.698 min, MS (ESI) m/
fluorophenyl]ethyl}-5-[methyl-trideuterio]-| = 487.2 [M+H].
1-[5-(1-methyl-1H-1,2,3-triazol-5-yl)-3- | 'H NMR (400 MHz, DMSO€k) & =
pyridyl]-6-oxo-1,6-dihydropyridazine-3- | 9.12 (d,J = 2.4 Hz, 1H), 9.06 (d] = 8.4
carboxamide Hz, 1H), 8.92 (dJ = 2.0 Hz, 1H), 8.14

(s, 1H), 7.86 (s, 1H), 7.68 @= 7.2 Hz,
)j? N 1H), 7.53 (tJ=6.8 Hz, 1H), 7.32 ({1 =
y 5 7.6 Hz, 1H), 7.23 (t) = 54.2 Hz, 1H)
Ny 5.43-5.40 (m, 1H), 4.17 (s, 3H), 1.49 (d,
CD3 J=6.8 Hz, 3H).

7-3 | N-{(R)-1-[2-fluoro-3- LCMS : tr = 1.797 min, MS (ESI) m/
(trifluoromethyl)phenyl]ethyl}-5-methyl-1- = 502.2 [M+HT.
[5-(1-methyl-1H-1,2,3-triazol-5-yl)-3- 'H NMR (400 MHz, DMSOsdg) 6 =
pyridyl]-6-oxo-1,6-dihydropyridazine-3- | 9.12-9.09 (m, 2H), 8.92 (d,= 1.6 Hz,
carboxamide 1H), 8.51 (t,J = 2.0 Hz, 1H), 8.14 (s,

F 1H), 7.86 (dJ = 1.2 Hz, 1H), 7.82 ()
Fﬁ% N = 7.6 Hz, 1H), 7.69 (tJ = 6.8 Hz, 1H),
" 5 7.41 (t,J = 7.8 Hz, 1H), 5.45-5.41 (m,
SN 1H), 4.17 (s, 3H), 2.21 (s, 3H), 1.51 (d,
}\%/go J=6.8 Hz, 3H).
7-4 | N-{(R)-1-[2-fluoro-3- LCMS : tr = 3.022 min, MS (ESI) m/

(trifluoromethyl)phenyl]ethyl}-5-
cyclopropyl-1-[5-(1-methyl-1H-1,2,3-
triazol-5-yl)-3-pyridyl]-6-oxo-1,6-
dihydropyridazine-3-carboxamide

FF
F N=N
W H = ]
AN N
NS0

= 528.2 [M+HT.

IH NMR (400 MHz, DMSOds) & =
9.11 (d,J = 2.0 Hz, 1H), 9.08 (d] = 8.0
Hz, 1H), 8.92 (d,) = 2.0 Hz, 1H), 8.52
(t, J= 2.0 Hz, 1H), 8.14 (s, 1H), 7.82
J=7.4Hz, 1H), 7.68 (1] = 6.8 Hz, 1H),
7.40 (t,J = 7.8 Hz, 1H), 7.37 (s, 1H
5.41 (quin,d = 7.3, 14.7 Hz, 1H), 4.1
(s, 3H), 2.25-2.20 (m, 1H), 1.50 (@ =
7.2 Hz, 3H), 1.11 (dd] = 8.2, 2.2 Hz

~—+

[ee]
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2H), 0.97-0.95 (m, 2H).

Example 8: N-[(R)-1-{3-[1,1-difluoro-2-(2-pyridylsulfonyloxy)ethyl]-2-
fluorophenyl}ethyl]-5-methyl-1-[5-(1-methyl-1H-1,2 3-triazol-5-yl)-3-pyridyl]-6-oxo-1,6-
dihydropyridazine-3-carboxamide

>
’ o

Example 1-23 Example 8

A mixture of N-[(1R)-1-[3-(1,1-difluoro-2-hydroxythyl)-2-fluoro-phenyllethyl]-5-
methyl-1-[5-(3-methyltriazol-4-yl)-3-pyridyl]-6-ox@yridazine-3-carboxamide (20 mg, 38.95
umol), pyridine-2-sulfonyl fluoride (18.83 mg, 116.8mol), DBU (35.58 mg, 233.70mol,
35.23uL) in dioxane (2 mL) was degassed and purged witfoN3 times, and then stirred at
25 °C for 4 h under Natmosphere. The reaction mixture was concentramelgr reduced
pressure and diluted with EtOAc (5 mL). Then it wmasshed with brine (5 mL x 3), dried over
anhydrous N£5Qy and concentrated under reduced pressure to ghesidue. The crude
product was purified by prep-HPLC (column: Welchn¥ate C18 40 * 200 mmgm; mobile
phase: [water (NEH.O+NHsHCO3)-MeCN]; 22%-62% B over 25 min), and most of MeCN
was removed under reduced pressure. The remaioivgns was removed by lyophilization to
give a compound of Example 8(6.3 mg, 24.68% yield, 99.88% purity) as a whitkds H
NMR (400 MHz, DMSOe€) 6 = 9.11 (br s, 1H), 9.03 (br d= 7.6 Hz, 1H), 8.91 (s, 1H), 8.79
(brd,J=3.6 Hz, 1H), 8.50 (br s, 1H), 8.20 - 8.10 (m)28107 (br d,J = 7.6 Hz, 1H), 7.86 (s,
1H), 7.83 - 7.78 (m, 1H), 7.72 - 7.65 (m, 1H), 7(b2d,J = 6.4 Hz, 1H), 7.34 - 7.25 (m, 1H),
5.39 (brtJ=7.2 Hz, 1H), 4.94 (br 1 = 13.2 Hz, 2H), 4.16 (s, 3H), 2.21 (s, 3H), 1.B87d,J
= 6.8 Hz, 3H); MS (ESI) m/z = 654.9 [M+H]

Examples 9 and 10: N-{(R)-1-[2-fluoro-3-(trifluoromethyl)phenyl]ethyl}-5-[(R)-
1-hydroxyethyl]-1-[5-(1-methyl-1H-1,2,3-triazol-5-\})-3-pyridyl]-6-oxo0-1,6-
dihydropyridazine-3-carboxamide and N-{(R)-1-[2-fluoro-3-
(trifluoromethyl)phenyl]ethyl}-5-[(S)-1-hydroxyethy []-1-[5-(1-methyl-1H-1,2,3-triazol-5-
yI)-3-pyridyI]—6-oxo-1 6-dihydropyridazine-3-carboxamide

.
N _~ E ~N_~ ~N_~ _N_~
5 NaBH,4 B 5 SFC H 5 H 5

MeOH 0-25°C,2h o /N‘N N
*&* *%o % %
o) OH H OH

Example 1-62 Example 9 Example 10
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Step 1: Synthesis of N-((R)-1-(2-fluoro-3-(triflnethyl)phenyl)ethyl)-5-(1-
hydroxyethyl)-1-(5-(1-methyl-1H-1,2,3-triazol-5-pNridin-3-yl)-6-0x0-1,6-
dihydropyridazine-3-carboxamide

A compound of Example 1-6480 mg, 151.1@mol) in MeOH (3 mL) MeOH (3 mL)
was cooled to 0 °C, NaBH11.43 mg, 302.20mol) was added dropwise under &dtmosphere,
then the mixture was stirred at 0 °C for 2 h undemlatmosphere. The reaction mixture was
qguenched with ag. Ni&I (4 mL) added dropwise slowly at 0 °C and exedavith DCM (10
mL x 3). The combined organic layers were washeth Wwrine (5 mL x 2), dried over
anhydrous Ng&5Qs and concentrated under reduced pressure to giweda product. The crude
product was purified by silica gel column chromaégdny (2% MeOH in DCM) to give a crude
product as a yellow solid. The crude product wiasadved in DMF (5 mL) and then purified
by prep-HPLC (column: Welch Xtimate C18 40*200mpm¥, mobile phase: [water (NH20
+ NHsHCOs)-MeOH]; 38%-78% B over 25 min). Most of MeCN wasmoved under reduced
pressure, and the remaining solvent was removéybipyilization to give N-((R)-1-(2-fluoro-
3-(trifluoromethyl)phenyl)ethyl)-5-(1-hydroxyethyl)-(5-(1-methyl-1H-1,2,3-triazol-5-
yl)pyridin-3-yl)-6-oxo-1,6-dihydropyridazine-3-caskamide (15 mg, 15.84% yield, 84.8%
purity, 0.8% ee) as a white solid. MS (ESI) m/z323 [M+H]".

Step 2: Synthesis of N-{(R)-1-[2-fluoro-3-(trifluomethyl)phenyl]ethyl}-5-[(R)-1-
hydroxyethyl]-1-[5-(1-methyl-1H-1,2,3-triazol-5-yB-pyridyl]-6-0x0-1,6-
dihydropyridazine-3-carboxamide and N-{(R)-1-[2dho-3-(trifluoromethyl)phenyllethyl}-
5-[(S)-1-hydroxyethyl]-1-[5-(1-methyl-1H-1,2,3-t@al-5-yI)-3-pyridyl]-6-oxo0-1,6-
dihydropyridazine-3-carboxamide

N-((R)-1-(2-fluoro-3-(trifluoromethyl)phenyl)ethy-(1-hydroxyethyl)-1-(5-(1-
methyl-1H-1,2,3-triazol-5-yl)pyridin-3-yl)-6-oxo-&;dihydropyridazine-3-carboxamide (10
mg, 18.82umol) was further purified by SFC separation (colulAICEL CHIRALCEL OD
(250mm*30mm,10um); mobile phase: [&CEtOH (0.1% NHH20)]; B%: 40%, isocratic
elution mode). Two peaks were confirmed by SFQyaima The compound confirmed in the
first peak (Rt = 1.339 min) was concentrated umdduced pressure. Then MeCN (5 mL) and
H20 (25 mL) were added, and the solvent was remoyedgdphilization to givea compound
of Example 9(4 mg, 31.17% yield, 77.92% purity, 99.84% eeq adite solid. The compound
confirmed in the second peak (Rt = 1.558 min) werecentrated under reduced pressure. Then
MeCN (5 mL) and HO (25 mL) were added, and the solvent was remoydgidphilization
to givea compound of Example 104.2 mg, 39.07% vyield, 93.03% purity, 99.42 eepnas
white solid.

Compound of Example 9*H NMR (400 MHz, CROD) & = 9.10 (dJ = 2.0 Hz, 1H),
8.86 (s, 1H), 8.50 (s, 1H), 8.11 (s, 1H), 8.03L@), 7.74 - 7.70 (m, 1H), 7.59 (brX= 6.8 Hz,
1H), 7.31 (tJ = 8.0 Hz, 1H), 5.51 (g1 = 6.8 Hz, 1H), 4.97 (m, 1H), 4.21 (s, 3H), 1.59J¢
7.0 Hz, 3H), 1.46 (d] = 6.4 Hz, 3H); MS (ESI) m/z = 532.1 [M+H]
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Compound of Example 10 'H NMR (400 MHz, CROD) & = 9.10 (d,J = 1.6 Hz,
1H), 8.86 (s, 1H), 8.50 (s, 1H), 8.11 (s, 1H), 8®31H), 7.71 (br tJ = 7.2 Hz, 1H), 7.59 (br
t,J=7.2 Hz, 1H), 7.32 (br d,= 7.6 Hz, 1H), 5.51 (gl = 6.8 Hz, 1H), 4.96 (br s, 1H), 4.21 (s,
3H), 1.59 (dJ = 7.2 Hz, 4H), 1.47 (d] = 6.4 Hz, 3H); MS (ESI) m/z = 530.2 [M+H]

Example 11: N-{(R)-1-[2-fluoro-3-(trifluoromethyl)p henyllethyl}-1-{5-[1-(2-
hydroxyethyl)-1H-1,2,3-triazol-5-yl]-3-pyridyl}-6-0 x0-1,6-dihydropyridazine-3-
carboxamide

E
N:N F
SN F
1 Az R _TFATIOH N N\/\OH
OH 2 oBn -
Ne s ON EDCI, HOB, DIEA, H Bn  pcm, 25°C, 1h Ay

Y ~ N DMF, 25 °C, 16 h

AN

4-42 Example 1"

Step 1: Synthesis of 1-[5-[3-(2-benzyloxyethyl#o&4-yl]-3-pyridyl]-N-[(1R)-1-[2-
fluoro-3-(trifluoromethyl)phenyl]ethyl]-6-oxo-pyrarine-3-carboxamide

To a mixture of Intermediate 4-42 (70 mg, 167u86ol) and Intermediate A-3 (40.76
mg, 167.30umol, HCI) in DMF (4mL), EDCI (64.14 mg, 334.6dmol), HOBt (45.21 mg,
334.60umol) and DIEA (64.87 mg, 501.9imol, 87.42uL) was added, and the mixture was
degassed and purged with fdr 3 times, and was stirred at 25 °C for 16 harrid atmosphere.
The reaction mixture was poured into water (10 rmhd extracted with EtOAc (15 mL x 3).
The combined organic layers were washed with {BrmaL x 3), dried over anhydrous p&0y
and concentrated under reduced pressure to gesidue. The residue was purified by silica
gel column chromatography (1% MeOH in DCM) to givs-[3-(2-benzyloxyethyl)triazol-
4-yl]-3-pyridyl]-N-[(1R)-1-[2-fluoro-3-(trifluoromehyl)phenyl]ethyl]-6-oxo-pyridazine-3-
carboxamide (20 mg, 16.33% yield, 83% purity) ageiow solid. 'H NMR (400 MHz,
CDs0OD) 6 =9.02 (dJ = 2.4 Hz, 1H), 8.77 (d] = 2.0 Hz, 1H), 8.50 (f = 2.0 Hz, 1H), 8.00 -
7.97 (m, 1H), 7.97 - 7.96 (m, 1H), 7.71 (bd & 6.8 Hz, 1H), 7.58 () = 6.8 Hz, 1H), 7.29 (t,
J=7.6 Hz, 1H), 7.17 - 7.10 (m, 4H), 7.06 - 7.0Q @H), 5.48 (s, 1H), 4.66 (,= 4.8 Hz, 2H),
4.36 (s, 2H), 3.94 (1 = 4.8 Hz, 2H), 1.56 (d] = 7.2 Hz, 3H); MS (ESI) m/z = 608.3 [M+H]

Step 2: Synthesis of N-{(R)-1-[2-fluoro-3-(trifluomethyl)phenyl]ethyl}-1-{5-[1-(2-
hydroxyethyl)-1H-1,2,3-triazol-5-yl]-3-pyridyl}-6-0-1,6-dihydropyridazine-3-carboxamide

A mixture of 1-[5-[3-(2-benzyloxyethyl)triazol-4-}B-pyridyl]-N-[(1R)-1-[2-fluoro-
3-(trifluoromethyl)phenyl]ethyl]-6-oxo-pyridazine-Garboxamide (19 mg, 31.27mol),
trifluoromethanesulfonic acid (211.20 mg, 1.41 mp@4.53uL) and TFA (42.79 mg, 375.27
umol, 27.88uL) in DCM (1.5 mL) was degassed and purged withfdd 3 times, and stirred
at 20 °C for 1 h under Natmosphere. The mixture was concentrated undeceedpressure
to give a crude product. The crude product wasotlissl in DMF (5 mL) and purified by prep-
HPLC (column: Welch Xtimate C18 40*200mm um; mobile phase:
[water(NHH20+NHsHCOz)-MeCN]; 16%-56% B, 25 min) to give compound of Example
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11 (6.8 mg, 41.80% yield, 99.47% purity) as a whitds H NMR (400 MHz, DMSO¢) &
=9.17 - 9.07 (m, 2H), 8.91 (d,= 2.0 Hz, 1H), 8.55 (] = 2.0 Hz, 1H), 8.08 (s, 1H), 7.92 (d,
J=9.6 Hz, 1H), 7.83 (br 1= 7.2 Hz, 1H), 7.68 (1 = 7.2 Hz, 1H), 7.40 (1 = 7.6 Hz, 1H),
7.22 (d,J = 9.6 Hz, 1H), 5.42 (quinl = 7.2 Hz, 1H), 5.13 (t) = 5.2 Hz, 1H), 4.48 ()} = 5.2
Hz, 2H), 3.84 (g) = 5.2 Hz, 2H), 1.51 (d] = 7.2 Hz, 3H); MS (ESI) m/z = 518.1 [M+H]]
Examples 12, 13 and 14: N-{(R)-1-[3-(difluoromethyt2-fluorophenyl]ethyl}-5-
chloro-1-[5-(4-chloro-1-methyl-1H-1,2,3-triazol-5-y)-3-pyridyl]-6-oxo-1,6-
dihydropyridazine-3-carboxamide, N-{(R)-1-[3-(difluoromethyl)-2-fluorophenyl]jethyl}-
1-[5-(4-chloro-1-methyl-1H-1,2,3-triazol-5-yl)-3-pyidyl]-6-0xo-1,6-dihydropyridazine-
3-carboxamide and N-{(R)-1-[3-(difluoromethyl)-2-fluorophenyl]ethyl}-5-chloro-1-[5-(1-
methyl-lH-l 2 3-triazol-5-y|)-3-pyridyI]-6-oxo-1 6-dihydropyridazine-3-carboxamide

F

/N /N Y /N VZ
7  NGS, CCly, MecN cl /N 2~
H whlte light (15W) K‘H H H
N N

CI
Example 1-1 Example 12 Example 13 Example 14

A mixture of the compound of Example 1-1 (100 m§3.D3umol) and NCS (42.67
mg, 319.54umol) in CCk (1 mL) and MeCN (0.5 mL) was degassed and purgédNg for 3
times, and then the mixture was stirred at 25 1@4oh under white light (15 W). The mixture
was filtrated, and filtrate was poured into wated (nL) and extracted with EtOAc (20 mL x
3). The combined organic layers were washed wi®,Hiried over anhydrous B&O: and
concentrated under reduced pressure to give a prodect. The crude product was dissolved
in DMF (5 mL) and was purified by prep-HPLC (columielch Xtimate C18 40*200mm
7um; mobile phase: [water (N\dH20 + NHHCOz)-ACN]; 22%-62% B over 25 min) to afford
three products respectively. The first o@@mpound of Example 12(6.2 mg, 5.41% yield,
100% purity) as a white solid. The second ddempound of Example 13(10.8 mg, 9.89%
yield, 98.3% purity) as a white solid. The thirkcoG@ompound of Example 145.6 mg, 4.38%
yield, 83.95% purity) as a white solid.

