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MACROCYCLIC BCLs BEGRADERS

RELATED APPLICATIONS
[0061] This application claims the benefit of pronty under 35 USC. § 11%e) to US,

Provisional Application No: 63/396,381, filed August 9, 2022, U8 Provisional Application

No: 63/432 580, filed December 14, 2022 and U.S. Provisional Application No: 63/465 584, tiled

2

May 11, 2023, each of which are incorporated herein by reference in their entireties.

BACKGROUND OF THE DISCLOSURE

{8002] As demonstrated by the clinical efficacy of thalidomide analogs for the treatment of
hematologic malignancies, small molecule-induced protein degradation has emerged as a powerful
therapeutic sirategy. Thalidomide analogs, including lenalidomide and pomalidomide, modulate
the activity of the Cullin Really Interesting New Gene (RING) ligase 4-cereblon (CRBN)
(CRLAYBNY £3 ubiquitin ligase to recruit and ubiquitinate neo-substrates including Tkaros family
zinc finger 1 (IKZF 1), IKZF3, and casein kinase {-alpha (CK 1a), which leads to their proteasomal
degradation (Kronke ef ¢f, Science 343:301-305 (2014); Lu ef g/, Science 343:305-309 (2014);
Kronke er /., Nature 523:183-188 (2015)). Other small molecules that induce protein degradation
wnclade aryl sulfonamides, which promote the destruction of RNA binding motif protein 39
(RBM39) in a CRE4-DNA damage binding protein | {DDB1) and CUL4 assoctated factor {5
(DCAF15) (CRLAY 5y denendent manner (Han e7 o/, Science 356:¢aal3755 (2017).

{6003]  Other types of small molecules that include hetero-bifunctional degraders (also known as
PROTACs) (Tourc efaf., Angew. Chem. Int. Ed Engl. 55:1966-1973 (2016)) have been developed
for a wide range of targets including kinases (Huang e7 o/, Cell Chem. Biol. 25:88-99 (2018})),
nuclear receptors (Bondeson ef af., Nat. Chem. Biol. /7:611-617 (2Z015})}, and epigenetic enzymes
{(Winter ef o/, Science 348:1376-1381 (2015)). These small molecule degraders engage both the
E3 ligase and the target protein substrate, promoting formation of a substrate-drug-ligase ternary
complex (Nowak ez o/, Nat. Chem. Biol. 74:706-714 {2018}, Petzold er /., Nature 532:127-130
(20106); Sievers e al, Science 362:2at0572 (2018)).

[8064] While degraders have shown remarkable efficacy and sustained depletion tor some target

protetns, other proteins have proven recalcitrant to this approach. One such example 18 the B cell

T
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target modutation to induce growth inhibition (McCoull ef i, ACS Chem. Biol. /3:3131-3141
(2018)).

{6083} BC/.6 was first identified as a locus affected by chromosomal transtocations in diffuse
farge B-cell lymphomas (DLBCL). It is now knnown to be broadly expressed in many lymphomas.
Its role in lymphomagenesis stems from is function in the humoral immune system, where
upregulation of BCLG is required for the formation of germinal centers (GC) during the humoral
mmmune response {Ye ef of, Nat. Genet. [6:161-170 (1997); Dent ef of, Science 2768992
(1997}, GCs are transient structures that form i response 1o antigen stimulation. Within GCs, B
cells tolerate massive profiferation and the mutagenic effect of the DNA-editing enzyme AICDA
to undergo unmunoglobulin affinity maturation (Klein e o/, Nat. Rev. Immunol. 8:22-33 (2008)).
These activities are orchestrated by and dependent on BCL6, a powerful transcriptional repressor
that silences hundreds of genes. Some of these target genes control DNA damage sensing {(i.e.,
ATR, CHEKI, TP53, ARF) and proliferation checkpoints (i.e., COKN/A, CDKNIB, CDKNZA,
CDEN2B, PTEN) (Hatzi et of, Trends Mol Med. 20:343-352 (2014)). BCL6 also represses genes
required for exit from the GC reaction and plasma cell differentiation (e.g., IRF4, PRDM1). This
ensures that GC B cells have sufficient time to acquire somatic hyper-mutation of their
immunoglcbulin genes. Thus, deregulated suppression of these target genes could result in
malignant transformation of B cells.

[6086] BCLO also represses numerous oncogenes in GC B cells, including MYC, BCL2, BMI Y,
and CCND/{ {Cier al, Blood £73:5536-5548 {2009)). Through this function, BCLO6 may mitigate
its own pro-oncogenic checkpoint repression effect and thus reduce the potential for malignant
transformation of GC B cells. This effect is abrogated in the presence of BCL2 or MYC
transiocations, which dnve expression of these oncogenes through aberrant regulatory elemenis.
The presence of both MYC and/or BCL2 together with BCLO (regardless of translocations) is
clearly deleterious because it provides B cells with simultanecus suppression of checkpoints
through BCLO, along with the pro-growth and survival effects of MYC and BCL6 (Cardenas ef
al., Clin. Cancer Res. 23:885-893 (2017)). In the normal immune response, BCLO {unction is
terminated by the disruption of BCLO transcriptional complexes through CD40-induced ERK
signaling and downregulation of BCL6 mRNA by IRF4 and PRDM1 (Poloefal, Blood //2:644-651

(2008)). Termination of BCL6 function is required for B cells to exit the GC reaction.

[
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{6007 BCLO is a promising drug target for non-Hodgkin lymphomas such as diffuse large B
cell lymphoma (DLBCL) (_Cerchietti et ai., Cancer Cell /7:400-411 (2010); Cardenas ef o/, L.
Clin. Invest. /26:3351-3362 {2016)) and follicular lymphoma (Bosga-Bouwer ef g/, Genes
Chromosomes Cancer 44:301-304 (2005)). Pathologically increased BCL6 expression, as a result
of somatic BCLS translocation, exonic mutation, promoter mutation, or mutations in regulatory
pathways, is a common driver of B cell malignancies (Hatzi e o/, Trends Mol. Med. 2¢:343-352
(2014}, In genetically engineered mice, overexpression of BCL6 1s sufficient to drive lymphoma
development {(Cattoretii ef af, Cancer Cell 7:445-455 (2005); BCL6 acis as a master
transcriptional repressor enabling rapid expression of germinal center {(GC) B cells and tolerance
to genomic instability caused by hypermutation of the immunoglobulin genes and class swiich
recombination (Hatzi ef ol , Trends Mol. Med. 20:343-352 (2014)). BCL6 represses a broad range
of genes wvolved in the DNA damage response (Ranuncolo ef o/, Blood Cells Mol. Dig. 4/:95-
99 (2008)), cell cycle checkpoints {Tunyaplin ef af, J. Immuncl. /73:1158-1165 (2004)), and
differentiation {Phan ef o/, Nat. Immunol. 6:1054-1060 (2005}). As expected, knock-out of BCL6
in lymphoma cells results in tumor stasis {Schlager ef af., Oncotarget /7:875-890 (2020)). Several
peptide and small molecule inhibitors targeting BCL6 have shown efficacy in vivo, but only at
high concentrations, which has limited their transiation inte clinical therapeutic agents (Cerchieti
ef al, Cancer Cell 77:400-411 (2010); Cardenas ef o/, I Clin. Invest. /126:3351-3362 (2016}).
{3008] Broad complex/Tramirack/Bric-a-brac (BTB) proteins are a diverse family of proteins
that are characterized by the presence of a commeon protein-protein interaction domain, known as
the BTB domain. BTB proteins have diverse functions ranging from transcriptional regulation and
chromatin remodeling to protein degradation and cytoskeletal regulation. Specificity of function
is determined in part by additional domains present in a given BTB protein, as well as by
interaction partners. Studies of BTB proteins in Drosophila and mammalian systems have revealed
the importance of these proteins in multiple developmental contexts, as well as in cancer and
neurological and musculoskeletal diseases. BTB proteins play crtical roles in transcriptional
regulation and chromatin remodeling {Chaharbalkhshi er ¢/, Genesis 54.505-518 (2016)).

[0089] The BTB domain mediates various functions of BCL6, such as homodimerization and
interaction with co-repressor proteins (Ghetu ef ., Mol. Cell 29:384-391 (2008), Ahmad ef o/,
Mol. Cell 72:1551-1564 (2003)). Techniques that disrupt the protein-protein interaction between

the BTB domain of BCL6 and its co-repressors may be useful to combat BCL6-related diseases.

-
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SUMMARY OF DISCLOSURE
{6018} A first aspect of the present disclosure is directed to a compound having a structure
represented by formula (I}
Ry Ry
Y.

Y
I\N Z
SR
3

(13, or a pharmaceutically acceptable salt or sterecisomer thereof,
wherein:
Xi1is N, CH, CCI, CF, or CCN,
X218 N or CRa;
Rs is H, (Ci~Calalkyl, balo, OH, NHa, (Ci-Cajalkoxy, (Ci-Ca)baloalkyl, (Ci-Cadhaloalkoxy,
(Ca-Cajalkenyl, (Ca-Calalkynyt, NOz, CN, NH(Ci-Cajatkyl, or N(C:i-Cy alkyl)z;
Riis H, OH, or halo;
Ry is H, OH, or hale;
Rsis H, halo, or ON;
Y is CHa, NH, or O
Zis CHy, NH, S, or O;

nis0 1, or2;
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XHZ
& O
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O
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O
Z
2
s
Gy
S+



WO 2024/035688 PCT/US2023/029714

O RWPO

o M&%

Xzis CH or N;

Rs is H, (C1-Celalkyl, (Ci-Us} hydroxyaltkyl, (C1-Cs) aminoalkyl, (Cs-Csicarbocyclyl, 4- to 7-
membered heterocyelyl, (Ci1-Colalkyl-(Cs-Cricarboeyelyl,  or {Csi-Crjcarbocyelyl-4- to 7-
membered heterocyelyl; wherein said alkyl, carbocyclyl, or heterocyelyl is further optionally
substituted by one or more, identical or different Ris groups. wherein Ris 18 (Ci-Cealkyl, (Ch-
Copalkoxy, halo, NH:z, OH, {(Ci-Cohaloalkyl, NH{Ci-Cejalkyl, or N{Ci-Cealkyl), (Cs-
Ceicarbocyelyl, 4- to 7-membered heterocyelvl, or
Rsis —L-Y1-7Z1, wherein

L is absent or (C1-Csjalkylene optionally substituted by one or more substituents selected from
(Ci-Crjalkyl and oxo;

Yi is absent, O, S, S(0), S(O), NR, C(O), C(OYD, OC(D), CIONR’Y, NERI(O),
NRYC(OINR), N(RHYC(OHYO, OC( O)N(_R'), S(ORN{R’), or N(R”)S{O)z;

each R’ 1s independently H or (Ci1-Cylalkyl;

Zi 1s H, {Ci-Colalkyl, {Cr-Colatkenyl, (Co-CoYalkynyl, {Cs-Ciojearbocycelyl, or 3- to 10-
mernbered heterocyelyl, wheretn 71 s optionally substituted by one or juore substituents
independently selected from (Ci-Cajalkyl, halo, (Ci-Caihaloalkyl, (Ci-Cajhaloalkoxy, NH», (Ci-
Cajarmuooalkyl, CN, OH, carboxy, carbamoyl, sulphamoyl, roercapto, ureido, NR'R®, OR", C{O)R”,
C(OYOR', OC(OIRY, CLOINRR®, N(RIC(OWR’, S(O)-2RY, S{ORNRRY, N(RHSO:R!, SH{RHRIHR
and (CHR)iaNR'RS, wherein RY, R®, and R' are each independently H, (Ci-Ce)alkyl, or (Cs-
Csicycloalkyi; or R and R® together with the nitrogen atom to which they are attached form a 4-
to 9-membered heterocvelyl which is optionally substituted by one or more substituents selected
from (C1-Ca)alleyl, halo, (Ci-Cadhaloalkyl, (Ci-Cadhaloalkoxy, (Ci-Cayalkoxy, (Ci-Cajalkylamino,
NH:, CN, and OH;

Re 18 ~L1CRusR1sR 15, or ~CH=CH-R 16, wherein

Ly is absent, O, §, {Ci-Calalkylene, -O-(C1-Calalkylene, or -S+{Ci1-Calalkylene;

5
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Rua is H or (Ci-Cajalkyl:

Ris is H or (C:-Cajalkyl, or
Ris and Ris together with the carbon atom to which they are attached form a {Cs-
Cs)carbocyclyl, 4- to 7-membered heterocyclyl, or C=0;

Ris 18 (Ci~Celalkyl, —NRi7Ris, —OR17, —-C(O)R17, -C{OYOR 1, —N(Ri)C(O)R17, —
C{O)NR R, ~S(O - Ci-Colalkyl, -S{O~C1-Colalkyl, ~P{OC1-Co alkylh, ~-C(NH)NH,,
~{C1-Cajalkyl-NR1sC{O)R17, or4- to 7-mernbered heterocyclyl, wherein

Ri7is H, 3~ to 6~-membered heterocyclyl, or {Ci-Cajalkyl optionally substituted by one or
more, identical or different groups selected from OH, Cl, F, CFs, N{Ci-Cs alkyl), (Cs-
Ceycarbocyelyl, 3- to 6-membered heterocyclyl, (Ca-Cajalkenyl, and (C2-Cajalkynyl;

Riz is H or (C1-Cajalkyl;

Y
R7 18 H, methyl, -(CHz)12W1Wo, or W, , wherein

Wi is CRisRuy or C(O),;

Ruo and Riv are independently H, {C-Coalkyl, F, OH, CN, NOg, (C1-Crlalkoxy, (Ci-

Cabaloalkyl, (Ci-Cojhaloalkoxy, NHz, NH{C:i-Coalkyl, or N{C1-C2 alkyl), or

Ris and Riy together with the carbon atom to which they are attached form C{O}, (s~
Ce)carbocyclvl or 3- to 6-membered heterocycelyl, which 1s optionally substituted by one or
more substituents independently selected from (C1-Calalkyl, halo, {Ci-Ciihaloalkyl, {Ci-
Czihaloalkoxy, (Ci-Coyalkoxy, (Ci-Crjalkylamino, NHz, CN, and OH,

Wz 13 CN, OH, 5- or 6-membered heteroaryl, phenyl, C{O}Ci-Calalkyl, S{Op-(Ci-
Coalkyvl, S{OYNH-(Ci-Cajalkyl, C{OYOCHs, C(OINHCH;, CRaRziRa, NHz, NH(Ch-
Coyalicyl, or N(Ci-Co alkylh, wherein

Rae is H, (C-Coalkyl, F, Cl, Br, OH, NHz, CN, NGO, (Ci-Calalkoxy, (Ci-Cryhaloalkyl,
or {(Ci-Cayhaloalkoxy;

Roiis H, (Ci-Cajalkyl, F, CL, Br, OH, CN, NOg, {C1-Coalkoxy, (Ci1-Caihaloalkyl, (Ci-
Crihaloalkoxy, or —Yz-Lo-Z2, wherein

Yaisabsent, O, 8§, S{0), S{Ohn, NR’, C{0), C(O0, OC(O), CIOMNR’), NR (0,

S(ORN{R’), or N(R” SO

6
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L2 is absent or {C1-Cor)alkylene:
Zr1s H, (Ci-Colalkyl, {Co-Ca)alkenyl, (Ca-Cayalkynyl, phenyl, {Cs-Colearboeyelyl, or

4- to 6-membered heterocyclyl, wherein 72 is optionally substituted by one or more

substituents independently selected from (Ci-Cajalkyl, halo, (Ci-Cidhaloalkyl, (Ci-

Cayhaloalkoxy, (Ci-Cajalkoxy, (Ci-Cajalkylamino, NHz, CN, OH, C(OYR’, C{O)OR’,

OCOR’, CIONRR’, and N(RHC(O)R’, wherein each R’ 13 independently H or (Cy-

Ca)alkyl;

or Roe and Ra: together with the carbon atom to which they are attached form (Cs-
Ce)carbocyclyl or 3- to 6-membered heterocyclyl, optionally substituted by one or more
substituents selected from (C1-Colalkyl, halo, {Ci-Cohhalpalkyl, (Ci1-Czlhaloalkoxy, (Ci-
Cnalkoxy, (Ci1-Coyalkylamino, NH», CIN, and OH;

R is {(Ci-Cayallkyl, -C{OYOR”7, OR”’, ~-CNR’, NRR”’, phenyl, or S-membered
heteroaryl, wherein each R’ is independently H or (C1-Calalkyl;

A7 15 (Cs~-Calcarbocyclyl or 4- to 6-membered heterocyelyl, optionally substituted with
one or more substituents independently selected from (Ci-Chjalkyl, halo, OH, oxo, CN, and
(Ci-Crjalkoxy;

W3 is NR23 or CRosRos, wherein

Ras 18 H, (Ci-Coalkyl, {Ci-Caohaloalkyl, {Ci-Cajhydroxyalkyl, -C(O)CH3, or -

C{OY0~A{Ci-Cajalkeyl;

Ros and Rov are independently H, (C:-Calalkyl, cyclopropyl, F, Cl, Br, OH, NH», CN,

NQOs, (C1-Caihaloalkyl, (C1-Cohalealkoxy, (Ci-Coalkoxy, ~-C{Q)OR’’, NRR”’, phenyl,

or 5-membered heteroaryl;

Bz is H, (Ci-Caalkyl, (Cs-Caleyeloalkyl, (Ci-Calhaloalkyl, or CN, wherein said alkyl or
cycioalkyl is optionally substituted by one or more substituents selected from (Ci-Cajalkyl, (Cs-
Ceyeyeloalkyl, GH, (Ci-Colalkoxy, NHa, NH{Ci-Crjalkyl, N{{C:-Ca)alkyl), (Ci-Crlaminoalkyl,
and halo;

Ry’ is H, {Ci-Cajalkyl, ON, (C1~Cajhaloalkyl, or —Y3-L3-Z3, wherein

Y3 s absent, C(O)0, or C{OIN{R),

L3 is absent or (Ci-Czlalkylene;

73 15 H, (Ci-Celalkyl, phenyl, (C3-Celeycloalkyl, or 4~ to 6-membered heterocyclyl,
wherein 73 is optionally substituted by one or more substituents independently selected from

~
i
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{C1-Co)alkyl, halo, (C1-Cajhaloalkyl, (Ci-Coihaloalkoxy, {Ci-Calalkoxy, NHz, NGz, CN, and

OH, or

Rs and R&’, together with the carbon atom to which they are attached, form a {(Ca-
Ce)carbocycelyl, or 4- to 6-membered heterocyclvl;

A’ 18 a 6~ or 7-membered heterocyclyl, which i addition to Rs and Rx’, 15 optionally further
substituted by one more substituents independently selected from oxe, {C1-Calalkyl, cyclopropyl,
spiro~cvelopropyl, halo, (Ci-Calhaloalkyl, (Ci-Coyhaloalkoxy, (Cr-Cajalkoxy, NHz, ON, and OH;

X418 CR2s or N, wherein

Rasis H, F, Cl, or methyl;

Ry 18 H, (Ci-Colalkyl, {C3-Ca)eyeloalkyl, (C1-Caihaloalkyl, CN, (C2-Coalkenyl, or (Cz-
Cayalkynyl;

Ro” 15 (Ci1-Calaltkyl, ON, (Ci-Calhaloalkyl, or —Ys-La-Z4, wherein

Y3 1s absent, C(0), C{OY0, OC{O), CIOIN(R’), or S{ORNR ),

Lais absent or (Ci-Chjalkyvlene optionally substituted by one or more substituents selected
from (C-Crjalkyl and oxo;

Za 13 H, (Ci-Coyalkyl, (Ca-Cajalkenyl, {Co-Cajalkynyl, phenyl, (Cs-Cocarbocoyelyl, (Cs-
Cs)eycloallkenyl, or 4- to 6~-membered heterccyclyl, wherein Z4 is optionally substituted by
one or more substituents independently selected from oxo, (Ci-Ca)alkyi, (C5-Co)eycloalkyl,
halo, (Ci-Csihaloalkyl, {Ci-Carhaloalkoxy, (Ci-Cajatkoxy, (C1-Cajalkylamino, NHz, NQGq,
CN, OH, C{OR®, CIOYOR®, OC(OMRY, CIOINRPRY, and NRHC({ORY, wherein each R" is
independently H, (Ci-Calalkyl, (Cs-Ce)eycloalkyl, or
Zais —Q-Ls-Wi, wherein

(3 is absent, O, NH, or N(Ci-Co)alkyl;

Lsis absent or (Ci-Chlalkylene optionally substituted by one or more substituents selected
from oxo and (Ci-Chjalkyl;

Wi is (C1-Cajalkyl, phenyl, (Cs-Cejeycloalkyl, (Ca-Csleycloalkenyt, or S- or 6-membered
heterocyclyl, wherein Wa is optionally substituted by one or more substituents independentily
sefected trom (Ci-Cajalkyl, halo, (Ci-Cashaloalkyl, (Ci-Cathaloalkoxy, (Ci-Cajalkoxy, (Cr-
Cayalkylamino, NHz, NO2, CN, or OH; or
Ro and Re’, together with the carbon atom to which they are attached, for a (Cs-Ciojearboeyciyi

or a 4- to 10-membered heterocyelyl, which is optionally substituted by one or more substituents

3
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independently selected from oxo, (Ci-Crlaltkyl, halo, (Ci-Coihaloalkyl, (Ci-Colhaloalkoxy, (Ci-
Coyalkoxy, (Ci-Cralkylamino, NHz, NO2, CN, or OH; or the {Cs-Cisjcarboeyelyl or 4- to 10-
membered heterocyelyl is opticnally fused to a 5- or 6-membered hetercary!l or phenyl ring, and
the 5- or 6-membered hetercaryl or phenyl ring is optionally substituted by (Ci-Ca)alkyl, halo, (Ci-
Cohaloalkyl, (Ci-Cayhaloalkoxy, (Ci-Colalkoxy, (Ci-Colalkylamino, NHz, NGOz, ON, or OH;

Ry 15 H, {(Ci-Caalkyl, (Ci-Cohalealkyl, {Ci-Crlalkoxy, (Ci-Coyhaloalkoxy, CN, NO»,
acetylenvl, phenyl, or S- or 6-membered heteroaryl, wherein said alkyl, phenyl, or hetercaryl is
optionally substituted by one or more substituents independently selected from halo, OH, and NHz,

Xs s a absent, {Cs-Cejcarboeyclyl, (Cs-Cojcarboeycly{C=0), or SO»;

Riw and Rio® are each independently H, ({(Ci-Cialkyl, (Ci-Caohydroxyalkyl,
(Ci-Csaminoalkyl, or

Rio and Rue’, together with the same carbon atom to which they are attached, form
(Cs-Coicarbocyelyl or 4- to 6-membered heterocyclyl, wherein said alkyl, hydroxyalkyl,
aminoalkyl, carbocyelyl, or heterocyclyl is optionally substituied by one or more, identical or
different Raa groups, wherein Rios 18 {Ci-Celalkyl, {Ci-Colaltkoxy, (Ci-Colaltkyl-(Ci-Cs)alkoxy,
halo, NH:, OH, (Ci-Cohaloalkyl, NH-(C1-Cojalkyl, N{(Ci-Ce)alkyl), (C3-Co)carboceyelyl, 4- 10 6-
membered heterocyclyl, or

R’ and Ry, together with the carbon atoms to which they are attached, form
{C3-Cojearbocvelyl or 4- 1o 6-membered heterccvelyl;

Riy and Riy are each independently H, (Ci-Cijalkyl, (Ci-Cihydroxyalkyl,
(Ci-Csdaminoalkyl, or

Ru and Riy’, together with the same carbon atom to which they are attached, form C=0,
(Cs-Coyearboeyelyl, or 4- to 6-membered heterocyclyl, wherein said carbocyclyi or heterocyciyl is
optionally substituted by one or more, tdentical or different Riiw groups, wherein each R is
independently (Ci-Csjalkyl, (Ci-Cealkoxy, (Ci1-Colalkyl-(Ci-Cs)alkoxy, hale, NHz, OH, (Ci-
Cerhaloalkyl, NH-(Ci-Celalkyl, N{T1-Caralkylh, (Cs-Cejcarbocyelyl, or 4- to 6-membered
heterocyclyl, or wherein two Rie groups, together with the same carbon atom to which they are
attached, form C=0;

Riz 1s H, OH, NH-{C-Cejalkyl, NH-(C1-Coihvdroxyalkyl, NH-(Ci-Coaminoalkyl, NH-(Cs-
Cejcarboeyclyl, NH-4- to 6-membered heterocyclyl, NH-(Ci-Cslalkvl<(Cs-Cejcarbocyclyl, or NH-
(Ci-Ciialkyl-4- to 6-membered heterocyciyl, wherein satd alkyl, hydroxvalkyl, amincalkyl,

9
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carbocyclyl, or heterocyclyl 1s further optionally substituied by one or more, identical or different
Ruza groups, wherein each Ruza 18 independently (Ci-Cealkyl, (Ci-Coalkoxy, {Ci-Colalkyl-{Ci-
Cajalkoxy, hale, NHh, OH, (Ci-Ceihaloalkyl, NH-(Ci-Colalkyl, N{{Ci-Celalkyly, (Us-
Ce)earboeycelyl, or 4- to 6-membered heterocyclyl;

mis 0, 1, or Z; and

oisOorl.
[8011] Another aspect of the present disclosure is directed to a pharmaceutical composition that
includes a therapeutically effective amount of a compound of formula (1) or a pharmaceutically
acceptable salt or stereoisomer thereof, and a pharmaceutically acceptable carrier.
{0012] A further aspect of the present disclosure is directed to a method of treating a disease or
disorder that involves aberrant BCLO activity that entails administering to a subject in need thereof
a therapeutically effective amount of a compound of formula (1) or a pharmaceutically acceptable
salt or sterecisomer thereof. In some embodiments, the disease or disorder is cancer. In some
embodiments, the disease or disorder is an inflammatory disease.
{0013} In some embodiments, the cancer is a lymphotd malignancy. In some embodiments, the

lymphoid malignancy s peripheral T-cell lymphoma (PTCL), diftuse large B-cell lymphoma

leukeria (CLL), acute lymphoblastic leukemia/lymphoma (ALL), cutaneous T-cell lymphoma,

chronic myeloid leukemia, or B-cell non-Hodgkin’s lymphoma.

DETAILED DESCRIPTION

{8014} Unless defined otherwise, all technical and scientific terms used herein have the same
meaning as 1s commonly understood by one of skill in the art to which the subject matter herein
belongs. As used in the specification and the appended claims, unless specified o the contrary, the
following terms have the roeaning indicated 1o order to faciluate the understanding of the present
disclosure.

16015]  As used 1o the description and the appended claims, the singular forms “a2”, “an”, and
“the” include plural referents uniess the context clearly dictates otherwise Therefore, for example,
reference to “a composition” includes mixtures of two or more such compositions, reference to

“an inhibitor” includes mixtures of two or more such inhibitors, and the like.
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{6616] Unless stated otherwise, the term “about” means within 10% (e.g., within 3%, 2%, or
1%} of the particular value modified by the term “about.”

{6017] The transitional term “comprising,” which is synonymous with “including,”
“containing,” or “characterized by,” 1s inclusive or open-ended and does not exclude additional,
unrecited elements or method steps. When used in the context of the nurber of heteroatoms in a
heterocyclic structure, it means that the heterocyclic group that has that minimum pumber of
heteroatoms. By contrast, the transitional phrase “consisting of” excludes any element, step, or
ingredient not specified tn the claim. The transitional phrase “consisting essentially of” limits the
scope of a claim to the specified materials or steps “and those that do not materially attect the basic
and novel characteristic{s)” of the disclosure.

[0018] With respect to compounds of the present disclosure, and to the extent the following terms
are used herein to further deseribe them, the following definitions apply.

{8019] Asused herein, the term "alkyl" refers to a saturated linear or branched-chain monovalent
hydrocarbon radical. In some embodiments, the alkyl radical is a Ci-Ce group. In some
embodiments, and to the extent not disclosed otherwise for any one or more groups of the
compounds of formula (I}, the alkyl radical is a Co-Ce, Co-Cs, Co-Cs, C1-Cs, C1-Cs, Ci-Cs or C1-Cs
group {wherein (o alkyl refers to a bond). Examples of alkyl groups include methyl, ethyi, 1-
propyl, 2-propyl, i-propyl, 1-butyl, 2-methyl-l-propyl, 2-butyl, 2-methyl-2-propyl, 1-pentyl, n-
pentyl, Z-pentyl, 3-pentyl, Z-methyl-Z-butyl, 3-methyi-2-butyl, 3-methyl-i-butyl, 2-methyl-1-
butyl, 1-hexyl, 2-hexyl, 3-hexyl 2-methyl-Z-pentyl, 3-methyl-2-pentyl, 4-methyl-Z-pentyl, 3-
methyl-3~-pentyl, 2-methyl-3-pentyl, 2,3~dimethyl-2-butyl, and 3,3-dimethyl-2-buiyl. In sore
embodiments, an alkyl group is a C1-Cs alky!l group. In some embodiments, an alkyl group is a Ci-
(o alkyl group. In some embodiments, an alkyl group is a methyl group.

{0020] As used herein, the term “alkylene” refers to a straight or branched divalent hydrocarbon
chain linking the rest of the molecule to a radical group, consisting solely of carbon and hydrogen,
containing no unsaturation and having from one to six carbon atoms, for example, methylene,
ethvlene, propylene, n-butylene, and the like. The alkylene chain may be attached to the rest of the
molecule through a single bond and to the radical group through a single bond. In some
embodiments, , and to the extent not disclosed otherwise for any one or more groups of the
compounds of formula (1), an alkylene group contains one to four carbon atoms (C1-Cy alkvlene).
In other embodiments, an alkylene contains one to three carbon atoms (C1-C5 alkylene). In other

11
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embodiments, an alkylene group contains one to two carbon atoms {Ci-Cz alkylene). In other
embodiments, an altkylene group contains one carbon atom (Cy alkylene).

{6021} As used herein, the term "alkenvi" refers to a linear or branched-chain monovalent
hydrocarbon radical with at least one carbon-carbon double bond. An alkenyl includes radicals
having “cis” and "trans® orfentations, or altersatively, "E" and "Z" otentations. In some
embodiments, the alkenyl radical is a Co-Cis group. In some embodiments, and to the extent not
disciosed otherwise for any one or more groups of the compounds of formula {I), the alkenyl
radical is a Co-Crz, C2-Cio, C2-Cs, C2-Co or C2-Ca group. Examples include ethenyl or vinyl, prop-
1-enyl, prop-2-enyl, 2-methylprop-1-enyl, but-1-enyl, but-Z-enyl, but-3-enyl, buta-1,3-dienyl, 2-
methylbuta-1,3-diene, hex-1-envyi, hex-2-enyl, hex-3-enyl, hex-4-enyl and hexa-1,3-dienyl.
0022] Asused herein, the term "alkynyl” refers to a linear or branched monovalent hydrocarbon
radical with at least one carbon-carbon triple bond. In some embodiments, the alkynyl radical is a
C2-Cs group. In some embodiments, and to the extent not disclosed otherwise for any one or more
groups of the compounds of formula (1), the alkynyl radical is C2-Cia, C2-Cro, Ca-Cs, C2-Cs or Ca-
(5. Examples include ethyny! prop-1-yayl, prop-2-ynyl, but-1-yanyl, but-2-ynyl and but-3-ynyl.
{6023} The terms “alkoxyl” or “alkoxy” as used herein refer to an alkyl group, as defined above,
having an oxygen radical aitached thereto, and which is the point of attachment. In some
embodiments, the alkoxyl group 1s methoxy, ethoxy, propyloxy, or tert-butoxy. An “ether” is two
hydrocarbyl groups covalently linked by an oxygen. Accordingly, the substituent of an alkyl that
renders that alkyl an ether is or resembles an alkoxyl, such as can be represented by one of -O-
alkyl, ~-O-alkenyl, and -C-alkyoyl.