Compound of Example12: *H NMR (400 MHz, DMSO€6) & = 9.18 (d,J = 2.4 Hz,
1H), 9.14 (dJ = 8.0 Hz, 1H), 8.90 (d] = 2.0 Hz, 1H), 8.52 (§ = 2.0 Hz, 1H), 8.19 (s, 1H),
7.68 (brtJ=7.6 Hz, 1H), 7.53 (br 1 = 6.8 Hz, 1H), 7.36 - 7.30 (m, 1H), 7.21 (s, 1HY8
(s, 1H), 5.41 (quinJ = 7.2 Hz, 1H), 4.11 (s, 3H), 1.50 @3z 7.2 Hz, 3H); MS (ESI) m/z =
537.9 [M+HT]".

Compound of Example 13H NMR (400 MHz, DMSO€6) & = 9.21 (dJ = 2.4 Hz,
1H), 9.08 (d,J = 8.0 Hz, 1H), 8.88 (dl = 2.0 Hz, 1H), 8.54 (1] = 2.0 Hz, 1H), 7.92 (] = 9.6
Hz, 1H), 7.69 (br tJ = 7.2 Hz, 1H), 7.54 (br fi = 6.8 Hz, 1H), 7.37 - 7.30 (m, 1H), 7.26 - 7.20
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(m, 2H), 7.09 (s, 1H), 5.46 - 5.37 (m, 1H), 4.123(d), 1.51 (dJ) = 7.2 Hz, 3H); MS (ESI) m/z
=504.0 [M+HT.

Compound of Example 14*H NMR (400 MHz, DMSO€6) & = 9.15 (d,J = 8.0 Hz,
1H), 9.10 (dJ = 2.0 Hz, 1H), 8.95 (d] = 2.0 Hz, 1H), 8.52 - 8.48 (m, 1H), 8.20 (s, 18113
(s, 1H), 7.70 - 7.66 (m, 1H), 7.53 (bdts 6.8 Hz, 1H), 7.35 - 7.31 (m, 1H), 7.21 (s, 1HN8
(s, 1H), 5.41 (tJ) = 7.6 Hz, 1H), 4.16 (s, 3H), 1.50 @ 7.2 Hz, 3H); MS (ESI) m/z = 504.0
[M+H]*.

Example 15: N-{(R)-1-[2-fluoro-3-(trifluoromethyl)p henyl]ethyl}-5-(1-
cyclohexen-1-yl)-5'-(1-methyl-1H-1,2,3-triazol-5-yl6-0x0-1H-[1,3'-bipyridyl]-3-
carboxamide

N=N
_N_
CF; Pt CFjy ,N:
F HO. i‘N F ~N
B
o OH WSNH =z ]
N

\z

o Z>NH Cu(OAc),, Pyridine
—_—

NS0 MeCN, 95°C, 16 h NN

W-2 Example 15

Intermediate W-2 and Intermediate P-11 were reaatéte same manner as in Step 3
of Preparation Example 28 to obt@irtompound of Example 1527.3 mg, 31% yield) as a
white solid.*H NMR (400 MHz, DMSOd6) & = 8.94 (d,J = 2.0 Hz, 1H), 8.85 (d] = 2.4 Hz,
1H), 8.80 (dJ = 7.2 Hz, 1H), 8.41 (d] = 2.4 Hz, 1H), 8.35 (1] = 2.2 Hz, 1H), 8.13 (s, 1H),
7.87 (d,J = 2.8 Hz, 1H), 7.77 (1) = 7.4 Hz, 1H), 7.68 (1] = 6.8 Hz, 1H), 7.40 (1] = 7.6 Hz,
1H), 6.41 (m, 1H), 5.37 (quid,= 7.0 Hz, 1H), 4.18 (s, 3H), 2.34-2.33 (m, 2H}L&2.15 (m,
2H), 1.69-1.65 (m, 2H), 1.61-1.57 (m, 2H), 1.48Jd& 7.2 Hz, 3H); MS (ESI) m/z = 567.31
(M + H)".

Examples 16 and 17: N-[(R)-1-{2-fluoro-3-[1-
(fluoromethyl)cyclopropyl]phenyl}ethyl]-1-[5-(1-methyl-1H-1,2,3-triazol-5-yl)-3-
pyridyl]-6-oxo-1,6-dihydropyridazine-3-carboxamide and N-{(R)-1-[3-(1-cyclobuten-1-
yl)-2-fluorophenyl]ethyl}-1-[5-(1-methyl-1H-1,2,3-triazol-5-yl)-3-pyridyl]-6-oxo-1,6-
dihydropyridazine-3-carboxamide

N=N N=N
/N Z /N P N N
MSZO TEA TBAF
\ \

N DCM 0-20°C, 4 h THF, 60°C1h

Example 1-32 Example 16 Example 17

Step 1: Synthesis of [1-[2-fluoro-3-[(1R)-1-[[1-[B-methyltriazol-4-y)-3-pyridyl]-6-
oxo-pyridazine-3-carbonyllamino]ethyl]phenyl]cyclopyllmethyl methanesulfonate
A mixture of the compound of Example 1-32 (100 2@4.29umol) and TEA (26.87
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mg, 265.58umol, 36.96uL) in DCM (5 mL) was degassed and purged withfdd 3 times,
and then methylsulfonyl methanesulfonate (71.17 408.58umol) was added dropwise to
the mixture at 0 °C, and then the mixture wasedirat O °C for 1 h under2Natmosphere.
Thereatfter, the mixture was allowed to warm to €0 &nd then was stirred at 20 °C for 2 h.
The reaction mixture was poured into water (10 rahdl extracted with DCM (15 mL x 3).
The combined organic layers were washed with bfiitemL x 3), dried over anhydrous
NaSQy and concentrated under reduced pressure to giveda product. The crude product
was purified by silica gel column chromatograph$o(1eOH in DCM) to give product [1-[2-
fluoro-3-[(1R)-1-[[1-[5-(3-methyltriazol-4-yl)-3-pydyl]-6-0x0-pyridazine-3-
carbonyllamino]ethyl]phenyl]cyclopropyl]-methyl ntetnesulfonate (60 mg, 27.94% vyield,
54% purity) as a white solid*H NMR (400 MHz, DMSOdg) & = 9.12 (d,J = 2.0 Hz, 1H),
9.00 (brdJ=8.0Hz, 1H), 8.92 (dl = 1.6 Hz, 1H), 8.51 (s, 1H), 8.13 (s, 1H), 7.92)d 9.6
Hz, 1H), 7.42 - 7.36 (m, 1H), 7.26 - 7.19 (m, 2F)6 - 7.08 (m, 1H), 5.40 (quid,= 6.8 Hz,
1H), 4.17 (s, 3H), 2.97 (s, 2H), 1.47 (brdds 6.8 Hz, 3H), 1.03 (m, 2H), 0.92 (m, 2H); MS
(ESI) m/z = 568.2 [M+H].

Step 2: Synthesis of N-[(R)-1-{2-fluoro-3-[1-
(fluoromethyl)cyclopropyllphenyllethyl]-1-[5-(1-mayl-1H-1,2.3-triazol-5-y)-3-pyridyl]-6-
ox0-1,6-dihydropyridazine-3-carboxamide, N-{(R)-3[1-cyclobuten-1-yl)-2-

fluorophenyl]ethyl}-1-[5-(1-methyl-1H-1,2,3-triazéi-yl)-3-pyridyl]-6-0x0-1,6-
dihydropyridazine-3-carboxamide

A mixture of [1-[2-fluoro-3-[(1R)-1-[[1-[5-(3-meth§riazol-4-yl)-3-pyridyl]-6-oxo-
pyridazine-3-carbonyllamino]ethyl]phenyl]cycloprdpyiethyl methanesulfonate (60 mg,
105.71umol) and TBAF (1 M in THF, 158.56L) in THF (2 mL) was degassed and purged
with Nz for 3 times, and then the mixture was stirred0at® for 1h under Natmosphere. The
reaction mixture was poured into water (10 mL) amttacted with EtOAc (10 mL x3). The
combined organic layers were washed with brine [5>x18), dried over anhydrous b&Qy
and concentrated under reduced pressure to gesi@due. The residue was purified by silica
gel column chromatography (1% MeOH in DCM) to gaverude product as a yellow solid.
Thereafter, the crude product was further purifimd prep-HPLC (column: Xtimate C18
150*40mm*1Qum; mobile phase: [water (NdH20+NHsHCOs3)-MeCN]; 18%-58% B over 32
min) to afford two peaks. The compound obtainedaak 1 was concentrated under reduced
pressure to remove most of MeCN. The remainingestlwas removed by lyophilization to
give a compound of Example 1§7.1 mg, 13.67% vyield, 100% purity) as a whiteédol'he
compound obtained in peak 2 was concentrated wedeiced pressure to remove most of
MeCN. The remaining solvent was removed by lyophtion to givea compound of
Example 17(3.6 mg, 7.20% yield, 99.7% purity) as a whitddol

Compound of Example 16H NMR (400 MHz, DMSO-dg) § = 9.13 (d,J = 2.4 Hz,
1H), 9.00 (dJ = 8.4 Hz, 1H), 8.92 (d] = 2.0 Hz, 1H), 8.52 (J = 2.0 Hz, 1H), 8.13 (s, 1H),
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7.93 (d,J = 9.6 Hz, 1H), 7.39 (dt] = 1.2, 7.2 Hz, 1H), 7.27 - 7.21 (m, 2H), 7.1308(m,
1H), 5.41 (quinJ = 7.2 Hz, 1H), 4.47 - 4.27 (m, 2H), 4.17 (s, 3H}¥7 (d,J = 7.2 Hz, 3H),
0.97 (m, 2H), 0.90 - 0.85 (m, 2H); MS (ESI) m/z 9040 [M+H]".

Compound of Example 17*H NMR (400 MHz, DMSO€) § = 9.13 (dJ = 2.4 Hz,
1H), 9.02 (dJ = 8.0 Hz, 1H), 8.93 (d] = 2.0 Hz, 1H), 8.52 (] = 2.0 Hz, 1H), 8.14 (s, 1H),
7.93 (d,J=9.6 Hz, 1H), 7.44 - 7.34 (m, 1H), 7.25 - 7.18 @Hl), 7.18 - 7.13 (m, 1H), 6.38 (d,
J=2.8 Hz, 1H), 5.41 (quird = 7.2 Hz, 1H), 4.17 (s, 3H), 2.84 - 2.79 (m, 2BR5 (m, 2H),
1.49 (d,J = 7.2 Hz, 3H); MS (ESI) m/z = 472.2 [M+H]]

Example 18: N-[(1R)-1-[2-fluoro-3-[1-
(methoxymethyl)cyclopropyl]phenyl]ethyl]-1-[5-(3-mehyltriazol-4-yl)-3-pyridyl]-6-oxo-
pyridazine-3-carboxamide

HO o
/N
F Br Vel Nah F Br 7
Y Jé Y Jé
NG AN

THF, 20°C, 2 h Pd(dba)s, P(t-Bu)s.HBF 4,

o /N\N N o KF, THF, H,0, 80 °C, 4 h
) NS0
D-11 Example 18

Step 1 Synthesis of 1-(5-bromo-3-pyridyl)-N-[(1Ry2-fluoro-3-[1-
(methoxymethyl)cyclopropyl]phenyllethyl]-6-oxo-pgazine-3-carboxamide

To a mixture of Intermediate D-11 (100 mg, 205.280l) in THF (3 mL) was added
NaH (24.62 mg, 615.61mol, 60% purity) at 50 °C. The resulting mixturesasirred at 20 °C
for 15 minutes. lodomethane (58.25 mg, 41Quafol, 25.55uL) was added to the reaction
mixture, and the mixture was stirred at 20 °C fdr. Zhe reaction mixture was quenched with
ice-cold water (10 ml) and extracted with EtOAc (8Q x 3). The combined organic layers
were washed with brine (50 mL), dried over anhydrddeSQw and concentrated under
reduced pressure to give a crude product. The gatkict was purified by silica gel column
chromatography (32% EtOAc in PE) to give 1-(5-breBpyridyl)-N-[(1R)-1-[2-fluoro-3-[1-
(methoxymethyl)cyclopropyl]phenyl]ethyl]-6-oxo-pyiazine-3-carboxamide (46mg, 29.27%
yield, 65.47% purity) as yellow oil. MS (ESI) n#z502.9 [M+HTJ.

Step 2: Synthesis of N-[(1R)-1-[2-fluoro-3-[1-
(methoxymethyl)cyclopropyl]phenyllethyl]-1-[5-(3-rtieyltriazol-4-yl)-3-pyridyl]-6-oxo-
pyridazine-3-carboxamide

A mixture of 1-(5-bromo-3-pyridyl)-N-[(1R)-1-[2-floro-3-[1-
(methoxymethyl)cyclopropyl]phenyllethyl]-6-oxo-pyiazine-3-carboxamide (46 mg, 91.75
umol), (3-methyltriazol-4-yl)boronic acid (34.93 mg75.26umol), KF (10.66 mg, 183.51
umol, 430 L), Pd(dbay  (5.28 mg, 9.18 umol) and tri-tert-
butylphosphonium;tetrafluoroborate (2.66 mg, Qubdl) in THF (2 mL)/HO (0.4 mL) was
degassed and purged with fér 3 times, and then was stirred at 80 °C fbr. £Loncentrated
NH3z- H.O (51.45 mg, 367.0dmol, 56.54uL, 25% purity) was added, and the mixture was
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stirred at 20 °C for 24 h under.Mtmosphere. The reaction mixture was filtrated| the
filtrate was concentrated under reduced pressugivioa crude product. The crude product
was purified by prep-HPLC (column: Xtimate C18 180mm*1Qum;mobile phase:
[water(NHH20+NHsHCO3)-ACN];18%-58% B over 32 min), and the remainindveat was
removed by lyophilization to give compound of Example 1§6.5 mg, 13.44% yield, 95.53%
purity) as a white solid'H NMR (400 MHz, DMSO¢g) § = 9.13 (dJ = 2.4 Hz, 1H), 8.98 (d,
J=8.4 Hz, 1H), 8.92 (d] = 2.0 Hz, 1H), 8.52 (J = 2.0 Hz, 1H), 8.13 (s, 1H), 7.93 @-=
10.0 Hz, 1H), 7.35 (1) = 6.8 Hz, 1H), 7.25-7.18 (m, 2H), 7.09-7.03 (m)15140 (q,J = 7.6
Hz, 1H), 4.17 (s, 3H), 3.41-3.35 (m, 2H), 3.1631), 1.47 (d,J = 7.2 Hz, 3H), 0.86-0.81 (m,
2H), 0.78-0.72 (m, 2H); MS (ESI) m/z = 504.2 [M+H]

Example 19: N-{(R)-1-[2-fluoro-3-(trifluoromethyl)p henyl]ethyl}-1-{5-[1-(1-
methyl-3-azetidinyl)-1H-1,2,3-triazol-5-yl]-3-pyridyl}-6-oxo-1,6-dihydropyridazine-3-
carboxamide

t\NBoc R) NBoc NH
on A3 ; e \C o \C
o /N\N N EDCI, HOBY, DIEA HFIP: TFA = 10: 1,

« DMF, 20 C, 2h 20°C,2h N N
0 \

o
4-66 Example 19

Step 1: Synthesis of tert-butyl 3-[5-[5-[3-[[(1R)f2-fluoro-3-
(trifluoromethyl)phenyl]ethyl]carbarmoyl]-6-oxo-pgazin-1-yl]-3-pyridyl]triazol-1-
ylJazetidine-1-carboxylate

Intermediate 4-66 and Intermediate A-3 were usedyathesis in the same manner
as in Example 1 to give tert-butyl 3-[5-[5-[3-[[(}R-[2-fluoro-3-
(trifluoromethyl)phenyl]ethyl]lcarbamoyl]-6-oxo-pyazin-1-yl]-3-pyridyl]triazol-1-
ylJazetidine-1-carboxylate (270 mg , 45.46% yi€lil,53% purity) as a yellow solid. MS (ESI)
m/z = 629.4 [M+H].