10624} As used herein, the term “halogen” (or “halo” or “halide”} refers to fluorine, chiorine,
bromine, or jodine.

{0025] As used herein, the term “cyclic group” broadly refers to any group that used alone or as
part of a larger moiety, contains a saturated, partially saturated or aromatic ring system e.g.,
carbocyclic {cycloalkyl, cycloalkenyl), heterocyclic (heterocycloalkyl, heterocycloalkenyl), aryt
and heteroaryl groups. Cyclic groups may have one or more {e.g., fused) ring systems. Therefore,
for example, a cychic group can contain one or more carbocyclic, heterocyclic, arvl or heteroaryl
Sroups.

[8026] As used herein, the term “carboceyclic” (also "carboeycelyl") refers to a group that used
alone or as part of a larger motety, contains a saturated, partially unsaturated, or aromatic ring

12
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system having 3 to 12 carbon atoms, that is alone or part of a larger motety (e.g., an
alkylcarbocyclic group). The term carbocyclyl includes mono-, bi-, tri-, fused, bridged, and spiro-
ring systems, and combinations thereof. In one embodiment, carbocyclyl includes 3 to 10 carbon
atoms ((3-Cio). In one embodiment, carbocycly! includes 3 to ¢ carbon atoms (C3-Ce). In one
embodiment, carbocyelyl includes 5 to & carbon atoms {(Cs-Ce). In some embodiments,
carbocyclyl, as a bicycle, includes Ce-Cro. In another embodiment, carbocycelyl, as a spiro system,
clodes Cs-Cii. Representative examples of monocyclic carboceyelyls include cyclopropyl,
cyclobutyl, cyclopentyl, T-cyclopent-i-enyl, T-cyclopent-2-enyl, 1-cyclopeni-3-enyl, cyclohexyl,
I-cyclohex-1-enyl, l-cyclohex-2-enyl, l-cyclohex-3-enyl, cyclohexadienyl, cycloheptyl,
cyclooctyl, cyclononyl, cyclodecyl, cycloundecyl, and phenyl; bicyclic carbocyelyls having 7 to
11 ring atoms include {4,3], [4,4], [4.5]., [5,5], [5,6] or [0.6] ring systems, such as for example
bicyclo[2 2 1iheptane,  bicyclo[2 2 2Joctane,  naphthalene,  and  bicyclof3 2 2lnonane.
Representative examples of spiro carbocyclyls include spirof2.2]pentane, spiro[2.3hexane,
spirof 2. 4lheptane, spiro[2 S]octane and spitof4.5idecane. The term carbocyclyl includes aryl ring
systems as defined herein. The term carbocyeyl also includes cycloalkyl rings {e.g., saturated or
partially unsaturated mono-, bi-, or spiro-carbocycles). The term carbocyclic group also includes
a carbocyclic ring fused to one or more (e.g., 1, 2 or 3} difterent cyclic groups {(e.g., aryl or
heterocyclic rings), where the radical or potut of attachment is on the carbocyclic nng.

{6027) Therefore, the term carbocyclic also embraces carbocyclylaltkyl groups which as used
herein refer to a group of the formula --R°-carbocyelyl where R 1s an alkylene chain. The term
carbocyclic also embraces carbocyclylalkoxy groups which as used herein refer to a group bonded
through an oxygen atom of the formula --O--R"-carbocyclyl where R is an alkvlene chain.
{0028]  As used herein, the term "aryl” used alone or as part of a larger moiety {e.g., "aralkyl”,
wherein the terminal carbon atom on the alkyl group is the point of attachment, e.g., a benzyl
group),"aralkoxy” wherein the oxygen atom is the point of attachment, or "aroxyalkyl” wherein
the point of atiachment is on the aryl group) refers to a group that includes monocyclic, bicyclic
or tricyclic, carbon ring system, that includes fused rings, wherein at least one ring in the system
is aromatic. In some embodiments, the aratkoxy group 1s a benzoxy group. The term "aryl”™ may
be used interchangeably with the term "aryl ring". In one embodiment, aryl includes groups having
6-12 carbon atoms. In ancther embodirent, arvl includes groups having 6-10 carbon atoms.
Examples of aryl groups include phenyl, naphthyi, biphenyl, 1,23 4-tetrahydronaphthalenyl, and

1
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the like, which may be substituted or independently substituted by one or more substituents
described herein. A particular aryl is phenyl. In some embodiments, an aryl group includes an aryl
ring fused to one or more {e.g., 1, 2 or 3} ditferent cyclic groups {e.g., carbocyclic rings or
heterocyclic rings), where the radical or point of attachment is on the arvl ring.

[0029]  Therefore, the term aryl emabraces aralkyl groups (e 2., benzyl) which as disclosed above
refer to a group of the formula --R%aryl where R® is an alkylene chain such as methylene or
ethylene. In some embodiments, the aralkyl group is an optionally substituted benzyl group. The
term aryl also embraces aralkoxy groups which as used herein refer to a group bonded through an
oxygen atom of the formula --O0—R--aryl where R 1s an alkylene chain such as methylene or
ethylene.

[8030] Asused herein, the term "heterocyelyl” refers to a "carbocyclyl” that used alone or as part
of a larger moiety, contains a saturated, partially unsaturated or aromatic ring system, wherein oune
ormore {e.g., 1, 2, 3, 4, or 5) carbon atoms have been replaced with a hetercatom or heteroatom-
containing group (e.g., O, N, N(O), S, 5(0), or S(O)2). The term heterocycely! includes mono-, bi-
, tri-, fused, bridged, and spiro-ring systems, and combinations thereof. In some embodiments, a
heterocyclyl refers to a 3- to 12-membered heterocyclyl ring system. In some embodiments, a
heterocyclyl refers to a saturated ring system, such as a 3- to 12-membered saturated heterocyclyl
ring system. In some embodiments, a heterocyclyl refers to a heteroaryl ring system, such as a 5-
to 12-membered hetercary! ring system. The tfermy heterocyelyl also includes C-Ca
heterocycloalkyl, which 1s a saturated or partially unsaturated mono-, bi-, or spiro-ring system
countaining 2-8 carbons and one or more {e.g., 1, 2, or 3) heteroatoms.

{8031} In some embodiments, a heterocycly! group includes 3-12 ring atorns and includes
monocycles, bicyeles, tricycles and spiro ring systems, wheretn the ring atoms are carbon, and one
to 5 ting atoms is a heteroatom such as nitrogen, sulfur or oxygen. In some embodiments,
heterocyclyl includes 3- to 7-membered monocyeles having one or more heteroatoms selected
from O, N, and S In some embodiments, heterocyclyl includes 4- to 6-membered monocycles
having one or more heteroatems selected from O, N, and S. In some embodimnents, heterocyclyl
includes 3-membered monocycles. In some embodiments, heterocyclyl includes 4-membered
monocycles. In some embodiments, heterocycelyl includes 5- to 6-membered monocycles. In some
embodiments, the heterocyclyl group includes 0 to 3 double bonds. In any of the foregoing
embodiments, heterocyelyl includes 1, 2, 3 or 4 heteroatoms. Any nitrogen or sulfur heteroatom
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may optionally be oxidized (e.g., NO, S0, 802}, and any nitrogen heteroatom may optionally be
substituted {e.g., methyl, isopropvl) and/or quaternized (e.g, [NR4]'Cl, [NR4]'CH).
Representative examples of heterocyelyls include oxiranyl, aziridinyl, thitranvl, azetidinyl,
oxetanyl, thietanyl, 1 2-dithietanyl, 1,3-dithietanyl, pyrrolidinyl, dihydro-1H-pyrrolyl,
dihydrofuranyl, tetrahydropyranyl, dihydrothienyl, tetrahydrothienyl, imidazolidinyl, piperidinyl,
piperazinyl, morpholinyl, thiomorpholinyl, 1, 1-dioxo-thiomorpholinyl, dihydropyranyi,
tetrahydropyranyl, hexahydrothiopyranyl, hexahydropyrimidinyl, oxammnanyl, thiazinanyl,
thioxanyl, homopiperazinyl, homopipendinyl, azepanyl, oxepanyl, thiepanyl, oxazepinyl,
oxazepanyl, diazepanyl, 1, 4-diazepanyl, diazepinyl, thiazepinyl, thiazepanyl,
tetrahydrothiopyranyl, oxazolidinyl, thiazolidinyl, isothiazolidinyl, 1,1-dioxoisothiazolidinonyl,
oxazolidinonyl, imidazolidinonyl, 4,5,6,7-tetrahydrof2Hindazolyl, tetrahydrobenzoimidazolyl,
45,6, 7-tetrahydrobenzo[dlimidazolyi, 1,6-dihydroimidazol{4,5-dpyrrolo{2, 3-blpyridinyl,
thiazinyl, thiophenyl, oxazinyl, thiadiazinyl, oxadiazinyl, dithiazinyl, dioxazinyl, oxathiazinyl,
thiatriazioyl, oxatriazinyl, dithiadiazinyl, imidazolinyl, dihydropyrimidyl, tetrahydropyrimidyl, 1-
pyrrolinyl, 2-pyrrolinyl, 3-pyrrolinyl, indolinyl, thiapyranyl, ZH-pyranyl, 4H-pyranyl, dioxanyl,
{,3-dioxolanyl, pyrazolinyl, pyrazolidinyl, dithianyl, dithiolanyl, pyrimidinonyl, pyrimidindionyl,
pyrimidin-2,4-dionyl,  piperazinonyl,  piperazindionyl,  pyrazolidinylimidazolinyl,  3-

6-azabicyclo[3.1. 1theptanyl, 3-

azabicyclo{3.1 Olhexanyl, 3,6-diazabicyclo[3.1 1lheptanyl

azabicyclo{3. 1.1 heptanyl, 3-azabicyclo[4.1 Otheptanyl, azabicyclo{2.2. 2 thexanyl, 2-
azabicyclo]3.2 Toctanyl, 8-azabicyclof3.2 Toctanyl, 2-azabicyclo{2 2 2]octanyl, 8-
azabicyclo[2.2 2joctanyl, 7-oxabicyclo]2.2 1lheptane, azaspito[3.5nonanyl,

azaspiro[2.5joctanyl, azaspiro{4.5]decanyl, 1-azaspirof4.5]decan-2-only, azaspirof3 5lundecanyl,
tettahydroindolyl,  octahydroindolyl,  tetrabydroisoindolyl,  tetrahydroindazolyl,  1,1-
dioxohexahydrothiopyranyl. Examples of S-membered heterocyclyls containing a sulfur or oxygen
atom and one to three nitrogen atoms are thiazolyl (e g, thiazol-2-y1), thiadiazolvl {e.g., 1,3.4-
thiadiazol-5-yl and 1,2, 4-thiadiazol-5-yl), oxazolyl {e.g., oxazol-2-yi}, and oxadiazolyl (e.g., 1,3 4~
oxadiazol-5-vl and 1,2, 4-oxadiazol-5-yl}. Exaraple of S~-membered heterocyclyls containing 2 to
4 nitrogen atoms include imidazolyl (e.g., imidazol-2-yl), triazoivi {e.g., 1.3 4-triazol-5-yl, 1,2,3-
triazol-5-yl, and 1,2,4-triazol-5-y1), and tetrazolyl (e.g, I1H-tetrazol-5-yl). Representative
exampies of benzo-fused S-membered heterocyclyls include benzoxazol-2-yl, benzthiazol-2-yi
andd benzimidazol-Z-yl. Example of 6-membered heterocyclyls containing one to three nitrogen
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atoms and optionally a sulfur or oxygen atom are pyridyt {e.g., pyrid-2-yl, pyrid-3-yi, and pyrid-
4-y1y, pyrimidyl (e.g., pyrimid-2-vl and pyrimid-4-yl), triazinyl {e. g, 1,3 4-triazin-2-v1 and 1,3,5-
triazin-4-yl}, pyridazinyt {e.g., pyridazin-3-¥1}, and pyrazinyl. In some embodiments, a
heterocyclic group includes a heterocyclic ring fused to one or more (e.g., | or 2} different cyclic
groups {e.g., carbocyclic rings or heterocyclic rings), where the radical or point of attachment s
on the heterocyclic ring, and in some embodiments wherein the point of attachment 1s a heteroatom
countained 10 the heterocyclic ring.

8632} Therefore, the term heterocyelic embraces N-heterocyclyl groups which as used herein
refer to a heterocyelyl group containing at least one nitrogen atom and where the point of
attachment of the heterocyclyl group to the rest of the molecule s through a nitrogen atom 1n the
heterocyclyl group. Representative examples of N-heterocyelyl groups include 1-morpholinyl, 1-
piperidinyl, 1-piperamuyl, I-pyrrolidinyl, 1-pyrazolidinyl, 1-imidazolinyi and l-imidazolidinyl.
The term heterocyclic also embraces C-heterocyclyl groups which as used herein refer to a
heterocyclyl group containing at least one heteroatom and where the potnt of attachment of the
heterocyclyl group to the rest of the molecule is through a carbon atom in the heterocyclyl group.
Representative examples of C-heterocyelyl radicals include 2- or 3-morpholinyl, 2- or 3- or 4-
pipenidinyl, 2-piperazinyl, and 2- or 3-pyrmrolidinyl. The term heterocyclic also embraces
heterocyclylalkyl groups which as disclosed above refer to a group of the tformula —-R°-
heterocyclyvi where R* is an alkylene chain.
The term heterocyclic also embraces heterocyclylalkoxy groups which as used herein refer to a
radical bonded through an oxygen atom of the formula -~0--R-heterocyclyl where R ts an
alkvlene chain.

[0033] As used herein, the term "heteroaryl” used alone or as part of a larger moiety {(e.g.,
*heteroarvialkyl" (also “hetercaralkyl”}, or "hetercarylalkoxy"” (also “hetercaratkoxy”}) refers to a
monocyelic, bicyelic or tricychic ring system having 5 to 12 ring atoms, wherein at least one ring
ts aromatic and contains at feast one heteroatom. In one embodiment, heteroaryl includes 3- to
6- membered monocyclic aromatic groups where one or mwore nng atoms 15 O, N, or S
Representative examples of heteroaryl groups include thienyl, turyl, imidazolyl, pyrazoivi
thiazolyl, isothiazolyl, oxazolyl, isoxazolyl, triazolyl, thiadiazolyl, oxadiazolyi, tetrazolyl,

k2 k2

thiatriazolyvl, oxatriazolyl, pyridyl, pyrimidyl, imidazopyridyl, pyrazinyl, pyridazinyl, triazinyl,
tetrazinyl, tetrazolo[1,5-blpyndazinyl, purinyl, deazapurinyl, benzoxarolyl, benzofuryl
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1. 3-thiazol-2-yl,

> J

benzothiazolyl, benzothiadiazolyl, benzotriazolyl, benzoimidazolyl, indolyi
1,3 4-triazol-5-vi, 1,3-oxazol-2-vi, 1,3 4-oxadiazol-5-yi, 1,2 4-oxadiazol-5-vi, 1,3 4-thiadiazol-5-

2

$-triazol-S-yl. The term "hetercary!l” also includes groups in which a

yl, TH-tetrazol-5-yi, and 1,23
heteroaryl 1s fused to one or more cyclic {¢.g., carbocycivl, or heterocyclyl) rings, where the radical
or point of attachment is on the heteroary] ring. Nonltmiting examples include wndolyl, indolizinyl,
isoindolyl, benzothienyi, benzothiophenyl, methylenedioxyphenyi, benzofuranyl, dibenzofuranyi,
wndazolyl, benzimidazolyl, benzodioxazolyl, benzthiazolyl, quinolyl, isoquivolyl, cinnolinyl,
phthalazinyl, quinazolinyl, quinoxalinyl, 4H-quinolizinyl, carbazolyl, acridinyl, phenazinyl,
phenothiazinyl, phenoxazinyl, tetrahydroquinolinyl, tetrahydroisoquinoliny! and pyndof2,3-b}-
1,4-oxazin-3(4H)-one. A hetercaryl group may be mono-, bi- or tii-cyciic. In some embodiments,
a heteroaryl group includes a heteroaryl ring fused to one or more (e.g., 1 or 2} different cyclic
groups (e.g., carboeyclic rings or heterocyclic tings), where the radical or point of attachment is
on the hetercary! ring, and in some embodiments wherein the point of attachment is a heteroatom
contained in the heterocyclic ring.
{0034] Therefore, the term heteroaryl embraces N-heteroaryl groups which as used herein refer
to a heteroaryl group as defined above containing at least one nitrogen and where the point of
attachment of the hetercaryl group to the rest of the molecule is through a nitrogen atom in the
heteroaryl group. The term heteroaryl also embraces C-hetercaryl groups which as used herein
refer to a heteroary! group as defined above and where the point of attachment of the heteroaryl
group to the rest of the molecule is through a carbon atom in the heteroaryl group. The term
heteroaryl also embraces heteroarylalkyl groups which as disclosed above refer to a group of the
formula --R°%hetercaryl, wherein R® is an alkylene chain as defined above. The term heteroaryl
also embraces heteroaralkoxy (or heteroarylallkoxy} groups which as used herein refer to a group
bonded through an oxygen atom of the formula --O--R°-heteroaryl, where R°is an alkylene group
as defined above.
{8035] Unless stated otherwise, and to the extent not further defined for any particular group(s)
in the compounds of formuia (I), any of the groups described herein may be substituted or
unsubstituted. To the extent not disclosed otherwise for any particular group(s), representative
examples of substituents may include alkyl {e.g., Ci-Co, Ci-Cs, C1-Cq, Cr-C5, Ci-Co, Cv),
substituted alkyl (e.g., substituted C1-Ce, Ci-Cs, Ci-Cy, C1-Cs, Ci-Ca, C1), alkoxy (e.g., C1-Cs, Ci-
Cs, C1-Cy, C1-Cs, Ci-Ca, Ty}, substituted alkoxy {e.g., substituted C1-Cs, C1-Cs, C1-Ca, Ci-Cs, Cy-
1
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(o, C1), haloalkyl {e.g., CF3), alkenyl {e.g., (2-Co, C2-Cs, C2-Ca, C2-C3, Cz), substituted alkenyl
{e.g., substituted Ca-Cs, C2-Cs, Ca-Ca, T2-Cs, C2), alkynyl (e.g., C2-Cs, C2-Cs, C2-Ca, C2-Cs, C2),
substituted alkynyl {e.g., substituted C2-Cs, C2-Cs, C3-Cy, €2-C3, C2), cvclic {e.g., Ci-Ciz, Ts-Ce),
substituted cyclic (e.g., substituted C3-Cry, Cs-Cs), carbocyclic {e.g., C3-Ca, Cs-Co), substituted
carbocyclic (e.g., substitvted U3-Cin, Cs-Ce), heterocyche (e.g, 3~ to 12-membered, 5-to 6-
membered), substituted heterocyclic {e.g., substituted 3- to 12-membered, 5-to 6-membered), aryl
{e.g., benzyl and phenyl), substituted arvl {e.g., substituted benzyl or substituted phenyl),
heteroaryl (e.g., pyridyl or pynimidyl), substituted heteroaryl (e.g., substituted pyridyl or
substituted pyrimidyl), aralkyl (e.g., benzyl), substituted aralkyl (e.g., substituted benzyl), halo,
hydroxyl, aryloxy (e.g., Ca-Ciz, Co), substituted aryloxy {e.g., substituted Ca-Ci2, Cs), alkylthio
{e.g., C1-Ce), substituted alkylthio (e.g., substituted C1-Cs), arylthio {e.g., Cs-Cia, Cs), substituted
arylthio {e.g., substituted Ce-Ci2, Ce), cyano, carhonyl, substituted carbonyl, carboxyl, substituted
carboxyl, amino, substituted amino, amido, substituted amido, thio, substituted thio, sulfinyl,
substituted sulfinyl, sulfonyl, substituted sulfonyl, sulfinamide, substituted sulfinamide,
sulfonamide, substituted sulfonamide, urea, substituted urea, carbamate, substituted carbamate,
amino acid, and peptide groups.

{8036] Broadly, the compounds of the disclosure are represented by formula (I):

S (I3, or a pharmaceutically acceptable salt or stereoisomer thereof,
wherein:
Xiig N, CH, CCl, CF, or CCN;
X2is N or CR4;

Rs is H, (Ci-Caalkyl, halo, OH, NH, (Ci-Csijaltkoxy, (Ci-Cohaloalkyl, (Ci-
Caohaloalkoxy, (Ca-Cadalkenyt, (Co-Cajalkynyl, NGz, CON, NH(Ci-Caalkyl, or N(C:i-(4
alkvly;

Riis H, OH, or halo;
Rz is H, OH, or halg;
18
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Rsis H, halo, or CN;
Y is CH:, NH, or O;
ZisCHz, NH, S, or

nis 0 1, or2;

| H
W
S,Jé\ffj.__\ HSA /X4

WA

X3is CH or N;
Rsis H, (C1-Cshalkyl, {Ci-Co) hyvdroxyalkyl, (Ci1-Csy aminoalkyl, {Cs-Cejcarbocyclyl, 4-to 7-

mernbered  heterocyclyl, (Ci-Ceolalkyl-{Cs-Crjcarbocyelyl, or {Ci-Crjearbocycelyl-4- to 7-
membered heterocyclyl, wherein said alkyl, carbocyclyl, or heterocyclyl is further opticnally
substituted by one or more, 1dentical or different Rys groups, wherein Ris 18 (Ci-Cejalkyl, (Ci-
Coralkoxy, halo, NHz, OH, (Ci-Codhaloalkyl, NH(C:i-Cslalkyl, or N{{Ci-Celalkyl)z, (Cs-
Co)carboceycelyl, 4- to 7-membered heterocyelyl, or
Rs is ~L-Y1-Z1, wherein
L is absent or {C1-Cs)alkylene optionally substituted by one or more substituents selected
from {Ci-Cr)alkyl and oxo;
Y1 is absent, O, S, S{0), S{(O), NR’, C(O), C(O)0, OC(0), C(ONR"), NRHC(O),
NERICOINR), NRHC(OH0, OCOINR’), SIORN(R™), or N(R)S(O);
each R’ 1s independently H or {C1-Cajalkyl;
Z1 18 H, (Ci-Coalkyl, {C2-Cojalkenyl, (C2-Cojalkynyl, (Cs-Ciolearbocyelyl, or 3- to 10-
membered heterocyclyl, wherein Z: is optionally substituted by one or more substituents

ndependently selected trom (Ci-Caalkyl, halo, (Ci-Calhaloalkyl, (Ci-Cahaloalkoxy, NHa,
19
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{Ci-Coyaminoaltkyl, ON, OH, carboxy, carbamoyl, sulphamoyl, mercapto, ureido, NR'R®, OR,
C(O)R’, C(OYOR', OC(O)R’, CIOWNR'R®, N(RHC(O)R!, S(0)2R", S(ONRR®, N(RHSO.RY,
SHRHYRHR' and (CH2psNRRS, wherein RY, R®) and R' are each independently H, ((1-
Colalkyl, or {Cs-Co)eycloalkyl; or R' and R® together with the nitrogen atom to which they are
attached form a 4~ to 9-membered heterocyclyl which 1s optionally substituted by one or more
substituents selected from {(Ci-Calalkyl, halo, (Ci-Cshaloalkyl, (Ci-Cslhaloalkoxy, (Ci-
Cayalkoxy, {(Ci1-Cayalkylamino, NHa, CN, and OH;

Re is ~L1CRuaR15R 6, or ~CH=CH-R1s, wherein

Liisabsent, O, 8, (Ci-Cajalkylene, -O0-{Ci-Cayalkylene, or -8-(Ci-Calalkylene;

Ria is H or (Ci-Cajalkyl:

Ris is H or (Ci-Cajalkyl, or

Ria and Rus together with the carbon atom to which they are attached form a (Cs-
Cs)carbocyclyl, 4- to 7-membered heterocyelyl, or C=0;

Ris i3 (Ci-Colalkyi, —NRi7Rix, —OR17, —C(OR7, -C(O}OR17, -NRsY}H{ORy, -
C{OINR iR, ~8(O(Ci-Colalkyl, ~S(On-{Cr1-Colalkyl, ~P(O)}+C1-Cs alkylha, ~CONH)NH,,
—(Ci-Cayalkyl-NRC{OR17, or 4- to 7-membered heterocyclyl, wherein

Ri7is H, 3- to 6~-membered heterccyelyl, or {Ci1-Cajalky! optionally substituted by
one or more, identical or different groups selected from OH, Cl, F, CF3, N(C-Cs alkyl),

(Ca-Csiearboeyelyl, 3- to 6-membered heterocyclyl, (Co-Cajalkenyl, and (C2-Cajalkynyl;

Rusis H or {C1-Caalkyl;
ey

-

Ry 1s H, methyl, -(CHz)aW1iWo, or Wg““'

Wi is CRisRu1e or C(O);
Ris and Rio are independently H, (Ci-Cojalkyl, F, OH, CN, NOg, {Ci-Cajalkoxy, (Ci-
Cotaloalkyl, (Ci-Cohaloalkoxy, NHz, NH{C:-Coalkyl, or N{C1-Cs alkyl), or

, wherein

Ruo and Rio together with the carbon atom to which they are attached form {03},
{Cs-Co)carboeyclyl or 3- to 6-membered heterocyelyl, which is optionally substituted by
one or more substituents independently selected from (Ci-Crlatkyl, hale, (Ci-

Cohaloalkyl, (Ci-Cohaloatkoxy, (Ci-Caalkoxy, (Ci-Coalkylamino, NHy, CN, and OH;

20
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Wz is ON, OH, 5- or 6-membered hetercaryl, phenyl, C{O-{Ci-Calaltkyl, S{Cp-(Ci-
Coyatkyl, S{OYNH)-(C:-Coalkyl, C(OYOCH;, C(O)NHCH;, CRzeR2Rz, NHa, NH(Ci-
Cayalkyl, or N{{(:-Cz alkyl), wherein

Raoo is H, (Ci-Calalkyl, F, CL, Br, OH, NHz, CN, NGO, (Ci-Caalkoxy, (C1-Crdhaloalkyl,
or {Ci-Cayhaloalkoxy,

Roiis H, (Ci-Crlalkyl, ¥, Cl, Br, OH, CN, NO», (Ci-Cojalkoxy, (C1-Caihaloalkyl, (Ci-
Czhalealkoxy, or —Y2-L2-Zo, wherein

Y2 is absent, O, §, 8(0), ${O), NR’, C{O), C(O)O, OC(O), CHON(R™), NR"HT(O,

S(ORNER’), or N(R")IS0:;

Lz 1s absent or {C1-Crlalkylene;
Zris H, (Ci-Coyalkyl, (Cr-Ca)alkenyl, (Co-Cadalkynyl, phenyl, {Cs-Ce)earboeyelyl, or

4- to 6-membered heterocyclyl, wherein Z2 15 optiovally substituted by one or more

substituents independently selected from (Ci-Cajalkyl, halo, (Ci-Cadhaloalkyl, (Ci-

Cayhaloalkoxy, (Ci-Cajalkoxy, (Ci-Coalkylamino, NHz, CN, OH, C(OR’, C{OYOR’,

OC{OR’, C(ONRR’, and N(RHC(O)R’, wherein each R’ is independently H or (Ci-

Cayalkyl;

or Rze and Rui together with the carbon atom to which they are attached form (Cs-
Cojcarbocyclyl or 3- to 6-membered heterocyclyl, optionally substituted by one or more
substituents selected from (Ci1-Cojalkyl, halo, {(Ci-Codhalpalkyl, (Ci-Caihaloalkoxy, (Ci-
Calalkoxy, (Ci1-Coalkylamino, NH, CN, and OH;

Ra2 15 (Ci-Cayalkyl, -C{OYOR”’, OR”’, ~-C(ONR”’, NR’R”’, phenyl, or S-membered
heteroaryl, wherein each R’ is independently H or (Ci1-C2lalkyl;

A7 15 {(Ce-Cojcarbocyclyl or 4- to 6-membered heterocyclyl, optionally substituted with
one or more substituents independently selected from (Ci-Cajalkyl, halo, OH, oxo, CN, and
(Cy-Crjalkoxy;

Wi is WNR23 or CR24R24, wherein

Ros 18 H, (Ci-Crjalkyl, (Ci-Cahaloalkyl, {(Ci-Cajhydroxyalkyl, -C(O)CH3, or —

COYO-{C1-Ca)alkeyl;

Roa and Ros are independently H, {C:-Calalkyl, cyclopropyl, F, Cl, Br, OH, NHz, CN,

NQOs, (Ci-Cohaloaikyl, (C1-Cayhalealkoxy, (Ci-Cajalkoxy, ~C{Q)OR’", NRR”’, phenyl,

or 5-membered heteroaryi;
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Rz 1s H, (Ci-Cajalkyl, (Cs-Cs)eveloalkyl, (Ci-Cahaloalkyl, or CN, wherein said alkvl or
cycloalkyl 1s optionally substituted by one or more substituents selected from (Ci-Calalkyl, (Cs-
Ceeycloalkyvl, GH, (Ci-Crlalkoxy, NHz, NH{C:1-Calalkyl, N((Ci-Calalkyl), (Ci1-Crlaminoalkyl,
and halo;

Ry’ 1s H, (Ci-Caatkyl, N, (Ci-Cajhaloalkyl, or —Y3-L3-Z3, wherein

Y3 is absent, C{(O)0, or C{OINR Y,

L3 18 absent or (C:-Crlalkylene,

£z is H, (Ci-Csalkyl, phenyi, (Cx-Csieycloalkyl, or 4~ to 6-membered heterocyclyl,
wherein 7 1s optionally substituted by one or more substituents independently selected from
(C1-Cayalkyl, halo, (C1-Czihaloalkyl, (C1-Cahaloalkoxy, {C1-Calalkoxy, NHz, NOz, CN, and
OH, or
Rs and Rs’, together with the carbon atom to which they are attached, form a {(Cs-

Ce)carbocyclyl, or 4- to 6-membered heterocyclvl;

A’ 15 a 6- or 7-mernbered heterocyclyl, which in addition to Rs and Rx’, s optionally further
substituted by one more substituents independently selected from oxo, (C1-Czlalkyl, cyclopropyl,
spiro~-cyclopropyl, halo, (Ci-Czihaloalkyl, (C-Cathaloalkoxy, (Ci-Crjalkoxy, NHz, CN, and OH;

Xais CRos or N, wherein

Rasis H, F, Cl, or methyl;

Ry 15 H, (C1-Colatkyl, (Ca-Caleyeloalkyl, (Ci1-Cahaloalkyl, CN, (Co-Caoalkenyl, or {(Ca-
Cayalkynyl;

Ro” 13 (Ci-Calalkyl, CN, (Ci-Cahaloalkyl, or =¥ 1-L4-Z4, wherein

Y is absent, C(0), C(OYO, OC(0), CLOIN(R’), or S(ORN(R™);

Lais absent or (Ci1-Cajalkylene optionaily substituted by one or more substituents selected
from {(Ci-Crjalkyl and oxo;

Za 13 H, (C-Ceolalkyl, (Cr-Cayalkenyl, (C2-Cayalkynyl, phenvl, (Cs-Ceicarbocycelyl, (Cs-
Co)eycloalkenyl, or 4~ to 6~-membered heterocyclyl, wherein Z4 is optionally substituted by
one or more substituents independently selected from oxo, (Ci-Cajalkyl, (C3-Co)eycloalkyl,
halo, (Ci-Usdhaloalkyl, {Ci-Carhaloalkoxy, (Ci-Calalkoxy, {C1-Calalkylamino, NHa, NO,
CN, OH, C(O)R", CIOYOR®, OC(OWRY, C{O)NR'RY, and NRHC{O)RY, wherein each R" is
independently H, (C1-Cslalkyl, (Cs~Ce)eycloalkyl, or

7418 —~Q-Ls-Wa, wherein
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Q is absent, O, NH, or N(Ci-Caalkyl;

Lsis absent or ({Ci-Colalkylene optionally substituted by one or more substituents selected
from oxo and {(C:-Czalkyl;

Wi is (Ci-Cayalkyl, phenyl, (C5-Coleycloalkyl, (Cs-Co)eycloatkenyl, or 5- or 6-membered
heterocyelyl, wheretn W s optionally substituted by one ot more substituents independently
selected from {Ci-Calalkyl, halo, (Ci-Cadhaloalkyl, (Ci-Cathaloalkoxy, (Ci-Cajalkoxy, (Ci-
Caalkylamino, NHz, NOz, ON, or OH; or
Ro and Ro’, together with the carbon atom to which they are attached, for a {Cs-Cu)earboeyclyl

or a 4- to 10-membered heterocyclyl, which is optionally substituted by one or more substituents
independently selecied from oxo, (Ci-Calalkyl, halo, (Ci-Ca)haloalkyl, (Ci1-Calhaloalkoxy, (Ci-
Cryalkoxy, (Ci-Cralkylamino, NHz, NOz, CN, or OH; or the {Cs-Cigjcarboeyelyl or 4- to 10-
membered heterocyclyl 1s optionally fused to a 5- or 6-membered heteroaryl or phenyl ring, and
the 5- or 6-membered heteroaryl or phenyl ring is optionally substituted by (Ci-Ca)alkyl, halo, (Ci-
Cohaloalkyl, (Ci-Coyhaloalkoxy, (Ci-Colatkoxy, (Ci-Coalkylamino, NHz, NGOz, N, or OH;

Ry 15 H, (Ci-Caalkyl, (Ci-Crhaloalkyl, (Ci-Colalkexy, {(Ci-Cohaloalkoxy, CN, NO»,
acetylenyl, phenyl, or 5~ or 6-membered hetercaryl, wherein said alkyl, phenyl, or hetercaryl is
optionally substitited by one or more substituents independently selected from halo, OH, and NHz;

Xs1s a absent, {Cs-Co)carboceyelyl, (Cs-Co)carbocycly{C=0), or SOy,

R and R’ are each independently H, ({(Ci-Cialkyl, {(Ci-Cahydroxyalkyl,
{Ci-Cr)aminoalkyl, or

Rio and Ruo’, together with the same carbon atom to which they are aitached, form

(Cs-Csjcarbocyelyl or 4- to G-membered heterocyelyl, wherein said alkyl, hydroxyalkyl,

aminoalkyl, carboeyelyl, or heterocyclyl is optionally substituted by one or more, identical or
different Ruea groups, wherein Rios 15 {C1-Colalkyl, (Ci-Cslalkoxy, (Ci-Colalkyl-(Ci-Cs)alkoxy,
hale, NHa, OH, (Ci-Cshaloalkyl, NH-(C1-Csjalkyl, N((Ci-Cslalkyln, (C3-Co)carboceyelyl, 4- to 6-
membered heterocvelyl, or

Rio’ and Riv, together with the carbon atoms to which they are attached, form
{C3-Ce)carbocyclyl or 4- to 6-membered heterocyelyi;

Ry and Rii’” are each independentlty H, (Ci-Cialkyl, ({Ci-Ci)hydroxyalkyl,

{C:~Cs)aminoalkyl, or

N}
S}
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Rurand Riy’, together with the same carbon atom to which they are attached, form (=0,
{Cs-Co)carbocyelyl, or 4- to 6-membered heterocyclyl, wherein said carbocyclyl or heterocyclyl is
optionally substituted by one or more, identical or different Riia groups, wherein each Rin is
mndependently {Ci-Colalkyl, (Ci-Colalkoxy, (Ci-Celalkyl-(Ci-Csjalkoxy, hale, NHz, OH, (Ch-
Cohaloalkyl, NH-(Ci-Colaikyi, N{Ci-Colalkyll, (Ci-Ceskarbocyelyl, or 4- to 6-membered
heterocyclyl, or wherein two Riia groups, together with the same carbon atom to which they are
attached, form C=0;

Ri2 is H, OH, NH~(C1-Cajalkyl, NH-(C1-Cejhrydroxyalkyl, NH-{Ci-Co)aminoalkyl, NH~(Cs-
Co)carbocycelyl, NH-4- to 6-membered heterocyclyl, NH-(Ci-Ca)alkyl-(Cs-Cocarboeyelyl, or NH-
{Ci-Cojalkyl-4- to 6-membered heterocyclyl, wherein said alkyl, hydroxyalkyl, aminoalioyl,
carbocyclyl, or heterocyclyl 1s further optionally substituted by one or more, identical or different
Riza groups, wherein each Riz 18 independently (Ci-Cejalkyl, (Ci-Colalkoxy, {(Ci-Celalkyl~(Ci-
Caalkoxy, halo, NH,, OH, (Ci-Cohaloalkyl, NH-{Ci-Celalkyl, N{{Ci-Celalkylls, (Cs-
Ce)ecarbocyelyl, or 4- to 6-membered heterocyclyl,

mis 0 1, or2; and

oisOorl.

{8037} Insome embodiments, Z 1s Q. In some embodiments, Z is CH:.

[8038] In some embodiments, Y is CHz. In some embodiments, Y is O. In some embodiments,
Y is NH.

[8039] In some embodiments, n is 0. In some embodiments, nis 1. In some embodiments, n is

~

10640} In some embodiments, Ri and Ry are each H. In some embodiments, R: and Ry are each
halo. In some embodiments, Ry and Rz are each F.

{ ] In some embodiments, Rs is halo. In some embodiments, Rs 1s CL

{ 1 Insome embodiments, Xiis N

{8043] Insome embodiments, Xz is CH.

{ 1 Insome embodiments, Z 1s O and Y is CHy. In some embodiments, £ 1s O and Y15 O. In
some embodiments, 7 is ( and Y is NH. in some embodiments, Z 153 CHy and Y is CHz. In soime
embodiments, 7 is CH> and Y is O. In some embodiments, Z is CHz and Y is NH.

[80453] In some embodiments, Z 15 Q, Y is CHz, and n is 1. In some embodiments, £ is O, Y is

O, and nis 1 In some embodiments, 715 O, Y is NH, and nis 1. In some embodiments, 7 is CHa,

24
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Yis CHz, and nis 1. In some embodiments, Z is CH2, Y is O, and nis 1. In some embodiments, 7
is CHz, Yis NH, andnis 1.

{6046} In some embodiments, 715 O, Y is CHz, nis 1, and R1 and Rz are each H or F. In some
embodiments, Zis 0, Y1s 0, nis 1, and Ry and Rz are each H or F. In some embodiments, ¥ is O,
Y is NH, nis 1, and Ry and Rz are each H or F. In some embodiments, 2 1s CHz, Y is CHy, nis 1,
and Ry and Ry are each Hor F. in some embodiments, 713 CHz, Yis O, nis i, and R and Rs are
ecach H or F. In some embodiments, Z 1s CHe, Yie NH, nis |, and R and Roareeach Hor F.
{6047} Insome embodiments, Zis O, YisCHz, nis |, Riand Rz are each H or F, and R3 is CL.
In some embodiments, Z1s O, Y i3 O, nis I, Ry and Ro are each H or F, and Rs 15 Cl. In some
embodiments, Z 13 O, Y 13 NH, nis 1, R1 and R; are each H or ¥, and R3 i3 Cl. In some
embodiments, 7 is CHy, Y is CHz, nis 1, Ry and Ry are each H or F, and R; is CL In some
embodiments, Z 18 CHz, Y 13 G, nis 1, R1 and Ro are each H or ¥, and Rs is Tl In some
embodiments, 7 is CHy, Yis NH, nis |, Riand Rz are each Hor F, and Rs 1s CL

[0048] In some embodiments, 2130, YisCHo nis |, Riand Ro are each H or F, Rs i3 Cl, and
Xy and Xz are independently N or CH. In some embodiments, Z1s 0, Yis O, nis |, R and R are
each Hor F, Rs 18 Cl, and X1 and Xz are independently N or CH. In some embodiments, Zis O, Y
ts NH, nis i, Ry and Ro are each H or ¥, Rs 15 (], and X1 and X» are independently N or CH. In
some embodiments, Z1s CHe, YisCHy, ni1s 1, Riand Ry arecach Hor F, Ry 18 Cl, and Xh and X
are independently N or CH. In some embodiments, Z is CHz, Y i1s O, nis 1, Riand Rz are each H
or F, Ry 1s Cl, and > and Xo are independently N or CH. In some embodiments, £1s CHy, Y 18
NH, nis i, Riand Rz are each H or F, R is Cl, and X1 and X> are independently N or CH.

10049} In some embodiments, the compounds of the disclosure are represented any of formulas

{la-If):

[\
[
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N

T, T
QA~ eNe

(Ie}, an (It), or a

pharmaceutically acceptable salt or sterecisomer thereof.

{00508]  In some embodiments, the compounds of the disclosure are represented any of formulas:
F F F F F F

(If-1), and

or a pharmaceutically acceptable salt or sterecisomer thereof,

~

26
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[8051] In some embodiments, A is Re and the compound of formula (I) has the

structure of formula I-1, (I-1), or a pharmaceutically acceptable salt

or stereoisomer thereof.

{8052] In some embodiments of formula I-1, Rs is optionally substituted (Ci-Colalkyl. In some

embodirments of formula I-1, Rs is methyl.

{6053}  1n some embodiments of formula I-1, Xats CH.

[8054] In some embodiments of formula I-1, Re 15 —LiCRuuRsRi6. In some embodiments of

formula -1, L1is -O-«(Ci-Cajalkylene. In some embodiments of formmla I-1, L1 is -O~(Crjalkylene.

In some embodiments of formula [-1, Rus and Rus together with the same carbon atom to which

they are attached forrn C=0. In some embodiments of formuia [-1, Ris 1s methyl, OH, Nz, or

NHMe. In some embodiments of formula -1, Ris is NHMe.

[B055] In some embodiments of formula I-1, Rs is (Ci-Celaltkyvl, X5 is CH, and Re is ~

LiCRuaR1sRus, wherein L1 is -0-{Ci-Cajalkylene, R4 and Rus together with the same carbon atom

to which they are attached torm C=0, and Ris 15 methyl, OH, NH:, or NHMe.

{6656] In some embodiments, the compound of formula -1 s of formula I-ig,
Ry Ry

Y.
\}n
N S~z
x%\N X{/i\v’N\?’/“O

. E N«"WO

A
R

thereof

{i-1a), or a pharmaceutically acceptable salt or stereoisomer

3

[\
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{8657)  In some embodiments, the compound of formuia I-1a is of formula {-1al or I-1ab,
Ry R, R, R,

Y5, ",\\Y A N/(jf N
Y, Y,

© X«f’/’kN X)\/N\&”
o W\o

(I-1al} or (I-1a2), or a

pharmaceutically acceptable salt or stereoisomer thereof.

XFA™N

RS
n N
= O
SN
[0058] Insome embodiments, A is Ry and the compound of formula (I) has the structure
Ry R,
oy,

/

N Rs

of formula I-2, s {1-2}, or a pharmaceutically acceptable salt or
stereoisomer thereof.

[0659] 1o some embodiments of formula -2, Rs is optionally substituted (Ci-Cojalkyt. In some
embodiments of formula I-2, Rs is methyl.

[8068] In some embodiments of formula I-2, Ry is {(CH2liaWiW2. In some embodiments of
formula [-2, Ry is «{(CH2pWiW2. In some embodiments of formula -2, Wi is CRisRuy. In some
embodiments of formula [-2, R and Riv are both methyl In some embodiments of formula I-2,
W2 is CN, OH, or NHa. In some embodiments of formula 1-2, W2 is OH. In some embodiments of
formula I-2, Ry is H. In some embodiments of formula I-2, Ry is methyl.

[6061] In some embodiments of formula -2, Ry is {CH232WiWa. In some embodiments of
formula 1-2, Wi is CRuRuy. In some embodiments of formula I-2, Ry and Riy are independently
H, OH, or methyl. In some embodiments of formula [-2, W2 is CR20R21R22. In some embodiments

of formula I-2, Roe and Ra1 are both H and Ry is OH. In some embodiments of formula 1-2, Roe
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and Ra: are both methyl and Rzz 1s OH. In some embodiments of formufa 1-2, Rocand Roi are both
H and Raz 18 S(OYNH-{C-Coialkyl. In some embodiments of formula I-2, Roo and Rai together
with the carbon atom to which they are attached form 4- to S-membered heterocyelyl, optionally
substituted by one or more substituents selected from (C:i-Calalkyl, halo, {Ci-Ca)haloalkyl, (Ci-
Cohaloalkoxy, (Ci-Coalkoxy, (Ci-Coalkylamine, NHa, CN, and OH, and Raz 1s OH.
{0062} In some embodiments of formula -2, Rs is (Ci-Colaltkyl and R7 1s ~(CH2paWiW2 In
some emboduments of formula I-2, Rs 1s methy! and Ry 18 -(CHzp Wi W2, wherein Wi is CRuoR1y,
wherein Ry and Rio are both methyl, and W2 is CON, OH, or NHz.
[8063] In some embodiments of formula 12, Rs is {Ci-Colalkyl and Ry s H In some
embodiments of formula I-2, Rs 1s methyl and R7is H.
[0664] In some embodiments of formula 1-2, Rs is {Ci-Celalkyl and Ry is methyl In some
embodiments of formula 1-2, Rs is methyl and Ry is methyl.
{8065] In some embodiments of formula -2, Rs is (Ci-Cslalkyl and Ry is «{CH2)12WIW2,
wherein Wi is CRioRiv and W2 is CR20R21R22. Tn some embodiments of formula 12, R and Riy
are independently H, OH, or methyl. In some embodiments of formula 1-2, Racand Rar are both H
and Rzz is OH. In some embodiments of formula I-2, Roo and Ruy are both methyl and R 1s OH.
In some embodiments of formula 12, Rao and Ra: are both H and Ra is S{O}NH(Ci-Ca)alkyl.
In some embodiments of formula I-2, Roo and Roi together with the carbon atom to which they are
attached form 4- to 6-membered heterocvclyl, optionally substituted by one or more substituents
selected from (Ci-Colalkyl, halo, (Ci-Cohaloalkyl, (Ci-Cohaloalkoxy, (Ci-Cralkoxy, (Ci-
Cryatkyiamino, NHz, CN, and OH, and Rzz is OH
10066} In some embodiments, the compound of formula -2 is of formula [-2a
R1 R?

\{\f \
k(k @20

jg‘{ (I-2a), or a pharmaceutically acceptable salt or sterecisomer

thereof,
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[0067]
R, R,

‘e, Y.
,.(/j.\ \%}
N Z

b

PCT/US2023/029714

In some embodiments, the compound of formula 1-2a is of formula [-2al or 1-

(f-2aly or

pharmaceutically acceptable salt or stereoisomer thereof.

{0068} In some embodiments,

Ry Ry
4

T}( Y\:\;\ )
N

~z
A N
XPN XF N
iy

3

10669]
Ry R,

Y, N7 i
S\
N

i
x?j\N XF

) p==10]
%\N X !\N
M H

N

pharmaceutically acceptable salt or sterecisomer thereof.

{d-2bly  or

the compound of formula -2 s

In some embodiments, the compound of formuia I-2b is of formula £-2b1 or [-2b2

Ry R,
Y

N z

XFN

N

[0078] In some embodiments, the compound of formula I1-2
Ry Ry
Y
\i‘,ﬂ
N S~z
Ly o
AN XF S
R NS N
R H \

”
3

30

2aZ,

(1-2a2), or a

of formuda I-2b,

(I-2b}, or a pharmaceutically acceptable salt or stereocisomer thereot,

2

(1-2b2), or a

is of formula [F2c¢,

{I-2¢), or a pharmaceutically acceptable salt or sterecisomer thereof.
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{8671] In some embodiments, the compound of formuia 1-2¢ is of formula -2¢l or 1-2¢2,
Ry Ry

U,

N
H \
(I-2¢)y  or 7 (I-2¢2), or a
pharmaceutically acceptable salt or stereocisomer thereof.
[0672] In some embodiments, A 13 8% and the coropound of formula (1) has the structure

Ry Ry

of formula I-3, 8 (I-3), or a pharmaceutically acceptable salt or
sterecisomer thereof.

{0073} In some embodiments of formula -3, Rs is optionally substituted (C:i-Cealkyl. In some
embodiments of formula 1-3, Rs is methyl.

{8074] In some embodiments of formula -3, Rs 1s {C3-Coleycloalkyl and Rs” is H. In some
embodiments of formula I-3, Rs 18 cyclopropyt and R is H.

[6675) In some embodiments of formula I-3, A’ is a 7-membered heterocyclyl, wherein the
heterocyclyl contains 2 heteroatoms selected from N and O, and which 1o addition to Rs and Ry’,
ts optionally further substituted by one more substituents independently selected from oxo, {(Ci-
Coyalkyl, eyclopropyl, spiro-cyclopropyl, hale, (Ci-Coihaloaliyl, (Ci-Colalkoxy, NH, CN, and
(3H.
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{8676] In some embodiments of formula 13, Rs is {Ci-Celalkyl, Rais (C3-Us)eyveloalkyl, Re’ 18
H, and A’ 15 a 7~-membered heterocyclyl, wherein the heterocyelyl containg 2 heteroatoms selected
from N and O, and which in addition to Rs and Rs’, is optionally further substituted by one more
substituents independently selected from oxo, (Ci-Caialkyl, cyvclopropyl, spire-cyclopropyl, halo,
(Ci-Coyhaloalkyl, (Ci-Crialkoxy, NHz, CN, and OHL

{6677} In some embodiments, the compound of formula -3 iz of formula I-3a,

Ri Ry

'y,

H o
e

Fnannns

&

{I-3a), or a pharmaceutically acceptable salt or sterecisomer
thereof,
{0078] In some embodiments, the compound of formula I-3a is of formula I-3al or 1-3a2,

Ry R, Ry R,

Y Y.
Y Uy
N Z N ~Z

Xf’ki\i X7 xfj\\;\z X{!
N

N
(I-3aly or <X (1-3a2), or a

pharmaceutically acceptable salt or stereoisomer thereof.
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{8079] In some embodiments, A is

Ry R,

X

and the compound of formula (I} has the

structure of formula 1-4, {1-4), or a pharmaceutically acceptable salt
or sterecisomer thereof.

16089]  In some emnbodiments of formula I-4, Rs is optionally substituted (Ci-Cejaikyl. In some
embodiments of formula 1-4, Rs 1s methyl

[8081] In some embodiments of formula [-4, X4 15 CH. In some embodiments of formula 1-4, X4

s NH.
ey
. . NP .
[6082] In some embodiments, A is 5 and the compound of formula (f) has the

Ry Ry

structure of formula I-S, (1-5), or a pharmaceutically acceptable
salt or sterecisomer thereof.

{0083} In some embodiments of formula -5, Rs 15 4-membered heterocycelyl or 4-membered
heterocyclyl{Cayalkyl; wherein said alkyl, carbocyclyl, or heterocyelyl is further optionalily

substituted by one or more, identical or different Riz groups. In some embodiments of formula I-
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5, Rz is 4-membered heterocyclyl or 4-membered heterocyclyl{Cajalkyl, wherein the heterocyclyl
contains 1 heteroatom selected from N and O.

{6084] Insome embodiments of formula I-5, R is {Ci-Colalkyl, (Ci-Cs)alkyl-OH, (C1-Cslalkyl-
NH(C:-Cojalkyl, or (C1-Colalkyl-N{(C-Cejaltkyih.

[0085] In some embodiments of formula 1-5, Rs is —~LICRuRisR16. In some embodiments of
formula I-5, L1 1s -0-(Ci-Cajalkviene. In some embodiments of formula I-5, L1 15 -O-(Cialkylene.
fn some embodiments of formula -5, Ris and Ris together with the same carbon atom to which
they are attached form C=0. In some embodiments of formula -5, Rie ts methyl, OH, NH», or

NHMe. In some embodiments of formula I-5, Ris 1s NHMe.

{8086] In some embodiments, A is

has the structure of formula -6, (I-6), or a
pharmaceutically acceptable salt or stereoisomer thereof.

{6687) In some embodiments of formula -6, Rs is optionally substituted (Ci1-Colalkyl. In some
embodiments of tormula 1-6, Rs is methyl.

{0088] In some embodiments of formula I-6, mis 0.

[0089] In some embodiments of formula [-6, mis 1.

{6098]  In some embodiments of formula [-6, Xs 19 absent.

[0091] In some embodiments of formula [-6, 018 0.

{6092} In some embodiments of formula 1-6, 0is 1.
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{3093}  In some embodiments of formula 16, Rio and Rii are each H and Rio” and Ru’, together
with the carbon atorus to which they are attached, form cyclobutyl.

{6094} In some embodiments of formula -6, Rz is OH.

[8095]  In some embodiments of formula 1-6, Rs i3 (C1-Celalkyl, mis 1, Xsis absent, ois 1, R
and Ri1 are each H and Rio” and Ry, together with the carbon atoms to which they are attached,
form cyclobutyl, and R is OH.

[8096] In some embodiments of formula 1-6, Rs 18 (Ci-Colalkyl, m s 0, Xs 18 absent, 0 1s 0, and
Rizis H

[8097] In some embodiments, the compound of formula 1-6 s of formula I[-6a,
Ry R,

N?n
N zo
)t AN

OH (1.6a), or a pharmaceutically acceptable salt or sterecisomer
thereof.
[0098] In some cmbodiments, the compound of formuls I-6a is of formula [-6al or 1-6a2,
Ry Ry Ri Ry

A

NNz N

7]

Ol (1.6a1) or

s

pharmaceutically acceptable salt or stereoisomer thereof,
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{6699] In some embodiments, the compound of formula -6 is of formula I-6b,

s (I-6b}, or a pharmaceutically acceptable salt or sterecisomer thereof.
06108] In some embodiments, the compound of formula I-6b is of formula I-6b1 or [-6b2,
, p
Ry Ry Ry Ry

SN A
Y \Z Mo | \Z Mo
XFN X XFSN XF

(I-6b1)y or (d-6b2), or a
pharmaceutically acceptable salt or stereoisomer thereof.

{60101} Insomeembodimentsof formulas I-1a to 1-6b, Z 18 G. In some erbodiments of formulas
I-lato I-6b, Z 15 CHa.

[00162] 1o some embodiments of formulas I-1a to I-6b, Y 1s CHa. In some embodiments of
formulas I-1a t0 I-6b, Y is O In some embodiments, Y is NH.

[60103] Insome embodiments of formulas I-1a to I-6b, 15 0. In some embodiments of formulas
I-Ta to I-6b, nis 1. In some embodiments of formulas I-1a to I-6b, nis 2.

[00104] In some embodiments of formulas I-la to I-6b, R: and Ry are each H. In some
embodiments of formulas I-1a to I-6b, Ri and R are each halo. In some embodiments of formulas
I-lato I-6b, Riand Ry are each F.

[B01065] In some embodiments of formulas I-1a to I-6b, Rs is halo. In some embodiments of
formulas I-1a to I-6b, R; is Ci. In some embodiments of formulas I-1a to [-6b, Rs 15 F.

[00106] 1o some embodiments of tormulas I-1a to I-6b, Xyis N,

(66107} In some embodiments of formulas I-1a to I-6b, X: 15 CH.

[66108] In some embodiments of formulas I-la to I-6b, Z is O and Y 15 CHz In some
embodiments of formulas I-1a to 1-6b, Z 15 O and Y 13 O. In some embodiments of formulas i-1a
to I-6b, Z 15 O and Y is NH. In some embodiments of formulas I-1a to I-6b, Z 18 CH: and Y 18
36
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CHz. In some embodiments of formulas I-1a to 1-6b, 7 1s CHz and Y 18 Q. In some embodiments
of formulas I-lato I-6b, Z 1s CH; and Y is NH.

{60109] In some embodiments of formulas I-1a to 1-6b, Z is O, Y is CHz, and nis 1. In some
embodiments of formulas I-lato -6b, Z 15 O, Yis O, and nis 1. In some embodiments of formulas
-lato 1-6b, 2is G, Y is NH, and n1s 1. In some embodiments of forniulas I-1a to [-6b, 7 1s CHo,
Yis{CH and nis 1. In some embodiments of formulas [-lato I-6b, Zis CH;, Yis O andnis 1.
In some embodiments of formulas -1a to I-6b, Zis CHo, Yis NH, and nis L

{6011¢] In some embodiments of formulas -1a to I-6b, Z is O, Y is CH2, nis 1, and Ry and Re
are each Hor F. In some embodiments of formulas I-lato I-6b, Z13 0, Yis O, nis 1, and Ry and
R are each H or F. In some embodiments of formulas I-lato 1-6b, Z1s G, Yis NH, nis 1, and Ry
and R» are each H or F. In some ernbodiments of formulas I-lato I-6b, Zis CHz, Yis CHz, nis |,
and R and Rz are each H or F. In some embodiments of formulas I-1ato I-6b, Z1s CHz, Yis O, n
is 1, and R1 and Rz are each H or F. In some embodiments of formulas I-1ato I-6b, Zis CH, Y 13
NH. nistandRiand Rz areeach Hor F.

{06111} In some embodiments of formuias I-lato I-6b, Z1s O, Y is CHy, nis 1, Ry and Rs are
each Hor F, and Ry is Cl or F. In some embodiments of formulas I-lato I-6b, Zis 0, Yi1s O, nis
I, Riand Reareeach Hor F, and R3 13 Cl or F. In some embodiments of tformulas I-1a to 1-6b, 2
is O, Y is NH, nis 1, Ry and Ry are each H or F, and Ry is Cl or F. In some embodiments of
formulas -lato I-6h, Z1s CHy, YisCHz, nis T, Riand Reareeach Hor Foand Rais Clor F. In
some embodiments of formulas I-lato I-6b, £ s CHz, Y i1 8, nis 1, Ry and Ry are each H or F,
and Rs is Cl or . In some embodiments of formulas I-1a to 1-6b, 7 1s CHz, Yis NH, nis 1, Riand
RoareeachHorF and RzisClor F.

[60112] In some embodiments of formulas I-la to I-6b, Zis &, Y is CHz, nis 1, Ry and Rz are
each Hor F, Rs is Cl or F, and Xy and X are independently N or CH. In some embodiments of
formulas I-lato-6b, Z1s 0, Yis Q. nis L, Riand Ry areeach Hor F, Rs1s Cl or F, and X, and
X7 are independently N or CH. In some embodiments of formulas I-1ato I-6b, 215 O, Y is NH, o
151, Riand Rz areeach Hor F, Ryis Clor F, and X1 and X are independently N or CH. In some
embodiments of formulas [-iato [-6b, Zis CHy, YisCHz, nis 1, Riand Rz areeach Hor F, R is
Clor F, and X and X are independently N or CH. In some embodiments of formuias I-1a to I-6b,

ZisCH, Yis O, nis 1, Riand Rp are each Hor F, Rs 18 Cl or F, and Xiand Xo are independently
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N or CH. In some embodiments of formulas I-1ato I-6b, 7 is CHz, Y is NH, nis 1, Ry and Rz are
cachHor F, Ry is Cl or F, and X1 and X are independently N or CH.

{60113] Insome embodiments, compounds of the present disclosure are represented by any one

of the following structures:
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100114} Compounds of the present disclosure may be in the torm of a free acid or tree base, or

{43), or a pharmaceutically acceptable salt or sterecisomer thereof.

a pharmaceutically acceptable salt. A pharmaceutically accepiable salt of the compounds of this
disclosure can be formed, for example, by reaction of an appropriate free base of a compound of
the invention and an appropriate pharmaceutically acceptable acid in a suitable solvent under
standard conditions well known in the art. See, for example, Gould, P. L. "Salt selection for basic
drugs," International Journal of Pharmaceutics, 33:201-217 (1986);, Bastin, R J., et al, "Salt
Selection and Optimization Procedures for Pharmaceutical New Chemical Entities,” Organic
Process Research and Development, 4:427-435 (A.OOO) and Berge, S. M, et ai., "Pharmaceutical
Salts,” Journal of Pharmaceutical Sciences, 66:1-19 (1977).

[66115] Compounds of the present disclosure may have at least one chiral center and thus may
be i the form of a stereoisomer, which as used herein, embraces all 1somers of individual
compounds that ditter only in the orientation of their atoms in space. The term sterecisomer
includes mirror tmage 1somers {enantiomers which nclude the (R-) or (5-) configurations of the
compounds), mixtures of mirror image isomers (physical mixtures of the enantiomers, and
racemates or racemic muxturesy of compounds, geometric {cis/trans or E/Z, R/S) 1somers of
compounds and isomers of compounds with more than one chiral center that are not mirror images
ot one another (diastercoisomers). The chiral centers of the compounds may undergo epimerization
in vivo, thus, for these compounds, administration of the compound in 1ts (R-) form s considered
equivalent to administration of the compound in its {S-) form. Accordingly, the compounds of the
present disclosure may be made and used in the form of individual 1somers and substantially free
of other isomers, or in the form of a mixture of various isomers, e.g., racemic mixtures of
STeTEOISOMErS.

{30116] In some embodiments, the compound of formulfa (1) is an isotopic denvative 1o that it
has at least one desired isotopic substitution of an atom, at an amount above the natural abundance
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of the isotope, i.e., enriched. In one embodiment, the compound includes deuteriom or multiple
deuterium atoms. As used herein, the term "hydrogen”, 1.¢. H, refers to all 1sotopes of hydrogen,
including protium ('H) and deuterium (°H}. As used herein, the term “compound” embraces
isotopic derivatives.

100117] Compounds of formula (1) may also be 1n the form of N-oxides, crystalline forms (also
known as polymorphs), co-crystals, active metabolites of the compounds having the same type of
activity, prodrugs, tautomers, and unsolvated as well as solvated {e.g., hydrated) forms with
pharmaceutically acceptablie solvents such as water, ethanol, and the like, of the compounds. As
used herein, the term “compound” embraces all these forms.

{00118] The compounds of formula (I} may be prepared by crystallization under different
conditions and may exist as one or a combination of polymorphs of the compound. For example,
different polymorphs may be identified and/or prepared using different solvents, or different
mixtures of solvents for recrystallization, by performing crystallizations at different temperatures,
or by using various modes of cooling, ranging from very fast to very slow cooling during
crystallizations. Pelymorphs may also be obtained by heating or melting the conmpound followed
by gradual or fast cooling. The presence of polymorphs may be determined by solid probe NMR
spectroscopy, IR spectroscopy, differential scanning calorimetry, powder X-ray diffractogram
and/or other known techniques.

{60119] In some embodiments, the pharmaceutical composition comprises a co-crystal of a
compound of formula (I). The term “co-crystal”, as used herein, refers to a stoichiometric
multi-component system compnsing a compound of formula (1) and a co-~crystal former wherein
the compound of formula (1) and the co-crystal former are connected by non-covalent interactions.
The term “co-~crystal former”, as used herein, refers to compounds which can form intermolecular
tnteractions with a compound of formula (I) and co-crystallize with it. Representative examples of
co-crystal formers include benzoic acid, succinic acid, fumaric acid, glutaric acid, frans-cinnamic
acid, 2,5-dihydroxybenzoic acid, glycolic acid, #rans-2-hexanocic acid, 2-hydroxycaproic acid,
lactic actd, sorbic acid, tartaric acid, ferulic acid, suberic acid, picolinic acid, salicylic acid, maleic
actd, saccharin, 4.4 -bipyridine p-amnosalicylic acid, nicotinamide, urea, isonicotinamide,
methyl-4-hydroxybenzoate, adipic acid, terephthalic acid, resorcinol, pyrogallol, phloroglucinol,
hydroxyquinel, 1soniazid, theophylline, adenine, theobromine, phenacetin, phenazone, etofyiline,

and phenobarbital.
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Methods of Synthesis

[006120] In another aspect, the present disclosure is directed to a method for making a compound
of formula (1), or a pharmaceutically accepiable salt or sterecisomer thereof. Broadly, the
compounds of formula (I) or pharmaceutically acceptable salts or sterecisomers thereof may be
prepared by any process known to be applicable to the preparation of chemically related
compounds. The compounds of formula (1) wiil be better understood in connection with the
synthetic schemes that described in various working examples that illusirate non-limiting methods
by which the compounds of formula (I) may be prepared.