Step 2: Synthesis of N-{(R)-1-[2-fluoro-3-(trifluomethyl)phenyl]ethyl}-1-{5-[1-(1-
methyl-3-azetidinyl)-1H-1,2,3-triazol-5-yl]-3-pynl-6-oxo-1,6-dihydropyridazine-3-
carboxamide

To a mixture of tert-butyl 3-[5-[5-[3-[[(1R)-1-[2kioro-3-
(trifluoromethyl)phenyl]ethyl]lcarbamoyl]-6-oxo-pgazin-1-yl]-3-pyridyl]jtriazol-1-
yllazetidine-1-carboxylate (250 mg, 397./&ol) in HFIP (2 mL) was added TFA (0.2 mL),
and the mixture was degassed and purged wifloM\B times. Then the mixture was stirred at
20 °C for 2 h under Natmosphere. The mixture was concentrated undeiceeldpressure to
give a crude product. The crude product was puridie prep-TLC (SiQ DCM: MeOH = 5:1)
to give a compound as white oil. It was furtherifoenl by prep-HPLC (column: Welch Xtimate
C18 40*200mm #m; mobile phase: [water(NdHCOz)-MeCN]; 12%-52% B over 25 min) to
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give a compound of Example 1947.4 mg, 24.49% yield, 99.27% purity) as a whitkdso'H
NMR (400 MHz, DMSO¢dg) 6 = 9.17-9.09 (m, 2H), 8.80 (d,= 2.0 Hz, 1H), 8.36 (1) = 2.0
Hz, 1H), 8.14 (s, 1H), 7.92 (d,= 10.0 Hz, 1H), 7.84 (br §,= 7.2 Hz, 1H), 7.67 (1 = 6.8 Hz,
1H), 7.40 (t,J = 8.0 Hz, 1H), 7.22 (d] = 10.0 Hz, 1H), 5.45 (quind, = 7.6, 15.2 Hz, 2H),
4.06 (dt,J = 4.0, 7.6 Hz, 2H), 3.79 (brd,= 8.0 Hz, 2H), 1.52 (d] = 7.2 Hz, 3H); MS (ESI)
m/z = 529.2 [M+HT.

Example 20: N-{(R)-1-[2-fluoro-3-(trifluoromethyl)p henyl]ethyl}-1-{5-[1-(1-
methyl-3-azetidinyl)-1H-1,2,3-triazol-5-yl]-3-pyridyl}-6-oxo-1,6-dihydropyridazine-3-
carboxamide

N=N N=N
N NﬁNH HCHO, AcOH N NﬂN\
NH Z NaBH4CN, “"NH “
NN 20°C,2h AN N
NS0 NS0
Example 19 Example 20

To a compound of Example 19 (50 mg, 946i0l) in MeOH (1 mL) were added
AcOH (11.36 mg, 189.28mol, 10.83uL), NaBH:CN (23.78 mg, 378.46mol) and HCHO
(15.36 mg, 189.2@mol, 14.09uL) in MeOH (1 mL). The mixture was degassed andypdr
with N2 for 3 times, and then stirred at 20 °C for 2 hemis, atmosphere. The mixture was
concentrated under reduced pressure to give a prodect. The crude product was dissolved
in MeOH (5 mL) and purified by prep-HPLC (column:eloh Xtimate C18 40*200mm
7um;mobile phase: [water(NgH20+NHsHCOz)-MeCN]; 20%-60% B over 25 min) to give
compound of Example 20(9.5 mg, 18.51% yield, 100% purity) as a whiteidsofH NMR
(400 MHz, DMSO¢ék) 6 = 9.16-9.08 (m, 2H), 8.82 (4= 2.0 Hz, 1H), 8.39 (1 = 2.0 Hz, 1H),
8.14 (s, 1H), 7.92 (d] = 10.0 Hz, 1H), 7.83 (] = 7.2 Hz, 1H), 7.68 (1) = 7.2 Hz, 1H), 7.40
(t, J = 8.0 Hz, 1H), 7.23 (d] = 10.0 Hz, 1H), 5.43 (quid, = 7.2 Hz, 1H), 5.24 (quir = 6.8
Hz, 1H), 3.83-3.77 (m, 2H), 3.45 (= 6.8 Hz, 2H), 2.29 (s, 3H), 1.52 @= 7.2 Hz, 3H); MS
(ESI) m/z = 543.2 [M+H].

Example 20-1: (R)-N-(1-(2-fluoro-3-(trifluoromethyl)phenyl)ethyl)-1-(5-(1-(1-(2-
hydroxyethyl)azetidin-3-yl)-1H-1,2,3-triazol-5-yl)pyridin-3-yl)-6-0xo0-1,6-
dihydropyridazine-3-carboxamide

N=N
N
N \CNH Br—_~ "OH
_—
chOS, MeCN,
N 50°C, 12 h
NS0
Example 19 Example 20-1
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A mixture of the compound of Example 19 (60 mg, .523umol), 2-bromoethanol
(14.19 mg, 113.54mol, 8.05uL) and K:COs (47.07 mg, 340.6{tmol) in MeCN (2 mL) was
stirred at 50C for 12 h, and then concentrated under reducedgyreso give a crude product.
The crude product was purified by prep-TLC (iI0DCM:MeOH = 10:1) to give a residue.
The resulting product was dissolved in MeOH (5 byl purified by prep-HPLC (column: F-
Prepulite XP tC 18 40*200mmtim;mobile phase: [water(NgH2O+NHsHCO3)-
ACN];gradient:16%-56% B over 20 min). Most of MeGis concentrated under reduced
pressure and the remaining solvent was removeddphllization to givea compound of
Example 20-1(10.4 mg, 15.94% yield, 99.64% purity) as a wkitéid. *H NMR (400 MHz,
DMSO-0s) 6 =9.16-9.09 (m, 2H), 8.82 (d,= 1.6 Hz, 1H), 8.39 (s, 1H), 8.14 (s, 1H), 7.92 (d
J=10.0 Hz, 1H), 7.83 (br § = 7.2 Hz, 1H), 7.67 (br 4 = 7.2 Hz, 1H), 7.40 () = 8.0 Hz,
1H), 7.23 (dJ = 10.0 Hz, 1H), 5.43 (quild,= 7.2 Hz, 1H), 5.28 (quir) = 6.8 Hz, 1H), 4.46-
4.38 (m, 1H), 3.82 (br 1= 7.6 Hz, 2H), 3.52 (br § = 7.2 Hz, 2H), 3.37 (br s, 2H), 2.54 (br t,
J=6.0 Hz, 2H), 1.52 (br d,= 7.2 Hz, 3H); MS (ESI) m/z = 573.2 [M+H]

Example 20-2: (R)-1-(5-(1-(azetidin-3-yl)-1H-1,2,34azol-5-yl)pyridin-3-yl)-N-
(2-(3-(1,1-difluoro-2-hydroxyethyl)-2-fluorophenyl)ethyl)-6-oxo-1,6-dihydropyridazine-
3-carboxamide

R F
N:N HO
N Nt\ (R
NBoc NHz F
OH 2N —_ A
N N N
oINS
O
[¢]

R F

HO
N SN
\@NBOC HFIP/TFA F " \CNH
—_—

NS0 NS0

4-66 Example 20-2

Intermediate 4-66 and Intermediate A-1 were usedyathesis in the same manner
as in Example 19 to giveecompound of Example 20-Z13 mg, 34.15% yield, 99.73% purity)
as a white solid*H NMR (400 MHz, DMSOe€e) 5 = 9.14 (dJ = 2.4 Hz, 1H), 9.07 (d1 = 8.0
Hz, 1H), 8.80 (dJ = 2.0 Hz, 1H), 8.37 (] = 2.0 Hz, 1H), 8.14 (s, 1H), 7.93 @ 10.0 Hz,
1H), 7.65 (brtJ = 7.2 Hz, 1H), 7.43 (br § = 6.8 Hz, 1H), 7.28 (] = 7.6 Hz, 1H), 7.23 (d]
=10.0 Hz, 1H), 5.73 (br 8 =5.6 Hz, 1H), 5.51 - 5.37 (m, 2H), 4.10 - 4.01 @H), 3.97 - 3.85
(m, 2H), 3.79 (br tJ = 8.0 Hz, 2H), 1.50 (d] = 7.2 Hz, 3H); MS (ESI) m/z = 541.2 [M+H]

Example 20-3: (R)-1-(5-(1-(azetidin-3-yl)-1H-1,2,3iazol-5-yl)pyridin-3-yl)-N-
(2-(3-(1,1-difluoro-2-hydroxyethyl-2,2-dideuterio)2-fluorophenyl)ethyl)-6-oxo-1,6-
dihydropyridazine-3-carboxamide

N=N
HO N=N
t\ oo DD N
NBoc R) \CNBOC F \C\NH
OH NH2 HFIPITFA ~®

EDCI, HOBt, DIEA
DMF, 16 °C, 16 h

NH Z
0 /N\N 0 N ‘N
EDCI HOBt, DIEA 20 c 2h AN
NN DMF, 20 °C, 2 h
S
0
4-66 Example 20-3

Intermediate 4-66 and Intermediate A-20 were usedynthesis in the same manner
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as in Example 19 to givecompound of Example 20-315.2 mg, 36.01% yield, 100% purity,
deuterated ratio: 98.97%) as a white sditINMR (400 MHz, DMSOs) § = 9.15 (dJ = 2.0
Hz, 1H), 9.08 (br dJ = 8.0 Hz, 1H), 8.80 (d] = 2.0 Hz, 1H), 8.37 (1] = 2.0 Hz, 1H), 8.14 (s,
1H), 7.93 (dJ = 10.0 Hz, 1H), 7.65 (br § = 6.8 Hz, 1H), 7.44 (1 = 6.8 Hz, 1H), 7.28 (1] =
7.6 Hz, 1H), 7.23 (dJ = 10.0 Hz, 1H), 5.68 (br s, 1H), 5.45 (&= 7.6, 20.0 Hz, 2H), 4.46-
4.26 (m, 1H), 4.09 (br dl = 3.2 Hz, 2H), 3.85 (br s, 2H), 1.50 W+ 7.2 Hz, 3H); MS (ESI)
m/z = 543.2 [M+H].

Example 20-4: N-[(1R)-1-[2-fluoro-3-(trifluoromethyl)phenyl]ethyl]-6-oxo-1-[5-
[3-(4-piperidyl)triazol-4-y|]-3-pyridyl]pyridazine- 3-carboxamide

N N { N . N N
NBoc E N HFIP TFA =10: 1
OH NBoc
o /N‘N N
™

z
Il

HOBt, EDCI, DIEA, \v" 25 °C,2h
DMF, 25°C, 16 h

\ o)

OW
.

0]

Intermediate 4-79 and Intermediate A-3 were usedyathesis in the same manner
as in Example 19 to give compound of Example 20-414.2 mg, 23.70% vyield, 99.037%
purity) as a white solidH NMR (400 MHz, DMSO-d6p = 9.17 - 9.12 (m, 2H), 8.81 (d,=
2.0 Hz, 1H), 8.42 (t) = 2.0 Hz, 1H), 8.04 (s, 1H), 7.92 @3= 10.0 Hz, 1H), 7.83 (1] = 7.2
Hz, 1H), 7.68 (tJ = 7.2 Hz, 1H), 7.40 (t] = 7.6 Hz, 1H), 7.23 (dl = 10.0 Hz, 1H), 5.43 (quin,
J=7.2 Hz, 1H), 4.53 - 4.42 (m, 1H), 3.02 (brdd; 12.8 Hz, 2H), 2.59 - 2.53 (m, 2H), 2.04 -
1.93 (m, 4H), 1.52 (d] = 7.2 Hz, 3H); MS (ESI) m/z = 557.2 [M+H]

Example 20-5: N-[(1R)-1-[2-fluoro-3-(trifluoromethyl)phenyl]ethyl]-6-oxo-1-[5-
[3-[(3S)-pyrrolidin-3-yl]triazol-4-yl]-3-pyridyl]py ridazine-3-carboxamide

F

E

F £
%\L/L\\\N
D-12

F
F
F N=N
N=N N NLS@ N N-@G
' HFIP, TFA F
S\/N% NBoc — ® N
BusSn Pd(PPhj3),Cl,, dioxane, 7 UNH = ‘ H
N. N

25°C, 2 h
NBoc 105 °C, 12 h

T-22 Example 20-5

Step 1: Synthesis of tert-butyl  (3S)-3-[5-[5-[31[K)-1-[2-fluoro-3-
(trifluoromethyl)phenyl]ethyllcarbamoyl]-6-oxo-pylazin-1-yl]-3-pyridyl]triazol-1-
yl]pyrrolidine-1-carboxylate

A mixture of Intermediate T-22 (330 mg, 625.ii®ol), Intermediate D-12 (151.83
mg, 312.9Qumol) and Pd(PPHCl> (21.96 mg, 31.2amol) in dioxane (4 mL) was degassed
and purged with nitrogen for 3 times, and thenediat 105°C for 12 h under Natmosphere.
The reaction mixture was filtered, and the filtrates concentrated under reduced pressure and
purified by column chromatography (0~2% MeOH/DCM)dive tert-butyl (3S)-3-[5-[5-[3-
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[[(1R)-1-[2-fluoro-3-(trifluoromethyl)phenyl]ethyfarbamoyl]-6-oxo-pyridazin-1-yl]-3-
pyridyl]triazol-1-yl]pyrrolidin-1-carboxylate (17@ng, 76.94% yield, 91% purity) as a yellow
solid. MS (ESI) m/z = 643.2 [M+H]

Step 2: Synthesis of N-[(1R)-1-[2-fluoro-3-(trifltmmethyl)phenyl]ethyl]-6-0x0-1-
[5-[3-[(3S)-pyrrolidin-3-yl]triazol-4-yl]-3-pyridylpyridazine-3-carboxamide

The compound of Example 20-%23.9 mg, 16.65% yield, 100% purity) was obtained
as a white solid in the same manner as in StepgExarple 19.*H NMR (400 MHz, DMSO-
ds) 5 = 9.16 (s, 1H), 9.15 - 9.11 (m, 1H), 8.82 (s, 1843 (s, 1H), 8.07 (s, 1H), 7.92 (@=
9.6 Hz, 1H), 7.83 (br t) = 7.2 Hz, 1H), 7.68 (br t] = 7.2 Hz, 1H), 7.40 (t) = 7.6 Hz, 1H),
7.22 (d,J =9.6 Hz, 1H), 5.43 (br 1 = 7.2 Hz, 1H), 5.01 (br s, 1H), 3.21 (br dds 6.8, 11.6
Hz, 2H), 3.13 - 3.07 (m, 2H), 2.92 - 2.84 (m, 1BIR5 - 2.14 (m, 2H), 1.52 (br d= 7.2 Hz,
3H); MS (ESI) m/z = 543.2 [M+H]

Example 20-6: (R)-N-(1-(2-fluoro-3-(trifluoromethyl)phenyl)ethyl)-1-(5-(1-(1-
methylpiperidin-4-yl)-1H-1,2,3-triazol-5-yl)pyridin -3-yl)-6-oxo-1,6-dihydropyridazine-
3-carboxamide

F
F
F N=N o
N l N N
W = -

NH ‘ NaBH;CN, AcOH, MeOH
o /N‘N N
AN 0 \ 0]
Example 20-4 Example 20-6

Example 20-4 was reacted in the same manner asamjide 30 to obtaia compound
of Example 20-6(23.9 mg, 38.85% yield, 100% purity) as a whitédso'H NMR (400 MHz,
DMSO-ds) 8 = 9.16 (dJ = 2.4 Hz, 1H), 9.14 (d] = 8.0 Hz, 1H), 8.81 (d] = 2.0 Hz, 1H), 8.44
(t, J=2.0 Hz, 1H), 8.05 (s, 1H), 7.91 @ 10.0 Hz, 1H), 7.83 (1 = 7.2 Hz, 1H), 7.68 (1] =
7.2 Hz, 1H), 7.40 (tJ = 8.0 Hz, 1H), 7.24 (d] = 10.0 Hz, 1H), 5.43 (quid, = 7.2 Hz, 1H),
4.38 (dddJ=4.0, 7.2, 11.2 Hz, 1H), 2.90 - 2.80 (m, 2H),®2(Br d,J = 4.0 Hz, 1H), 2.18 (s,
3H), 2.14 (br s, 1H), 2.05 - 1.97 (m, 4H), 1.53 J& 7.2 Hz, 3H); MS (ESI) m/z = 571.0
[M+H] .