Pharmaceutical Compositions

{00121]  Another aspect of the present disclosure is directed to a pharmaceutical composition that
includes a therapeutically effective amount of a compound of tformula (I} or a pharmaceutically
acceptable salt or sterecisomer thereof, and a pharmaceutically acceptable carrier. The term
“pharmaceutically acceptable carrier,” as known in the art, refers to a pharmaceutically acceptable
material, composition or vehicle, suitable for administering compounds of the present disclosure
to mammals. Suitable carriers may include, for example, liquids (both aqueous and non-aquecus
alike, and combinations thereot), solids, encapsulating matenials, gases, and combinations thereof
(e.g., semi-solids), and gases, that function to carry or transport the compound from one organ, or
portion of the body, to another organ, or portion of the body. A carrier 18 “acceptable” in the sense
of being physiologically inert to and compatible with the other ingredients of the formulation and
not injurious to the subject or patient. Depending on the type of formulation, the composition may
also include one or more pharmaceutically acceptable excipients.

{06122} Broadly, compounds of formula (1) and their pharmaceutically acceptable salts and
stereoisomers may be formulated into a given type of coraposition in accordance with conventional
pharmaceutical practice such as conventional mixing, dissolving, granulating, dragee-making,

o
&,

S

levigating, emulsifying, encapsulating, entrapping and compression processes (see,
Remington: Fhe Science and Practice of Pharmacy (20th ed.), ed. A. R. Gennaro, Lippincott
Williarns & Wilkins, 2000 and fncyclopedia of Pharmaceutical Technology, eds. J. Swarbrick
and J. C. Boylan, 1988-1999, Marcel Dekker, New York). The type of formulation depends on the
mode of administration which may include enteral {(e.g., oral, buccal, sublingual and rectal},
parenteral {e.g., subcutaneous (s.c.), intravenous {i.v.), intramuscular (Lm.), and intrasternal
injection, or infusion techniques, intra-ocular, intra-arterial, intramedullary, intrathecal
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intraventricular, transdermal, interdermal, intravaginal, intraperitoneal, mucosal, nasal
mtratracheal instillation, bronchial instillation, and inhalation) and topical {e. g, transdermal). In
general, the most appropriaie route of administration will depend upon a variety of factors
including, for example, the nature of the agent (e.g., its stability in the environment of the
gastrointestinal tract), and/or the condition of the subject (e.g., whether the subject is able to
tolerate oral administration). For example, parenteral (e.g., intravenous) administration may also
be advantageous 1n that the compound may be administered relatively quickly such as in the case
of a single-dose treatment and/or an acute condition.

{00123} In some embodiments, the compounds of formula (1) are formulated for oral or
intravenous administration {e.g., systemic intravenous injection).

00124] Accordingly, compounds of formula (1) may be formulated into solid compositions {e.g.,
powders, tablets, dispersible granules, capsules, cachets, and suppositories), liquid composiiions
(e.g., solutions in which the compound is dissolved, suspensions in which solid particles of the
compound are dispersed, emulsions, and solutions containing liposomes, micelles, or
nanoparticles, syrups and elixirs); semi-solid compositions {e.g., gels, suspensions and creams);
and gases {e.g., propellants for agrosol compositions). Compounds may also be formulated for
rapid, intermediate or extended release.

[B0125]  Solid dosage forms for oral administration include capsules, tablets, pills, powders, and
granules. In such solid dosage forms, the active compound is mixed with a carrier such as sodium
citrate or dicalcium phosphate and an additional carrier or excipient such as a) fillers or extenders
such as starches, lactose, sucrose, glucose, mannitol, and silicic acid, b) binders such as, for
example, methyvicellulose, microcrystalline  cellulose,  hydroxypropylmethylcellulose,

carboxymethylcelluiose sodium carboxymethylcellulose, alginates, gelatin,

;
polyvinylpyrrolidinone, sucrose, and acacia, ¢} humectants such as glycerol, d} disintegrating
agents such as crosslinked polvmers (e.g, crosslinked polyvinylpyrrolidone (crospovidene),
crosslinked sodium carboxymethy! cellulose {croscarmellose sodium), sodium siarch glycolate,
agar-agar, calcium carbonate, potato or tapioca starch, alginic acid, certain silicates, and sodium
carbonate, e} solution retarding agents such as paratfin, 1) absorption acceleraiors such as
quaternary ammonium compounds, g} wetting agents such as, for example, cetyl alcchol and
giyeerol monostearate, hy absorbents such as kaolin and bentonite clay, and 1) lubricants such as
talc, calcium stearate, magnesium stearate, solid pelyethylene glyeols, sodium lauryl sulfate, and

4
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mixtures thereof In the case of capsules, tableis and pills, the dosage form may also inciude
buffering agents. Solid compositions of a similar type may also be employed as fillers in soft and
hard-fitled gelatin capsules using such excipients as lactose or milk sugar as well as high molecular
weight polvethyiene glycols and the like. The solid dosage forms of tablets, dragees, capsules,
pills, and granules can be prepared with coatings and shells such as enteric coatings and other
coatings. They may further contain an opacifying agent.

[86126] In some embodiments, compounds of formula (I} may be formulated in a hard or soft
gelatin capsule. Representative excipients that may be used include pregelatinized starch,
magnesium stearate, mannitol, sodium stearyl fumarate, lactose anhydrous, microcrystailine
cellulose and croscarmellose sodium. Gelatin shells may inciude gelatin, titantum dioxide, iron
oxides and colorants.

[80127] Liquid dosage forms for oral administration include solutions, suspensions, emulsions,
micro-emulsions, syrups and elixirs. In addition to the compound, the liquid dosage forms may
contain an aqueous or non-aqueocus carrier {depending upon the solubility of the compounds)
commonly used in the art such as, for example, water or other solvents, solubilizing agents and
emulsifiers such as ethyl alcohel, isopropyl aleohol, ethyl carbonate, ethyl acetate, benzyl aleohol,
benzyl benzoate, propylene glycol, 1,3-butvlene glycol, dimethylformamide, oils (in particular,
cottonseed, groundnut, com, germ, olive, castor, and sesame oils), glycerol, tetrahydroturfuryl
alcohol, polyethylene glveols and fatty acid esters of sorbitan, and mixtures thereof. Oral
compositions may also include an excipients such as wetting agents, suspending agents, coloring,
sweetening, flavoring, and perfuming agents.

{00128] Injectable preparations for parenteral administration may include sterile agueous
solutions or oleaginous suspensions. They ray be formulated according to standard techniques
using suitable dispersing or weiting agents and suspending agents. The sterile injectable
preparation may also be & sterile injectable solution, suspension or emulsion in a nontoxic
parenterally acceptable diluent or solvent, for example, as a solution in 1,3-butanediol. Among the
acceptable vehicles and solvents that may be employed are water, Ringer's solution, U SP. and
isotonic sodium chloride solution. In addition, sterile, fixed oils are conventionally employed as a
solvent or suspending medmm. For this purpose any bland fixed oil can be emploved including
synthetic mono- or digiyeerides. In addition, fatty acids such as oleic acid are used in the
preparation of injectables. The injectable formulations can be sterilized, for example, by filtration
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through a bacteriai-retaining filter, or by incorporating sterilizing agents in the form of sterile solid
compositions which can be dissolved or dispersed in sterile water or other sterile injectable
medium prior to use. The effect of the compound may be prolonged by slowing its absorption,
which may be accomplished by the use of a liquid suspension or crystalline or amorphous material
with poor water solubility. Prolonged absorption of the compound from a parenteraily
administered formulation may also be accomplished by suspending the compound in an oily
vehicle.

[66129] In certain embodiments, compounds of formula () may be administered in alocal rather
than systemic manner, for example, via injection of the conjugate directly into an organ, often in
a depot preparation or sustained release formulation. In specific embodiments, long-acting
formulations are administered by implantation (for example subcutaneously or intramuscularly) or
by mtramuscular injection. Injectable depot forms are made by forming microencapsule matnces
of the compound in a biodegradable polymer, e.g., polylactide-polyglycolides, poly{orthoesters}
and poly(anhydrides). The rate of release of the compound may be controlled by varying the ratio
of compound to polymer and the nature of the particular polymer employed. Depot injectable
formulations are also prepared by entrapping the compound in liposoraes or microemulsions that
are compatible with body tissues. Furthermore, in other embodiments, the compound is delivered
in a targeted drug delivery systern, for exarmple, in a liposome coated with organ-specific antibody.
in such embodiments, the liposomes are targeted to and taken up selectively by the organ.
{301308] The compositions may be formulated for buccal or sublingual administration, examples
of which include tablets, lozenges and gels.

{06131} The compounds of formula (I} may be tormulated for administration by inhalation
Vartous forms suitable for administration by inhalation include aerosols, mists or powders.
Pharmaceutical compositions may be delivered in the form of an aerosol spray presentation from
pressurized packs or a nebulizer, with the use of a suitable propellant {eg,
dichiorodifluoromethane, irichioroflucromethane, dichlorotetrafluoroethane, carbon dioxide or
other suitable gas). In some embodunents, the dosage unit of a pressurized acrosol may be
determined by providing a valve to deliver a metered amount. In some embodiments, capsules and
cartridges including gelatin, for example, for use in an inhaler or insufflator, may be formulated
containing a powder mix of the compound and a suitable powder base such as lactose or starch.
{00132} Compounds of formula (I) may be formulated for topical administration which as used
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herein, refers to administration intradermally of the formulation to the epidermis. These types of
compositions are typically in the form of ointments, pastes, creams, lotions, gels, solutions and
sprays.

{00133} Representative examples of carriers useful in formulating compounds for topical
application include solvents {e.g., alcohols, poly alcohols, water), creams, lotions, ointments, oils,
plasters, liposomes, powders, emulsions, microemulsions, and buftered solutions {e.g., hypotonic
or buffered saline) Creams, for example, may be formulated using saturated or unsaturated fatty
acids such as stearic acid, palmitic acid, oleic acid, palmito-oleic acid, cetyl, or oleyl alcohols.
Creams may also contain a non-ionic surfactant such as polyoxy-40-stearate.

{00134] In some embodiments, the topical formulations may also include an excipient, an
example of which is a penetration enhancing agent. These agents are capable of transporting a
pharmacologically active compound through the swrafum cornenwm and nto the epidermis or
dermis, preferably, with little or no systenuc absorption. A wide variety of compounds have been
evaluated as to their effectiveness in enhancing the rate of penetration of drugs through the skin.
See, for example, Percutaneous Penetration Enhancers, Maibach H. 1. and Smith H. E. (eds.),
CRC Press, Inc., Boca Raton, Fla. (1995), which surveys the use and testing of various skin
penetration enhancers, and Buyuktimlan ef af., Chemical Means of Transdermal Drug Permeation
Enhancement in Transdermal and Topical Drug Delivery Systems, Gosh T. K| Pfister W. R, Yum
S. L (Eds.), Interpharm Press Inc., Buffale Grove, I (1997). Representative examples of
penctration enhancing agents include triglycerides (e.g., soybean oil}, aloe compositions {e.g.,
aloe~vera gel), ethyl alcohol, isopropyl alcobol, octolyphenylpolyethyiene glycol, oleic acid,
polyethyvlene glycol 400, propylene glycol, N-decyimethylsulfoxide, fatty acid esters (e.g,
isopropyl myristate, methyl laurate, glycerol mounooleate, and propylene glycol monooleate), and
N-methylpvrrolidone.

[00135] Representative examples of yet other excipients that may be included in topical as well
as in other types of formuiations {to the extent they are compatible), include preservatives,
antioxidants, moisturizers, emollients, buffering agents, solubilizing agents, skin protectants, and
surfactants. Suitable preservatives include alcohols, quaternary amines, organic acids, parabens,
and phencls. Suitable antioxidants include ascorbic acid and 1ts esters, sodium bisulfite, butylated
hydroxytoluene, butylated hydroxyanisole, tocopherois, and chelating agents iike EDTA and citric
acid. Suitable moisturizers include glycenn, sorbitol, pelyethylene glycols, urea, and propylene
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glycol. Suitable buffering agents include citric, hvdrochloric, and lactic acid buffers Suitable
solubilizing agents include quaternary ammonium chlorides, cyclodextring, benzyl benzoate,
fecithin, and polysorbates. Suitable skin protectants include vitamin E oil, allatoin, dimethicone,
glycerin, petrolatum, and zine oxide.

[00136] Transdermal formmulations typically employ transdermal delivery devices and
transdermal delivery patches wherein the compound is formulated in lipophilic emulsions or
buffered, aqueous solutions, dissolved and/or dispersed 1n a polymer or an adhesive. Paiches may
be constructed for continuous, pulsatile, or on demand delivery of pharmaceutical agents.
Transdermal delivery of the compounds may be accomplished by means of an tontophoretic patch.
Transdermal patches may provide controlled delivery of the compounds wherein the rate of
absorption is slowed by using rate-controlling membranes or by trapping the compound within a
polymer matrix or gel Absorption enbancers may be used to wncrease absorption, examples of
which include absorbable pharmaceutically acceptable solvents that assist passage through the
skin.

061371 Ophthalmic formulations include eve drops.

{66138] Formulations for rectal administration include enemas, rectal gels, rectal foams, rectal
aerasols, and retention enemas, which may contain conventional suppository bases such as cocoa
butter or other glycerides, as well as synthetic polymers such as polyvinylpyrrolidone, PEG, and
the like. Composttions for rectal or vaginal administration may also be formulated as suppositories
which can be prepared by mixing the compound with suitable non-irritating carriers and excipients
such as cocoa butter, mixtures of fatty acid glycerides, polvethylene glycol, suppository waxes,
and combinations thereof, all of which are solid at ambient temperature but liquid at body
termperature and therefore melt in the recium or vaginal cavity and release the compound.

Dosage Amounts

[80139]  As used herein, the term, "therapeutically effective amount” refers to an amount of a
compound of formula (I} or a pharmaceutically acceptable salt or a sterecisomer thereof that is
effective in producing the desired therapeutic response in a particular patient suffering from a
disease or disorder mediated by aberrant BCLO activity. The term "therapeutically etfective
amount” thus includes the amount of the compound or a pharmaceutically acceptable salt or a
stereoisomner thereof, that when administered, induces a positive modification in the disease or

disorder to be treated, or is sufficient to prevent development or progression of the disease or
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disorder, or alleviate to some extent, one or more of the symptoms of the disease or disorder being
treated in a subject, or which simply kills or inhibits the growth of diseased (e.g., cancer) cells, or
reduces the amounts of BCLO in diseased cells.

{00140] The total daily dosage of the compounds and usage thereof may be decided in
accordance with standard medical practice, e.g., by the attending physician using sound medical
judgment. The specific therapeutically effective dose for any particuiar subject may depend upon
a variety of factorsincluding the disease or disorder being treated and the severity thereof {e.g., s
present status), the age, body weight, general health, sex and diet of the subject; the time of
admunistration, route of administration, and rate of excretion of the specific compound employed;
the duration of the freatment; drugs used in combination or coincidental with the compound; and
like factors well known in the medical arts (see, for example, Goodman and Gilman’s, The
Pharmacological Basiy of Therapeutics, 10th Edition, A. Gilman, J Hardman and L. Limbird,
eds., McGraw-Hill Press, 155-173 (2001)).

Metheds of Use

{00141} In some aspects, the present disclosure is directed to treating diseases or disorders that
tnvolve (e.g., characterized or mediated by) aberrant (e.g., elevated levels of BCLG or otherwise
functicnally abnormal e.g., deregulated BCLG tevels) BCLG activity relative to a non-pathological
state. Such diseases and disorders include cancers and inflammatory diseases and disorders. The
methods entail administering a therapeutically effective amount of a compound of formula (I) or
a pharmaceutically acceptable salt or sterecisomer thereof, to a subject in need thereof.

[60142] The term “subject” {or “paticnt”) as used herein includes all members of the animal
kingdom prone to or suffering from the cancer. In some embodiments, the subject is a mammal,
2.g., a human or a nov-human mammal. The methods are also applicable to companion animals
such as dogs and cats. A subject “in need of” treatment according to the present disclosure may be
“suffering from or suspected of suffering trom” a specific cancer may have been positively
diagnosed or otherwise presents with a sufficient number of risk factors or a sufticient number or
combination of signs or symptoms such that a medical professional could diagnose or suspect that
the subject is suftering from the cancer. Thus, subjects suffering from a specific disease or disorder,
and subjects suspected of suffering from a specific disease or disorder are not necessarily two

distinct groups.
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{00143] In some embodimenis, the methods are directed to treating subjects having cancer. The
methods embrace treatment of adult tumors/cancers and pediatric tumors/cancers. The cancers
may be vascularized, or not vet substantially vasculartzed, or non-vascularized tumors,

{00144} In some embodiments, the cancer is a lymphoid malignancy.

[00145] 1In some embodiments, the lymphoid mahgoancy is peripheral T-celi lymphoma
{(PTCL), diffuse large B-cell lymphoma (BLBCL), mantle celi lymphoma (MCL)}, follicular
fymphora (FL), chronic lymphocytic leukemia (CLL), acute Iyraphoblastic leukemia/lymphoma
(ALL), or cutaneous T-cell lymphoma.

{80146] In some embodiments, methods of the present disclosure entail treatment of subjects
having cell proliferative diseases or disorders of the hematclogical system.

[06147] In some embodiments, the methods are directed to treating subjects having an
wflammatory disease or disorder

{00148] In some embodiments, the inflammatory disease or disorder is inflammatory bowel
disease, myocarditis, endometriosis, atherosclerosis, an allergic disease or disorder, or an
autoimmune disease or disorder. In some emboediments, the allergic disease or disorder is asthma
or pollinosis. In some embodiments, the autoimmune disease is noninfectious meningitis,
autoimmune encephalitis, transverse myelitis, or acute disseminated encephalomyelitis.

{00149] Compounds of formula (I} mav be administered to a cancer patient as a monotherapy or
by way of combination therapy. Therapy may be "front/first-line”, i.e., as an initial treatrnent in
patients who have undergone no prior anti-cancer treatment regimens, either alone or in
combination with other treatments; or "second-line”, as a treatroent in patients who have undergone
a prior anti-cancer treatment regimen, either alone or in combination with other treatments; or as
"third-line", "fourth-ling", efc. treatments, either alone or 1n combination with other treatments,
Therapy may also be given to patients who have had previous treatments which were unsuccesstful
or partially successful but who became unresponsive or intolerant to the particular treatment.
Therapy may also be given as an adjuvant treatment, 7.e., to prevent reoccurrence of cancer in
patients with no currently detectable discase or after surgical removal of a tumnor. Thus, in some
embodiments, the compounds may be administered to a patient who has recetved another therapy,
such as chemotherapy, radioimmunotherapy, surgical therapy, immunctherapy, radiation therapy,

targeted therapy or any combination thereof,
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{00158] The methods of the present disclosure may entail administration of a compound of
formula (1) or a pharmaceutical composition thereof to the patient in a single dose or in multiple
doses {e.g., 1, 2, 3,4, 5, 6,7, & 10, 15, 20, or more doses}). For example, the frequency of
administration may range from once a day up to about once every eight weeks. In some
embodiments, the frequency of administration ranges from about once aday for 1, 2,3, 4, 5, 0or 6
weeks, and in other embodiments entails at least one 28-day cycle which includes daily
administration for 3 weeks (21 days) followed by a 7-day “oft” period. In other erobodiments, the
compound may be dosed twice a day (BID) over the course of two and a half days (for a total of 5
doses) or once a day (QD) over the course of two days (for a total of 2 doses). In other
embodiments, the compound may be dosed once a day (3D} over the course of & days.

Combination Therapy

[66151] The compounds of formula (I} and their pharmaceutically acceptable salis and
stereoisomers may be used in combination or concurrently with at least one other active agent,
e.g., anti-cancer agent or regimen, in treating cancer. The terros “in combination” and
“concurrently” in this context mean that the agents are co-administered, which includes
substantially contemporaneous administration, by way of the same or separate dosage forms, and
by the same or different modes ot administration, or sequentially, e.g., as part of the same treatment
regimen, or by way of successive treatment regimens. Thus, if given sequentially, at the onset of
administration of the second compound, the first of the two compounds ts in some cases still
detectable at eftective concentrations at the site of treatment. The sequence and time interval may
be determined such that they can act together {e.g., synergistically) to provide an increased benefit
than if they were administered otherwise. For example, the therapeutics may be administered at
the same time or sequentially in any order at different points in time; however, if not administered
at the same time, they may be administered sufficiently close in time so as to provide the desired
therapeutic effect, which may be in a synergistic fashion. Thus, the terms are not himited to the
administration of the active agents at exactly the same time.

{00152] In some embodiments, the treatment regimen may inciude administration of a
compound of formula (I} tn combination with one or more additional therapeutics known for use
in treating cancer. The dosage of the additional therapeutic may be the same or even lower than
known or recommended doses. See, Hardman et af, eds., Goodman & Gilman's the
Pharmacological Basis of Basis of Therapentics, 10th ed., McGraw-Hill, New York, 2001,
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Physician's Desk Reference 60th ed, 2006, Anti-cancer agents that may be suitable for use in
combination with the compounds are known in the art. See, e.g., U.S. Patent 9,101,622 (Section
5.2 thereot) and U.S. Patent 9,345,705 B2 (Columns 12-18 thereof}. Representative examples of
additional anti-cancer agents and treatment regimens include radiation therapy, chemotherapeutics
{e.g., raitotic inhibitors, angiogenesis inhibitors, anti-hormones, autophagy inhibitors, alkylating
agents, intercalating antibiotics, growth factor inhibitors, anti-androgens, signal transduction
pathway inhibitors, anti-microtubule agents, platinom coordination complexes, HDAC inhibitors,
proteasome inhibitors, and topoisomerase inhibitors), immunomodulators, therapeutic auntibodies
{e.g., mono-specitfic and bispecific antibodies) and CAR-T therapy.

{60153] In some embodiments, a compound of formula (I} and the additional {e.g., anticancer)
therapeutic may be administered less than S minutes apart, less than 30 minutes apart, less thar |
hour apart, at about 1 hour apart, at about 1 10 about 2 hours apart, at about 2 hours to about 3
hours apart, at about 3 hours to about 4 hours apart, at about 4 hours to about 5 hours apart, at
about S hours to about 6 hours apart, at about 6 hours to about 7 hours apart, at about 7 hours 1o
about 8 hours apart, at about 8 hours to about © hours apart, at about 9 hours to about 10 hours
apart, at about 10 hours to about 11 hours apart, at about 11 hours to about 12 hours apart, at about
12 hours to 18 hours apart, 18 hours to 24 hours apart, 24 hours to 36 hours apart, 36 hours to 48
hours apart, 48 hours to 52 hours apart, 52 hours to 60 hours apart, 60 hours to 72 hours apart, 72
hours to 34 hours apart, 84 hours to 96 hours apart, or 96 hours to 120 hours part. The two or more
fe.g., anticancer ) therapeutics may be administered within the same patient visit

[60154] When the active components of the combination are not administered in the same
pharmaceutical composition, it is understood that they can be administered in any order to a subject
in need thereof. For exaruple, a compound of the present disclosure can be admimstered prior to
{e.g., S minutes, 15 minutes, 30 minutes, 45 minutes, 1 hour, 2 hours, 4 hours, 6 hours, 12 hours,
24 hours, 48 hours, 72 hours, 96 hours, | week, 2 weeks, 3 weeks, 4 weeks, S weeks, 6 weeks, 8
weeks, or 12 weeks before}, concomitantly with, or subsequent to (e.g., 5 minutes, 15 minutes, 30
minutes, 45 minutes, 1 hour, 2 hours, 4 hours, 6 hours, 12 hours, 24 hours, 48 hours, 72 hours, 96
hours, 1 week, 2 weeks, 3 weeks, 4 weeks, 5 weeks, 6 weeks, 8 weeks, or 12 weeks after) the
administration of the additional therapeutic, to a subject in need thereof. In various aspects, the
therapeutics are administered 1 minute apart, 10 mionutes apart, 30 roinutes apart, less than 1 hour

apart, 1 hour apart, 1 hour to 2 hours apart, 2 hours to 3 hours apart, 3 hours to 4 hours apart, 4
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hours to 5 hours apart, 5 hours to 6 hours apart, 6 hours to 7 hours apart, 7 hours to 8 hours apart,
8 hours to 9 hours apart, 9 hours to 10 hours apart, 10 hours to 11 hours apart, 11 hours to 12 hours
apart, no more than 24 hours apart or 1o more than 48 hours apart. In one example, the (e.g.,
anticancer) therapeutics are administered within the same office visit. In another example, the
combination anticancer therapeutics may be administered at 1 minute to 24 hours apart.

{60155] In some embediments, a compound of formula (I} and the additional anti-cancer agent
or therapeutic are cyclically administered. Cyching therapy involves the admimstration of oue
anticancer therapeutic for a period of time, followed by the administration of a second anti~cancer
therapeutic for a period of time and repeating this sequential administration, i.e., the cycle, in order
to reduce the development of resistance to one or both of the anticancer therapeutics, to avoid or
reduce the side effects of one or both of the anticancer therapeutics, and/or to improve the efficacy
of the therapies. In one example, cycling therapy involves the administration of a first anticancer
therapeutic for a peried of time, followed by the administration of a second anticancer therapeutic
for a period of time, optionally, followed by the administration of a third anticancer therapeutic
for a period of time and so forth, and repeating this sequential administration, 7.e., the cycle in
order to reduce the development of resistance to one of the anticancer therapeutics, to avoid or
reduce the side effects of one of the anticancer therapeutics, and/or to improve the etficacy of the
anticancer therapeutics.

{60136] In some embodiments, the compounds of the present disclosure may be used in
combination with other anti-cancer agents, examples of which include Etoposide (e.g.,
fymphoroas, and non-lymphocytic feukenua), Vinenistine {e.g., leukemia), Daunorubicin (e.g.,
acute myeloid leukemia (AML), acute lvmphoecytic leukemia (ALL), chronic myelogenous
leukemia (CML), and Kaposi's sarcoma), Rituximab (e.g, non-Hodgkin's lymphoma),
Alemtuzumab {(e.g., chronic lymphocytic leukemia (CLL), cutanecus T-cell tymphoma (CTCL)
and T-cell lymphoma), Bortezomib {(e.g., multiple myeloma and mantle cell lymphoma),
Pegaspargase (e.g., acute lymphoblastic leukemia), Keytruda® (e.g., Hodgkin lymphoma), and
dexamethasone {e.g., acute multiple myeloma).

{06157} In some embodiments, the additional anti-cancer agent 18 an enhancer of zeste homolog
2 (EZH2) inhibitor, examples of which include tazemetostat, GSK 126, lirametostat (CPI-1203),
CPI-0209, PF-06821497, SHR2554, HH2853, valemetostat (DS3201), MAK-683, and FTX-6058.
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{00158] These and other aspects of the present disclosure will be further appreciated upon

consideration of the following Examples, which are intended to illustrate certain particular

embodiments of the disclosure but are not intended to limit its scope, as defined by the claims,
EXAMPLES

{{3{}159} Example 1. Synthesis of 2-(({1’S, U'R)-2’-chiore-1* 1*-difluoro-17 4'-dimethy}-4’-oxo-
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To a solution of 2-(1-benzyl-4 4-diflucro-S-methyl-3-pipenidyliethancl (10 g, 37.13

[00161]
mmol, 1 eq) in DCM (210 mL} were added 4-methylbenzenesuifonyl chloride (849 g, 44 56
2 eq), DMAP (453.60 mg, 3.71 mmol, 0.1 eq) and TEA (7.51 g, 74 .26 mmol, 10.34 mL,

mmol, 1
12 hr. After addition of water (200 mL), the solution

2 eq). The mixture was stirred at 15°C for
{combined with another batch with the same scale) was extracted with DCM (300 mL x 3). The
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(¥4



WO 2024/035688 PCT/US2023/029714

combined organic phase was washed with brine {300 mL), dried over anhydrous Na:SOs, filtered
and the filtratc was concentrated in vacue. The residue was purified by flash silica gel
chromatography {Silica Flash Column, eluent of 0~50% ethyl acetate/petroleum ether gradient) to
give the title compound as a yellow oil (22 g, 47.27 mmol, 64% yield, 91% purity). 'H NMR (400
MHz, DMSO-ds) 6 ppm 7.75 (d, J= 8 11 Hz, 2H), 747 (br ¢, J =787 Hz, 2H), 724 - 737 (m,
SH), 3.98-4.13 (m, ZH), 3.37 - 3.54 (m, 2H), 2.65 - 2.81 (m, 2H}, 2.39 (s, 3H), 1.97 - 2.03 {m,
1H), 1.76 - 1.94 (m, 3H), 1.38 - 1.49 (m, 1FD), 1.14 - 1.22 (m, 13, 0.84 (d, J = 6.68 Hz, 3H).
[80162] 3-({-Benzyl-4 4-difluoro-5~-methyl-3-piperidyl)propanenitrile

[60163] To a mixture of Z-(1-benzyl-4 4-difluoro-5-methyl-3-piperidyiethyl-4-methyl-
benzenesulfonate (22 g, 51.95 mmol, 1 eq) in DMSO (450 mL} was added NaCUN (11.55 g, 235.68
mmol, 4 .54 eq) under N2, The mixture was stirred at S0°C for 4 hr. The reaction mixture was
cooled to 15°C, diluted with HoO (1000 mL), extracted with EtQGAc (1000 mL x 2), the combined
organic phase was washed with brine (1000 mL), dried over anhydrous Na:SOs, filtered and
concentrated in vacuo. The residue was purified by flash silica gel chromatography (Silica Flash
Column, eluent of 0~50% ethyl acetate/petroleum ether gradient) to give the tutle compound as a
yellow oil (8 g, 25.29 mmol, 49% yield, 88%% purity). 'H NMR (400 MHz, DMSO-d) § ppm 7.21
- 740 (m, 5H), 3.56~ 370 (m, iH), 3.41 -3.52 (m, 1H}, 290 - 3.11 {m, 1H), 2.67 - 2.79 {m, 1H)},
2.52 - 2.63 {m, 2H), 2.02 - 2.20 (m, 2H), 1.78 - 1.98 {m, 3H), 1.4 (dq, = 14.38, 7.37 Hz, 1H),
0.88 (d, J = 6.79 Hz, 3H).

[00164] Methyl 3-(1-benzyi-4 4-difluoro-5-methyl-3-piperidvipropanoate

[B0163] A nuxture of 3-(1-benzyl-4,4-difluoro-5-methyl-3-piperidylipropanenitrile (8 g, 28.74
mmol, 1 eq} in HC/MeOH (160 mL) was stirred at 80°C for 12 hr. The mixture was concentrated
i vacuo. To the residue was added sat. ag. NaHCO: (100 mL) to pH = §, then it was extracted
with ethyl acetate (100 mL x 2}. The combined organic phase was washed with brine (100 mL)},
dried with anhydrous NaxSO4, filtered and the filirate was concentrated in vacuo. The residue was
purified by flash silica gel chromatography (Silica Flash Column, eluent of 0~50% ethyl
acetate/petroleurn ether gradient) to give the ttle compound as a yellow ol (4.9 g, 15.74 mmol,
55% yield). 'H NMR (400 MHz, CDCl3) § ppm 7.25 - 7.38 (m, SH), 3.66 (s, 3H), 3.45 -3.60(m
ZH), 2.82 - 2.91 (m, 1H), 2.69 - 2.80 {m, 1H), 2.39 {t, J = 7.70 Hz, 2H), 1.50 - 2.19 (m, 5H), 1.48
-1.61 (m, 1H), 0.97 (d, J=6.72 Hz, 3H).

100166]  3-(/-Benzyl-4 4-difluoro-5-methyl-3-piperidypropan-i-ol
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{06167] Toamixture of methyl 3-(1-benzyl-4 4-difluoro-5-methyi-3-piperidylpropancate (7. 07
g, 22.71 mmol, 1 eq) in THF (70 mL) was added L1AIHs (1.03 g, 27.25 mmol, 1.2 eq) slowly at
0°C under Nz, The mixture was stirred at 15°C for 1 hour. To the mixture was added water {(~1
mL) at 15 °C dropwise until no bubbles occurred. The mixture was dried with anhydrous
NaxSOa(~20 g) and stirred at 15°C for 10 mun. Then the mixture was filtered and the filtrate was
concentrated in vacuo to give the title compound as a colorless otl {4.9 g, 15.04 mmol, 66% vield,
87% purity). 'H NMR (400 MHz, CDCl) & ppm 727 - 7.19 {(m, SH), 3.56 - 3.38 (m, 4H), 2.84 -
2.82 (m, 1H), 2.65 - 2.62 (m, 1H}, 1.96 - 1.87 (m, 4H), 1.75 - 1.65 {m, 1H), 1.53 - 1.49 (m, 3H),
1.20-1.16{m, 1H), 0.88 (d, /= 6.80 Hz, 3H).

{00168]  fert-Bunyl 4, 4-difluoro-3-(3-hydroxypropyi)-S-methyl-piperidine- [ -carboxylate

{6016%9] To a solution of 3-(1-benzyl-44-diflucro-5-methyl-3-piperidylpropan-1-ol (4.9 g
17.29 mmol, 1 eq) i BtOH (50 ml) was added Pd/C (1 g, 10% purity) and BocO (7.55 g, 34.59
mmol, 7.95 mL, 2 eq) under Ar. The suspension was degassed under vacuum and purged with Ha
several times. The mixture was stirred under Ho (50 psi) at 60°C for 12 hr. The reaction mixiure
was filtered and the filtrate was concentrated i vacuo to give the title compound as a gray otl (6.6
g, crude). 'H NMR (400 MHz, CDCls) § ppm 4.22 - 3.95 (m, 3H), 3.67 - 3.63 (m, 2H), 2.57 (s,
2H), 1.86 - 1.82{m, 2H}, 1.06 - 1.60 {m, 2H), 147 - 145 (m, 9H), 1.29-1.25 (m, 2H}, 1.00{d, J
= 6.40 Hz, 3H).

{061708)  fert-Bunld 4-diftucro~3-methyl-5-{ 3-(p-tolyisulfonvioxy ) propyl fpiperidine- 1 -
carboxylate

[66171] To a solution of ferf-butyl 4,4-difluoro~-3-(3-hydroxypropyl)-5~-methyl-pipendine-1-
carboxylate (6.6 g, 22.50 mmeol, 1 eq) in DCM (70 mL) were added TEA (4.55 g, 45.00 mmol,
6.20 ml., 2 eq) and TsCl (429 g, 22.50 mmol, 1 eq) at 15°C. The roxture was stirred at 153°C for
23. The combined organic phase was washed with brine (120 mL), dried with anhydrous NazSOu,
filtered and the filtrate was concentrated in vacuo. The residue was purified by silica gel
chromatography (columan height: 250 mm, diameter: 100 mm, 100-200 mesh silica gel, petroleum
ether/ethyl acetate = 10/1, 3/1) to give the title compound as a yellow oil (5.6 g, 12.30 mmoi, 55%
vield, 98% purity). 'H NMR (400 MHz, CDCl3) 8 ppm 7.79 (d, J = $.40 Hz, 2H), 7.36 (d,.J = 8.00
Hz, 2H), 4.13 - 4.02 {m, 4FD), 2.56 (br s, 2H), 2.46 (s, 3H), 1.86 - 1.83 (m, 15, 1.75 - 1.70 (m,
4H), 146 (s, OH), 1.28 - 1.23 (m, 1H), 1.00 (d, /= 6.80 Hz, 3H).

9
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{00172} ftert-buty! (3R 35)-4 4-difluoro-3-methyl-5-{3-(p-tolylsulionvioxyipropyl [piperidine-1 -
carboxylate (10C) and tert-hutyl (35,5 Ri-4, 4~diftuorc-3-methyl-5-{ 3-(p-
iolylsulfonyioxypropy! jpiperidine- i -carboxylate

100173] rerr-Butyl-4 4-diftuoro-3-methyl-5-{3-(p-tolvisulfonyloxy)propyljpiperidine-1-
carboxylate (3 g 6.70 mmol, 1 eq) was separated by SFC {column: DAICEL CHIRALPAKIC
{250 mm * 50 mm, 10 um); mobile phase: [0.1% NH;H20 H’AI B%: 35%- 35%, 4.5 min) to give
feri-butyl (3R,55)-4.4-diflnoro-3-ruethyl-5-[3-(p-tolyisulfonyloxypropylipipendine-1-
carboxylate (1.3 g, 2.87 mmol, 43% yield, 99% purity) as a colorless oil and ters-butyl (35,38)-
4, 4-difluoro-3-methyl-5-[3-{p-tolylsulfonyloxyypropylpiperidine-1-carboxylate (1.3 g 2.84
mmol, 42% vield, 98% purity) as a coloriess oif. 'H NMR (400 MHz, CDCI3) § ppm 7.79 {d, J =
8.11 Hz, 2H), 7.35 (br d, J = 7.99 Hz, 2H), 3.85 - 4.19 {m, 4H), 2.35 - 2.75 (m, SH), 1.67 - 1.97
(m, SH), 1.46 (s, 9D, 1.20 - 1.32 (m, 1TL), 0.96 - 1.04 (m, 3 H). ‘H NMR (400 MHz, CDCh) 8
ppm 7.79 {d, J = 8.34 Hz, 2H), 7.36 (d, I = 7.99 Hz, 2H), 3.88 - 4.17 (m, 4H), 2.48 - 2.68 (m, 2H),
2.46 (s, 3H), 185 (brs, 1), 1.63 - 1.80 (m, 4H), 146 (s, 9F), 1.18 - 132 (m, 1H), L.O0(d, I =
6.68 Hz, 3 H).

100174  tert-Duryl (3R 38)-4,4-difluoro-3-methyl-5-{3-f f i-meifyl-3- 2-(methylamino)-2-oxo-
ethoxy f-G-nitro-2-oxo-8-quinoly! foxy fpropyi [piperidine- I -carboxylate

[B0178] To a mixture of 2-[{(8-hydroxy-1-methyl-6-nitro-2-oxo-3-quinelyljoxy]-N-methyl-
acetamide (100 mg, 32546 umol, 1 eq) and feri-butyl (3R 583-4,4-diftuoro-3-methyl-5-{3-(p-
tolylsulfonyloxy)propylipiperidine-1-carboxylate (218.48 mg, 488.19 umol, 1.5 eq) in DMF {1
mL} was added KaCOs (89 96 mg, 650.92 umol, 2 eg). The reaction mixture was then stirred at
60°C for 12 hr. The reaction mixture {(combined with another batch with 60 mg scale) was treated
with HzO (10 mL) and extracted with EtOAc (10 mL x 3), the combined organic phase was washed
with brine (20 mL), dried with anhvdrous Na:SOs, fiitered and the filtrate was concentrated in
vacueo. The residue was triturated with {petroleum ether/ethy] acetate = 1:1, S mL) at 15°C for 30
min to give the title compound as a white solid (200 mg, 83% purity). '"H NMR (400 MHz, DMSO-
ds) & ppm 8.22 (br s, 1H), 7.90 (br d, J = 2.45 Hz, 1H), 7.77 (br s, 1H), 7.46 (s, 1H), 4.57 (s, 2H),
4.23 (br s, ZH), 4.00 - 4.15 {m, 1H), 3.90 (s, 4H), 2.56 - 2.69 (m, 5H), 1.83 - 2.08 {m, 5H), 1.40 {5,
10H), 0.94 (br d, /= 6 .48 Hz, 3H). LCMS: [M+H]" = 583 4.

{00176]  tert-Buwl(35,5Kj-3-{3-f [ 6-amino- [ -methyl-3-{ 2-(methyiamine - 2~-0xo-ethoxy |-2-0xo-

>

S-quinolyi foxy jpropvl]-4,4-difluoro-5-methyi-piperidine-I-carboxylate
60
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{06177] To a solution of fert-butyl (3R, 55)-4 4-difluoro-3-methyl-3-[3-[[1-methyi{-3-[2-
{ methylamin(x)nznoxowethoxy} -O-nitro-2-oxo-8-quinelyl joxyipropylpiperidine-1-carboxylate
50.00 mg, 257.47 umol, 1 eq} in DMF (3 mL} was added Pd/C (C.1 g, 10% purity} under Ar.
The suspension was degassed under vacuum and purged 3 times with Hz. The mixture was stirred
under Ha {15 psi) at 15°C for 12 hr. The reaction mixture (combined with another batch with 50
mg scale) was filtered and the filirate was concentrated in vacun to give the title compound as a
yellow oil {160 mg, crude). '"H NMR (400 MHz, CDCl5) 8 ppm 7.36 - 7.46 {(m, 1H), 6.76 (s, 1H),
6.39(d, J=227Hz, 1H), 634 (d, /=227 Hz, 1H), 451 (s, ZH), 4.16 - 4.35 (m, 1H), 401 {brt,
J =584 Hz, 2H), 397 (s, 3H), 3.65 - 3.84 (m, 1H), 2.89 {br s, 2H), 2.51 - 2.71 {m, 2H), 1.75 -
2.08 {m, 6H), 1.47 (5, 9), 1.37 ~ 1.45 {m, 1H), 1.03 (d, /= 6.68 Hz, 3H). LCMS: [M+H] =553 2.
{B0178) feri-Butyl(38.5R}-3-{3-f{6-1(2, 3-dichkioropyrimidin-4-vijamino - {-methvi-3-{ 2~
{methyiamino)-2-oxo-ethoxy |-2-oxo-8-guinolyl foxy fpropyl j-4, 4-ditlioro-S-methvi-piperidine- 1 -
carboxylate
{60179) Toamixture of fert-butyl (35,5R)-3-[3-[[6-amino-1-methyl-3-[2-(methylamino)-2-oxo-
ethoxy}-2~oxo-8-quineolyijoxy jpropyl -4, 4-diflucro-S-methyl-piperidine-1-carboxylate (100 mg,
180,96 umol, 1 eq) and 2.4, 5-trichloropyrimidine (60.38 mg, 361.92 pumol, 2 eq) in DMF {1 mL}
was added DIPEA (5847 mg, 452.40 umol, 78.80 uk, 2.5 eq). The reaction mixture was then
stirred at 13°C for 12 hr. The reaction mixture {combined with another batch with 30 mg scalg)
was treated with Hz0 (2 ml), then the suspension was filtered and the solid was collected and
dried in vacuo. The residue was purified by column chromatography (S10:, petroleum ether/THF
= 1/1 to 0/1) to give the title compound as a white solid {130 mg, 73% purity). '"H NMR (400 MHz,
DMEO-db) & ppm 9.57 (br s, 1H), 839 (brs, TH), 792 (br s, 1H), 744 (br d, J = 7.63 Hz, 2H)},
713 {(brs, 1H), 4.57 (brs, 2H), 4.09 (br s, 3H), 3.89 (br s, 4H}, 2.58 - 2.73 (1, 5H), 1.81 - 2.02
{m, 5H), 1.39(brs, 10H), 094 (brd, /=575 Hz, 3H}. LCMS: [M+H]"= 699 4.
{00180} 2-//6-/(2 5-Dichioropyrimidin-4-viiamino [-8-{ 3-[(38, 5R)-4, 4-diflucro-5-methyl-3-
piperidvl jpropaoxy [-1-methyi-2-0xo-3-guinalyljoxy ]-N-methyl-acetamide
{306181] A sclution of fert-butyl (G5 5K-3-[3-[[6-[(2 S-dichloropyrimidin-4-yhamino]-1-
methyl-3-{ 2~{methylamino}-2-oxo-cthoxy }-2-ox0-8-quinolyltfoxy jpropyl -4, 4-difluoro -5-methyl-
piperidine-1-carboxylate (130 mg, 18583 umol, 1 eq) in DCM (4 mL) and TFA (1.0 mL} was
stirred at 15°C for 1 hr. The reaction mixture was concentrated 75 vacuo to give the titte compound

crude, TFA salt). LCMS: [M+H] = 5992
61
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[06182] 2~(((1°S PRj-2-chloro-1%, F-diftuoro-1° 4! -dimethyl-4°-oxo-4 4 -dilvdro-5-0xa-3-
aza-4(6,8)-quinolina-2(2,4j-pyrimidina-1(1, 3)-piperidinacyclooctaphane-4 -yl oxy)-N-
methylacetamide (4)

[B0183] To a solution of 2-{[6-[(2,5-dichloropyrimidin-4-ylJammo}-8-{3-[(35,58)-4,4~difluoro-
S-methyl-3-piperidylipropoxy|-1-methyl-2-oxo-3-quinclytjoxy}-N-methyl-acetamide (130 mg,
210.24 ol 1 eq, TFA) m DMF (1.5 ml.} was added DIPEA (271.71 mg, 2.10 munol, 366.19 ul,,
10 eqy. The reaction mixture was then stirred at §0°C for 12 hr. The reaction mixture was
concentrated i vacuo to give a residue which was purified by prep-HPLC (column: Phenomenex
C18 75 * 30 mun * 3pum, mobile phase: fwater (NHaHCO3)-ACN], B%: 45%-75%, 8 min) to give
the title compound as a white solid (15 mg, 25.84 umeol, 12% yield, 97% purity). "H NMR (400
MHz, DMSO-do) 6 ppm 8.99 (5, 1H), 810 (s, 1H), 7.95 (brd, /=420 Hz, 1H}, 786 (d, /=155
Hz, 1H), 7.06 (s, 2ZH), 445 - 472 (m, SH), 4.14 - 424 (m, 1H), 3.84 (5, 3H), 2.74 (brt, /= 12.64
Hz, 1H), 266 {d, J=453 Hz, 3H), 2.53 - 2.60 (m, TH}, 2.29 - 2.42 {m, TH), 1.84 - 2.02 (m, 2H),
1.59 - 1.81 (m, 2H), 132 - 142 (m, 1H), 0.97 (d, /= 6.68 Hz, 3H). LCMS: [M+H]™=563 3.

{00184] Example 2: Synthesis of 2-(({(1’R,1°8}-27-chloro-1* 1*-difluoro-1° 4'-dimethyl-4%-oxo-

4! 42 dihvdro-5-oxa-3-aza-46.8)-quinolina-2(2 4-pyrimidina-1{1.3)-piperidinacvclooctaphane-

42 yDoxy-N-methylacetamide (5)
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{00188 fert-Buwyl (38, 5R)-4,4-diflucro-3-methyl-5-] 3-f [ 1-snethyl-3-{ 2-(methylamine)-2-0xo-

ethaoxy [-6-nitro-2-oxo-8-guinolvi foxy fpropyi fpiperidine- L-carboxyviate

{60186] To a solution of 2-[{8-hydroxy-1-methyl-6-nitro-2-ox0-3-quinolyjoxy]-N-methyl-
acetamide (120 myg, 390.55 umol, 1 eq) in DMF (2 mL) was added KaCO3 (107,96 mg, 781.10
wmol, 2 eq) and feri-butyl (38, 5R)-4,4-ditfluoro-3-methyl-5-[3-
(ptotyisulfonyloxy)propylipiperidine-1-carboxylate (262.18 mg, 585.83 umodl, 1.5 eq). The
mixture was stirred at 66°C for 12 hr. The reaction mixture (combined with another batch with 36
mg scale) was cooled to 26°C and added water (2 mL). The mixture was filtered and the fiiter cake
was washed with water (5 mL), then the filter cake was dried in vacnn. The crude product was
triturated with petroleum ether © ethyl acetate=1/1 (~2 mL} at 20°C for 5 min. The mixture was
filtered and the filter cake was dried in vacio to give the title compound as a white solid (130 mg).
"H NMR (400 MHz, DMSO-de) 8 ppm 8.23 (d, J = 2.20 Hz, 1H), 7.93 (br d, /= 4.16 Hz, [H),
7.76 (d, J = 2.20 Hz, 1H), 7.46 (s, 1H), 4.57 (s, 2H), 4.23 (br t, J = 5.20 Hz, 2H), 3.99 - 4.17 (m,
TH), 3.90 (s, 4H), 2.66 (4, J = 4.52 Hz, SH), 1.79 - 2.11 (m, 5H), 1.40 (s, 10H), 0.94 (d, ./ = 6.60
Hz, 3H)

{00IBT]  fert-Buwyl (3R 385)-3-]3-f[6-amino-i-meihyl-3-{ 2-(methylamino)-2-0xo-ethoxy [-2-cxo-
S-qguinolyl foxy fpropyli-4,4-difluoro-5-methvi-piperidine- [ -carboxylate

&3
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{0G188] To a solution of fert-butyl (35 5R)-4 4-difluoro-3-methyl-3-[3-[[1-methyi-3-[2-
{methylamino)-2-oxo-cthoxy -6-nitro-2-oxo-8-quinolyl joxy ipropylpiperidine-1-carboxylate
{100 mg, 171.65 umol, 1 eq) in DMF (Z mL) was added Pd/C {40 mg, 10% purity) under Ar. The
suspension was degassed under vacuum and purged 3 times with Hz. The mixture was stirred under
Ho (15 psiy at 15°C for 12 hr. The reaction mixture (combined with another batch with 30 mg
scale) was filtered through a pad of Celite® and the filtrate was concentrated in vacuo to give the
title compound as a yellow solid (120 mg, crude). 'H NMR (400 MHz, DMSO-ds) § ppm 7.85 -
7.98 (m, 2H). 6.94 (s, 1H), 6.45 (4, J=2.13 Hz, 1H), 6 26 (d, J = 2.25 Hz, 1H), 449 (s, 1H), 3.75
- 3.83 (m, 3H), 3.26 - 3.33 (m, 4H), 2.89 (s, 4H), 2.73 (s, 4H), 1.79 - 2.05 (m, 5H), 1.40 (s, OH),
0.94(d, /=075 Hz, 3H).
{B0189) feri-Butyl (3K 583-3-13-f16-[12, 5~-dichloropyrimidin-4-vi)amino [~ {-methyl-3-f 2~
{methyiamino)-2-oxo-ethoxy [-2-oxo-8-guinolyl foxy fpropyl j-4, 4-ditlioro-S-methvi-piperidine- 1 -
carboxylate
{60198] Toamixture of fert-butyl (3R,55)-3-[3-{[6-amino-{-methyl-3-[2-(methylamine)-2-oxo-
ethoxy}-2~oxo-8-quinelyijoxy jpropyl -4, 4-diflucro-S-methyl-piperidine-1-carboxylate (100 mg,
180,96 umol, 1 eq) and 2.4, 5-trichloropyrimidine (60.38 mg, 361.92 umol, 2 eq) in DMF {1 mL}
was added DIEA (58.47 mg, 452.40 umol, 78 80 ul, 2.5 eq). The reaction mixture was then stirred
at 15°C for 12 hr. The reaction nuxiure {combined with another batch with 20 mg scale) was
treated with H:0 (2 mL). Then the suspension was filtered and the solid was collected and dried
in vacuo. The residue was purified by column chromatography (S102, petroleum ethet/THF = 1/1
to 0/1) to give the title compound as a black solid (110 mg, 94% purity). 'H NMR (400 MHz,
DMSO-ds) & ppm 9.58 (s, 1H), 8.40 (s, 1H), 7.93 (brd, .J=4.50 Hz, 1H), 7.44 (br d, J = 7.63 Hz,
2FD), 7.13 (s, TH), 4.57 (s, 2H), 4.09 (br t, ./ = 5.57 Hz, 2H), 3.89 (s, 4H), 3.30 (s, 2H), 2.55 - 2.71
(m, SH), 1.81 - 2.08 (m, SH), 1.39 (s, 9H), 0.94 (d, J = 6.75 Hz, 3H).
{00191 2-//6-/02 3-Dichiorapyrimidin-4-yi)amivn [-8-] 3-{{ 3K 58)-4, 4-difluoro-5-meiliyl-3-
piperidyl [propoxy - {-methyl-2-oxo-3-guinclyljoxy {-N-methyl-acetamide
[80192] A solution of Jderi-butyl (BK585)-3-[3-[[6-[(2,5-dichloropyrimidin-4-yhamino}-1-
methyl-3-{2-(methylamino)-2-oxo-ethoxy }-2-oxo-8-quinolyltjoxyipropyt}-4,4-difluoro -S-methyl-
piperidine-~1~carboxylate (80 mg, 114.36 umol, 1 eq) in TFA (800.00 pl) and DCM (2.4 mL.) was
stirred at 153°C for 1 hr. The solution was concentrated /n vacro to give the title compound as a
yellow cil (80 mg, crude, TFA salt). LCMS: [M+H] = 5993
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[06193] 2~(((I°R 1°S)-2-Chioro-I? 1-diflucro-1° 4! -dimethyl-4°-oxo-4* 4 -diliydro-3-oxa-3-
aza-4(6,8)-quinolina-2(2,4j-pyrimidina-1(1, 3)-piperidinacyclooctaphane-4 -yl oxy)-N-
methylacetamide (5)

[80194] A muxture of 2-{[6-{(2,S~dichioropyrimidin-4-yDamino]-8-[3-[(3K,58)-4,4-difluoro-5-
methyl-3-piperidylipropoxy]-1-methyl-2-oxo-3-quinolvljoxy|-N-methyl-acetamide (80 mg,
H2.13 umol, 1 eq, TFA), DIEA (14492 g, 1.12 mmol, 19530 uL, 10 eq) in DMF (1 ml) was
stirred at B30°C for 12 hr. The solution (combined with another baich with 30 mg) was concenirated
invacuo. The residue was purified by prep-HPLC {column: Phenomenex C18 75 * 30 mm * 3um;
mobile phase: [water (NHaHCO3)}-ACN], B%: 30%-60%, 8 mun) to give the title compound as a
white solid (10 mg, 96% purity). 'H NMR (400 MHz, DMSO-ds) & ppm 8.99 (s, 1H), 8.11 (s, 1H),
7.91-798 (m, 1H), 7.86(d, /=183 Hz, 1H), 701 -709{m, 2H), 4.64 - 472 (m, 1H), 4.54 - 4.63
(m, 3H), 449 ~4.54 (m, 1H), 414 - 4.24 (m, 1H), 3.85(s, 3H), 2.74 (brt, J=12.53 Hz, 1H), 2.66
(d, J=4.65Hz 3H), 2.55{brs, 1H), 229 -2.44 (m, 1H), 1.82-2.05(m, ZH), 1.59-1.82 (m, 2H),
128 - 1.42 (m, 1H), 0.57 (d, J = 6.72 Hz, 3H). LCMS: [M+H["=563.3.

[00195] Example 3: Synthesis of 2-(((1*R.1°8)-2°-chioro-1° 4 -dimethyl-4%-ox0-41 4%-dihydro-

5 8-dioxa-3-aza-4(6.8)-quinolina-2(2.4)-pyrimidina- 1{1.3)-piperidinacyclooctaphane-4 -y Joxy)-

N-methvlacetamide (6)
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[80196] S-Methylpyridin-3-ol hydrochioride
{60197] To a solution of S-methyipyridin-3-ol (10 g, 91.64 mmol, 1 eq} in EtOAc (30 mL) and
MeOH (10 mL) was added HCVEIOAc (4 M, 160 ml) in one portion at 15°C. The mixture was
stirred at 15°C for 4 hr. The mixture was filtered, and the filter cake was dried in vacuo to give the
title compound as a white solid (26.68 g, crude, HCI salt). '"H NMR (400 MHz, DMSO-d) 6 ppm
11.97 (b, 1H), 8.19 - 8.42 {m, 2H}, 7.88 (5, 1H), 2.40 (s, 3H}.
[80198) S-Merhylpiperidin-3-of
[66199] Toasolution of S-methylpyridin-3-of (13 g, 89.29 mmol, 1 eq, HCH in AcOH (110 mL)
was added Pt0Oz (1 30 g, 8.93 mmol, 0.1 eq) under Ar. The suspension was degassed under vacnum
and purged several times with Hz. The mixture was stirred under Ho (200 ps1) at SO°C for 16 hr.

The mixture was filtered by Celite®, and the filtrate was concentrated /77 vacuo to give the title

66



WO 2024/035688 PCT/US2023/029714

compound as a yellow oil (33 g, crude, HOAc). "H NMR (400 MHz, DMSO-ds) § ppm & 94 - 958
(m, 2H), 3.67 - 3.83 (m, 1H), 2.94 - 3.22 {m, 2H), 2.67 (br t, /= 10.01 Hz, 1H), 2.24 - 2.48 (m,
2H), 1.58 - 1.85 (m, 2H), 0.96 - 1.17 (m, 1), 0.87 (dd, J = 838, 6.75 Hz, 3H).
100200)  ferr-Bunyl 3-hydroxy-S-methvi-piperidine- 1-carboxviate
[00201]  To a muxture of S~-methylpipenidin-3-of (11 g, 62.78 munol, 1 eq, HOAc) and Na:C0s
{1331 g, 12555 mmel, 2 eqg) in EtOAc (100 mL) and H:O (100 mL} was added Boc:0O (13.70 g,
62.78 mmol, 14.42 mk., 1 eq) dropwise at 0°C under N2, Then the roixture was stirred at 15°C for
12 hr. The mixwre {combined with the other 2 batches with same scale) was extracted with ethyl
acetate (200 mL x 2). The combined organic phase was washed with brine (S00 mL), dried with
anhydrous Nax8Qu4, filtered and the filtrate was concentrated in vacuo. The residue was purified
by flash silica gel chromatography (Silica Flash Column, eluent of 0~-50% ethy! acetate/petroleum
ether gradient) to give the title compound as a white solid (10 g, 46.45 mmol, 25% yield). 'H NMR
(400 MHz, CDCla} o ppm 4.23 (brs, 1H)3.82-4.09(m, 1H}3.62(brd, J=4.05 Hz, 1H) 238 {br
[ J = 10.67 Hz, 1H) 2.17 (brs, 1H) 1.78 - 2.10 (m, 2H) 1.53 - 1.72 (m, 1¥) 1 45 (s, 9H) 1.00 {q, J
=11.92 Hz, 1H)0.92 (d, J = 6.68 Hz, 3H).
{60202] terv-fhuryl 3-(2-benzyloxyethoxy)-3-methyl-piperidine- {-carboxylaie
{80263} To a solution of fers-butyl-3-hydroxy-5-methyl-pipenidine-1-carboxylate (10 g, 46.45
mmol, 1 eq) in DMF (100 mL) was added NaH (3.72 g, 92.90 mmol, 60% purity, 2 eq) in portions
at 0°C under N2, The mixture was stitred at 0°C for 30 min, then 2-bromoethoxymethyibenzene
{(11.99 g 55 74 mmol, 8.82 mL, 1.2 eq) was added at 0°C and the mixture was heated to 90°C and
stirred for 11.5 hr. The mixture was quenched by sat. ag. NHuCH200 mL} at 15°C and the roixture
was extracted with ethyl acetate (200 mL x 2). The combined organic phase was washed with brine
(500 mL), dried with anhydrous Nax$SOs, filtered and the filirate was concentrated 7 vacuo. The
residue was purified by tlash silica gel chromatography (Silica Flash Column, eluent of 5~40%
ethyl acetate/petroleum ether gradient) to give the title compound as a yeliow oil (4.2 g, 9 98 mmol,
44% vield, 83% purity). 'H NMR (400 MHz, CDCl3) 6 ppm 7.27 - 738 {m, SH), 4.58 (s, 2H), 4.22
- 4.46 {m, 1H), 3.88 - 4.11 (m, 1H), 3.70 (br d, J = 4.63 Hz, 2H), 3.59 - 3.64 (i, 2H), 3.26 - 3.36
{m, 1H), 2.40 (brs, 1H), 2.09-2.25 (m, 2H}, 1.53 - 1.64 (m, 1H), 1.46 (s, 9H), 1.01 (g, /= 12.09
Hz, 1H), 0.92 (d, /= 6.63 Hz, 3H).
(00204  rere-Bury! 3-(2-hydroxyethoxy)-S-methvipiperidine-~ I -carboxyiate
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[30205]  To a solution of fert-butyl 3-(2-benzyloxyethoxy)-S-methyl-piperidine-1-carboxylate
(4.2 g, 12.02 mmol, 1 eqg) in McOH (50 mL)} was added Pd/C (2 g, 10% purity) under Nao. The
suspension was degassed under vacuum and purged several times with Hz. The mixture was stirred
under Hz (50 psiy at 60°C for 12 hr. The reaction mixture was filtered and the filtrate was
concentrated i1 vacuo to give the title compound as a black 0il (3.3 g, 9.2%9 mmol, 77% yield, 73%
purity). 'H NMR (400 MHz, CDCIs) & ppm 4.17 - 4.43 (im, 1H), 3.86 - 4.07 {m, 1H), 3.69 - 375
{m, 2H), 3.60 - 3.66 (m, 2H}), 3.26 - 336 (m, 1H), 241 (brt, /= 11.25 Hz, 1H), 2.04 - 2.30 (m,
3HY, 1.54 - 1.67 {m, 1H), 1.46 (5, 9H), 0.99 (g, ./ = 11.98 Hz, 1H), 092 {d, /= 6.60 Hz, 3H).
[00206]  fert-Buwyl 3-meihyl-5-12-(p-tolvisulfonyloxyiethoxy fpiperidine- 1 -carboxyiate
{60207]  To a nuxture of fert-butyl 3-(2-hydroxyethoxy)-5-methyl-piperidine-1-carboxylate (3.3
g, 12.72 mmol, { eq) in DCM (30 mL) was added DMAP (155.45 mg, 1.27 mmol, 0.1 eq} and
TEA (142 g, 1400 mmol, 195 ml, 1.1 eg). Then TsCl (2,67 g, 1400 mumol, 1.1 eq) was added
into the mixture at 0°C under N2, The mixture was stirred at 15°C for 12 hr. The reaction mixture
was poured into water (100 ml) and exiracted with ethyl acetate (80 mL x 3) The combined
organic phase was washed with brine (200 mL), dried with anhydrous NaxSQu, filtered and the
filtrate was concentrated i vacue. The residue was purified by column chromatography (SO,
petroleum ether/ethyl acetate = 1/0 to 3/1) to give the title compound as a yellow ol (3.5 g, 8.32
mmol, 65% vield, 98% purity). 'H NMR (400 MHz, CDCL:) & ppm 7.80 (d, =8 34 Hz, 2 H) 7.34
{d, =B 11 Hz, 2H)4.07-434 (m, 3H)3.80-406 (m, 1 H)3.61-3.73 {m, 2H)}3.12 - 3.30 {m,
THY245(s, 3H)209-238(m, 2H)195-204(m, | H) 148 -160(m, 1 H) 1.45(s, 9H) 080
-0.95 (m, 4 H).
100208) feri-Buty! (38 5R)-3-methvi-3-{2-(p-tolylsulfonvioxyjethoxy [piperidine- 1 -carboxylate
(RC} and tert-butyl (3R 55)-3-methyi-5-1 2-(p-tolvisulfonyioxyjethoxy [piperidine~ 1 -carboxviate
{60209]  fert-Butyl 3-methyl-5-[2-(p-tolylsuifonyloxy)ethoxyipiperidine-1-carboxylate (900
mg, 2.18 mmol, | eq) was separated by SFC (column: DATCEL CHIRALPAK IG (250 mm * 30
mm, 10 um), mobile phase: {Neu-ETOH], B%: 20%-20%, 6 mun) to give fert-butyl (385,5K)-3-
methyl-5-[2~(p-tolylsulfonyloxy yethoxy Jpipendine- 1 -carboxylate (380 mg, 909.74 pmol, 42%
vield, 99% purity}) as a3 colorless oil and ferfbutyl (3R 55)-3-methvl-5-{2-(p-
tolylsulfonvioxyjethoxylpiperidine- l-carboxylate (380 mg, 900.55 umol, 41% yield, 98% purity)
as a coloriess oil, 'H NMR (400 MHz, CDCL3) & ppm 7.81 (d, J =825 Hz, 2H}, 7.35 (d, ./ = 8.13
Hz, 2H), 414 (t, /=482 Hz, 2H), 366 - 372 (m, 2H), 3.18 - 326 (m, 1H), 246 (5, 4H), 2.10 -
68
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235 (m, 2H), 1.96 - 2.06 (m, TH), 1.50 - 1.61 (m, 2H), 1.46 (s, OH), 0.83 - 0.93 (m, 4H}. 'H NMR
(400 MHz, CDCl:) & ppm 7.81 (d, J = 8.25 Hz, 2H), 7.35 (d, J = 8.13 Hz, 2H), 4.12 - 4.17 (m,
2H), 3.66 - 3.71 (m, 2F), 3.16 - 3.28 (m, 1H), 2.46 (s, 3H), 2.10 - 2.32 (m, 2H), 1.97 - 2.06 {(m,
1H), 1.53 - 1.61 (m, ZH), 1.46 (s, 9H), 0.83 - 0.94 (m, SH).