Example 20-7: (R)-1-(5-(1-(1-acetylpiperidin-4-yl)AH-1,2,3-triazol-5-yl)pyridin-
3-yl)-N-(1-(2-fluoro-3-(trifluoromethyl)phenyl)ethy 1)-6-oxo-1,6-dihydropyridazine-3-
carboxamide

F
F
F N=N
N N 6 9 N
QEE S A gt
w7 SNH =z ‘
N. N
PN
x

TEA, DCM
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Example 20-4 Example 20-7
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To a mixture of N-[(1R)-1-[2-fluoro-3-(trifluorombyl)phenyl]ethyl]-6-oxo-1-[5-[3-
(4-piperidyl)triazol-4-yl]-3-pyridyl]pyridazine-3-arboxamide Example 20-4 50.00 mg,
89.85umol) in DCM (2 mL) was added TEA (13.64 mg, 134ufiol, 18.76uL) and acetic
anhydride (11.01 mg, 107.8dnol, 10.13uL). The mixture was stirred at 25 °C for 2 h. The
reaction mixture was filtered, and the filtrate veasicentrated under reduced pressure to give
a crude product. The crude product was purifiegiep-HPLC (column: F-Prepulite XP tC 18
40*200mm*7um; mobile phase: [water(MHO+NH4HCGO;3)-ACN]; 22%-62% B, 20 min),
and then most of ACN was removed under reducedspres The remaining solvent was
removed by lyophilization to give compound ofExample 20-7(27.9 mg, 51.88% yield, 100%
purity) as a white solidH NMR (400 MHz, CROD) & = 9.13 (d,J = 2.0 Hz, 1H), 8.80 (d]
=1.6 Hz, 1H), 8.51 - 8.44 (m, 1H), 8.02 §ds 10.0 Hz, 1H), 8.00 (s, 1H), 7.73 Jt- 6.8 Hz,
1H), 7.60 (tJ=7.2 Hz, 1H), 7.32 (1] = 8.0 Hz, 1H), 7.22 (d1= 9.6 Hz, 1H), 5.51 (g1 = 7.2
Hz, 1H), 4.82 - 4.73 (m, 2H), 4.72 - 4.48 (m, 24))8 (br dJ = 13.2 Hz, 1H), 2.95 - 2.73 (m,
1H), 2.36 - 2.25 (m, 1H), 2.19 (br 3= 2.4 Hz, 1H), 2.15 (s, 4H), 1.60 @= 7.2 Hz, 3H)H
NMR (400 MHz, DMSO€) 6 = 9.17 (dJ = 2.4 Hz, 1H), 9.15 (d] = 8.0 Hz, 1H), 8.84 (d]
= 2.0 Hz, 1H), 8.46 () = 2.0 Hz, 1H), 8.07 (s, 1H), 7.93 @= 10.0 Hz, 1H), 7.83 (11 =7.2
Hz, 1H), 7.68 (tJ = 7.2 Hz, 1H), 7.40 (t) = 7.6 Hz, 1H), 7.24 (d) = 10.0 Hz, 1H), 5.52 -
5.34 (m, 1H), 4.79 - 4.63 (m, 1H), 4.46 (brJds 14.0 Hz, 1H), 3.93 (br d,= 13.6 Hz, 1H),
3.25-3.13 (m, 1H), 2.75 - 2.65 (m, 1H), 2.11dbd = 8.8 Hz, 2H), 2.09 - 2.06 (m, 1H), 2.04
(s, 3H), 2.00 - 1.86 (m, 1H), 1.52 @= 7.2 Hz, 3H); MS (ESI) m/z = 599.2 [M+H]

Example 20-8: (R)-N-(1-(2-fluoro-3-(trifluoromethyl)phenyl)ethyl)-1-(5-(1-(1-
(methylsulfonyl)piperidine-4-yl)-1H-1,2,3-triazol-5-yl)pyridin-3-yl)-6-oxo-1,6-
dihydropyridazine-3-carboxamide

N FJ
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Example 20-4 Example 20-8

The compound of Example 20-4 and commercially abé methanesulfonic acid
anhydride were used for synthesis in the same nnasna Example 20-7 to gisecompound
of Example 20-8(41.8 mg, 73.31% yield, 100% purity) as a whitédso'H NMR (400 MHz,
DMSO-ds) 6 =9.19 (dJ = 2.4 Hz, 1H), 9.14 (d] = 8.0 Hz, 1H), 8.83 (d] = 2.0 Hz, 1H), 8.46
(t, J = 2.0 Hz, 1H), 8.07 (s, 1H), 7.92 @@= 10.0 Hz, 1H), 7.83 (br 8, = 7.2 Hz, 1H), 7.68 (t,
J=7.2 Hz, 1H), 7.44 - 7.37 (m, 1H), 7.24 (& 10.0 Hz, 1H), 5.43 (quid = 7.2 Hz, 1H),
4.66 - 4.56 (m, 1H), 3.68 (br d=12.0 Hz, 2H), 2.99 - 2.93 (m, 2H), 2.91 (s, 3B}9 (br s,
4H), 1.53 (dJ = 7.2 Hz, 3H); MS (ESI) m/z = 635.5 [M+H]

Example 20-9: (R)-1-(5-(1-(1-ethylazetidin-3-yl)-1HL,2,3-triazol-5-yl)pyridin-3-
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yl)-N-(1-(2-fluoro-3-(trifluoromethyl)phenyl)ethyl) -6-oxo-1,6-dihydropyridazine-3-
carboxamide

F
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F N=N
O N
\CNH Ay F \CN\/
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NaBH3CN, AcOH, MeOH N ‘N
20°C, 2h 07 N N
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Example 19 Example 20-9

The compound of Example 19 was reacted in the saamer as in Example 30 to
obtaina compound of Example 20-935.3 mg, 55.87% vyield, 100% purity) as a whitkdso
'H NMR (400 MHz, DMSO¢g) § = 9.13 (dJ = 2.4 Hz, 1H), 9.11 (dl = 8.0 Hz, 1H), 8.82 (d,
J=2.0 Hz, 1H), 8.40 ( = 2.0 Hz, 1H), 8.14 (s, 1H), 7.92 @@= 10.0 Hz, 1H), 7.83 (] =
7.2 Hz, 1H), 7.68 (t) = 7.2 Hz, 1H), 7.40 () = 8.0 Hz, 1H), 7.23 (d] = 10.0 Hz, 1H), 5.42
(quin,J =7.2 Hz, 1H), 5.26 (quir,= 6.8 Hz, 1H), 3.78 (1} = 7.2 Hz, 2H), 3.44-3.40 (m, 2H),
2.48-2.43 (m, 2H), 1.53 (d,= 7.2 Hz, 3H), 0.87 (t) = 7.2 Hz, 3H); MS (ESI) m/z = 557.4
[M+H]*.

Example 20-10: (R)-1-(5-(1-(1-acetylazetidin-3-yl}-H-1,2,3-triazol-5-yl)pyridin-
3-y1)-N-(1-(2-fluoro-3-(trifluoromethyl)phenyl)ethy 1)-6-oxo-1,6-dihydropyridazine-3-
carboxamide
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Example 19 Example 20-10

The compound of Example 19 was reacted in the saamner as in Example 20-7 to
obtaina compound of Example 20-1024.1 mg, 44.65% yield, 100% purity) as a whitkdso
'H NMR (400 MHz, DMSOsdg) & = 9.20-9.07 (m, 2H), 8.82 (s, 1H), 8.38 (br s, 18118 (s,
1H), 7.93 (d,J = 9.6 Hz, 1H), 7.83 (br f| = 7.2 Hz, 1H), 7.68 (br | = 7.2 Hz, 1H), 7.45-7.35
(m, 1H), 7.24 (dJ = 10.0 Hz, 1H), 5.56-5.47 (m, 1H), 5.46-5.38 (1H),14.68-4.60 (m, 2H),
4.43-4.34 (m, 1H), 4.32-4.24 (m, 1H), 1.80 (s, 3H»2 (br dJ = 7.2 Hz, 3H); MS (ESI) m/z
=571.2 [M+HT.

Example 20-11: methyl (R)-3-(5-(5-(3-((1-(2-fluorad-
(trifluoromethyl)phenyl)ethyl)carbamoyl)-6-oxopyrid azin-1(6H)-yl)pyridin-3-yl)-1H-
1,2,3-triazol-1-yl)azetidine-1-carboxylate
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Example 19 Example 20-11

The compound of Example 19 and commercially avildbmethyl dicarbonate were
reacted in the same manner as in Example 20-7taon@bcompound of Example 20-1130.3
mg, 54.54% yield, 99.88% purity) as a white sottéll NMR (400 MHz, DMSO¢) § = 9.16
(d,J=2.0 Hz, 1H), 9.13 (br d&l = 8.0 Hz, 1H), 8.81 (d] = 1.6 Hz, 1H), 8.36 (s, 1H), 8.17 (s,
1H), 7.93 (dJ = 9.6 Hz, 1H), 7.83 (br § = 7.2 Hz, 1H), 7.68 (br 1 = 7.2 Hz, 1H), 7.40 (1]
= 8.0 Hz, 1H), 7.24 (d] = 10.0 Hz, 1H), 5.55-5.47 (m, 1H), 5.43 (bd & 7.2 Hz, 1H), 4.49-
4.37 (m, 4H), 3.59 (s, 3H), 1.52 (brds 7.2 Hz, 3H); MS (ESI) m/z = 587.0 [M+H]

Example 20-12: (R)-N-(1-(2-fluoro-3-(trifluoromethyl)phenyl)ethyl)-1-(5-(1-(1-
(methylsulfonyl)azetidin-3-yl)-1H-1,2,3-triazol-5-y)pyridin-3-yl)-6-oxo-1,6-
dihydropyridazine-3-carboxamide
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Example 19 Example 20-12

The compound of Example 19 and commercially avilaiethanesulfonic anhydride
were reacted in the same manner as in Examplet@@ivea compound of Example 20-12
(10.9 mg, 18.97% yield, 99.86% purity) as a whikds *H NMR (400 MHz, DMSO¢ls) § =
9.22-9.06 (m, 2H), 8.82 (br s, 1H), 8.45-8.32 (#),18.19 (s, 1H), 7.93 (br d,= 9.6 Hz, 1H),
7.83 (brtJ=6.4 Hz, 1H), 7.72-7.63 (m, 1H), 7.45-7.36 (m)1H24 (br d,J = 10.0 Hz, 1H),
5.59-5.48 (m, 1H), 5.43 (brd,= 6.8 Hz, 1H), 4.48 (br s, 2H), 4.42-4.35 (m, 2Bi},2 (s, 3H),
1.53 (br dJ = 6.8 Hz, 3H); MS (ESI) m/z = 606.9 [M+H]

Example 21: N-[(R)-1-{3-[1,1-difluoro-2-hydroxyethy-2,2-dideuterio]-2-
fluorophenyl}ethyl]-1-[5-(1-cyclopropyl-1H-1,2,3-triazol-5-yl)-3-pyridyl]-6-oxo-1,6-
dihydropyridazine-3-carboxamide
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Intermediate 4-47 and Intermediate A-20 were usedynthesis in the same manner
as in Example 1 to giva compound of Example 21(40.6 mg, 28.38% yield, 100% purity,
deuterated ratio: 99.00%) as a white solitH NMR (400 MHz, DMSO¢dg) § = 9.12 (d,J =
2.4 Hz, 1H), 9.07 (dJ = 8.0 Hz, 1H), 9.02 (d] = 2.0 Hz, 1H), 8.65 (1) = 2.0 Hz, 1H), 8.17
(s, 1H), 7.93 (dJ = 9.6 Hz, 1H), 7.64 (1] = 6.8 Hz, 1H), 7.44 (11 = 6.8 Hz, 1H), 7.28 (1] =
7.6 Hz, 1H), 7.22 (d] = 9.6 Hz, 1H), 5.68 (br s, 1H), 5.42 (quins 7.2 Hz, 1H), 4.06 - 4.00
(m, 1H), 1.49 (dJ = 7.2 Hz, 3H), 1.19 - 1.13 (m, 4H); MS (ESI) m/528.3 [M+H]".

Example 22: (R)-N-(1-(2-fluoro-3-(trifluoromethyl)phenyl)ethyl-1,2,2,2-
tetradeuterio)-1-(5-(1-methyl-1H-1,2,3-triazol-5-y)pyridin-3-yl)-6-oxo-1,6-
dihydropyridazine-3-carboxamide

N=N
N~ /N P
__SFC
OH Z
No AN EDCI, HOBt D D
07 N
DIEA, DMF,
XN 25°C,12h
o
4-1 Example 22

Intermediate 4-1 and Intermediate A-21 were usedyathesis in the same manner
as in Example 1 to give (+/-) N-(1-(2-fluoro-3-{flmoromethyl)phenyl)ethyl-1,2,2,2-
tetradeuterio)-1-(5-(1-methyl-1H-1,2,3-triazol-54yridin-3-yl)-6-o0xo0-1,6-
dihydropyridazine-3-carboxamide (50 mg, 40.47%d;i&4.18% purity) as yellow oil. It was
further purified by SFC separation (column: REG3)Y WHELK-O1 (250mm*30mm,5um);
mobile phase: [C&MeOH(0.1%NRH20)];B%:50%, isocratic elution mode). The resulting
compound was added with MeCN (5 mL) angOH25 mL) and dried by lyophilization to
obtain a white solid. It was dissolved in MeOH (&)nand purified by prep-HPLC (column:
Welch Xtimate C18 40*200mmurn; mobile phase: [water (NdH2O+NHsHCOs3)-MeCN];
18%-58% B over 25 min) to giveecompound of Example 2Z7.3 mg, 14.48% yield, 99.18%
purity, 100 % ee, deuterated ratio: 99.609 %) adige solid. *H NMR (400 MHz, DMSO-
ds) 6 =9.12 (dJ = 2.4 Hz, 2H), 8.92 (d] = 2.0 Hz, 1H), 8.51 (1] = 2.4 Hz, 1H), 8.13 (s, 1H),
7.92 (d,J=10.0 Hz, 1H), 7.83 (1 = 7.2 Hz, 1H), 7.68 (] = 6.8 Hz, 1H), 7.40 (4§ = 8.0 Hz,
1H), 7.22 (d,J = 10.0 Hz, 1H), 4.17 (s, 3H); MS (ESI) m/z = 49pvi+H] *.
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Examples 23 and 24: 1-[5-[3-[(1S)-2,2-difluorocycfwopyljtriazol-4-yl]-3-
pyridyl]-N-[(1R)-1-[2-fluoro-3-(trifluoromethyl)phe nyl]lethyl]-6-oxo-pyridazine-3-
carboxamide and 1-[5-[3-[(1R)-2,2-difluorocycloprogyl]triazol-4-yl]-3-pyridyl]-N-[(1R)-
1-[2-f|uoro-3-(trifluoromethyl)phenyl]ethyl]-6-oxo- pyridazine-3-carboxamide

" Mb ’j@ 5 ’j@wg ’@%5

Pd(OAc),, XPhos, K,CO3,
DMF, 110 °C

T:20 Example 23 Example 24

Step 1: Synthesis of 1-[5-[3-(2,2-difluorocyclopytyptriazol-4-yl]-3-pyridyl]-N-
[(1R)-1-[2-fluoro-3-(trifluoromethyl)phenyl]ethylg-oxo-pyridazine-3-carboxamide

A mixture of Intermediate D-12 (100 mg, 2064@90l) and Intermediate T-20 (89.72
mg, 618.26umol), Pd(OAc} (9.25 mg, 41.22umol), KoCOs (56.97 mg, 412.1&mol) and
XPhos (39.30 mg, 82.44mol) in DMF (4 mL) was degassed and purged witHdd 3 times,
and then stirred at 120 for 16 h under Natmosphere. The reaction mixture was filtered, and
the filtrate was diluted with water (5 mL) and thextracted with EtOAc (15 mL x 3). The
combined organic layers were washed with brine [5>x18), dried over anhydrous b&Qy
and concentrated under reduced pressure to giveide roduct. The crude product was
purified by silica gel column chromatography (2% ®4¢ in DCM) to give 1-[5-[3-(2,2-
difluorocyclopropyl)-triazol-4-yl]-3-pyridyl]-N-[(R)-1-[2-fluoro-3-
(trifluoromethyl)phenyl]ethyl]-6-oxo-pyridazine-3adboxamide (35 mg, 27.72% yield, 89.69%
purity) as a yellow solid. MS (ESI) m/z = 550.0 [M¥.