[00216]  7-Methoxy-Il-methyl-indoline-2, 3-dione

{66211} To a solution of 7-methoxyindoline-2 3-dione (50 g, 56.45 mmol, 1 eq) in DMF {600
ml) was added K2COz (58.5 g, 84.67 mumol, 1.5 eq) in one portion. The reaction mixture was
stirred at 20°C for 30 min. Then Mel (52.08 g, 73.38 mmol, 22.85 mi, 1.3 eq) was added to the
reaction mixture. The mixture was stirred at 20°C for 11.5 hr. The reaction mixture was then
poured into water (2000 mL)}, acidified with 2 N HCl {aq.) slowly untit pH = 3 and stirred for 45
min. The resulting precipitate was collected by filtration, washed with water (500 mL) and dried
under ix vacuo to give the title compound as a red solid (50 g, 21576 mmol, 73% yield). '"H NMR
{400 MHz, DMSO-ds) 8 ppm 7.41 {dd,./=8.17, 0.89 Hz, 1H), 7.14 - 7.18 (m, 1H), 7.06 - 7.12 {m,
1H), 3.88 (s, 3 H). 3.35 (s, 3H).

100212}  7-Methoxy-I-methyl-S-nitro-indoline-2 3-dione

[60213] To a solution of NaNOs (22.23 g, 261.53 mmol, 2 eq) in H2804 (150 mL) was rapidly
added a solution of 7-methoxy-1-methyl-indoline-2,3-dione (25 g, 130.76 mmaod, 1 eq) in Ha804
(150 mL) at 0°C. The reaction was stirred at 15°C for 12 hr. The reaction mixture (combined with
another batch with same scale) was then poured into ice/water mixture slowly while the
temperature was kept at 6°C. Then the resulting aqueous solution was washed with EtCAc (1 L x
3). The combined organic exiracts were dried over Na:S0s, filtrated and the filirate was
concentrated in vacuo give the title compound as a red solid (60 g, crude). 'H NMR (400 MHz,
DMSO-de) & ppm 810 (d, J= 1.88 Hz, 11), 7.90 {d, J = 2.13 Hz, 1H), 4.02 (s, 3H), 341 (s, 3H).
{00214}  7-Hvdroxy-I-methyl-S-nitro-indoline-2 3-dione

[60215] A solution of 7-methoxy- i -methyi-S-nitro-indoline-2 3-dione (33 g, 139.72 mmol, 1 eq}
tn HBr (500 mL, 48% purity ) was stirred at 120°C for 12 hr. The reaction mixture {combined with
another batch with same scale) was then poured into 1ce/water slowly while the temperature was
kept at 0°C. Then the resulting aqueous solution was washed with EtDAc (2 L x 3). The combined
organic were dried over NaxSQOa, filtrated and the filtrate was concentrated /2 vacuo. The residue
was purified by flash silica gel chromatography (Sihica Flash Column, eluent of 10~50% ethyl
acetate/petroleum ether gradient) to give the title compound as a red solid (20 g). "H NMR (400
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MHz, DMSO-ds} d ppm 1116 (brs, 1H), 7.90(d, /=220 Hz, 1H), 7.75(d, /=220 Hz, 1H), 3 41
{5, 3H).

{60216] 7-Renzyioxy-i-methyl-5-nitro-indoline-2,3~dione

100217] A solution of 7-hydroxy-1-methyl-S-nitro-indoline-2,3-dione {9 g, 40.51 mmol, 1 eq}in
DMF (90 mil) was added K2C03(0.72 g, 48 61 mumol, 1.2 eq) was stirred at 15°C for 30 min, then
BoBr (7.62 g, 44.56 mmol, 529 mL, 1.1 eq) was added dropwise and the mixture was stirred at
1S°C for 11.5 hr. To the mixture {(combined with another batch with same scale) were added water
(260 ml} and brine (200 ml), followed by extracted with ethyl acetate (300 mL x 3}. The
combined organic phase was washed with brine (1000 mL), dried with anhydrous NaxSQu, filtered
and the filtrate was concentrated in vacwo. The residue was purified by flash silica gel
chromatography {Silica Flash Column, eluent of 10~50% ethiy] acetate/petroleurn ether gradient)
to give the title compound as a red solid (12 g, 23.63 mmol, 29% yield, 61% purity). 'H NMR (400
MHz, DMSO-ds) § ppm 8.23 (d, J= 2.0 Hz, 1H), 7.91 (d, J = 2.0 Hz, 1H), 7.55 - 7.50 {m, 2H),
7.45 (1, /= 7.3 Hz, 2F), 7.40 - 7.36 (m, 1H), 5.40 (s, 2H), 3.39 (s, 3H).

{00218  8-Benzyloxy-3-hydroxy-i-methyl-6-nifro-quinclin-2-one

[60219] A solution of 7-benzyloxy-1-methyl-S-nitro-indoline-2 3-dione (4.2 g, 13.45 numol, 1
eq) in DCM (80 mL) was added TMSCHN, (2 M, 1345 mL, 2 eq) drop wise at 0°C, then the
reaction mixture was stired at 15°C for 1.5 hr. The reaction mixture (combined with another batch
with the same scale) was quenched with HOAc until no bubbles occurred. Then Ha (O (250 mL)
was added to the mixture. The resulting mixture was extracted with DCM (300 mL x 3). The
combined organic phase was washed with bane (500 mL), dried with anhydrous NaxSO4, filtered
and concentrated i vacue. The residue was triturated with DCM (20 mL) at 15°C for 30 min.
Then the suspension was filtered and the solid was washed with DCM (B mL x 2) to give the title
compound as a brown solid (2.2 g, 6.61 mmol, 25% vield, 98% purity). 'H NMR (400 MHz,
DMSO-ds) & ppm 16.03 (s, 1H), 8.19(d, J=2.26 Hz, 1H), 7.84 (d, J=2.27 Hz, 1H), 7.55 (brd, J
= 7.15 Hz, 2H), 7.35 - 7.47 (m, 3H), 7.29 (s, 1H), 5.33 (s, 2H), 3.88 (5, 3H).

100220} 2-/(8-Benzyloxy-i-methyl-G-nitro-2-oxo-3-quinolyl)oxy j-N-methvil-acetamide

[00221] 2-Bromo-N-methyi-acetamide (1.35 g, 8.90 mmel, 1.2 eq) and Cs2C05 (4.83 g, 1483
mmol, 2 eq) was added to a solution of 8-benzyloxy-3-hydroxy-1-methyl-6-nitro-quinolin-2-one
(242 g, 742 mmol, 1 eq) in DMF (70 mlL.). The reaction mixture was stirred at 15°C for 12 hr.
Then the reaction muxture was treated with HoO (100 mbL} and filtered. The filter cake was

70



WO 2024/035688 PCT/US2023/029714

collected and dried in vacuo to give the title compound as a pale brown solid (2.5 g, crude). 'H
NMR (400 MHz, DMSO-ds) 6 ppm 8.26 {(brs, 1H), 7.92 (brs, 2H), 7.55 (br d, J = 6.20 Hz, 2H),
7.41 - 749 (m, 3H), 739 {brd, J = 5.60 Hz, 1H), 5.29 - 5.3% (m, 2H), 4.50 - 4.65 (m, 2H), 3.86
(brs, 3H), 2.60-2.71 (m, 3H).

[60222] 2~," (8~Ivdroxy-1-methyl-6-nitro~2-oxo-3-quinolylioxy [-N-methyl-acetamide

{00223] To a solution of 2-[(8-benzyloxy-1-methyl-6-nitro-2-oxo-3-quinolyljoxy |-N-methyl-
acetamide (2.5 g, 6.29 mmol, 1 eq) in DCM (150 mL} was added BCls (1 M, 12,58 mi, 2 eq}
at -70°C. The reaction mixture was then stivred at 15°C for 12 hr. The reaction mixture (combined
with another batch with 50 mg scale) was quenched by a mixture of (CHCL:MeOH = 10:1, 750
ml} at -70°C. The reaction mixture was then warmed to 15°C and stirred for 20 min. The mixture
was concentrated i vacuo to give the title compound as a vellow solid (1.9 g, 5.44 mmol, 86%
yield, 889 purity). 'H NMR (400 MHz, DMSO-ds) & ppm 11.07 (s, 1H), 8.04 (d, J = 2.50 Hz,
IH), 790 (br d, /=438 Hz, 1H), 7.69 (d, /=263 Hz, 1H), 740 (s, 1H), 4.56 (s, 2H), 3.94 (s,
3H), 266 (d,./= 475 Hz, 3H).

1002241 ftert-Bunyl 38, 5R)-3-methyl-5-[2-f{ {-methyl-3-f 2-fmethylamino)-2-cxo-ethoxy |-6-
nitro-2-oxo-8-quinolyl foxy fethoxy Jpiperidine- I -carboxylate

802281 To a solution of 2-{{8-hydroxy-l-methyl-6-nitro-2-oxo-3-quinolyoxy |-N-methyl-
acetamude (250 mg, 813.65 umol, 1 eqy and der-butyl (35,5R)-3-methyi-5-[2-(p-
tolylsulfonyloxy jethoxylpipendine-1-carboxylate (336.47 mg, 813.65 umol, 1 eq) in DMF (3 mL)
was added KoCOs (281,14 myg, 2.03 mmol, 2.5 eq). The mixture was stirred at 60°C for 3 hr. The
mixture was cooled to 20°C and water (3 mL) was added which caused a precipitate to forr. The
mixture was filtered and the filter cake was washed with water {5 mL x 2} and then an organic
solution {petroleum ether : ethyl acetate = /1, 10 mL). The filter cake was dried in vacwo to give
the title compound as a yellow solid (350 mg, 548.69 wmol, 67% vield, 86% purity). '"H NMR
(400 MHz, DMSO-db) 0 ppm 822 (d, /=225Hz, 1H), 791 (brd, /=225 Hz, 1H), 780 (d, /=
238 Hz, 1H), 745 (s, 1H), 457 (5, 2H), 433 (brt, J =394 Hz, 2H), 4.03 ~ 4.19 {1, 1H), 392 -
395{(m, 3H}, 3.73-392{(m, 4H), 2.07 (d, /=450 Hz, 3H), 2.14 - 2.44 (m, 2H)}, 2.09(br d, J =
12.26 Hz, 1H), 1.43 - 1.56 (m, 1H), 1.38 (s, 9H), 0.89 - 0.98 (m, 1H), 0.87 (d, /= 6.63 Hz, 3H).
{00226] ‘feri-Buntyl (3R 58)-3-{2-f{6-amino-1-methyi-3-{ 2-{methylaminc)-2~oxo-ethoxy |- 2~oxo-
S~qguinolvl foxy fethoxy |-3-methyl-piperidine- I -car boxviate
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[30227) To a solution of fers-butyl (35,5K)-3-methyl-5-[2-[{T-methyl-3-{2Z-(methylaminoc)-2-
oxo-ethoxy-6-nitro-2-oxo-8-quinolyljoxyjethoxyIpipenidine- I -carboxylate (350 mg, 638.01
umol, 1 eq) in BMF (5 mL) was added Pd/C (0.1 g, 10% purity) under Ar. The suspension was
degassed under vacuum and purged with Ho several times, The mixture was stirred under Ha (15
psi} at 20°C for 12 hr. The mixture was filtered by Celite® and the filter cake was washed with
DMF (~15 mL) The filtrate was concentrated iz vacro to give the title compound as a yellow solid
(340 mg, crude). LCMS: [M+H] = 5194,

{B0228]  fert-Buty! (3R 35)-3-12-f16-{(2, S-dichloropyrimidin-4-yl)amino - 1 -methyl-3-{ 2-
(methylamino}-2-oxo-ethoxy [-2-oxe-8-quinolyl joxy fethoxy [-5-methyl-piperidine- i -carboxylate
[00229] To a solution of fer-butyl (3R 585)-3-[2-[[G-amino-l-methyl-3-[2-(methylamino)-2-
oxo-ethoxy -2-ox0-8-quinolyijoxy]ethoxy}-S-methyl-piperidine-1-carboxvlate {340 mg, 65561
umol, 1 eq) and 2,4,5-trichloropyrimidine (240.51 mg, 1.31 mmol, 2 eq) in DMF (3.5 mL) was
added DIPEA (16946 mg, |31 mmol, 228 39 ul., 2 eq). The nuxture was stirred at 20°C for 12
hr. The reaction mixture was purified by flash silica gel chromatography (Silica Flash Column,
Eluent of 10~100% EtOH/Ethy] acetate) to give ~300 mg of crude product. The crude product was
further triturated with (PE/EtOAc = 1/1, 3 mL) at 20°C for S min to give the title compound as a
vellow sofid (200 mg, 283.67 umol, 43% vield, 94% purity). "H NMR (400 MHz, DMSO-de) §
ppm 958 (s, TH), 839 (s, 1H), 794 (br d, /=450 Hz, 1H), 742 (5, 2H), 7.14 (5, 1H), 457 (s,
2H), 4.18 (brt, J = 4.06 Hz, 3H), 3.85 - 3.95 (m, 5H), 3.79 (dt, J = 7.63, 3.69 Hz, 1H), 2.66 (d, J
= 4.63 Hz, 3H), 2.14 - 2.46 {m, 2H), 2.07 (br d, /= 11.51 Hz, 1H), 1.43 - 157 (m, 1H), 138 m
134 (m, 10H), 093 (q,/=1184 Hz 1H), 080 (d, /=663 Hz, 3H).

[B0230)  2-f/6-/02 5-Dichiorapyrimidin-4-yljamino [- i -methyl-8-f 2- [{ 3R 585)-5-methyl-3-
piperidyijoxy fethoxy [-2-oxo~-3-quinolyl joxy |-N-methyl-acetamide

(00231} A solution of serrbutyl (3K,55)-3-[2-[[6-[(2,5-dichloropyrimidin-4-ylamino}-1-
methyl-3-[2-(methyvlamino)-2-oxo-ethoxy}-2-oxo-8-quinolyltjoxy lethoxy |-5-methyl-piperidine-~1-
carboxylate (200.00 mg, 30050 umol, | eq) in DCM (2 mL} and TFA (0.5 mL} was stirred at
20°C for 1 hr. The mixture was concentrated in vacuo to give the title compound as a yellow ail
220 mg, crude, TFA). LCMS: [M+H]" = 565.2.

(00232]  2-(((I°R PS)-2°chloro-i° 4 dimet ‘}22»42 ~oxo-4, 42»diig}/di*()~5, S-dioxa-3-cza-4(6,8)~

quinolina-2{2,4)-pvrimidina-1{1, 3)-piperidinacyclooctaphane-4> <y loxy)-N-methylacetamide (6)

72



WO 2024/035688 PCT/US2023/029714

{06233] To a solution of 2-[[6-[(2,5S-dichloropyrimidin-4-yljamino}-T-methyi-8-[ 2-[[(3R 55}-5-
methyl-3-piperidyljoxyjethoxyl-2-oxo-3-quinolyljoxy}-N-methyi-acetamide (220 mg, 323.78
umol, 1 eq, THA) in DMSO (9 mL} was added DIPEA (418.46 mg, 3.24 mmol, 563.96 uL, 10 eq).
The mixture was stirred at 836°C for 12 hr. The mixture was filtered and the filtrate was purified
directly without workup. The filtrate was purified by p-HPLC (column: Waters Xbridge™ BEH
C18 100 * 30 mm * 10 pm; mobile phase: [water (NH4aHCO:)-ACN]; B%: 40%-60%, 8 min) to
give the title compound as a vellow solid (21 mg, 37.48 umol, 12% yield, 94% purity). '"H NMR
{400 MHz, DMSO-ds) § pprm 8.99 (s, 1H), 8.02 - 8.11 (m, 2H), 7.94 (br d. J = 4.05 Hz, 1H), 7.08
{d, /=179 Hz, 1H), 7.06 (s, 1H), 4.65 - 477 {m, 1H}, 450 - 462 (m, 3H), 432 - 4. 41 {m, 1H),
4.13 - 4.26 (m, 111), 3.68 - 3.91 (m, 61L), 2.66 (d, J = 4.53 Hz, 3H), 2.52 - 2.59 (m, 21), 1.98 (br
d,.J=11.68 Hz, 1H), 1.55-1.70 (m, 1H), 1.09- 1.19 {m, 1H), 0.89 (br d, /= 6.56 Hz, 3H}. LOMS,
IM+H] = 5203,

100234} Example 4: Synthesis of 2-(({1°S.1°R)-2°-chloro-1° 4! -dimethyi-4%-ox0-4! 4%-dihydro-

5.8-dioxa-3-aza-4(6 R)-quinolina-2(2 4)-pyrimidina-1{1.3 }-piperidinacyclovctaphane-4° -y Doxv)-

N-methylacetamide (7}
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[B0235]  fert-Bany] (3R, 58)-3-methyl-5-§ 2-f [ I-methyl-3-{ 2-(methylaming)-2-oxo-eihoxy [-6-
nitro-2-oxo-8-quinolvl joxy jethoxy [piperidine- i -carboxyiate

[60236] To a solution of 2-[{8-hydroxy-l-methyl-6-nitro~-2-oxo-3-quinolyoxy |-N-methyl-
acetamide (200 mg, 065092 wpmol, 1 eq) and fert-butyl (3R 55)-3-methyi-5-{2-(p-
tolylsutfonyloxyjethoxy]piperidine-1-carboxylate (26917 mg, 650.92 umol, 1 eq) in DMF (3 mL)

was added K2CO3 (224.91 mg, 1.63 mmol, 2.5 eq). The mixture was stirred at 60°C for 3 hr. The

7
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mixture {combined with another batch with 50 mg scale) was cooled to 20°C and ~3 mi of water
was added. A precipitate was occurred. The mixture was filtered and the filter cake was washed
with water {S mL x 2) and organic solution (petroteum ether  ethyl acetate = 1/1, 10 mL}, then the
H NMR (400 MHz, DMSO-ds) & ppm 8.23 (d, J = 2.50 Hz, 1H), 7.92 (br d, ./ = 4.25 Hz, 1H),
7.81(d,.J=2.50 Hz, 1H), 7.46 (s, 1H), 4.57 (s, 2H), 4.33 (t, /= 4.13 Hz, 2H), 4.01 - 4.21 (m, 1H),
3.94 (s, 3H), 371 - 3.93 (m, 4H), 2.66 (d, J = 4.50 Hz, 3H), 2.15 - 2.40 (m, 2F), 2.03 - 2.13 (m,
TH), 1.45 - 1.57 {m, 1H), 1.38 (5, 9H), 0.89 - 0.98 (m, 1H), 0.87 (d, /= 6.63 Hz, 3H).

mixture was dried /7 vacuo to give the title compound as a vellow solid (350 mg, 93.4% purity)

{80237} fert-Buwvl (38, 5R)-3-12-]6-amino-1-methyl-3-{ 2-(methylaming)-2-oxo-ethoxy [-2-0x0-
S-quinolyl foxy fethoxy -5-meihyl-piperidine- i -carboxylate

[00238] A solution of ferf-butyl (3R 58)-3-methyl-5-[2-[] -methyl-3-[2-(methylamino)-2-oxo-
ethoxy }-6-nitro-2-oxo-&-quinolylioxylethoxy piperidine-1-carboxylate (350 mg, 638.01 umel, 1
eq) in PDMF (5 mL) was added Pd/C (0.1 g, 10% purity) under Ar. The suspension was degassed
under vacuum and purged with Hs several times. The mixture was stirred under Hs (15 pst) at 20°C
for 12 br. The mixture was filtered by Celite® and the filter cake was washed with DMF (~13
mL}, then the filtrate was concentrated /7 vacuo to give the title compound as a yellow solid (340
mg, crude) LOMS: [M+H] = 5194,

{00239 tert-Bunyl (38, 5R)~3-{2-{]6-{(2, 5-dichloropyrimidin-4-yl)amino |- [ -methyl-3-{ 2~
(methyiaminoi-2-oxa-ethoxy [-2-oxo-8-quinoly foxy jethoxy [-5-methy{-piperidine- i -carboxylate
{80248] To a solution of fertr-buiyl (355K)-3-[2-[[6-amino-T-methyl-3-{2-(methylamino)-2-
oxo-ethoxy j-2-oxo-8-quinolyl joxyJethoxy}-5-methyl-piperidine- I -carboxylate (340 mg, 055.61
umaoi, 1 eq) and 2,4,5-trichloropyrimidine (240.51 mg, 1.31 mmol, 2 eq) in DMF {3 5 mL) was
added DIPEA (16940 mg, 1.31 mmoi, 22839 ul., 2 eq}. The mixture was stirred at 26°C for 12
hr. The mixiure was concentrated in vacuo. The residue was purified by flash silica gel
chromatography (Silica Flash Column, Eluent of 10~100% EtOH/Ethyl acetate) to give ~300 mg
of crude product. The crude product was further triturated with (PE/ELOAc = /1, 3 ml) at 20°C
for 5 min to give the title compound as a yellow solid (220 mg, 324.93 umal, 50% vield, 98%
purity). "H NMR (400 MHz, DMSO-ds) § ppm 9.60 (s, 1H), 8.40 (s, 1H), 7.93 (br d, J = 4.40 Hz,
UH), 742 (brs, 2H), 7.14 (s, 1H), 4.57 (s, 2H), 4.05 - 4.22 (m, 3H), 3.85 - 397 (m, 5H), 3.72 -
3.84 (m, 1H), 2.66 (d, J=4.52 Hz, 3H), 2.55 - 2.59 (m, 2H), 2.16 - 2.42 (m, 1H), 1.42 - 1.58 (m,

2H), 1.38 (s, OH), 0.88 - 0.98 (m, 1H), 0.82 - 0.88 (m, 3H).
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{00241 2-//6-](2 5-Dichioropyrimidin-4-y{iaming [- [ -methyl-8-f 2-[ [{35,5R)-5-methyi-3-
piperidvl foxyfethoxy [-2-oxo-3~guinolyl joxy {-N-methyl-aceiamide

{60242] A solution of fert-butyl (38,5Ry-3-[2-[16-[(2,5-dichloropyrimidin-4-yilamino}-1-
methyl-3-[2-(methylamino}-2-oxo-ethoxy]-2-oxo-8-quinolyljoxy lethoxy|-5-methyl-piperidine-1-
carboxylate (180 myg, 27045 umol, 1 eq) in DCM {2 mL) and TFA (0.5 mL) was stirred at 20°C
for T hr. The mixture was concentrated in vacuo to give the title compound as a yellow ol (200
mg, crude, TFA salt). LCMS: [M+H] = 5656

(00243  2-0((1°S P R)-27-chloro-1°, 4 -dimethyl-4°-0x0-47 4°-dilydro-3, 8-dioxa-3-aza-4(6,8) -
guinalina-2(2,4)-pyrimidina-1(1,3)-piperidinacyclooctaphane-4>~ylyoxy)-N-methylace tamide (7)
{60244] To a solution of 2-{[6-[(2,5-dichicropyrimidin-4-yijamino}-1-methyl-8-{ 2-[[(3§,513-5-
methyl-3-piperidyljoxyjethoxyl-2-oxo-3-quinolyljoxy }-N-methyl-acetammide {200 mg, 29435
pumol, 1 eq, TFA} in DMSO (8 mL) was added DIPEA (380.42 mg, 2.94 mmol, 512.70 ul., 10 eq).
The mixture was stirred at 83C°C for 12 hr. The mixture was filiered and the filtrate was purified
directly without further workup. The filtrate (combine with another batch at 25 mg) was purified
by p-HPLC{(column: Waters Xbridge™ BEH CIi8 100 * 30 mm * 10 pm; mobile phase: [water
(NH4HCO3)-ACN] B%: 35%-65%, 8 min) to give the title compound as a vellow solid (25 mg,
95% purity). “H NMR (400 Mz, BMSO-ds) 6 ppm 8.66 - 9.21 (m, 1H), 8.06 (s, 1H), 7.99 (br d,
J=1.03 Hz, 1H), 788 (s, 1H}, 7.05 (s, 1H), 691 {(brs, 1H), 4.63 (brd, /= 10.01 Hz, 2H), 454 (s,
2H), 436{brd, /=938 Hz, 1H), 411 - 424 (m, 1H), 3.84 -392 (m, 1H), 3.67 - 3 84 {m, 3H),
266 (brd, =413 Hz, 3H), 232~ 247 (m, 2H), 1.96 (br d, /= 10.38 Hz, 1H), 1.54 - 1.67 (m,
1H), 110 (q, /= 11.51 Hz, 1H), 087 (br d, /=638 Hz, 3H) LCMS: [M+H]"= 5293

100245] Example 5 Synthesis of (U8 1°Ry-2°-chioro-1* 1-difluoro-4*-(3-hydroxy-3-

methylbutvi)-1° 4 -dimethyi-4° 4’ -dihvdro-41H-5-0xa-3-aza-4(6 4)-benzol dlimidazola-2(2 .4)-

pyrimidina-1{1.3)-piperidinacyclooctaphan-4’-one (10}
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[00246]  rert-Buryl {38, 5R}-3-(3-{(6~(henzviamino)-3-methyl-2-oxo-2 3-dihydro-1H-

benzofdlimidarol-4-yiioxy)propyi)-4, 4-diflucro-5-methyipiperidine- I -carboxylate

86247] To a solution of  S-(benzylamino}-7-hydroxy-1-methvl-1,3-dihvdro-2H-
benzoldjimidazol-2-one (660 mg, 2.45 mmol, 1 eq) in DMSO (7 ml) were added fert-buiyl
{3R,58}-4,4-difluoro-3-methyl-5-(3-(tosyloxy}propyl)piperidine-1-carboxylate (1.1 g, 2.45 mmol,
1 eq)and Cs2C03 (1.60 g, 4 90 mmol, 2 eq). The reaction mixture was stirred at 25°C for 2 hr. The
reaction mixture (combined with another batch with 500 mg scale) was treated with water (20 mL},
then extracted with EtOAc (25 mL x 3). The combined organic phase was washed with brine (50
mL}, dried with anhydrous Na»SOx, filtered and concentrated in vacuo 1o give a residue which was
purified by prep-HPLC (column: Welch Xtimate® C18 180*70mm*10um;mobile phase:
fwater(NH4HCO3)-ACN], B%: 50%-80%,13min) to give the title compound as a white solid (1 g,
1.82 mmol, 66% yield, 99% purity). 'H NMR (400 MHz, DMSO-ds) § = 1035 (brs, 1H), 737 -
727 (o, 4H), 723 - 718 (m, 1H), 6.03 (d, /= 1.6 Hz, 1H), 593 {t,./= 6.0 He, 1H), 582 (d, ./ =
Lo Hz, 1H), 422{d, /=060 Hz, ZH), 415 -3.99 (m, 1H), 3.95(t, /= 5.4 Hz, 3H), 3.33 (s, 3H),
2.68 - 2.52 {m, ZH), 2.06 - 1.69 (m, 5H), 140 (s, 9H), 1.35 - 1.26 {m, 1H), 0.94 (d, /= 6.4 Hz,
3H).

[00248)  fert-Buwyl  (38,3R)-3-(3-({6-amino-3-methvi-2-oxo-2, 3-dilivdro- 1 H-benzofd fimidazol-
4-yijoxy) propyvii-4, 4-difliore-S-methylpiperidine-  -carboxviate

[60249] To a solution of terebutyl (35, SR-3-3-{(6-(benzylamino)-3-methyl-2-ox0-2,3-
dihydro-1H-benzo[d]imidazol-4-yhoxy jpropyl)-4,4-difluoro-S-methylpiperidine- 1 -carboxylate
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{1 g, 1.84 mmol, T eq) in THF (10 mL} was added Pd/C (300 mg, 10% purity) under Ar. The
suspension was degassed under vacuum and purged with Hz several times. The reaction mixture
was stirred under Ha {15 psi} at 25°C for 12 hr. The reaction mixture was filtered and the filtrate
was concentrated in vacuo to give the title compound as a brown solid (800 mg, 1.60 mmol, 87%
yield, 91% purity). 'H NMR (400 MHz, DMSO-ds) & = 9.13 (s, 1H), 7.99 (s, 1), 7.98 - 7.92 (d,
J=44Hz, 2H), 7.80 - 7.74 {d, J = 2.4 Hz, 2H), 7.64 - 7.58 {m, 1H), 7.57 - 7.51 (m, 1H), 7.22 {m,
1H), 4.66 (d, J = 7.0 Hz, 21), 462 - 4.56 (m, 2H), 4.55 - 4.49 (m, 41), 4.17 - 4.08 {m, 2H), 3.43
(m, 1H), 2.86 - 2.72 (m, 2H), 2.67 (d, J= 4.8 Hz, 3H), 2.15 - 1.97 {m, 2H), 0.84 (d, /= 6.4 Hz,
6H).

{00280)  fert-Buryl (38, 3R)-3-(3-((6-((2,5-dichloropyrimidin-4-yl)amiroj-3-methyl-2-oxo-2,3-
dihvdro-{ H-benzofd]imidazol-4-yioxyjpropyli-4, 4-diflioro-S-methylpiperidine- L -carhoxylaie
[60251] To a solution of fert-butyl (38,5R)-3-(3-((6-amino-3-methyi-2-0x0-2,3~dihydro- 1 H-
benzo[dlimidazol-4-yloxy jpropyl }-4,4-diftuoro-5-methylpiperidine- 1-carboxylate (500 mg, 1.10
mmol, 1 eq) in DMF (5 rall) were added 2,4,S-trichloropyrimidine (403.56 mg, 2.20 mmol, 2 eq)
and DIPEA (355,45 mg, 2.75 mmwol, 479.04 pL, 2.5 eq). The reaction mixture was stirred at 25°C
for 2 hr. The reaction mixture was treated with water (8 mL}, then the suspension was filtered. The
precipate was fitiered, and the solid was puritied by column chromatography (5102, petroleum
ether/ethyl acetate=1/1 to 0/1) to give the title compound as a yellow solid (530 mg, 793.05 pmol,
72% yield, 90% purity). 'H NMR (400 MHz, DMSO-ds} § = 10.90 (s, 1H), 9.39 (s, 1H), 834 (s,
1H), 6.97 (s, 2H), 4.06 {t, /=48 Hz, 2H), 3.97 - 3 88 (m, 1H), 3.45 (s, 3H), 2.70 - 2.54 (m, 2H),
2.02-1.81 (m, 5H), 139 (s, 10H), 0.94 (d, J = 6.8 Hz, 3H).

100232}  5-¢(2, 3-Dichloropyrimidin-4-yiiamino)-7-(3-((38,3R)-4, 4-diflucro-5-methylpiperidin-
3-vipropoxyi-1-methyi-1, 3-dibydro-2 H-benzofd [imidazol-2-one

{60253] A solution of rerr-butyl (38,5R)-3-(3-((6-{{Z,5-dichloropyrimidin-4-yDyamino)-3-
methyl-2-ox0-2,3-dihydro- I H-benzo[dlimidazol-4-yHoxy ypropyl -4, 4-difluoro-5-
methylpiperidine-1-carboxyiate (500 mg, 831.29 umol, 1 eq) in DCM (1.5 mL}yand TFA (0.5 mL}
was stirred at 25°C for 0.5 hr. The reaction mixture was concentrated in vacvo to give the title
compound has a yellow oif (500 mg, crude, TFA). LUMS: [M+H| = 501 1.

(00254) (175, P R)-2-chioro-1, P-difluoro-I°, £ -dimethyl-4° £ -dilvdro-4' H-5-oxa-3-aza-

(6, 4)-benza{d]imidazola-2(2, 4)-pyrimidina-1( 1, 3)-piperidinacycloactaphni-4°-one (26)
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{00255] To a solution of 5-((2,5-dichioropyrimidin-4-yDamino}-7-(3-((35,5K)-4 4-difluoro-5-
methylpiperidin-3-yljpropoxy - 1-methyl-1,3~dihydro-2H-benzo[djimidazol-2-one {500  mg,
31251 umol, 1 eg, TFA) in DMSO (30 mL} was added DIPEA (1.05 g, 813 mmol, 1.42 mL, 10
eq). The reaction mixture was stirred at 80°C for 12 hr. The reaction mixture was treated with
water (30 wl), then the suspension was filtered to give a residue. The residue was punified by
column chromatography {5102, petroleum ether/ethyl acetate=1/1 to 0/1) to give the title
compound as a yellow solid (250 mg, 516.25 umol, 64% vield, 96% purity) as a yellow solid. 'H
NMR (400 MHz, DMSO-ds) 5 = 10.80 (s, 1H), 8.75 (s, 1H), 8.06 (s, 1H), 7.49 (s, 1H), 6.63 (s,
1H), 470(d, J=126Hz, 1H), 458(d, /=128 Hz, 1H), 441 (t, J=11.6 Hz, 1H)}, 342 (5, 3H),
2.76 - 2.68 (m, 2H), 2.40 - 2.24 (m, 1H), 2.17 (t, ./ = 6.8 Hz, 1H), 2.04 - 1.81 (m, 3H, 1.70 - 1.57
{ro, 2H), 0.97 (br d, J = 6.0 Hz, 3H). LCMS: [M+H]" = 465.2. 30 mg of the yellow solid was
further purified by prep-HPLC {(columu: Waters Xbridge BEH C18 100*30mm* 10um; mobile
phase: [water{ NH4HCO3 )-ACNT;B%: 40%-70%,8 min) to give the title compound as a white solid
{10 mg, 21.30 umol, 33% vield, 99% purity). "H NMR (400 MHz, DMSO-ds) § = 10.80 (s, 1H),
8.76 (s, 1H), $.06 (s, 1H), 7.49 (s, 1H), 6.63 (d, J = 1.0 Hz, 1H), 4.70 (d, J = 13.0 Hz, 1H), 4.59
(d,J=12.5 Hz, 1H), 4.46 - 4.36 (m, 1H), 4.14 - 4.00 {m, 1H), 3.42 (s, 3H), 2.73 (brt, J= 12.7 Hz,
1H}, 2.59-2.53 (m, 1H), 2.39-2.25(m, 1H), 2.05 - 1.57 (m, 4H), 135 (dt, /=52, 12.6 Hz, 1H),
0.97 (d, /= 6.7 Hz, 3H). LCMS: [M+H]" = 465.3.
[00236]  (7°8, 1P R)-2-chioro-1%, Pediffuoro-4'-(3-hydroxy-3-methylbuty(}- I £ <dimethyl-4, 4°-
dilvdyo-4'H-5-oxa-3-aza-416,4)-benzofd jimidazola-2(2, 4)-pyrimidina-1({, 3}~
piperidinacyciooctaphan-4*-one (10)
186257] To a mixture of {135,15R)-25-chloro-14,14-difluore-15,43-dimethyl-42 43-dihydro-
41H-5-oxa-3-az3-4(6,4)-benzo[djimidazola-2(2.4)-pyrumidina- 1(1,3 }-piperidinacyclooctaphan-~
42-one (150 mg, 322.65 pmol, 1 eq) and (3-hydroxy-3-methyl-butyl) 4-methyibenzenesulfonate
{166.70 mg, 64531 pmel, 2 eq) in DMSO (2 mL) were added KI{26.78 mg, 161.33 pmol, 0.5 eq)
and Ca2C0s3 (216.25 mg, 64531 umol, 2 eq). The reaction mixture was stirred at 80°C for 12 hr.
The rection mixture was treated with water and the suspension was {iltered. The solid was purified
by prep-HPLC (column: Waters Xbridge BEH €18 100*30mm™ICum:mobile phase:
[water(NHaHCO3}-ACN]; B%: 60%-90%,8min} to give the title compound as a white solid (30
mg, 53.90 pmol, 17% vield, 99% purity). H NMR (400 MHz, DMSO-ds) & = 8.84 (s, 1H), 8.07
(s, 1H), 7.54 (s, 1H), 6.76 (s, 1H), 4.70 (br d, J= 12.0 Hz, 1H), 459 (d, /= 12.0 Hz, 1H), 449 -
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437 {m, 2H), 4.14 - 4.04 {m, 1H), 3.82(dd, J= 6.0, 9.6 Hz, 2H), 3.46 (s, 3H), 2.79 - 2.67 (m, 1H),
2.59 - 2.52 (m, 1H), 2.42 - 2.23 (m, 1H), 2.01 - 1.57 (m, 6H), 1.41 - 1.29 (m, 1H), 1.18 (s, 6H),
0.97 (d, J= 6.8 Hz, 3H). LCMS: [M+H] = 551 4.

[00258] Example 6. Symthesis  of (PR 1°5)-2°-chioro-1* 1*-difluoro-4*-(3-hydroxy-3-

methyibutyl}-1° 4°-dimethyi-4* 4°-dibhydro-4'H-5-oxa-3-aza-4(6 4 }-benzo{dlimidazola-2(2.4}-

pyrimidina-1¢ 1.3)-piperidinacyeloociaphan-42-one (11)
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{80259%] rseri-Butyl (3R, 38)-3~(3-((6-(benzyleming)-3-methyl-2-oxo-2, 3-dihydro-1H-

benzofdlimidazol-4-vijoxy propyl)-4, 4-difluoro-5-methylpiperidine- | -car boxylate

100268] To a  solutton  of  S-{benzylamino)-7-methoxy-1-methyl-1,3-dihydro-2H-
benzo[dlimidazol-Z-one (500 mg, 1.8¢ mmeol, 1 eg) in DMSO (& mL) were added fert-butyl
(38,5 Ky-4,4-diftuoro-3-methyl-3-(3-(tosyloxy ypropylpiperidive- L-carboxylate (830.93 mg, 1.86
mmol, 1 eq) and CoCGs (1.21 g, 3.71 mmol, 2 eq). The reaction mixture was stirred at 25°C for

2 hr. The reaction mixture (combined with another batch with the same scale) was treated with
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water {20 mL), then extracted with EtOAc {25 mL x 3) The combined organic phase was washed
with brine (50 mL), dried with anhydrous Na:S0u, filtered and concentrated in vacuo to give a
residue  which was purified by prep-HPLC  {(column:  Welch Xtimate® (18
180*70mm#10pm;mobile phase: [water(NHiHCO;)-ACN]B%: 50%-80%,15min) to give the
title compound as a white solid (850 mg, 1.51 mmol, 59% yield, 97% purity). TH NMR (400 MHz,
DMSO-ds) & = 1035 (s, 1H), 738 - 726 (m, 4H), 724 - 7.17 (m, 1H), 6.03 (d,./= 1.6 Hz, 1H),
5934, J=60Hz 1H) S82(d, J=106Hz {H), 421(d, /=060 Hz, 2H), 416 - 3.85 (m, 4H),
3.33 (s, 3H), 2.69 - 2.53 (m, 2H), 2.04 - 1.69 (m, SH}, 1.35-1.22 (m, 1H), 094 {d, /= 6.8 Hz,
3H).

100261]  fert-Buryl (3R 585)-3-(3-((6-amino-3-methvi-2-oxo-2, 3-dilivdro-1 H-benzofd fimidazol-

2

4-vl)oxy) propyli-4, 4-difluora-S-methyipiperidine- L-carboxyiate

[60262] To a solution of ters-butyl (GKA55-3-(3-({6-(benzylamino)-3-methyl-2-0x0-2,3-
dihydro-1H-benzo[d]imidazol-4-yhoxy propyl)-4,4-difluoro-S-methylpiperidine- 1-carboxylate
(850.00 mg, 1.56 mmel, 1 eq} in THF {10 mL) was added Pd/C (300 mg, 10% purity} under Ax.
The suspension was degassed under vacuum and purged with Ho several times. The mixture was
stirred under Hz (15 pst) at 25°C for 12 hr. The reaction mixture was filtered, and the filtrate was
concentrated in vacno to give the title compound as a brown solid (680 mg, crude). "H NMR (400
MHz, DMSO-ds) 6= 1037 (s, 1H), 5.96 (d, /= 1.6 Hz, 1H), 5.90(d, /= 1.6 Hz, 1H), 4.74 (s, 2H),
4.18 - 3.84 (m, 4H), 3.35 (s, 3H), 2.58 (5, 2H), 2.06 - 1.72 {m, 6H), 1.40 (s, 9H), 0.93 (d, J= 6.6
Hz, 3H).

[80263] ‘feri-Butyl (3R 38}-3-(3-((6-(12,5-dichloropyrimidin-4-yl)amino j-3-methyi-2-ox0-2, 3-
dihydro-1 H-benzofdfimidazol-4-yijoxyipropylj-4 4-diflucro-5-methylpiperidine- { -carboxylate
[006264] To a solution of ferf-butyl (3R 58)-3-(3-((6-amino-3-methyi-2-ox0-2,3-dihydro-1H-
benzo[dlimidazol-4-yljoxy)propyl 3-4,4-diftuorc-S-methylpiperidine-1-carboxylate (500 mg, 1.10
mmol, | eq) in DMF (8 mL) were added 2.4,5-trichloropyrimidine (403.56 mg, 2.20 mmol, 2 eq)
and DIPEA (35544 mg, 2.75 mmol, 479.03 pL, 2.5 eq}. The reaction mixture was stirred at 25°C
for 2 lir. The reaction mixture was treated with water (8 mL). The suspension was filtered and the
precipate was purtfied by column chromatography {5102, petroleum ether/ethyl acetate=1/1 10 0/1)
to give the title compound as a yellow solid (500 mg, 656.72 pmol, 60% yield). 'H NMR {400
Mz, DMSO-ds) & = 10.90 (s, 1H), 9.39 (s, 1H), 8.34 (s, 1H), 6.97 (s, 2H), 4.17 - 401 (m, 3H),

&0
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399385 (m, TH), 3.45 (s 3H), 2.66-2.52 (m, 2H), 2.03 - 1.80 (m, 5H), 1.39 (s, 10H), 0.94 {d,
J=0628 Hz, 3H).

{80265] 3-((2,3-Dichloropyrimidin-4-yliaminoe)-7-(3-((3R, 35 )-4 4-diflucro-5-methylpiperidin-
3-vilpropoxy)-{-methyi-{ 3-dilivdro-2 H-benzofdimidazol-2-one

[00266] A solution of zerf-butyl (GR,55)-3-(3-({6-((2.5~dichloropyrimidin-4-yDamino)-3-
methyi-Z-ox0-2,3-dihvdro-1H-benzo{dimidazol-4-yDoxy propyt 3-4, 4-difluoro-5-
methylpiperidine-1-carboxylate (500.00 mg, 831.29 umol, 1 eq) in DCM (5 sul) and TFA (1 mL)
was stirred at 25°C for 0.5 hr. The reaction mixture was concentrated i vacuo to give the title
compound as a yelow ail (500 mg, crude, TFA salt). LCMS: [M+H] = 501 2.

[G0267) (1R 178)-2°-chioro-1?, PP-difluoro-1°, 4 -dimethyl-4, £ -dihydro-4' H-5-0xa-3-aza-
4(6,4)-benzofdlimidazola-2(2 4)-pyrimiding-1(1, 3)-piperidinacycloactaphan-4-one (27

[80268] To a solution of S~{{2,S-dichioropyrimidin-d-yDamino)-7-(3-{{(3K 58)-4,4-ditfluoro-5-
methylpiperidin-3-yl)propoxy}- 1-methyl-1,3-dihydro-2H-benzo[djinuidazol-2-one (500 mg,
812,51 umol. 1 eq, TFAYin DMSO (20 ml) was added DIPEA (1.05 g, 8.13 minol, 142 rul, 10
eq). The reaction mixture was stirred at 80°C for 12 hr. The reaction mixture was then treated with
water {30 mL). The suspension was filtered to give a residue which was purified by column
chromatography (510, petroleun ether/ethyl acetate=1/1 to /1) to give the title compound as a
yellow solid (250 mg, 510.87 umol, 63% vield, 95% purity). 'H NMR (400 MHz, DMSO-ds) & =
F0.80 (s, 1H), 8.75 (s, 1H}, 805 (s, 1H), 7.56 ~ 741 (m, 1H), 6.63 (s, 1H), 4.81 - 4.51 {m, 2H),
448 - 433 (m, 1H), 417 -399 {m, 1H), 341 (s, 3H), 2.79 - 2.64 (m, 2H), 241 - 2.14 {m, 2H),
2.05-1.86{(m, 2H}y, 1.70 - 1.54 (m, 2H), 0.96 (d, /= 6.0 Hz, 3H) LCMS: [M+H] = 465.2. 30 mg
of the residue was further purified by prep-HPLC (column: Waters Xbridge BEH (18
100*30mm ™ 10pmmobile phase: [water(NHaHCO3)-ACN] BR%: 40%-70%, Brotn) to give the title
compound as a white solid (10 mg, 99% purity). 'H NMR (400 MHz, DMSO-ds) § = 10.81 (s,
1H), 877 (s, 1H), 806 (s, 1H), 749 (d, /=12 Hz IH), 663 (d, J=13Hz 1H), 470 ((brd J=
12.8 Hz, 1H), 458 (br d, .J= 11.4 Hz, 1H), 448 - 435 (m, 1H), 407 {dt, /=70, 11.4 Hz, 1H]},
341(s,3H), 273 (brt, f=12.6 He, 1H), 2.59-2.54 (yu, 1H), 2.35 -2.25 (m, 1H), 2.03 - 1.90 (m,
1H), 1.87- 177 (m, TH), 1.74 - 1.58 (m, 2H), 1.35{(dt, /=52, 128 Hz, 1H), 097 (d, /= 6.7 Hz,
3H). LCMS: [M+H] = 4653,
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(00269] (1R 178)-2°-Chioro-1°, 1'-difluoro-4'-(3-hydroxy-3-methylbuiyl)- PP 4 -dimethyl-4° £~
dihvdyro-4' H-5-oxa-3-aza-416,4)-benzofd jimidazola-2(2,4)-pyrimidina-1 (1, 3)-
piperidinacycloociaphan-4°-one (11)
[00276] To a mixture of { I’R 1°5)-2°-chloro-1*, 1*-difluoro-1° 4*-dimethyl-4% 4*-dihydro-4 H-5-
oxa-3-aza-4(6,4)-benzo|djimidazola-2(2,4)-pyrimidina-1(1,3 }-piperidinacyclooctaphan-4-one
{150 mg, 322.65 umol, 1 eq} and 3-hydroxy-3-methylbuty! 4-methylbenzenesulfonate (166.70 mg,
64531 pmol, 2 eq) in DMSO (5 mi) was added KI1(26.78 mg, 161.33 pmol, 0.5 eqg) and CCOs
(210.25 mg, 64531 umol, 2 eq). The reaction mixture was stirred at 830°C for 12 hr under Nz. The
rection mixture was treated with water and the suspension was fitlered. The solid was punfied by
prep-HPLC {column: Waters Xbridge™ Prep OBD Ci8 150*40mm*10um;mobile phase:
fwater(WNHeHCO?)}-ACN] B%: 45%-75%,8min) to give the title compound as a white solid (65
g, 11560 pmol, 36% vield, 98% purity). 'H NMR (400 MHz, DMSO-ds) & = 8 84 (s, 1H), 8.07
(s, 1H), 7.53 (s, 1H}, 676 (s, IH), 4.69(d, /=124 Hz, 1H), 458 (d, /= 12.6 Hz, 1H), 447 -437
{m, 2H), 4.13-4.03 (m, 1H), 3.82(dd, /=64, 92 Hz, 2H), 346 (5, 3H), 2.72 (1, /= 12 4 Hz, 1H),
257251 (m, 1H), 242 - 223 (m, 1H), 2.03 - 1.89 {m, 1H), 1.86 - 1.76 (m, 1H), 1.75 - 1.56 {m,
4H), 138 -1.29 {m, 1H), 118 (5, 6H}), 0.96 (d, /= 6.4 Hz, 3H). LCMS: [M+H]" = 551.4.

[00271] Example 7: Synthesis of (1°5.1°R)-2°-chloro-1* 1*-difluoro-1° 41 4> trimethvl-4°.4°-

dihvdro-4'H-5-0oxa-3-aza-4(6 4)-benzofdlimidarola-2(2 43-pyrimidina-1{1.3 )

piperidinacyclooctaphan-4%-one {29)

FF
N o - /
A J\/,\{ C5,C0;, DMISO, /J\ N
§ I\P:O 15°¢,2h i. =)
K/ N’ P2 '\ ’\N N
H \g H \
28

[00272] A mixture of (15 1°R)-25-chloro-1% 1*-difluoro-17 4 -dimethyl-42 4*-dihydro-4H-5-

oxa-3-aza-4{6,4)-benzoldjimidazola-2{2,4)-pyrimidina- 11,3 }-piperidinacyclooctaphan-42-one

(70 mg, 150.57 umol, T eq), Mel (23.51 mg, 165.63 wmol, 1031 pl, 1.1 eq), and Cs2CO03 (73.59

mg, 22536 pmol, 1.5 eq) 1o DMSO (1 ml) was stirred at 15°C for 2 hr. The mixture was filtered

and the filtrate was purified by prep-HPLC (column: Waters Xbridge™ Prep OBD C18
82
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150%40mm™*10pm; mobtle phase: [water(NHsHCO:)-ACN]; B%::45%-75%, 8min) to give the title
compound as a white solid (30 mg, 62.01 umol, 41% vield, 99% purity). '"H NMR {400 MHz,
DMSO-ds) 6 = B.82 (s, TH), 8.07 (s, 1H), 7.55 (s, 1H), 6.75 (s, 1H), 4.68 (br d, J = 12.5 Hz, 1H),
458 (brd, J =13.4 Hz, 1H), 4.42 {brt, J = 11.8 Hz, 1H), 4.15 - 4.04 (m, 1H), 3.46 (s, 3H), 3.26
(s, 3H), 2.72 (brt, T = 12.6 Hz, 1H), 2.57 - 2.52 (m, 1H), 2.40 - 2.24 (m, 1H), 2.02 - 1. 77 (m, 2H),
1.76 - 1.57 (m, 2H}), 1.38 - 1.26 {m, 1H}, 0.96 (d, J =6.7 Hz, 3H), 1.00 - .91 (m, 1H), 0.60 - 0.35
(ra, 1H). LCMS: [M+H]" = 479.2.

[00273] Example 8 Synthesis of (1°R1°8)-2°-chloro-1* 1% -difluoro-1".41 4’ trimethyi-47.4°-

dihvdro-4'H-5-oxa-3-a7za-4{6 4)-benzofdimidazola-2{2 43-pyrimidina-1{1.3)-

piperidinacyclooctaphan-4°-one (30}

[N’ \LO Mel - [N/ \LO ,-
A - C5,00,, DMSO, A AN
NP™N ) NFSN Sy
| =0 15°C, 2h o =0
NN N : S AN
5-§ H
|

H ! H \

o 4]
28

i00274] Toasclution of (1’R 1°5)-2%-chloro-1*, 1 *-difluoro-1° 4°-dimethyl-4* 4’-dihydro-4 'H-5-
oxa-3-aza-4(6,4)-benzo{djimidazola-2(2,4)-pyrimidina-1(1,3 )-piperidinacyclooctaphan-4-one
{30 mg, 64.53 umol, 1 eq) in DMSO (0.5 mL) were added CxCOz (31.54 mg, 96.80 umol, 1.5 eq)
and iodomethane {(10.08 mg, 70.98 umol, 442 pl., 1.1 eq). The reaction mixture was stirred at
15°C for 2 hr. The reaction mixture (combined with 10 mg scale and 30 mg scale} was filtered and
the filtrate was concentrated 77 vacuo to give a residue which was purified by p-HPLC (column:
Waters Xbridge™ Prep OBD CI8 150*40mm*10um;mobile phase: [water{NH4HCO3)}-
ACNLBY: 50%-80%,8min) to give the utle compound as a white solid {20 mg, 41.59 umol, 99%
yield, 99% purity). 'H NMR (400 Mz, DMSO-ds) § = 8.82 (s, 1), 8.07 (s, 1H), 7.55 (d, J = 1]
Hz, 1H), 6.75 (d, /= 1.3 Hz, 1H), 4.69 (br &, /= 13.4 Hz, 1H), 4.59 (br d, /= 13.1 Hz, 1H), 4.43
(bre, J=11.8 Hz, 1H), 4.09 (dt. /= 7.5 11.3 Hz, 1H), 3.47 (s, 3H), 326 (s, 3H). 2.73 (brt, J =
12.6 Hz, 1H), 2.60 - 2.52 (m, 1H), 2.41 - 2.25 (m, 1H), 2.01 - 1.58 (m, 4H), 1.40 - 1.29 (m, 1H),
0.97 (d, J= 6.8 Hz, 3I0), LCMS: [M+H] =479 3.

(9.0}
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WO 2024/035688

{006275] Example 9

Svnthesis

PCT/US2023/029714

of  {(1PS1°R)-2°-

chioro-1* 1*difluoro-4'-(3-hvdroxy-3-

methyibutvli-1°. 4 -dimethvi-42

4 -dihvdro-4'H-S-oxa-3

B-diaza-4{6. 4 -benzoldimidarola-

202 $y-pyrimidina~1{1.3piperidinacycloociaphan-4--one {14)
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3 1 /by
100276} FErinyd 2-{(6-{benzylamino)-3-methyl-2-0xo-2,3-dikydro-i H-benzofd jimidazol-4-
yvijoxylacetate
{00277 A flask with a mixture of 6-(benzylamino)-4-hydroxy-3-methyl-1H-benzimidazol-2-

one {15 g, 357

Ot N

C5,0C, DMSO K\I/ - /b ~;\\)=O
Ci

Ki, 80°C, 3 h (

I mmol, T eq}, ethyl 2-bromoacetate {8.35 g, 50.15 mmol, 555 mL, 0.9 eqg), and

C0C0: (30632 g, 111.43 mmol, 2 eq) in DMSO (100 mL) was degassed and purged with No 3
tires. The reaction mixture was stirred at 20°C for 12 hr under Nz atmosphere. Water (100 mL)
was added to the reaction mixture and the solid was filtered. The filter cake was dned under
reduced pressure. The solid was washed with MeOH (50 mL) and then dried under reduced

pressure to give the title compound as a white solid (8 g, 22.51 mmol, 40% vield). 'H NMR (400

MHz, DMSO-ds) § ppm 10.41 (s, 1H), 7.35 - 7.29 (m, 3H), 7.23 - 7.22 {m, 1H), 5.97 - 5.94 (m,
2H), 5.88 - 5.87 (m, 1H), 4.72 (s, 2H), 4.21 (d. J = 6.0 Hz, 2H), 4.18 - 4.13 (m, 2H), 3.38 (s, 3H),

1.21(t,.J = 7.2 Hz, 3H).

100278] Lyl 2-((6-aminio-3-methyl-2-ox0-2, 3-dihydro- 1 H-benzofdfimidazol-4-vi)oxy) acetate
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[30279] A flask with a mixture of ethyl 2-({6-(benzylamino)}-3-methyl-2-ox0-2,3-dihydro-1H-
benzo[djimidazol-4-yl)oxylacetate (8 g, 22.52 rumol, 1 eq) and PA/C (300 mg, 10% purity) in THF
(100 mL) was degassed and purged with Hz 3 times. The reaction mixture was stirred ai 20°C for
12 hr under Hz atmosphere. The reaction mixture was filtered and the filtrate was concentrated in
vacuo to give the titte compound as a white solid (4.5 g, 16.96 mmol, 75% yield). LCMS: [M+H]™
= 2663,

{60280 Ll 2-(16-£02, 5-dichloropyrimidin-4-viljamino)-3-methyl-2-oxo-2, 3-dihydro-1H-
benzofd]imidazol-4-yijoxylacetate

[60281] A flask with a mixture of ethyl 2-((6-amino-3-methyl-2-ox0-23-dihydro-1H-
benzo{djimidazol-4-yljoxylacetate (4.5 g, 16.96 mamol, 1 eq), 2,4,5-trichioropyrimidine (6.22 g,
33.93 mmol, 2 eq), and DIPEA (4.38 g, 33.93 mmol, 591 mL, 2 eq) in DMF (30 mL ) was degassed
and purged with Na 3 times. The reaction mixture was stirred at 20°C for 12 br under No
atmosphere. Water (30 mL) was added to the reaction mixture and the pink solid was filtered. The
filter cake was dried under reduced pressure and then washed with BEtOA¢ (40 mL). The solid was
filtered and the filter cake was dried under reduced pressure to give the title compound as a pink
solid (4 g, 9.70 mmol, 57% yield). '"H NMR (400 MHz, DMSO-ds) 5 ppm 10.96 (s, 1H), 938 (5,
[H), 8.35 (s, 1H), 7.02 (s, 1H), 6.95 (s, 1H), 484 (s, 2H), 422 - 4.16 (m, 2H), 3.51 (5, 3H), 1.22
(t,.J=17.2 Hz, 3H).

[00282) bl 2-((6-({2~({ 38,5 R }-3-amino-4, 4-difluoro-5-methyipiperidin- [ -vi}-5-chioropy
rimidin-4-vlJamino}-3-methyi-2-ox0-2, 3-ditwdro- 1 H-benzofd fimidazol-4-vi)oxy)acetate

[B0283] A flask with a muxture of ethyl 2-({6~((2,5-dichioropyrimicdio-4-yDamino)}-3-raethyl-2-
ox0-2,3-dihydro-1H-benzofdlimidazol-4-yijoxyjacetate (1.5 ¢, 3.64 mmol, 1 eq) and (35,5K)-4 .4~
difluoro-S-methyl-piperidin-3-amine (1.65 g, 6.26 mmol, 1.72 eq, TFA) in DMSO (30 mL) and
DIPEA (6 mL) was degassed and purged with N: 3 times. The reaction mixture was stirred at
136°C for 12 hr under N2 atmosphere. The reaction mixture was poured into water and filtered.
The solid was washed with water to give the title compound as a veliow solid (1.2 g, 2.28 mmol,
63% yield). 'H NMR (400 Mz, DMSO-ds) 5 ppm 10.90 (s, 1H), 8.63 (s, 1H), 8.04 (s, 1H), 7.05
s, 1H), 7.02 (s, 1H}), 483 (s, 2H}, 458 - 4,43 (m, 2H), 421 - 4,15 (m, 2H), 3.50 (s, 3H}, 2.94 -
2.86 (m, 1H), 2.67 - 2.59 (m, 2H), 2.54 (s, 1H), 2.09 - 1.95 {m, 2H), 1.68 (s, 2H), 1.21 (1, J= 72
Hz, 3H), 0.97 (d, /= 6.8 Hz, 3H).
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{00284]  2-((0-((2~((38 3R)-3-Amino-4, 4-difluoro-5-methyipiperidin- 1 -yl)-3-chloropyrimidin-4-
viamino)-3-methyi-2~oxo-2, 3-dihydro-1 H-benzofd fimidazol-4-ylioxyiacetic acid

{60285 A flask with a mixture of ethyl 2-((6-{((2~{{(35,5R)-3-amino-4,4-difluoro-5-
methylpiperidin-1-yl})-5-chloropyrimidin-4-ylamino)-3-methyl-2-oxo-2,3-dihydro-1H-
benzo[djimidazol-4-yDoxylacetate (1.2 g, 2.28 mmol, 1 eq) and LAOHH0 (19149 mg, 4.56
mmol, 2 eq) in EtOH (10 mL) and HxO (2 mL) was degassed and purged with N2 3 times. The
reaction muxture was stirred at 20°C for 2 br under N2 atmosphere. The reaction ruixture was
concentrated under reduced pressure to give a residue. The residue was adjusted to pH=4 with IN
HCI, filtered, and washed with water to give the title compound as a vellow solid (700 mg, 1.41
mmol, 62% yield). LCMS: [M+HT = 498 3.

[00286] (I°S, P R)-2°-chioro-17, P-diffuoro-1°, 4 -dime thyl-4°, £ -dilvdro-4' H-5-0xa-3, 8-diaza-
(6. 4)-benzafdlimidazola-2(2 4)-pyrimiding-1(1 3 )-piperidinacyclooctapharie-4°, 7-dinne

{60287] A flask with a mixture of 2-{{6-((2-((35,5K)-3-amino-4,4-difluoro-5-methylpiperidin-1-
yi)-5-chloropynmidin-4~-yDaminoe)}-3-methyi-2-0x0-2 3-dihydro- I H-benzol{djimidazol-4-
vhoxy)acetic acid (700 mg, 1.41 mmol, 1 eq), HATU (534.59 mg, 1.41 mmol, 1 eg), and DIPEA
(363.42 mg, 2.81 mumol, 489.78 ul, Z eq) in DMF (10 mL) was degassed and purged with No 3
ttmes. The reaction mixture was stirred at 20°C for 2 hrunder Nz atmosphere. The reaction mixture
was poured 1nto water and filtered. The precipitate was washed with water, then with MeOH (10
mL), and filtered to give the title compound as a yellow solid {400 myg, 833.56 umol, 59% yield).
"H NMR (400 MHz, DMSO-ds) & ppm 10.82 (s, 1H), 8.69 (s, 1H), 845 (d,./= 8.4 Hz, 1H), 8.00
(s, 1), 7.08 (s, 1H), 6.57 (s, 1), 4.95 (d, J= 14.8 Hz, 1H), 461 (d,J = 14.4 Hz, 1H), 4.42 - 4.27
(m, 2H), 4.03 - 3.98 (m, 1H), 3.46 (s, 3H), 3.29 - 3.26 (m, 2H), 2.67 - 2.54 (m, 1H), 1.09(d, =
6.8 Hz, 3H). LCMS: [M+H] = 480.1.