Step 2: Synthesis of 1-[5-[3-[(1S)-2,2-difluorocyptopyl]triazol-4-yl]-3-pyridyl]-N-
[(1R)-1-[2-fluoro-3-(trifluoromethyl)phenyllethylB-oxo-pyridazine-3-carboxamide, 1-[5-[3-
[(1R)-2,2-difluorocyclopropyl]triazol-4-yl]-3-pyrid]-N-[(1R)-1-[2-fluoro-3-
(trifluoromethyl)phenyl]ethyl]-6-oxo-pyridazine-3adboxamide

1-[5-[3-(2,2-difluorocyclopropyl)-triazol-4-yl]-3-+pridyl]-N-[(1R)-1-[2-fluoro-3-
(trifluoromethyl)phenyl]ethyl]-6-oxo-pyridazine-3adboxamide (35 mg, 63.7(mol) was
further purified by SFC separation (column: DAICELCHIRALCEL OD
(250mm*30mm,1Qm); mobile phase: [CO EtOH (0.1% NHH20)]; B%: 40%, isocratic
elution mode). Two peaks were confirmed by SFCyamal The compound confirmed in the
first peak (Rt = 0.838 min) was concentrated umdduced pressure, MeCN (5 mL) anglCH
(10 mL) were added, and the solvent was removdgdphilization to obtaira compound of
Example 23(10.4 mg, 28.81% vyield, 96.96% purity) as a ligalow solid. The compound
confirmed in the second peak (Rt = 1.146 min) waiscentrated under reduced pressure,
MeCN (5 mL) and HO (10 mL) were added, and the solvent was remoydgdphilization
to givea compound of Example 2414 mg, 39.80% yield, 99.50% purity) as a whitkdso
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Compound of Example 23*H NMR (400 MHz, DMSO€6) & = 9.15 (dJ = 2.0 Hz,
1H), 9.08 (br dJ = 7.6 Hz, 1H), 9.00 (d] = 1.6 Hz, 1H), 8.58 (s, 1H), 8.26 (s, 1H), 7.92)d
= 9.6 Hz, 1H), 7.82 (br 1 = 7.2 Hz, 1H), 7.68 (br 1 = 6.8 Hz, 1H), 7.39 (1] = 7.6 Hz, 1H),
7.23 (d,J = 9.6 Hz, 1H), 5.42 (quir, = 7.2 Hz, 1H), 5.15 - 5.06 (m, 1H), 2.66 - 2.56 (1),
2.47 - 2.39 (m, 1H), 1.51 (br d= 7.2 Hz, 3H); MS (ESI) m/z = 550.2 [M+H]

Compound of Example 24H NMR (400 MHz, DMSO€6) & = 9.15 (dJ = 2.0 Hz,
1H), 9.08 (br d,J = 7.6 Hz, 1H), 8.99 (s, 1H), 8.58 (s, 1H), 8.261(d), 7.92 (dJ = 9.6 Hz,
1H), 7.83 (br tJ = 7.2 Hz, 1H), 7.68 (br 1 = 6.8 Hz, 1H), 7.40 (] = 7.6 Hz, 1H), 7.23 (d]
= 9.6 Hz, 1H), 5.42 (br t] = 7.2 Hz, 1H), 5.15 - 5.05 (m, 1H), 2.64 - 2.56 (IH), 2.45 - 2.36
(m, 1H), 1.51 (br dJ = 7.2 Hz, 3H); MS (ESI) m/z = 550.2 [M+H]

Examples 25 and 26: 1-[5-[3-[(1S)-2,2-difluorocycfwopyl]triazol-4-yl]-3-
pyridyl]-N-[(1R)-1-[3-(1,1-difluoro-2-hydroxy-ethyl )-2-fluoro-phenyl]ethyl]-6-oxo-
pyridazine-3-carboxamide and 1-[5-[3-[(1R)-2,2-difliorocyclopropyl]triazol-4-yl]-3-
pyridyl]-N-[(1R)-1-[3-(1,1-difluoro-2-hydroxy-ethyl )-2-fluoro-phenyl]ethyl]-6-oxo-
pyridazine-3-carboxamide
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T-20 Example 25 Example 26

Step 1. Synthesis of 1-[5-[3-(2,2-difluorocyclopytjriazol-4-yl]-3-pyridyl]-N-
[(AR)-1-[3-(1,1-difluoro-2-hydroxy-ethyl)-2-fluorghenyllethyl]-6-oxo-pyridazine-3-
carboxamide

Intermediates T-20 and D-13 were used for synthedise same manner as in Step 1
of Example 33 to give 1-[5-[3-(2,2-difluorocyclogry)triazol-4-yl]-3-pyridyl]-N-[(1R)-1-[3-
(1,1-difluoro-2-hydroxy-ethyl)-2-fluoro-phenyl]etHy6-oxo-pyridazine-3-carboxamide (32
mg, 12.32% yield, 100% purity) as a white solidS NESI) m/z = 562.2 [M+H]

Step 2: Synthesis of 1-[5-[3-[(1S)-2,2-difluorocyptopyl]triazol-4-yl]-3-pyridyl]-N-
[(1R)-1-[3-(1,1-difluoro-2-hydroxy-ethyl)-2-fluorghenyllethyl]-6-oxo-pyridazine-3-
carboxamide and 1-[5-[3-[(1R)-2,2-difluorocyclopyditriazol-4-yl]-3-pyridyl]-N-[(1R)-1-
[3-(1,1-difluoro-2-hydroxy-ethyl)-2-fluoro-phenyfieyl]-6-oxo-pyridazine-3-carboxamide

1-[5-[3-(2,2-difluorocyclopropyl)triazol-4-yl]-3-pydyl]-N-[(1R)-1-[3-(1,1-difluoro-
2-hydroxy-ethyl)-2-fluoro-phenyl]ethyl]-6-oxo-pyrazine-3-carboxamide (32 mg, 56.99
umol) was further purified by SFC separation (colum®AICEL CHIRALCEL OD
(250mm*30mm,1Qm); mobile phase: [CO EtOH (0.1% NHH20)]; B%: 40%, isocratic
elution mode). Two peaks were confirmed by SFCyamal The compound confirmed in the
first peak (Rt = 1.545 min) was concentrated umdduced pressure, MeCN (5 mL) anglCH

192



(10 mL) were added, and the solvent was removdgdphilization to obtaira compound of
Example 25(9.9 mg, 30.94% vyield, 100% purity) as a whitddolhe compound confirmed
in the second peak (Rt = 1.717 min) was concermtrateler reduced pressure, MeCN (5 mL)
and HO (10 mL) were added, and the solvent was remoyeltydphilization to obtaima
compound of Example 2611.2 mg, 35.00% yield, 100% purity) as a whitkdsd he absolute
stereochemical configurations, S and R, of thaudificyclopropyl triazole of the compounds
of Examples 25 and 26 were arbitrarily indicated.

Compound of Example 25H NMR (400 MHz, DMSO-d6p = 9.21 (dJ = 2.4 Hz,
1H), 9.08 (dJ = 8.0 Hz, 1H), 9.06 (d] = 2.0 Hz, 1H), 8.65 (1] = 2.0 Hz, 1H), 8.32 (s, 1H),
7.99 (d,J=9.6 Hz, 1H), 7.70 () = 7.2 Hz, 1H), 7.50 () = 6.8 Hz, 1H), 7.34 ({] = 7.6 Hz,
1H), 7.30 (dJ = 9.6 Hz, 1H), 5.77 (1 = 6.4 Hz, 1H), 5.48 (] = 7.2 Hz, 1H), 5.21 - 5.10 (m,
1H), 3.98 (dtJ = 6.4, 14.4 Hz, 2H), 2.70 - 2.61 (m, 1H), 2.52432(m, 1H), 1.55 (d) = 7.2
Hz, 3H); MS (ESI) m/z = 562.2 [M+H]]

Compound of Example 26H NMR (400 MHz, DMSO-d6p = 9.15 (dJ = 2.4 Hz,
1H), 9.02 (dJ = 8.0 Hz, 1H), 8.99 (d] = 2.0 Hz, 1H), 8.59 (] = 2.0 Hz, 1H), 8.26 (s, 1H),
7.93 (d,J = 10.0 Hz, 1H), 7.64 (1 = 6.8 Hz, 1H), 7.44 (1) = 6.8 Hz, 1H), 7.28 (1] = 7.6 Hz,
1H), 7.23 (dJ =9.6 Hz, 1H), 5.71 (1 = 6.4 Hz, 1H), 5.42 (quir, = 7.2 Hz, 1H), 5.16 - 5.05
(m, 1H), 3.91 (dtJ = 6.4, 14.4 Hz, 2H), 2.64 - 2.55 (m, 1H), 2.42 @t 4.8, 10.0 Hz, 1H),
1.49 (d,J = 7.2 Hz, 3H); MS (ESI) m/z = 562.2 [M+H]

[Experimental Example]

Experimental Example 1: SOS-catalyzed nucleotide ekange assay

SOS1 activity was measured by SOS1-mediated GTRingaquantification of
KRASC12P. GTP loaded KRA%P was detected by HTRF (Homogeneous Time Resolved
Fluorescence) using anti-GST terbium (Cisbio, Feqras a donor and a fluorescence GTP
analogue (EDA-GTP-DY-647P1, [DY-647P1 labeled ZI32-aminoethyl-
carbamoyl)guanosine-5'-triphosphate (Jena biosejgaermany)]) as an acceptor.

Assay buffer was composed of 10 mM HEPES pH 7.8,% NaCl, 5 mM Mg,
1 mM DTT, 0.05% BSA Fraction V pH 7.0 (Sigma) an®@@®25% (v/v) Igepal (Sigma).
KRAS®2P working solution was prepared by adding equal ansof GST-KRAS2P(100
nM) and anti-GST-terbium (2 nM; Cisbio, France}he assay buffer and culturing on ice for
10 minutes. SOS4: working solution was prepared by adding equal artsof HIS-SOSdt
(160 nM; Cytoskeleton, US) and EDA-GTP-DY-647P1Q20M; Jena bioscience, Germany)
to the assay buffer. Control solution was prepareddding equal volumes of EDA-GTP-DY-
647P1 and the assay buffer for normalization cotwrexclude GEF-independent GTP loading
and background signals. In order to induce a reach uL of the SOS1: working solution or
the control solution was injected into each wellub of a compound having various
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concentrations from 128 pM to 1M was added to wells containing the S@8&orking
solution and incubated at room temperature for fifutas to bind to SOS1.

10 uL of the KRAS*?P solution was added to each well and incubate@@aminutes
at room temperature while shaking. HTRF was measus#g a Thermo Varioskan (excitation
334 nm, emission 665 nm). Thesi®f each inhibitor was analyzed using Graphad Rrism

The SOS1 inhibitory activity of the Example compdsrmmeasured by the above
method was evaluated based on the following caifemd the results are shown in Table 6.
ICso range <50 nM 50 nM ICs0< 150 nM [> 150 nM
Class A B C

NA = Not Applied

As shown in Table 6 below, the Example compoundsihexhibited excellent SOS1
inhibitory activity.

[Table 6]
Example No. SOS-catalyzed nucleotide Example No. SOS-catalyzed nucleotide
exchange assay exchange assay

1 A 1-68 A
1-1 B 1-69 B
1-2 B 1-70 A
1-3 B 1-71 A
1-4 B 1-72 A
1-5 B 2 B
1-6 B 2-1 A
1-7 A 2-2 A
1-8 A 2-3 A
1-9 A 2-4 A
1-10 A 2-5 A
1-11 B 2-6 A
1-12 A 2-7 A
1-13 A 3 C
1-14 C 3-1 B
1-15 A 3-2 B
1-16 B 3-3 A
1-17 B 3-4 B
1-18 A 3-5 B
1-19 C 4 C
1-20 B 5 C
1-21 A 6 B
1-22 C 6-1 B
1-23 A 6-2 A
1-24 A 6-3 A
1-25 A 6-4 A
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1-26 B 6-5 NA
1-27 B 6-6 NA
1-28 NA 6-7 A
1-29 B 6-8 A
1-30 C 6-9 A
1-31 NA 7 A
1-32 NA 7-1 B
1-33 NA 7-2 B
1-34 B 7-3 B
1-35 B 7-4 A
1-36 A 8 A
1-37 B 9 A
1-38 B 10 B
1-39 A 11 A
1-40 A 12 B
1-41 A 13 B
1-42 A 14 A
1-43 A 15 A
1-44 NA 16 NA
1-45 NA 17 NA
1-46 B 18 NA
1-47 NA 19 A
1-48 C 20 A
1-49 B 20-1 A
1-50 A 20-2 A
1-51 A 20-3 A
1-52 A 20-4 A
1-53 A 20-5 B
1-54 A 20-6 A
1-55 A 20-7 A
1-56 A 20-8 A
1-57 A 20-9 A
1-58 A 20-10 A
1-59 A 20-11 A
1-60 A 20-12 A
1-61 B 21 A
1-62 B 22 A
1-63 B 23 B
1-64 C 24 B
1-65 C 25 A
1-66 B 26 A
1-67 A
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Experimental Example 2: KRAS ¢12C::SOS1 protein-protein interaction (PPI)
inhibition assay

Protein-protein interaction between SOS1 and KRASwas detected using KRAS
G12C/SOSL1 binding kit from CISBIO (64KRASG12PEHSBIO, FRANCE) according to
the manufacturer's assay method. Briefly, the mawrinconcentration of an inhibitor sample
was set to be 3 uM, and the inhibitor sample wagetl 7 times by 1/3, and samples having a
total of 8 concentrations were prepared. In HTRénitdgeneous Time-Resolved Fluorescence)
exclusive 96-well low-volume white plate (66PL960GBISBIO, FRANCE), 2 pL of an
inhibitor sample prepared for each concentratiopl.50f a mixed solution of Tagl labeled
KRASC®2C protein and GTP diluted with the dilution solutiprovided by the manufacturer,
and 5 pL of Tag2 labeled SOS1 protein were mixad,added with 8 uL of a diluted solution
where anti-Tagl KRA%?C X665 (HTRF acceptor) labeled antibody and angZ&0S1
Terbium cryptate (HTRF donor) labeled antibody weiged in an equal ratio and cultured at
room temperature for 2 h. Thereafter, the HTRFaligenerated by the antibody was measured
using a Thermo Varioskan multi-purpose plate sigietlector, and the result value was
calculated as the ratio of the signals emittedsatim and 620 nm as shown below.

Result value = 41X 665 nm signal/620 nm signal

The 1Gso value of each inhibitor was analyzed with the ltegiues of three replicates
by using the Graphad Prism 9.0 software.

The degree of inhibition of the Example compounds $0S1 and KRAS?C
interaction measured by the above method was eealirased on the following criteria, and
the results are shown in Table 7.

ICs0 range <50 nM 50 nMK ICsp< 150 nM > 150 nM
Class A B c
NA = Not Applied
[Table 7]
Example No. KRAS G12C::SOS1 PPI Example No. KRAS 2C::SOS1 PPI
1 A 1-68 A
1-1 A 1-69 A
1-2 B 1-70 NA
1-3 B 1-71 NA
1-4 A 1-72 NA
1-5 B 2 B
1-6 A 2-1 A
1-7 A 2-2 A
1-8 B 2-3 A
1-9 A 2-4 A
1-10 B 2-5 A
1-11 B 2-6 A
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1-12 B 2-7 A
1-13 A 3 C
1-14 C 3-1 C
1-15 A 3-2 B
1-16 B 3-3 A
1-17 C 3-4 B
1-18 A 3-5 B
1-19 C 4 C
1-20 C 5 C
1-21 A 6 B
1-22 B 6-1 C
1-23 A 6-2 B
1-24 A 6-3 A
1-25 B 6-4 B
1-26 B 6-5 B
1-27 B 6-6 B
1-28 C 6-7 A
1-29 A 6-8 A
1-30 C 6-9 A
1-31 B 7 A
1-32 C 7-1 B
1-33 C 7-2 A
1-34 A 7-3 A
1-35 B 7-4 A
1-36 B 8 A
1-37 B 9 B
1-38 A 10 B
1-39 A 11 B
1-40 A 12 C
1-41 A 13 C
1-42 A 14 B
1-43 A 15 A
1-44 C 16 C
1-45 B 17 C
1-46 B 18 C
1-47 C 19 A
1-48 C 20 A
1-49 A 20-1 B
1-50 A 20-2 A
1-51 B 20-3 A
1-52 B 20-4 B
1-53 A 20-5 B
1-54 B 20-6 A
1-55 A 20-7 A
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1-56 A 20-8 A
1-57 B 20-9 A
1-58 A 20-10 A
1-59 B 20-11 A
1-60 A 20-12 A
1-61 A 21 A
1-62 A 22 A
1-63 B 23 B
1-64 C 24 C
1-65 B 25 A
1-66 A 26 A
1-67 B

Experimental Example 3: Evaluation of cancer cell gowth inhibition

The lung cancer cell line NCI-H358 having the KR&32C variant was dispensed
into 100 pl of cell culture solution (RPMI1640 withglutamine (300mg/L), 10% fetal bovine
serum (FBS), 1% P/S) per well of a 96-well celltarg plate (U-shape clear bottom plate, SPL
34896) to contain approximately 2000 cells, ceaty#id at 1300 RPM for 3 minutes, and then
cultured for 72 h under conditions of 37 °C and &bon dioxide. When three-dimensional
cell spheroids were formed, the cells were treatithl each compound to final concentrations
of 0.002 uM 0.005 pM, 0.014 uM, 0.041 pM, 0.12 (MB7 M, 1.11 pM, 3.33 pM and 10
UM per well, and cultured under conditions of 37 &d 5% carbon dioxide for 5 days.
Thereafter, the plate with the cells cultured wdapéed to room temperature for 10 minutes,
and then 50 pL of CellTiter-Glo® 3D Cell Viabilityssay (PROMEGA, G9683) solution was
dispensed, and reacted on a horizontal stirrerspead of 300 RPM for 30 minutes to induce
the cell lysis. 150 pL of each stirred solution wagen and transferred to a new white 96-well
cell culture plate (Nunc™ MicroWell™ 96-Well, Numel Delta-Treated, Flat-Bottom
Microplate, 136101), and the luminescence intensédg measured using a Varioskan™ LUX
microplate reader. Thereafter, based on the mehsataes, the degree of cell growth in the
well treated with each compound was calculated wherfinal cell density value of the well
not treated with the test substance was set to 100%

The cancer cell growth inhibition ability of theample compounds measured by the
above method was evaluated based on the followitegia, and the results are shown in Table
8.

ICs0 range <1luM 1uM <ICso<3uM >3uM
Class A B C
NA = Not Applied
[Table 8]
Example No. H358 cell viability Example No. H358 dkviability
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1 A 1-68 NA
1-1 A 1-69 NA
1-2 A 1-70 NA
1-3 NA 1-71 NA
1-4 C 1-72 NA
1-5 A 2 A
1-6 C 2-1 A
1-7 A 2-2 NA
1-8 NA 2-3 A
1-9 A 2-4 A
1-10 NA 2-5 A
1-11 A 2-6 A
1-12 A 2-7 C
1-13 NA 3 NA
1-14 NA 3-1 NA
1-15 A 3-2 A
1-16 A 3-3 NA
1-17 A 3-4 NA
1-18 NA 3-5 NA
1-19 NA 4 C
1-20 C 5 NA
1-21 NA 6 A
1-22 A 6-1 NA
1-23 A 6-2 A
1-24 A 6-3 A
1-25 A 6-4 A
1-26 A 6-5 NA
1-27 NA 6-6 NA
1-28 NA 6-7 A
1-29 A 6-8 NA
1-30 NA 6-9 NA
1-31 NA 7 A
1-32 NA 7-1 A
1-33 C 7-2 A
1-34 NA 7-3 A
1-35 NA 7-4 A
1-36 NA 8 NA
1-37 C 9 NA
1-38 NA 10 NA
1-39 A 11 NA
1-40 A 12 NA
1-41 NA 13 NA
1-42 A 14 B
1-43 NA 15 A
1-44 NA 16 NA
1-45 NA 17 NA
1-46 A 18 NA
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1-47 NA 19 NA
1-48 NA 20 NA
1-49 NA 20-1 NA
1-50 A 20-2 NA
1-51 NA 20-3 NA
1-52 A 20-4 NA
1-53 A 20-5 NA
1-54 A 20-6 NA
1-55 NA 20-7 NA
1-56 NA 20-8 NA
1-57 NA 20-9 NA
1-58 A 20-10 NA
1-59 NA 20-11 NA
1-60 NA 20-12 NA
1-61 A 21 NA
1-62 A 22 A
1-63 A 23 NA
1-64 B 24 NA
1-65 NA 25 NA
1-66 NA 26 NA
1-67 A

Experimental Example 4: Evaluation of cancer cell gowth inhibition according
to combined administration

When the example compound was used in combinatittham anticancer agent, the
effect on the growth ability of cancer cells exgieg KRAS variant or EGFR variant was
confirmed. In order to confirm the effect of theaexple compound in combination with a MEK
inhibitor or a KRAS G12C inhibitor in the cell lifeaving the KRAS variant, the cell growth
inhibitory effect by the treatment of the examptampound in combination with a MEK
inhibitor or a KRAS G12C inhibitor was confirmedtime gastric cancer cell line SNU-1 and
the pancreatic cancer cell line KP4 having the KRA®RD variant, the lung cancer cell line
NCI-H358 and the pancreatic cancer cell line MIACB& having the KRAS G12C variant,
the colorectal cancer cell line SW480 having theNSRG12V variant, the lung cancer cell line
A549 having the KRAS G12S variant, the coloreatahcer cell line LoVo having the KRAS
G13D variant. In addition, in order to confirm tleéfect of the example compound in
combination with an EGFR inhibitor in the cell lihaving the EGFR variant, the cell growth
inhibitory effect by the treatment of the examptempound in combination with an EGFR
inhibitor was confirmed in the lung cancer celllini1975 having the EGFR L858R/T790M
variant and the lung cancer cell line HCC827 hatirgEGFR Dell19 variant.

Experimental Example 4.1: Cell dispensing well pl& and test solution
preparation
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The cell line stored in the liquid nitrogen tanksaaken out, quickly thawed at 37 °C,
then diluted with 10 times the volume of cell cuétumedium, and centrifuged to remove the
frozen storage medium. The recovered cell pellet maxed well with the culture medium,
placed in a culture flask, and cultured under cooas of 37 °C and 5% carbon dioxide to
stabilize the cells. Each cell was cultured in RPM#0 Medium (1x) or Dulbecco Modified
Eagle Medium (DMEM, 1x) medium containing 10% (vVABBS and 1% (v/v)
penicillin/streptomycin. Thereafter, the cells wetgained from the flask and centrifuged to
remove the culture medium, and washed with PBS qptate Buffered Saline), and then
centrifuged again to remove the PBS. The cells wiguged with culture medium to 1.25 x40
cells/mL and dispensed at 40 per well in a 384-well plate. In addition, thdlsevere diluted
with medium to 5 x 1fcells/mL and dispensed at 100 per well in a 96-well plate. Thereafter,
the plate onto which the cells were dispensed w#ared for 24 h under conditions of 37 °C
and 5% carbon dioxide.

Example 1-2, Example 1-1, Example 2-5, Example Bxgmple 2-7, Example 1-24,
Example 1-8, Example 1-21, Example 1-5, Exampld&2@mple 21, Example 1-51, Example
6-3, Example 9, Example 1-69 and Example 1-68, aMEK inhibitor, a KRAS G12C
inhibitor and an EGFR inhibitor (INK-128, sotorasidagrasib, trametinib, osimertinib,
lazertinib, etc.) were each dissolved in 99.5%)(dimethyl sulfoxide (hereinafter, DMSO)
to a concentration of 10 mM.

Experimental Example 4.2: Evaluation of cell viabiity of lung cancer cell NCI-

H358 according to combined administration with soteasib

A well plate in which the lung cancer cell line NBB58 having the KRAS G12C
variant was dispensed was treated with a testisnlaf sotorasib and the example compounds.

The cells were treated by adding 10 of a test solution of sotorasib, Example 1-2,
Example 1-1 and Example 2-5, respectively, alonsadorasib in combination with one of
Example 1-2, Example 1-1 and Example 2-5 (Combi.q t384-well plate so that the final
concentration of each substance was 100 nM tof®\.ih 50uL of the solution per well. In a
96-well plate, the cells were treated by dilutirecle substance in medium at 3 times the
treatment concentration and adding (80 per well so that the final concentration of each
substance was 120 nM to 2 nM in 1800f a solution.

The cells treated with the test solution were eat&@ld in the same manner as in
Experimental Example 4.1 to obtain the graph iruFadl.

Referring to Figure 1, it was confirmed that thé embility of the lung cancer cell
NCI-H358 was decreased when treated with sotorasith the example compound in
combination compared to when treated with sotorastthe example compound, respectively,
alone.

Experimental Example 4.3: Evaluation of cell viabiity of pancreatic cancer cell
MIA PaCa-2 according to combined administration wih sotorasib
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A well plate in which the pancreatic cancer celeliMIA PaCa-2 having the KRAS
G12C variant was dispensed was treated with astdstion of sotorasib and the example
compounds.

The cells were treated by adding 40 of a test solution of sotorasib, Example 1-2,
Example 1-1 and Example 2-5, respectively, alonsadorasib in combination with one of
Example 1-2, Example 1-1 and Example 2-5 (Combi.q t384-well plate so that the final
concentration of each substance was 100 nM tof@\.ih 50uL of the solution per well. In a
96-well plate, the cells were treated by dilutirecle substance in medium at 3 times the
treatment concentration and adding |80 per well so that the final concentration of each
substance was 120 nM to 2 nM in 180o0f a solution.

The cells treated with the test solution were eat#ld in the same manner as in
Experimental Example 4.1 to obtain the graph iruFag.

Referring to Figure 2, it was confirmed that th#é embility of the pancreatic cancer
cell MIA PaCa-2 was decreased when treated witbrasib and the example compound in
combination compared to when treated with sotorasithe example compound, respectively,
alone.

Experimental Example 4.4: Evaluation of cell viabiity of lung cancer cell NCI-
H358 according to combined administration with adagasib

A well plate in which the lung cancer cell line NBB58 having the KRAS G12C
variant was dispensed was treated with a testisolaf adagrasib and the example compounds.

The cells were treated by adding (l0 of a test solution of adagrasib, Example 1-2,
Example 1-1 and Example 2-5, respectively, alonadagrasib in combination with one of
Example 1-2, Example 1-1 and Example 2-5 (Combi.q t384-well plate so that the final
concentration of each substance was 100 nM tof@\.ih 50uL of the solution per well. In a
96-well plate, the cells were treated by dilutirecke substance in medium at 3 times the
treatment concentration and adding (80 per well so that the final concentration of each
substance was 120 nM to 2 nM in 3d0of a solution.

The cells treated with the test solution were eat&@ld in the same manner as in
Experimental Example 4.1 to obtain the graph iruFag3.

Referring to Figure 3, it was confirmed that thé embility of the lung cancer cell
NCI-H358 was decreased when treated with adagrasith the example compound in
combination compared to when treated with adagrasid the example compound,
respectively, alone.

Experimental Example 4.5: Evaluation of cell viabiity of pancreatic cancer cell
MIA PaCa-2 according to combined administration wih adagrasib

A well plate in which the pancreatic cancer celeliMIA PaCa-2 having the KRAS
G12C variant was dispensed was treated with ast#ation of adagrasib and the example
compounds.
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The cells were treated by adding (I0 of a test solution of adagrasib, Example 1-2,
Example 1-1 and Example 2-5, respectively, alonadagrasib in combination with one of
Example 1-2, Example 1-1 and Example 2-5 (Combi.q t384-well plate so that the final
concentration of each substance was 100 nM tof@\.ih 50uL of the solution per well. In a
96-well plate, the cells were treated by dilutirecle substance in medium at 3 times the
treatment concentration and adding (80 per well so that the final concentration of each
substance was 120 nM to 2 nM in 1800f a solution.

The cells treated with the test solution were eat&@ld in the same manner as in
Experimental Example 4.1 to obtain the graph iruFegd.

Referring to Figure 4, it was confirmed that th#é embility of the pancreatic cancer
cell MIA PaCa-2 was decreased when treated witlyradé and the example compound in
combination compared to when treated with adagrasid the example compound,
respectively, alone.

Experimental Example 4.6: Evaluation of cell viabiity of lung cancer cell NCI-
H358 according to combined administration with tranetinib

A well plate in which the lung cancer cell line NBB58 having the KRAS G12C
variant was dispensed was treated with a testisoludf trametinib and the example
compounds.

The cells were treated by adding dl0 of a test solution of trametinib, Example 1-2,
Example 1-1, Example 2-5, Example 2-4 and Examyler2spectively, alone or trametinib in
combination with one of Example 1-2, Example 1-gample 2-5, Example 2-4 and Example
2-7 (Combi.) to a 384-well plate so that the fioahcentration of each substance was 100 nM
to 97.7 pM in 5QuL of the solution per well. In a 96-well plate, tels were treated by diluting
each substance in medium at 3 times the treatnosceatration and adding pl per well so
that the final concentration of each substancel&snM to 2 nM in 15@L of a solution.

The cells treated with the test solution were eat#ld in the same manner as in
Experimental Example 4.1 to obtain the graphs gufés 5a and 5b.

Referring to Figures 5a and 5b, it was confirmeat the cell viability of the lung
cancer cell NCI-H358 was decreased when treatddtrainetinib and the example compound
in combination compared to when treated with tramietand the example compound,
respectively, alone.

Experimental Example 4.7: Evaluation of cell viabiity of gastric cancer cell SNU-

1 according to combined administration with trametnib

A well plate in which the gastric cancer cell liB®&U-1 having the KRAS G12D
variant was dispensed was treated with a testisoludf trametinib and the example
compounds.

The cells were treated by adding dl0 of a test solution of trametinib, Example 1-2,
Example 1-1, Example 2-5, Example 2-4 and Examyler2spectively, alone or trametinib in
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combination with one of Example 1-2, Example 1-gafbple 2-5, Example 2-4 and Example
2-7 (Combi.) to a 384-well plate so that the fioahcentration of each substance was 100 nM
to 97.7 pM in 5QuL of the solution per well. In a 96-well plate, tels were treated by diluting
each substance in medium at 3 times the treatnosceatration and adding pl per well so
that the final concentration of each substancel@snM to 2 nM in 15@L of a solution.

The cells treated with the test solution were eat#ld in the same manner as in
Experimental Example 4.1 to obtain the graphs gufés 6a and 6b.

Referring to Figures 6a and 6b, it was confirmeat the cell viability of the gastric
cancer cell SNU-1 was decreased when treated raithetinib and the example compound in
combination compared to when treated with tramietiand the example compound,
respectively, alone.

Experimental Example 4.8: Evaluation of cell viabiity of colorectal cancer cell
SW480 according to combined administration with trametinib

A well plate in which the colorectal cancer celldiSW480 having the KRAS G12V
variant was dispensed was treated with a testisoludf trametinib and the example
compounds.

The cells were treated by adding (dl0 of a test solution of trametinib, Example 1-2,
Example 1-1, Example 2-5, Example 2-4 and Examyler2spectively, alone or trametinib in
combination with one of Example 1-2, Example 1-gample 2-5, Example 2-4 and Example
2-7 (Combi.) to a 384-well plate so that the fioahcentration of each substance was 100 nM
to 97.7 pM in 5QuL of the solution per well. In a 96-well plate, tels were treated by diluting
each substance in medium at 3 times the treatnoeigeatration and adding bl per well so
that the final concentration of each substance@snM to 2 nM in 15@L of a solution.

The cells treated with the test solution were eat&@ld in the same manner as in
Experimental Example 4.1 to obtain the graphs gufés 7a and 7b.

Referring to Figures 7a and 7b, it was confirmed the cell viability of the colorectal
cancer cell SW480 was decreased when treated naitietinib and the example compound in
combination compared to when treated with tramietiand the example compound,
respectively, alone.

Experimental Example 4.9: Evaluation of cell viabiity of lung cancer cell H1975
according to combined administration with osimertinb

A well plate in which the lung cancer cell line HBhaving the EGFR L858R/T790M
variant was dispensed was treated with a testisoludf osimertinib and the example
compounds.

The cells were treated by addingilOof a test solution of osimertinib, Example 1-2,
Example 1-1 and Example 2-5, respectively, alonesanertinib in combination with one of
Example 1-2, Example 1-1 and Example 2-5 (Combi.q t384-well plate so that the final
concentration of each substance was 100 nM tof@\.ih 50uL of the solution per well. In a

204



96-well plate, the cells were treated by dilutirecle substance in medium at 3 times the
treatment concentration and adding (80 per well so that the final concentration of each
substance was 120 nM to 2 nM in 180of a solution.

The cells treated with the test solution were eat&@ld in the same manner as in
Experimental Example 4.1 to obtain the graph iruFag.

Referring to Figure 8, it was confirmed that thé embility of the lung cancer cell
H1975 was decreased when treated with osimertimt #he example compound in
combination compared to when treated with osimértiand the example compound,
respectively, alone.

Experimental Example 4.10: Evaluation of cell vialdity of lung cancer cell
HCC827 according to combined administration with osnertinib

A well plate in which the lung cancer cell line HEZZ having the EGFR Del19 variant
was dispensed was treated with a test solutiosiai@rtinib and the example compounds.

The cells were treated by addingllOof a test solution of osimertinib, Example 1-2,
Example 1-1 and Example 2-5, respectively, alonesomertinib in combination with one of
Example 1-2, Example 1-1 and Example 2-5 (Combi.q t384-well plate so that the final
concentration of each substance was 100 nM tof@\.ih 50uL of the solution per well. In a
96-well plate, the cells were treated by dilutirecke substance in medium at 3 times the
treatment concentration and adding (80 per well so that the final concentration of each
substance was 120 nM to 2 nM in 3d0of a solution.

The cells treated with the test solution were eat#ld in the same manner as in
Experimental Example 4.1 to obtain the graph iruFag.

Referring to Figure 9, it was confirmed that thd embility of the lung cancer cell
HCC827 was decreased when treated with osimeramd the example compound in
combination compared to when treated with osimirtiand the example compound,
respectively, alone.

Experimental Example 4.11: Evaluation of cell viality of lung cancer cell H1975
according to combined administration with lazertinib

A well plate in which the lung cancer cell line HBhaving the EGFR L858R/T790M
variant was dispensed was treated with a testisolaf lazertinib and the example compounds.

The cells were treated by adding dl0 of a test solution of lazertinib, Example 1-2,
Example 1-1 and Example 2-5, respectively, alonzertinib in combination with one of
Example 1-2, Example 1-1 and Example 2-5 (Combi.q t384-well plate so that the final
concentration of each substance was 100 nM tof@\.ih 50uL of the solution per well. In a
96-well plate, the cells were treated by dilutirecle substance in medium at 3 times the
treatment concentration and adding (80 per well so that the final concentration of each
substance was 120 nM to 2 nM in 180o0f a solution.
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The cells treated with the test solution were eat&@ld in the same manner as in
Experimental Example 4.1 to obtain the graph iruFedLO.

Referring to Figure 10, it was confirmed that tledl giability of the lung cancer cell
H1975 was decreased when treated with lazertirdltlag example compound in combination
compared to when treated with lazertinib and trengle compound, respectively, alone.

Experimental Example 4.12: Evaluation of cell vialdity of lung cancer cell
HCC827 according to combined administration with laertinib

A well plate in which the lung cancer cell line HEZZ having the EGFR Del19 variant
was dispensed was treated with a test solutioazeirtinib and the example compounds.

The cells were treated by adding dl0 of a test solution of lazertinib, Example 1-2,
Example 1-1 and Example 2-5, respectively, alonzertinib in combination with one of
Example 1-2, Example 1-1 and Example 2-5 (Combi.q t384-well plate so that the final
concentration of each substance was 100 nM tof@\.ih 50uL of the solution per well. In a
96-well plate, the cells were treated by dilutirecke substance in medium at 3 times the
treatment concentration and adding (80 per well so that the final concentration of each
substance was 120 nM to 2 nM in 3d0of a solution.

The cells treated with the test solution were eat&@ld in the same manner as in
Experimental Example 4.1 to obtain the graph iruFedl1.

Referring to Figure 11, it was confirmed that tledl giability of the lung cancer cell
HCC827 was decreased when treated with lazertimtd #he example compound in
combination compared to when treated with lazdytamd the example compound, respectively,
alone.

Experimental Example 4.13: Evaluation of cell viality of breast cancer cell
MCF7 according to combined administration with alpdisib

A well plate in which PIK3CA mutant breast cancell ¢ine MCF7 was dispensed
was treated with a test solution of alpelisib ameléxample compounds.

The cells were treated by adding a0 of a test solution of alpelisib, Example 1-2,
Example 2-5, Example 1-24, Example 1-8 and Exarhf2é, respectively, alone or alpelisib
in combination with one of Example 1-2, Example,2Example 1-24, Example 1-8 and
Example 1-21 (Combi.) to a 384-well plate so tie final concentration of each substance
was 100 nM to 97.7 pM in 50L of the solution per well.

The cells treated with the test solution were eelflunder conditions of 37 °C and 5%
carbon dioxide for 72 h. Thereafter, the plate witie cells cultured was adapted to room
temperature for 30 minutes. Then, in order to gbanytotoxicity, 50uL of Cell Titer-Glo
Reagent (CTG, Promega), which measures the ambéit®, was dispensed per well into a
384-well plate. Cell lysis was induced by mixing ttontents for 2 minutes, the luminescence
signal was stabilized for 10 minutes, and thendh@nescence intensity was measured using
a Varioskan™ LUX microplate reader. The cell viapilin the well treated with each
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compound was calculated when the final value ofvib# not treated with the test substance
was set to 100%.

Referring to Figure 12, it was confirmed that tledl iability of the breast cancer cell
MCF7 was decreased when treated with alpelisibt@dxample compound in combination
compared to when treated with alpelisib and themgta compound, respectively, alone.

Experimental Example 4.14: Evaluation of cell viality of lung cancer cell H358
according to combined administration with JDQ443

A well plate in which the lung cancer cell line HB8baving the KRAS G12C variant
was dispensed was treated with a test solutioD@4#3 and the example compounds.

The cells were treated by addingll0of a test solution of JDQ443 and Example 1-2,
respectively, alone or JDQ443 in combination wikample 1-2 (Combi.) to a 384-well plate
so that the final concentration of JDQ443 was 10m 6.1 pM and the final concentration of
Example 1-2 was 30M to 13.7 nM in 5QuL of the solution per well.

The cells treated with the test solution were eat#ld in the same manner as in
Experimental Example 4.13 to obtain the graph guFe 13.

Referring to Figure 13, it was confirmed that tledl giability of the lung cancer cell
H358 was decreased when treated with JDQ443 anexdm@ple compound in combination
compared to when treated with JDQ443 and the exaogrhpound, respectively, alone.

Experimental Example 4.15: Evaluation of cell viality of lung cancer cell H358
according to combined administration with TNO155

A well plate in which the lung cancer cell line HBbaving the KRAS G12C variant
was dispensed was treated with a test solutioN@ 155 and the example compounds.

The cells were treated by addingllOof a test solution of TNO155, Example 1-2 and
Example 1-5, respectively, alone or TNO155 in camabon with one of Example 1-2 and
Example 1-5 (Combi.) to a 384-well plate so thatfihal concentration of each substance was
10uM to 41.1 nM in 5QuL of the solution per well.

The cells treated with the test solution were eat&@ld in the same manner as in
Experimental Example 4.13 to obtain the graph guFe 14.

Referring to Figure 14, it was confirmed that tledl giability of the lung cancer cell
H358 was decreased when treated with TNO155 andxample compound in combination
compared to when treated with TNO155 and the examginpound, respectively, alone.

Experimental Example 4.16: Evaluation of cell viality of lung cancer cell H358
according to combined administration with cisplatin

A well plate in which the lung cancer cell line HBbaving the KRAS G12C variant
was dispensed was treated with a test solutiomspfatin and the example compounds.

The cells were treated by addingilOof a test solution of cisplatin, Example 1-2 and
Example 1-5, respectively, alone or cisplatin imbination with one of Example 1-2 and
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Example 1-5 (Combi.) to a 384-well plate so thatfthal concentration of each substance was
5uM to 156 nM in 5QuL of the solution per well.

The cells treated with the test solution were eat#ld in the same manner as in
Experimental Example 4.13 to obtain the graph guFe 15.

Referring to Figure 15, it was confirmed that tledl giability of the lung cancer cell
H358 was decreased when treated with cisplatinta@egxample compound in combination
compared to when treated with cisplatin and themgta compound, respectively, alone.

Experimental Example 4.17: Evaluation of cell viality of lung cancer cell H358
according to combined administration with rineterkib

A well plate in which the lung cancer cell line HB8baving the KRAS G12C variant
was dispensed was treated with a test solutiomefarkib and the example compounds.

The cells were treated by adding dI0 of a test solution of rineterkib, Example 1-2
and Example 1-5, respectively, alone or rineterkicombination with one of Example 1-2
and Example 1-5 (Combi.) to a 384-well plate sa tha final concentration of each substance
was 1uM to 31.3 nM in 5QuL of the solution per well.

The cells treated with the test solution were eat&@ld in the same manner as in
Experimental Example 4.13 to obtain the graph guFe 16.

Referring to Figure 16, it was confirmed that tledl giability of the lung cancer cell
H358 was decreased when treated with rineterkibtlamdxample compound in combination
compared to when treated with rineterkib and trexgde compound, respectively, alone.

Experimental Example 4.18: Evaluation of cell viality of lung cancer cell H358
according to combined administration with ulixertinib

A well plate in which the lung cancer cell line HB8baving the KRAS G12C variant
was dispensed was treated with a test solutiomixartinib and the example compounds.

The cells were treated by adding (l0 of a test solution of ulixertinib, Example 1-2
and Example 1-5, respectively, alone or ulixertimtzombination with one of Example 1-2
and Example 1-5 (Combi.) to a 384-well plate sa tha final concentration of each substance
was 1uM to 31.3 nM in 5QuL of the solution per well.

The cells treated with the test solution were eat#ld in the same manner as in
Experimental Example 4.13 to obtain the graph guFe 17.

Referring to Figure 17, it was confirmed that tledl giability of the lung cancer cell
H358 was decreased when treated with ulixertindbthe example compound in combination
compared to when treated with ulixertinib and theneple compound, respectively, alone.

Experimental Example 4.19: Evaluation of cell viality of lung cancer cell H358
according to combined administration with pralsetinb

A well plate in which the lung cancer cell line HB8baving the KRAS G12C variant
was dispensed was treated with a test solutiomatégtinib and the example compounds.
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The cells were treated by adding dlO of a test solution of pralsetinib, Example 1-2
and Example 1-5, respectively, alone or pralsetimibombination with one of Example 1-2
and Example 1-5 (Combi.) to a 384-well plate sa tha final concentration of each substance
was 1uM to 31.3 nM in 5QuL of the solution per well.

The cells treated with the test solution were eat&@ld in the same manner as in
Experimental Example 4.13 to obtain the graph guFe 18.

Referring to Figure 18, it was confirmed that tledl giability of the lung cancer cell
H358 was decreased when treated with pralsetirditfas example compound in combination
compared to when treated with pralsetinib and #@emgple compound, respectively, alone.

Experimental Example 4.20: Evaluation of cell viality of lung cancer cell H358
according to combined administration with repotrecinib

A well plate in which the lung cancer cell line HB8baving the KRAS G12C variant
was dispensed was treated with a test solutiorpadtrectinib and the example compounds.

The cells were treated by addingdlOof a test solution of repotrectinib, Example 1-
2 and Example 1-5, respectively, alone or repdtréctn combination with one of Example
1-2 and Example 1-5 (Combi.) to a 384-well platetisat the final concentration of each
substance was M to 31.3 nM in 5QuL of the solution per well.

The cells treated with the test solution were eatgld in the same manner as in
Experimental Example 4.13 to obtain the graph guFe 19.

Referring to Figure 19, it was confirmed that tledl giability of the lung cancer cell
H358 was decreased when treated with repotrectanid the example compound in
combination compared to when treated with repatrdctand the example compound,
respectively, alone.

Experimental Example 4.21: Evaluation of cell viadity of gastric cancer cell
SNU-5 according to combined administration with teptinib

A well plate in which the c-Met overexpressing gastancer cell line SNU-5 was
dispensed was treated with a test solution of tefpoand the example compounds.

The cells were treated by adding dl0of a test solution of tepotinib and Example 1-
2, respectively, alone or tepotinib in combinatieith Example 1-2 (Combi.) to a 384-well
plate so that the final concentration of each srzst was 1QM to 9.77 nM in 5QuL of the
solution per well.

The cells treated with the test solution were eat&@ld in the same manner as in
Experimental Example 4.13 to obtain the graph guFe 20.

Referring to Figure 20, it was confirmed that tle# giability of the gastric cancer cell
SNU-5 was decreased when treated with tepotiniktlaam@xample compound in combination
compared to when treated with tepotinib and themgpte compound, respectively, alone.

Experimental Example 4.22: Evaluation of cell viaHlity of lung cancer cell PC-9
according to combined administration with bemcentinb
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A well plate in which the lung cancer cell line BGwith high AXL expression was
dispensed was treated with a test solution of batimib and the example compounds.

The cells were treated by addingdlOof a test solution of bemcentinib and Example
1-2, respectively, alone or bemcentinib in comboratvith Example 1-2 (Combi.) to a 384-
well plate so that the final concentration of eaagbstance was 1M to 9.77 nM in 5QuL of
the solution per well.

The cells treated with the test solution were eat#ld in the same manner as in
Experimental Example 4.13 to obtain the graph guFe 21.

Referring to Figure 21, it was confirmed that tledl giability of the lung cancer cell
PC-9 was decreased when treated with bemcentidith@example compound in combination
compared to when treated with bemcentinib and xaenple compound, respectively, alone.

Experimental Example 4.23: Evaluation of cell viadity of lung cancer cell A549
according to combined administration with alrizomadin

A well plate in which the lung cancer cell line Ab#Aaving the KRAS G12S variant
was dispensed was treated with a test solutioriabenadlin and the example compounds.

The cells were treated by addinglOof a test solution of alrizomadlin and Example
1-2, respectively, alone or alrizomadlin in combioa with Example 1-2 (Combi.) to a 384-
well plate so that the final concentration of eaubstance was 1M to 9.77 nM in 5QuL of
the solution per well.

The cells treated with the test solution were eat&@ld in the same manner as in
Experimental Example 4.13 to obtain the graph guFe 22.

Referring to Figure 22, it was confirmed that tledl giability of the lung cancer cell
A549 was decreased when treated with alrizomadhd #e example compound in
combination compared to when treated with alrizdmadnd the example compound,
respectively, alone.

Experimental Example 4.24: Evaluation of cell vialdity of colorectal cancer cell
LoVo according to combined administration with eveplimus

A well plate in which the colorectal cancer cefldiLoVo having the KRAS G13D
variant was dispensed was treated with a testisoludf everolimus and the example
compounds.

The cells were treated by adding (dl0 of a test solution of everolimus and Example
1-2, respectively, alone or everolimus in combmativith Example 1-2 (Combi.) to a 384-
well plate so that the final concentration of eaubstance was 1M to 9.77 nM in 5QuL of
the solution per well.

The cells treated with the test solution were eat&@d in the same manner as in
Experimental Example 4.13 to obtain the graph guFe 23.

Referring to Figure 23, it was confirmed that tledl iability of the colorectal cancer
cell LovVo was decreased when treated with everdirand the example compound in

210



combination compared to when treated with everddinand the example compound,
respectively, alone.

Experimental Example 4.25: Evaluation of cell viality of lung cancer cell AsPC-

1 according to combined administration with MRTX1133

A well plate in which the lung cancer cell line ASR having the KRAS G12D
variant was dispensed was treated with a testisnluif MRTX1133 and the example
compounds.

The cells were treated by adding@0of a test solution of MRTX1133, Example 1-2
and Example 1-5, respectively, alone or MRTX1138dmbination with one of Example 1-2
and Example 1-5 (Combi.) to a 96-well plate so thatfinal concentration of MRTX1133 was
100 nM to 20 nM and the final concentration of éxample compound wasy®/ in 150 uL
of the solution per well.

The cells treated with the test solution were eat@ld and the cell viability of a well
treated with test solution alone or in combinatwas evaluated in the same manner as in
Experimental Example 4.1 to obtain the graph irureg24.

Referring to Figure 24, it was confirmed that tledl giability of the lung cancer cell
AsPC-1 was decreased when treated with MRTX1133ted example compound in
combination compared to when treated with MRTX1488 the example compound,
respectively, alone.

Experimental Example 5.1: Determination of combinaibn concentration by
SynergyScreen™

The cells were treated by addingub of a test solution of Example 1-2 per well to a
384 well plate in which the lung cancer cell [in838 having the KRAS G12S variant was
dispensed so that the final concentration of thestunce was 31.6 uM to 0.00316 uM in 50
uL of the solution per well. The cells treated witkample 1-2 were cultured under conditions
of 37 °C and 5% carbon dioxide for 72 h or 120nhoidder to measure cell viability, each well
was treated with 24 pL of ATPlite 1Step™ (PerkinEfjnsolution, then mixed for 2 minutes,
and reacted by blocking light for 5 minutes, anentlthe luminescence signal was measured
using an Envision multilabel reader (PerkinElIm&He cell viability was determined according
to the formula below, and the concentration (EFFECAT Example 1-2 that induces 20% cell
death was calculated using IDBS XLfit 5. The EFFE&Ldoncentration of Example 1-2
determined through the experiment was appliedeafirthl treatment concentration of Example
1-2 during the combination effect experiment.

% growth= 100% x (luminescence treated wells, t=ehdninescence of untreated
wells, t=end).

Experimental Example 5.2: Evaluation of combination efficacy by
SynergyScreen™
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In order to confirm the effect of Example 1-2 imdaination with various anticancer
agents, a total of 42 anticancer agents, includytgtoxic anticancer agents and targeted
anticancer agents, were used for evaluation (T#bl& 384 well plate in which the lung cancer
cell line H358 having the KRAS G12S variant wagdissed was treated with Example 1-2 at
a final concentration of 1854 nM when the cultungetwas 72 h and was treated with Example
1-2 at a final concentration of 652 nM when thetun@ time was 120 h, respectively. After
treatment of Example 1-2, the plate was treatel thié combined anticancer agent so that the
final concentration of each substance was 31.6q@MMQA@0316 uM in 5QL of the solution per
well. The cells treated with the test solution wewtured under conditions of 37 °C and 5%
carbon dioxide for the culture time indicated irblea9. In order to measure cell viability, each
well was treated with 24 puL of ATPlite 1Step™ (HeBEdmer) solution, then mixed for 2
minutes, and reacted by blocking light for 5 mirsutand then the luminescence signal was
measured using an Envision multilabel reader (R&lkner). The cell viability was determined
in the same manner as in Experimental Example &, the effect of the combination
treatment was evaluated by comparing the cell hwlof the group treated with the combined
anticancer agent or Example 1-2 alone with thewgability of the combined treatment.

Synergy 1 (Equation 1) was determined from the Bz in cell viability (%)
(increase in cell death) when used in combinatidath &xample 1-2 compared to the cell
viability (%) when the combined anticancer agens wsed alone, and Synergy 2 (Equation 2)
was determined to be the difference between Syrieamnd cell death rate (%) when Example
1-2 was used alone.

[Equation 1]

Synergy 1 (%) = cell viability (%) when the combahanticancer agent is used alone
- cell viability (%) when used in combination witthe example compound

[Equation 2]

Synergy 2 (%) = Synergy 1 (%) - cell death rate {@gn the example compound is
used alone

If the synergy by treatment with Example 1-2 in ¢tomation compared to the
combined anticancer agent alone is 50% or moieinticated as "++++", if it is less than 50%
and more than 30%, it is indicated as "+++", iisiless than 30% and more than 10%, it is
indicated as "++", and if it is less than 10% sitindicated as "+". The results are shown in
Figures 25a to 26¢.

[Table 9]
Concentration (log
No Anticancer Target/ Culture M) Synergy| Synergy
agent Mechanism | time (h)| Anticancer | Ex. 1 2
agent 1-2
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. Taxane
1 | Paclitaxel o 72 9.0 5.9 ++ ++
derivatives
2 | Cytarabine| Antimetabolite 72 -8.5 -5.9 ++ -
- CDK4/6
3 | Palbociclib| 72 -8.5 5.9 ++ -
inhibition
Inhibition of
angiogenesis or
4 | Nintedanib| FGFR1/FGFR| 72 -6.0 -5.9 ++ ++
2/FGFR3
inhibition
| Inhibition of
5 | Regorafenib . . 72 -8.5 5.9 ++ +
angiogenesis
TOP1
6 SN-38 o 72 -10.5 -5.9 ++ -
inhibition
.. TOP2
7 | Doxorubicin| . . 72 -9.0 5.9| ++++ ++
inhibition
. . PARP
8 | Niraparib N 72 -8.5 5.9 ++ -
inhibition
9 JO1 BET inhibition] 120 -8.5 -6.3 ++ -
IGF1/2 or
NVP-
10 IGF1-R 72 -8.5 -5.9 ++ -
ADW742 .
inhibition
11 | duvelisib PIK inhibition 72 -7.0 -5.9 ++ +
o EGFR
12 | Gefitinib —— 72 -7.0 5.9 +++ ++
inhibition
Irbinitinib | ErbB2(HER2)
13 - L 72 -6.5 5.9 ++ ++
(tucatinib) inhibition
. HER2, EGFR
14 | Neratinib o 72 9.0 5.9 +++ ++
inhibition
15 | Alectinib | ALK inhibition 72 -6.0 -5.9 ++ -
o MEK
16 | Cobimetinib . 72 -8.0 5.9 +++ ++
inhibition
17 Imatinib BCR-ABL 72 -8.5 -5.9 ++ +
18 | Dasatinib inhibition 72 -8.0 5.9 +++ ++
. MutBRAF
19 | Dabrafenib| . . . 72 -8.5 5.9 ++ +
inhibition
20 | Sorafenib pan-RAF 72 -8.5 5.0 ++ +
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CDK9

21| AT-7519 —_— 72 -8.5 5.9 ++ -
inhibition
22 | danusertib pan Aurora 72 -7.0 5|9 +++
23 ibrutinib BTK 72 -8.0 5.9 +++
24 | MK-1775 WEE1 72 -7.0 -5.9 ++ ++
methotrexat
25 o DHFR 72 -7.5 5.9 ++ +++
26 | AMG-900 pan Aurora 72 -8.0 -5.9  +++ ++
27 | BIlIB021 HSP90 72 -9.5 5.9  +++ +
6- purine
28 | . . . _ 72 -7.0 5.9 +++ +
thioguanine| antimetabolite
A3AR
. antagonism,
29 | reversine 120 -8.0 -6.3 ++ +
pan-aurora
inhibition
ubiquitin E1
30 | MLN-7243 120 -7.5 -6.3 ++ +
enzyme
31| ABT-737 Bcl-2 72 -7.0 5.9 +++ ++
32 | MK-5108 Aurora A 72 -7.5 -59 ++ ++
EZH2/ARID1
33 | GSK-343 A 120 -8.5 -6.3 ++ -
34 2-D08 SUMOylation| 120 -6.0 -6.3| +++ +
SCH-
35 CHK1 72 -7.5 -5.9 ++ +
900776
, HDAC1,
36 | entinostat 72 -7.5 -5.9 ++ -
HDAC3
37 | ruxolitinib JAK1/2 72 -6.0 5.9  ++ +
38 | carfilzomib | proteasome 72 -9.0 5.0 ++ -
39 | apitolisib PI3Ka/3/6/y 72 -8.5 5.9 +++
40 | ipatasertib AKT 72 -8.0 -5.9 ++
No
prednisolon Concentratior
41 GR 72 -5.9 NA NA
e -dependent
change
42 | volasertib PLK1 72 -8.0 59 ++ -
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Referring to Table 9 and Figures 25a to 26¢, whencbnventional anticancer agent
and the example compound were used in combinatiencell death rate was higher than the
simple sum of the cell death rates when the comwealt anticancer agent and the example
compound were used alone. That is, the example @ongpcan exhibit synergistic anticancer
activity when used in combination with an anticaraegent.

It should be understood that any feature, propedypound, compound moiety, or
number described in connection with a particulgzeas embodiment, or example of the
present invention is applicable to any other aspgubodiment, or example described herein,
as appropriate. All features, or individual stepa method or process disclosed herein can be
arbitrarily combined, except where such featura@rsteps constitute a mutually exclusive
combination.

Although specific embodiments of the present inenhave been described herein,
the present invention is not limited to the desadiembodiments, and it should be understood
that it is intended to cover any equivalents, modifons or uses of known or customary
techniques by those skilled in the art based omlit@osure herein.
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Claims

[Claim 1]

A compound represented by Formula | below, or avate| stereoisomer or
pharmaceutically acceptable salt thereof:

[Formula ]

in Formula I,

Z* and 2 are each independently N or CH;

Z%is N or CR, and Z is CH; or

Z%is CR, and Zis N; and

R? is H, halogen, OH, CN, substituted or unsubstitut@-Cs alkoxy, amino,
substituted or unsubstituted 1-Cs alkylamino, substituted or unsubstituted dHGs
alkyl)amino, substituted or unsubstituteg-@s thioalkoxy, substituted or unsubstitutedCs
alkyl, substituted or unsubstituted partially unsated or saturateds&- cycloalkyl, or a 4-
to 7-membered heterocyclyl containing 1 or 2 hetenms selected from N, O and S;

R!is H; D; halogen; OH; CN; £Cs alkyl optionally substituted with one or more of
deuterium, OH, oxo (=0) or halogen; -NRE; -OR"; partially unsaturated or saturategtG;
cycloalkyl; optionally substituted ¢C10 aryl; optionally substituted 5- to 10-membered

A3
heteroaryl; or Az

R” and R are each independently H ot-Cs alkyl optionally substituted with ®

R? is H; G-Cs alkyl optionally substituted with one or more @uterium, OH, ¢-Cs
alkoxy or halogen; a 4- to 7-membered heterocyotyitaining 1 or 2 heteroatoms selected
from N, O and S, optionally substituted with onenasore R!2 or partially unsaturated or
saturated &C7 cycloalkyl optionally substituted with one or mdré'".

R?12 and R are each independently-Cs alkyl optionally substituted with one or
more of halogen, CN, OH, 1&s alkoxy, carboxy or oxo; Cs acyl; carboxy; @Ce
alkoxycarbonyl; or &Cs alkylsulfonyl;

R3is H, halogen, OH, £Cs alkoxy, NH, Ci-Cs alkylamino, di(G-Cs alkyl)amino,
NO2 or CN;
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R* is H, halogen, OH, Cs alkoxy, NH, Ci-Cs alkylamino, di(G-Cs alkyl)amino,
NO2 or CN;
Al is G-Cs alkyl substituted with one or more substituentependently selected

=

X

I
from the group consisting of deuterium, halogen, OHCs alkoxy, " 6’8\0}\& and G-Cz alkyl;
or partially unsaturated or saturategt@ cycloalkyl; wherein said one or more substituents
may be bonded to the same or different carbonstwadC-Cs alkyl groups bonded to the
same carbon atom may be optionally taken togetiiér tive carbon atom to which they are
attached to form a43Cscyclic ring;

AZ?is H, halogen, OH, CN or:Cs alkyl;

A3is H, amino, G-Cs alkylamino or di(G-Cs alkyl)amino; and

the carbon atoms marked with * and ** are optionalibstituted with one or more
deuterium atoms; with the proviso that the compouepresented by Formula | is not

T3

[Claim 2]

The compound, or solvate, stereoisomer or pharniaedly acceptable salt thereof
according to claim 1, wherein

one or more of B R? and A' comprise deuterium; and/or

one or more of the carbon atoms marked with * anar& substituted with deuterium.

[Claim 3]
The compound, or solvate, stereoisomer or pharntiiaedly acceptable salt thereof
according to claim 1, whereirf Zs CH.

[Claim 4]

The compound, or solvate, stereocisomer or pharntiaeéiy acceptable salt thereof
according to claim 3, wherein

Z%is CR, and

R2and R are both H; or

R?is halogen, OH, CN, {Cs alkoxy, amino, @&Cs alkylamino, di(G-Cs alkyl)amino,
C1-Cs alkyl, partially unsaturated or saturated-@ cycloalkyl, or a 4- to 6-membered
heterocyclyl containing 1 or 2 heteroatoms seleft@a N and O, and Rs H or halogen; or

R2is H, and Ris halogen.
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[Claim 5]
The compound, or solvate, sterecisomer or pharntiaeéiy acceptable salt thereof
according to claim 4, wherein

W

R?is H, F, -NHCH, -N(CH)2, -OCH, -CHs or X and

R*is H or F.

[Claim 6]

The compound, or solvate, stereocisomer or pharntiaeéiy acceptable salt thereof
according to claim 1, wherein

R? is a 4- to 6-membered heterocyclyl containing 2 tieteroatoms selected from N
and O, optionally substituted with one or moré®or partially unsaturated or saturated@
cycloalkyl optionally substituted with one or md®&' and/or

R3is halogen, and

R?1ajs G-C,4 alkyl optionally substituted with one or more dfi(dC;-C,4 alkoxy or 0Xo;
C1-Cs acyl; G-Ca alkoxycarbonyl; or GCs alkylsulfonyl, and R is halogen.

[Claim 7]
The compound, or solvate, stereocisomer or pharniiaeiy acceptable salt thereof
according to claim 1, wherein

F
R? is -Chs, -CDs, -CH;CHs, -CH(CHs)2, -CH.CH.OH, cyclopropyl, " V

cyclobutyl,@)\, HN@)\ @A ’VNf HO/\/N/f\ | @)\ E)\ ~g @A
@’\ QA QA WO)\ . @A

orOO
R3is H or CI.

[Claim 8]

The compound, or solvate, sterecisomer or pharntiaeéiy acceptable salt thereof
according to claim 1, wherein

R! is H; D; halogen; CN; GCs alkyl optionally substituted with one or more of
deuterium, OH, oxo (=0) or halogen; partially unsated or saturateds&; cycloalkyl; G-

T
HN "
AZ

Croaryl; or
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[Claim 9]

The compound, or solvate, sterecisomer or pharntiaeéiy acceptable salt thereof
according to claim 8, wherein

R! is H, D, F, Br, Cl, CN, methyl, ethyl, GDCF, -CHOH, -CH(OH)CH, -

ST
HN F
F FF

C(OH)(CHb)2, -C(=O)CH;, cyclopropyl, cyclohexyl, cyclohexenyl, phenyl, or

[Claim 10]

The compound, or solvate, stereocisomer or pharntiae#iy acceptable salt thereof
according to claim 1, wherein

Al is G-Cs alkyl substituted with two or more substituentdeépendently selected

=

e
from the group consisting of deuterium, halogen, OHCz alkoxy, " 6'3\0}& and G-Cz alkyl;
or partially unsaturated or saturategt@ cycloalkyl; wherein said two Cz alkyl groups,
when bonded to the same carbon atom, are takethergeith the carbon atom to which they
are attached to form a4 cyclic ring,

AZ?is H, halogen or GCs alkyl, and

A% is H or amino.

[Claim 11]

The compound, or solvate, stereocisomer or pharniaeiy acceptable salt thereof
according to claim 10, wherein

Al is selected from the group consisting of -GHFCR, -CRCHs, -CRCH:F, -

o M AN

CRCH0H, -CRCD20H, -CRCH,OCHs, U
cyclobutenyl; and
A?isH, F, Cl or -CH.

[Claim 12]
The compound, or solvate, stereocisomer or pharntiaeéiy acceptable salt thereof
according to claim 1, wherein

A AS

A2
of Formula | is selected from the following stnuies:
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R F F ek R F F R F R F
H NH F NH
6} F E HO E 2 F 2
F F F cl F
R F R F R F g F e F F R F
_0 HO F NH; E NH, E NH, F
F F F F cl
| A @\ RF RF
HO o] F N .0 HO
NT S
(O] DD
F F F F F F F

[Claim 13]
The compound, or solvate, stereocisomer or pharntiae#iy acceptable salt thereof
according to claim 1, wherein the compound is amaund represented by Formula I-1 below:
[Formula I-1]

in Formula I-1,

Z* and 2 are each independently N or CH;

Z%is N or CR;

R?is H, halogen, OH, CN, substituted or unsubstitu@e-Cs alkoxy, substituted or
unsubstituted ECs alkylamino, substituted or unsubstituted @ thioalkoxy, or substituted
or unsubstituted <Cs alkyl;

R! is H, halogen, OH, CN, Cs alkyl optionally substituted with one or more
deuterium or halogen, -NRB, -OR*, Cs-Cs cycloalkyl, optionally substitutede¢dCio aryl, or
optionally substituted 5- to 10-membered hetergaryl

R* and R are each independently-Csalkyl optionally substituted with R

R?is H, or G-Cs alkyl optionally substituted with one or more @futerium or halogen;

Al is CG-Cs alkyl substituted with one or more substituentdependently selected
from the group consisting of halogen, OH;C3 alkoxy and G-Cs alkyl, wherein said one or
more substituents may be bonded to the same ereiliff carbons, and twaCs alkyl groups
bonded to the same carbon atom may be optiondbntéogether with the carbon atom to
which they are attached to form &C, cyclic ring;

AZ?is H, halogen, OH, CN or:Cs alkyl; and
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A2 is H or amino, with the proviso that the compouepresented by Formula I-1 is
*@ 5

[Claim 14]

The compound, or solvate, stereocisomer or pharntiae#y acceptable salt thereof
according to claim 13, wherein

Z%is N, and 2is CH, and Zis N or CH; or

Z* and Z are both CH, and®is N; or

Z! and 2 are both N, and%s N or CH.

no

[Claim 15]

The compound, or solvate, sterecisomer or pharntiaedly acceptable salt thereof
according to claim 13, wherein

R!is H, halogen, CN, £Csalkyl or G-Cs cycloalkyl; and

R? is Ci-Cs alkyl optionally substituted with one or more daidm.

[Claim 16]

The compound, or solvate, stereocisomer or pharniiae#y acceptable salt thereof
according to claim 13, wherein

Al is G-Cs alkyl substituted with two or more substituentddépendently selected
from the group consisting of F, OH and methoxy;

AZ?is H, halogen or GCsalkyl, and

Adis H.

[Claim 17]

The compound, or solvate, sterecisomer or pharntiaedly acceptable salt thereof
according to claim 13, wherein

Alis G-Cs alkyl substituted with two or more F,

AZis H, halogen or CCs alkyl, and

A3 is amino.

[Claim 18]
The compound, or solvate, stereocisomer or pharntiae#iy acceptable salt thereof
according to claim 1, characterized in that the poumd is selected from:
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[Claim 19]

A pharmaceutical composition comprising the comghum solvate, stereoisomer or
pharmaceutically acceptable salt thereof accortbnany one of claims 1 to 18 as an active
ingredient.

[Claim 20]
The pharmaceutical composition according to cla®n dharacterized in that the
pharmaceutical composition is for the preventiotreatment of a SOS1 mediated disease.

[Claim 21]
The pharmaceutical composition according to cladycharacterized in that the SOS1
mediated disease is cancer or RASopathy.

[Claim 22]

The pharmaceutical composition according to claiby éharacterized in that the
cancer is selected from the group consisting ofpatic cancer, lung cancer, colorectal cancer,
biliary tract cancer, multiple myeloma, melanom&yime cancer, cervical cancer, endometrial
cancer, thyroid cancer, chronic lymphocytic leuk&nacute myeloid leukemia, bladder cancer,
urothelial cancer, gastric cancer, squamous cadirtama of the head and neck, diffuse large
B cell ymphoma, esophageal cancer, hepatocelkdacer, breast cancer, ovarian cancer,
prostate cancer, glioblastoma, kidney cancer arwhse.

[Claim 23]

The pharmaceutical composition according to claiby éharacterized in that the
RASopathy is selected from the group consistingnefirofibromatosis type 1, Noonan
syndrome, Leopard syndrome, capillary malformaaaeriovenous malformation syndrome,
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Costello syndrome, CFC syndrome (Cardio-Facio-CGadas syndrome), Legius syndrome,
and hereditary gingival fiboromatosis.

[Claim 24]

A method for preventing or treating a SOS1 mediathgease, comprising
administering to a subject the compound, or solvatereocisomer or pharmaceutically
acceptable salt thereof according to any one ainsld to 18.

[Claim 25]

Use of the compound, or solvate, stereocisomer arrpaceutically acceptable salt
thereof according to any one of claims 1 to 18ue in the prevention or treatment of a SOS1
mediated disease.

[Claim 26]

Use of the compound, or solvate, stereocisomer arrpaceutically acceptable salt
thereof according to any one of claims 1 to 18tf&r manufacture of a medicament for the
prevention or treatment of a SOS1 mediated disease.
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