(60288} (7°5, L R)-2°-chioro-1* P -diftuoro-i° 4 ~dimethyi-4° £ -ditrvdro-4' H-5-0xa-3, 8-diaza-
4(6,4)-benzofdiimidazola-2(2 4)-pyrimiding-1(1, 3)-piperidinacycloociaphan-4°-one (31)

[06289] Toasolution of (1°S,1°%)-2"-chloro-1%, 1*-difluoro-1° 4 -dimethyl-42 4°-dihy dro-4 ' H-5-
oxa-3,8-diaza-4(0,4)-benzo[dimidazola-2(Z, 4)-pyriraidina-1(1,3 »-piperidinacyclooctaphane-

4% 7-dione in THF (5 mL) was added BHzTHF (1 M, 3 33 mk., 4 eq) at 0°C under N2. The reaction
mixture was stirred at 60°C for 12 hr. Sat. aq. NHaCl (40 mL} was added slowly under N; and the
reaction mixture stitred for 20 min after the addition. The reaction mixture was poured into water
(40 mL) and extracted with EtQAc (40 mL x 2). The organic phase concentrated 77 vacuo to give
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a restdue which was purified by column chromatography (8102, petroleum ether/ethyl acetate=1/0
to 0/1) to give the title compound as a light yellow solid (200 mg, 429.29 umol, 52% vyield). 'H
NMR {400 MHz, DMSO-ds) & ppm 10.80 (s, 1H), 8.78 (s, 1H), 8.06 (s, 1H), 7.55 (s, 1H), 6.64 (s,
1H), 471 (d, /= 12.4 Hz, 1H), 4.53 - 439 (m, 2H), 4.07 - 3.99 (m, 1H), 3.41 (s, 3H), 3.30 - 3.20
(m, 1H), 2.98 - 2.92 (m, 2F), 2.73 (t, J = 12.6 Hz, 1H), 2.58 - 2.52 {m, 1H), 2.25 - 2.15 (m, 1H),
2.05-1.88(m, 1H), 096 (d,./J= 6.8 Hz, 3H). LCMS: [M+H] = 4663,

10029C) (138, PR)-2-chioro-17, P-diffuoro-4'-(3-hydroxy-3-methylbutyl)- I 4 -dimetiyi-4°, £~
dibvdro-4' H-5-oxc-3,8~dicza-4(6,4)-benzo fd fimidazola-2(2,4)-pyrimidina-1(1,3)~
piperidinacycloociaphan-44-one (14)

[00291] A flask with a mixture of (1°S 1°R8)-2°-chloro-1* 1*-difluoro-1° 4 -dimethyl-4* 4°-
dihydro-4'H-5-0xa-3,8-diaza-4(6,4)-benzo[dimidazola-2{2 4)-pyrimidina-1{1,3)-
piperidinacyclooctaphan-4°-one (100 mg, 214.65 wmol, 1 eq), (3-hydroxy-3-methyl-butyl) 4-
methylbenzenesulfonate (83.18 mg, 321.97 ymol, 1.5 eq), Ki (17.82 mg, 107.32 umol, 0.5 eq},
and Cs2COs5 {139.87 mg, 42929 umol, 2 eq) in DMSO (S ml) was degassed and purged with N2
3 times. The reaction mixture was stirred at 80°C for 3 hr under Nz atmosphere. The reaction
mixture was concentrated under reduced pressure to give a residue {combined with other 2 batches)
which was puritied by prep-HPLC (column: Waters Xbridge™ Prep OBD C18 150%40 mm*10
wm; mobile phase: [H2O(10mM NHsHCO:)-ACN]; gradient: 35% - 60% B over 8.0 min) to give
80 mg of product. The product (80 mg) was further purified by SFC {(column: DAICEL
CHIRALPAK AD (250 mm*30 mm™ 10pm); mobile phase: [CO2-MeQOH{0 1% NH:H20)]; B% ¢
46%, 1socratic elution roode) to give the title corapound as a white sohid (47.7 mg, 86.41 pmol).
'H NMR (400 MHz, DMSO-is) § ppm 8.87 (s, 1H), 8.08 (s, 1H), 7.60 (s, 1H), 6.76 (s, 1H), 4.71
(d, /= 12.4 Hz, 1H), 452 (d, /= 13.6 Hz, 1H), 4.45 - 439 (m, 2H), 408 - 4.01 (m, 1H), 3.84 -
3.80 (m, 211, 3.46 (s, 311), 3.30 - 3.24 (m, 1H), 2.99 - 2.92 (m, 2H), 2.74 (t,.J= 12.8 Hz, 1H), 2.54
(s, 1H},225-2.15{(m, 1H}, 205- 188 (m, 1H), 1.73-165{m, 2H), 1 18(5,6H), 097(d, /=064
Hz, 3H). LCMS: [M+H]"= 552.3. The stereochemistry of compound 14 was confirmed by crystal

structure of BCLO/compound 14.
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{00292} Example 10.  Synthesis of {(1°R1°8)-25-chloro-1* 1-difluoro-4’-(3-hydroxy-3-

methyibutvli-1°.4°-dimethvi-42 4’ -dihvdro-4H-5-0xa-3.8-diaza-4(6 4)-benzold imidazola-

202 $y-pyrimidina~1{1.3piperidinacycloociaphan-4--one {(15)
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[80293] 4-Bromo-2-methoxy-6-nitroanifine

[00294] To a solution of 2-methoxy-6-nitroaniline (100 g, 594.71 mmol, 100 mL, 1 eq) in DCM
{2 L)was added NBS (13760 g, 77312 mmol, 1.3 eq). The reaction mixture was stirred
at 25°C for 12 hr. The reaction mixture {combined with other 4 batches with the same scale) was
concentrated in vacuo and the residue was triturated with water {1 L} at 25°C for 30 min and
filtered. The filter cake was dried and then triturated with petroleum ether/ethy] acetate = 4/1 (500

ml) at 25°C for 30 roin. The solution was titered and the filter cake was dried to give the title
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compound as a yellow solid (500 g, 95% purity, 68% yield). '"H NMR (400 MHz, MeCN-ds) 6 =
7.77(d, J=2.1Hz, 1H), 7.06 (d, J= 2.0 Hz, 1H), 6.64 (br 5, 2H), 3.90 (5. 3H).
{602958] 4-Rromo-Z-methoxy-N-methyl-6-nitroanifine
180296] A solution of 4-bromo-2-methoxy-0-nitroaniline (50 ¢, 202.39 mmol, 1 eq) in DMF (2
L)y was stured at 0°C for 10 mun. Cs2COs (131.89 g, 404 78 munwol, 2 eq) was added and the reaction
mixture was stirred at 0°C for 10 min. Mel (3447 g 242 87 mmol, 15.12 mL, 1.2 eq) was added
dropwise and the reaction nuxture was stuved at 25°C for 12 br. The reaction mixture was washed
with water {5 L). The red solid was filtered and the filter cake was washed with water (1500 mL x
3). Then the solid was dried under reduced pressure to give the title compound as a red solid (375
g, 93% purity, 70% yield). "H NMR (400 MHz, CDCl3) 8= 7.59 (d, J = 1.6 Hz, 1H), 7.24 (d, / =
5.2 Hz, 1H), 7.18 (s, 1H), 3.87 (s, 3H), 2.86 (d, /= 5.2 Hz, 3H). LCMS: [M+HJ" = 261.1.
[80297] J-Bromo-6-methoxy-Ni-methvlbenzene-1 2-diamine
{60298] A mixture of 4-bromo-Z-methoxy-N-methyl-6-nitroaniline (75 g, 287.28 mmol, | eg)
and SnCly (25930 ¢, 115 mol, 4eqdinEtOH (1.5 L)ywas stured at 75°Cfor 2 hrunder
N> atmosphere. The reaction mixture {(combined with four other batches of the same scale) was
concentrated #n vacuo. The residue was treated with water (2 L) and the pH was adjusted to 14
with NaOH. The solid was tiltered and the filter cake was washed with EtOAc {4 1.}, The filirate
was extracted with EtOAc (1 L x 3). The combined organic phase was washed with brine (3 L),
dried with anhydrous Nax8O4, filtered and concentrated /n vacue to give a residue which was
purified with column chromatography (85102, petroleum ether/ethyl acetate = 50/1 to 2/1) to give
the title compound as a colorless 0il (260 g, 1.08 mol, 75% yield, 96% purity). TH NMR (400 MHz,
CDC5) 8§ =6.54(d, J= 1.8 Hz, 1H), 6.45 (d, J=2.0 Hz, 1H), 411 - 3.83 (m, 2H), 3.79 (s, 3H),
3.45 -2.85 (m, 1H), 2.63 (s, 3H). LCMS: [M+H] = 231.0.
{00299)  S-Bromo-7-methoxy-{-methyi-1, 3-dihydro-2H-benzofd [imidazol-2-one
{00308] To a solution of 4-bromo-6-methoxy-Ni-methyibenzene-1,2-ciamine (45 g, 194.73
mmol, 1 eq) in DMF (450 mL) was added CDI(63.15 g, 389.46 mmol, 2 eq). The reaction mixture
was stirred at 25°C for 2 hr. The reaction muxture was diluted with water (500 mL) and then
filtered. The filter cake was washed with water (500 m1.), followed by EtOAc¢ {500 mL}. The solid
was dried 7 vacuo to give the title compound as a white solid (64 g, 221.56 mmol, 57% yield,
89% purity). "H NMR (400 MHz, DMSO-ds) 8 = 11.95 (br s, 1H), 7.00 (s, 1H), 693 (d, /= 1.9
Hz, 1H), 3.86 (d,./= 1.8 Hz, 3H), 3.63 (d,.J= 1.9 Hz, 3H).
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{00301 3-(Benzylamino)-7-methoxy- [ -methyl- 1 3-dihvdro-2H-benzofdjimidazol-2-one

[60302] To a muxture of S-bromo-7-methoxy-1-methyl-1,3-dihydro-2H-benzo[dlimidazol-2-
one (32 g, 124 47 mmol, 1 eg) and phenylmethanamine (16.01 g, 14937 mmol, 1628 mL., 1.2 eq}
i THF (320 mL) was added LiIHMDS (1 M, 298.74 mL, 2.4 eq) dropwise at 15°C. The reaction
suxture was degassed and purged with N2 for S min. BrettPhos (2.67 g, 498 mumol, 0.04 eq) and
BrettPhos Pd G3 (2.26 g, 2.49 mmol, 0.02 eq) were added to the reaction mixture which was stirred
at 80°C tor 2 hr under Na. The reaction mixture {combined with another batch of the same scale}
was quenched with sat. aq. NHsCl (50 ml), filtered, dried with anhydrous NaxSO4, and filtered.
The filtrate was concentrated in vacuro and the residue was purified with column chromatography
{8102, petroleum ether/ethy! acetate = 50/1 to 2/1) to give 65 g of ~90% purity product which was
triturated with EtOAc (150 mL) at 15°C for 30 min to give the title compound as a brown soiid
(58 g, 192 .43 mmol, 77% yield, 94% purity} 'H NMR (400 MHz, DMSO-ds) & = 1037 (s, 1H),
7.37-7.29 (m, 4H), 7.24 - 7.18 (m, 1H), 6.06 (d, /= 1.8 Hz, 1H), 5.96 (t,.J=6.0 Hz, 1H), 5.83 (d,
J=2.0Hz, 1H), 423 (d, J = 6.0 Hz, 2H), 3.73 (5, 3H), 3.32 (5, 3H).

100303  5-(Benzylamino)-7-hydroxy-i-methyl-1, 3-dihydro-2H-benzofd[imidazol-2-one

[00304] To a solution of S-(benzylamino}-7-methoxy-1-methyl-1,3-dihydro-2H-benzo[d]
tmidazoi-2-one (58 g, 20471 mmol, 1 eq) in BCM (1.1 L) was added a solution of BBr; {153 .86
g, 614,14 mmol, 59.18 mL, 3 eq) in DCM (100 mL} at -70 °C. The reaction mixture was warmed
10 40°C and stirred at 40°C for 2 hr. The reaction mixture was quenched with CHzCl MeOH=10:1
(1.1 L) and then the reaction mixture was concentrated in vacuo to give a residue. The residue was
treated with 4N HCL (150 mL) and stirred at 40°C for 30 min. The resulting mixture was treated
with sat. aq. NaxCOs to pH=9 and then filtered. The filter cake was triturated with EtOAc (150
ml.} at 15°C for 30 min to give the titte compound as a white solid (44 g, 158.49 mmol, 77% yield,
97% purity). "H NMR (400 Mz, DMSO-ds) § = 10.23 (s, 1), 9.26 (s, 111), 7.36 - 7.27 (m, 411),
723 -7.17 (m, 1H), 5.89 - 5.83 (m, 2H), 5.72 (d, /= 2.0 Hz, 1H), 4.17 (. J = 6.0 Hz, 2H), 3.33
(s, 3H), LOMS: [M+H] = 270.2.

[00305)  fert-Butv! (7-hydroxy-{-methyl-2-oxo-2, 3-dibydro- i H-benzofd fimidazol-3-
yijcarbamate

{60306] To a  solution  of  S-(benzylamino)-7-hydroxy-1-methyl-1,3-dihydro-2H-
benzo{dlimidazol-Z~one (15 g, 5570 omol, 1 eq) in MeOH (300 mb.) was added Pd/C (S g, 10%
purity) under Ar. The suspension was degassed and purged with Hz 3 times. The reaction mixture
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was stirred under Ha (50 psi} at 50°C for 12 hr. Boc20O (9.74 g, 44 65 mmol, 10.26 mL, 1 eq) was
then added and the reaction mixture was stirred at 25°C for 2 hr. The reaction mixture was filtered
and the filtrate was concenirated iz vacio 10 give a residue which was triturated with ethyl acetate
(30 mL) at 15°C for 10 min to give the title compound as a red solid (12 ¢}, 'H NMR (400 MHz,
DMSO-ds) §= 10.60 (s, TH), 9.66 (s, 1H), 2.16 (br s, 1H), 6.77 (s, 2H), 3.45 (s, 3H), 1.52 (s, OH).
LOMS: [M+H] =280.1.

180307 ‘teri-Buryl  (7-(2-chloroethoxy)-1-methyl-2-0x0-2,3-dihydro~{ H-benzofd fimidazol-5-
vijcarbamuate

[60308] To a solution of rere-butyl  (7-hydroxy-1-methyl-2-ox0-2,3-dihydro-1H-
benzo[dlimidazol-5-yhcarbamate  (10.00 g, 3580 mmol, 1eq)and 2-chloroethyl 4-
methylbenzenesulfonate (840 g, 35.80 mmol, 1 eq)in ACN {20 nl)and DMF (20 mb) was
added K2C05 (1237 g, 89.51 mmol, 2.5 eq). The reaction muixture was stirred at 70°C for 12 hr
under Na. The reaction was quenched with water (100 mL) and then extracted with ethyl acetate
(80 mL x 3) The organic phase was separated and washed with brine (200 ml), dned with
anhydrous NaxSQa, filtered and concentrated in vacwo. The crude product was triturated
with petroleum ether : ethyl acetate=1:1 (20 mL ) at 25°C for 5 min, tiltered and the tilter cake was
dried in vacuo to give the title compound as a white solid (7.8 g, 19.63 mmol, 55% yield, 80%
purity). "H NMR. (400 MHz, DMSO-d5) 6 = 10.73 (s, 1H), 9.19 (s, 1H}, 6.89 (s, 1H), 6.84 (s, 11),
424 (1, J =48 Hz, 2H), 4.00 (t, J = 4.8 Hz, 2H), 3.43 (s, 3H), 1.46 (s, 9H).

[80309]  S-dmino-7-(2-chioroethoxv)-{-methyl-1, 3-dihvdro-2 H-benzofd [imidazol-2-one
[60310] A solution  of ferr-butyl  (7-(2-chioroethoxy)-1-methyi-2-0x0-2,3~dihydro-1H-
benzo[d]imidazol-5-yljcarbamate (7.8 g, 22.82 mmol, 1 eq)in TFA (16 mL} and DCM (80 mL)
was stirred at 25°C for 30 nmun. The reaction mixiure was concentrated 7 vacuo to give the title
compound as a brown oil {12 g, crude, TFA) LCMS: [M+H|" = 242.2.

00311) 7-2-Chloroethoxyi-5-((2, 3-dichloropyrimidin-4-vi)amine)-i-methyi-1, 3-dihvdro-2H-
berzofd]imidazcl-2-one

[00312] A muxture of S-amino-7-(2-chloroethoxy)-1-methyl-1,3-dihydro-2H-benzo[dlimidazol
), and

il

DIEA (7.43 g, 57.48 mmol, 10.01 mL, 3 eq) in DMF (90 mL) was degassed and purged with N2 3

-Z2-one (9 g, 19.16 mmol, 1 eq, TFA), 2.4, 5-trichioropyrimidine (7.03 g, 3832 mmol, 2 eqg

times. The reaction mixture was stirred at 25°C for 2 hr vnder N2 atmosphere. Water (30 mL) was
added and a solid precipitate formed. The mixture was filtered and the filter cake was washed

91



WO 2024/035688 PCT/US2023/029714

with petroleum ether © ethyl acetate = 1:1 (50 mL) and dried in vacue to give the title compound
as a yellow solid (5.7 g, 13.93 mmol, 73% yield, 95% purity}. It was vused directly for next step
without further purification. 'H NMR (400 MHz, DMSO-ds) & = 10.94 (s, 1H), 9.40 (s, 1H), 8.34
(s, 1H), 698 {(brd, /=148 Hz, 2H), 4.36 - 4 28 (m, 2H}, 407 - 3.9 (m, 2H), 3 .49 (s, 3H). LCMS:
[MAH] = 3881,
S-((2~({3R, 58)}-3-Amino-4 4-diflucro-5-methvipiperidin- {-ylj-5-chloropvrimidin-4-ylaminoj-7-
(2-chloroethoxyi-i-methyl-1, 3-dihvdro-2H-benzofdfimidazol-2-one
[80313] A flask with a mixture of 7-(2-chloroethoxy }-5-((2,5-dichloropyrimidin-4-yljamino)-1 -
methyl-1,3-dihvdro-2H-benzo{djimidazol-2-one {1 g, 2.57 mmol, 1 eq), (3R,55)-4,4-ditluoro-5-
methylpiperidin-3-amine (1.95 g, 5.15 mmol, 2 eq, TFA), and DIEA (3.33 g, 25.73 mmol, 4.48
mL, 10 eg) in DMSO (10 mL) was degassed and purged with N2 3 times. The reaction mixture
was stirred at 80°C for 12 hr under N2 atmosphere. The reaction was quenched with water (30 ml)
and extracted with ethyl acetate (25 mL x 3}). The combined organic phase was dried with
anhydrous Na28Q04, filtered and concenirated in vacuo 1o give a residue which was purified with
column chromatography (810, petroleum ether : ethyl acetate = 1/1 to ethyl acetate . THF = 10:1)
to give the title compound as a yellow solid {540 mg, 967.46 pmol, 38% vield, 90% purity}. 'H
NMR (400 MHz, DMSO-ds) 6 = 1088 (br s, 1H), 864 (brs, 1H}, 804 {s, 1H), 7.12 {br s, 1H),
7.00 (brs, 1H), 4.65 - 443 (m, ‘;ZH), 435431 (m, IH); 4.08 - 3.98 (m, 2H), 3.55 - 3.42 (m, 31,
297~ 283 (m, 1H}, 2.63 (dt, J= 7.0, 12.1 Hz, 2H}, 2.35 - 1.86 (m, 4H), 6.98 (br d, J = 6.5 Hz,
3H).
[00314] (IR 1°S)-2-chlore-17, P-diftuoro-1°, £ -dimethyl-4° 4 -dilydro-4' H-5-oxa-3,8-diaza-
476, 4)-benzojdfimidazoia-2(2,4)-pyrimidina-1{ 1, 3)-piperidinacyclooctaphan-4°-one (32)
[00318] To a solution  of S-((2-((3R,55)-3-amino-4,4-difluoro-S-methylpipendin-1-yi)-S-
chloropyrimidin-4-viamino}-7-(2-chloroethoxy)-1-methyl-1,3-dthydro-2H-benzofd}imidazol-2-
one (180 mg, 358.32 umol, { eq) in anhydrous DMF (30 mL ) was added K2CO3 (99.04 mg, 716.64
umol, 2 eqy and Nal (537.10 mg, 3.538 mmol, 10 eq}). The reaction mixture was stirred at 100°C
for 36 hr in a glove box. The reaction nmixture was concentrated i vacuo and water {50 mL) was
added. The mixture was extracted with ethyl acetate (35 mL x 3} The combined organic phase
was dried with anhydrous Nax8Os, filtered and concentrated 7 vacuo to give a residue which was
purified with coluron chromatography (S10z, petroleum ether © THF = 1/0 to 1:1) to give the title
compound as a white solid (100 mg, 158 84 pmol, 15% yield, 74% purity}. "H NMR (400 MHz,
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DMSO-ds) 5= 10.80 (s, 1H), 8.78 (s, 1F), 8.07 (s, 1H), 7.55 (s, 1H), 6.63 (d,./ = 1.3 Hz, 1H), 4.79
- 4.66 (m, 1H), 4.58 - 4.47 (m, 1H), 4.45 - 4.36 (m, 1H), 4.13 - 4.01 (m, 1H), 3.41 (s, 3H), 3.05 -
285 (m, 2H), 2.80 - 2.64 {m, TH), 2.54 (br s, TH), 2.23 - 2.15 (m, 1H), 2.07 - 1.89 (m, 1H), .96
(d, J=6.8 Hz, 3H). LCMS: [M+1]" = 466.2.

[00316] (7R I8S)-25-chloro-1% Pdiffuoro-4'-( 3-bydroxy-3-meithylbutyl)- P, 4 -dimethyl-4°, 4'-
dibydro-4' H-5-0xa-3, 8-diaza-4(6, 4)-benzofd fimidazola-2(2 4 j-pyrimidina-1{{ 3)-
piperidinacyciooctaphan-4°-one (15)

{06317} To a solution of (1’R,1°8)-25-chloro-1%,1*-difluoro-4'-(3-hydroxy-3-methytbutyl)-
1° 4% -dimethyl-4° 4°-dihydro-4'H-5-0xa-3,8-diaza-4(6,4)-benzo[dJimidazola-2(2,4)-pyrimidina-
1(1,3)-piperidinacyclooctaphan-4’-one (70 mg, 15025 umol, 1 eq) and 3-hydroxy-3-methyibutyl
4-muethylbenzenesulfonate (77.63 mg, 300.50 umol, 2 eq)in DMSO (1 mL) was added KI (12.47
mg, 7513 umol, 0.5 eg) and Cs2C03 (9791 mg, 30050 umol, 2 eq). The reaction mixture was
stirred at 80°C for 12 hr. The reaction mixture was filtered and the filtrate was purified with prep-
HPLC {column: Waters Xbridge™ BEH CI8 100*30mm*10um, mobile phase:
[water(NH:HCO3 - ACN]B%: 35%-55%,8min} to give the title compound as a white solid (19
mg, 33.73 umol, 22% vyield, 98% purity). 'H NMR (400 MHz, DMSO-ds} & = 8.83 (s, 1H), 8.08
(s, 1H)}, 7.60 (s, TH}, 6.76 {(d, /= 1.0 Hz, 1TH}, 4.77 - 4.65 (m, 1H}, 456 - 438 {m, 3H), 4.10-3.99
(m, 1¥1), 3.82 (brdd, J= 5.9, 10.3 Hz, 2H), 3.46 (s, 3H), 3.28 (br s, 1F), 3.04 - 2.86 (m, 2H), 2.79
~2.64 (m, TH), 2.54 (brs, 1H), 2.24 - 217 (m, 1H), 205 - 1.87 (m, 1H), 169 (brdd, /=47, 9.2
Hz, 2H), 1.18 (s, 6H), 097 (d, /= 6 8 Hz, 3H). LCMS: [M+H] = 5524

N
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{00318] Example 11: Synthesis of (1°R 1°8)-2%-chloro-4'-(3-hydroxy-3-methyibuty}-1° 47~

dimethvl-4%.4°-dihvdro-4 1H-5.8-dioxa-3-aza-46.4 -benzoldlimidazola-2(2.4-pyrimidina-

1{1.3piperidinacvclooctaphan-4Z-one (123
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[00319)  fert-Bunyl (3R 58)-3-(2-( (6~ benzylamino)-3-methyl-2-ox0-2, 3-dihydro- 1 H-

benzofdlimidazol-4-yiioxylethoxy)-S~-methyipiperidine-1-carboxylate

1863268 To a mixture of  5-(benzylamino}-7-hydroxy-1-methvi-1,3-dihvdro-2H-
benzo[dlimidazol-2-one (1 g 371 mmol, 1 eq) and tert-butyl (35,5R)-3-methyl-5-(2-
{tosyloxyjethoxy Jpiperidine~1-carboxylate (1.54 g, 3.71 mmol, 1 eq)in DMSO {15 mL) was added
KoCOs {1.03 g, 7.43 mmol, 2 eq). The reaction mixture was stirred at 70°C for 1.5 hr under Mo
atmosphere. The reaction mixture was treated with water (20 mL} and extracted with EtOAc (30
mlL x 3) The combined organic phase was washed with brine (80 mL), dried with anhvdrous
Nax804, filtered and concentrated in vacuo to give a residue which was purified by column
chromatography {810z, petroleum ether/ethyl acetate=3/1 to 0/1} to give the title compound as a
yetlow solid (1 g, 1.43 mmol, 37% vyield, 73% purity). 'H NMR (400 MHz, DMSO-ds) 6 = 10.40
- 10.33 (m, 1H), 7.36 - 7.18 (m, SH), 6.01 (s, 1H), 5.97 - 5.90 (m, 1H), 5.84 (d, /= 1.8 Hz, 1H),
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421(d, J=55Hz 2H) 404 -400 (m, 2H}, 385 -3.72 (m, 3H}, 334 (brs, 5H), 205 (brd, J =
6.1 Hz, iH}), 1.37 (s, 11H), 0.94 - 0.87 (m, 2H), 0.86 (d, / = 6.6 Hz, 3H).

{6032%] eri-Butyl (3R 35)-3-(2~((6-commino-3-methyl-2-oxo-2, 3-ditvdro- 1 H-benzoldfimidazol-
d-vi)oxy) ethoxy-S-methylpiperidine-{ -carboxylate

[00322] To a solutton of fert-butyl (GR,S8)-3-(2~({6~(benzylamino)-3-methyl-2-0x0-2,3-
dihydro-1H-benzo[d}imidazol-4-yljoxy)ethoxy)-S-methylpiperidine-1-carboxyiate {1 g 196
mmol, 1 eq)in THF (20 mL) was added Pd/C (400 mg, 10% punity) under Ar. The suspension was
degassed under vacuum and purged with Ho several titnes. The reaction mixture was stitred under
Ha (15 psi) at 66°C for 2 hr. The reaction mixture was filtered, and the filirate was concentrated in
vacuo 1o give the title compound as a black oil (0.9 g, crude). LCMS: [M-100+H]"= 321 3.
100323] rtert-Buryl (3R 38)1-3-12-((6-(12,3-dichloropyrimidin-4-yl)amino)-3-methyvi-2-0x0-2, 3~
dihvdro-1H-benzofdfimidazil-4-yijoxyiethaxyj-S-methyipiperidine- I -carboxylate

{60324] To a solution of fert-butyl (3R 55)-3-(2-({(6-amino-3-methyl-2-ox0-2,3-dihydro- 1 H-
benzoldjimidazol-4-yhoxy)ethoxy }-5~-methylpiperidine-1-carboxylate {(500.00 mg, 2.14 ramol, 1
eq) in DMF (10 mb) were added 2,4,5-trichloropyrimidine (785,16 mg, 428 mmol, 2 eq) and
DIPEA (69155 mg, 535 mmol, 932.01 pl, 2.5 eq). The reaction mixture was stirred at 25°C for
Z hr. The reaction mixture was treated with water {25 mbL} and the precipitate was filtered. The
solid filtered and dried to give the title compound as a white solid (0.7 g, 1.15 mmoi, 54% yield,
93% purity). TH NMR (400 MHz, DMSO-ds) § = 10.90 (s, 1H), 938 (s, 1H), 833 {5, 1H), 6.96 {(d,
J=32Hz 2H) 422 -402 (m, 3H), 3.90-372 (m, 3H), 347 (s, 3H), 329 (s, 1H), 247 - 216
(m, 2H), 2.06 (d, /= 11.6 He, 1H), 1.55 - 1.44 (m, 1H), 1.37 (s, OH), 0.99 - 0.88 {m, 1H), 0.85 {4,
J=68Hz, 3H}

[00328)  3-(¢2 5-Dichioropyrimidin-4-vijamine)- l-methyl-7-(2-{((3R, 55)-5-me thylpiperidiy-3-
viioxylethoxy)-{ 3-ditivdro-2H-benzold Jimidazol-2-one

{60326] To a solution of feri-butyl (38K,55)-3-(2-((6-({2,5-dichloropynmidin-4-yl)amino)-3-
methyl-2-ox0-2,3-dihydro-1H-benzo[d}imidazol-4-yhoxy jethoxy }-S-methyipiperidine-1-
carboxylate (700.00 mg, 1.23 munol, 1 eq) in DCM (12 mL) was added TFA (3.23 g, 28 .36 mmol,
2.10ml., 22.99 eq). The reaction mixture was stirred at 25°C for 30 min. The reaction mixture was
concentrated in vacuo to give the titte compound as a yellow oil (0.8 g, crude, TFA). LCMS:

[MAHHT = 467 1
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{00327} (PR PPS)-2°-chioro-I° 4 -dimethyi-4°, 4 dilydro-4'H-3,8-dioxa-3-cza-4(6,4)-benzofd]
imidazala-2(2,4)-pyrimiding-1{ 1, 3)-piperidinacycloociaphan-42-one

{60328] To a solution of 5-{{2,5-dichloropyrimidin-4-yhamino}-1-methyi-7-(2-{{(3K,58}-5-
methylpiperidin-3-ylyoxy)ethoxvy)-1,3-dihydro-2H-benzo[d jimidazol-2-one (800 mg, 1.38 mmol,
1 eq, TFA) in DMSO (75 mL) was added DIPEA (1.78 g, 1376 mmiol, 240 mil, 10 eq). The
reaction mixture was stirred at 80°C for 12 hr. The reaction was quenched with water (100 mL),
filtered, and the solid was purnfied by column chromatography (5102, petroleum ether/ethyl
acetate=2/1 to 0/1) to give the title compound as a white solid {190 mg, 176.38 pmol, 13% yield).
LCMS: [M+H] =431.2.

(G0329) (PR 178)-2°-chloro-41-(3-hvdroxy-3-methylbutvi)- 1°, 47 dimethyi-4°, 8 -dibydro-41 H-

5, 8-dioxa-3-aza-4(6,4)-benzofdfimidazola-2(2, 4)-pyrimidina-1(1, 3 )-piperidinacycioociaphan-
Fone (12)

[00330] To a mixture of (1°R, 1°8)-2°-chloro-1° 4°-dimethyi-4° 4*-dihydro-4'H-5 8-dioxa-3-aza-
4(6,4)-benzo{dlimidazola-2{2 4)-pyrimidina-1(1,3)-piperidinacyclooctaphan-4*-one (190 mg,
440.95 umol, 1t eq) and 3-hydroxy-3-methyvibutyl 4-methylbenzenesulfonate (227 82 mg, 881.90
pmol, 2 eq) in DMSO (3 mL) were added C2C03 (287.34 mg, 881.90 umol, 2 eq) and KI (36.60
mg, 220.48 umol, 0.5 eq). The reaction mixture was stirred at 80°C for 12 br. The reaction mixture
was filtered and residue was purified by prep-HPLC {(column: Phenomenex C18
&0*40mm*3 pm;mobile phase: [water(NHaHCO3)-AUNLB%: 25%-55%,8min) to give the title
compound as a white solid (50 mg, 95.74 umol, 22% vyield, 99% purity). 'H NMR (400 MHz,
DMSO-ds) & = 8.85 (s, 1H), 8.05 (5, 1H), 7.70 (s, 1H), 6.79 (s, 1H), 4.69 - 4.58 (m, 2H), 4.45 (s,
1H), 4.43 - 435 (m, 1H), 4.20 - 4.08 (m, 1H), 3.86 - 3.68 (m, SH), 3.45 (s, 3H), 2.48 - 2.38 (m,
2H), 2.01 - 1.89 (m, TH), 1.76 - 1.55 (m, 3H), 118 (s, 61D, 1 15 - 1.07 (m, 1H), 0.883 (d, J= 6.4
Hz, 3H) LCMS: [M+H] =517.4.
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(00331] Example 12 Synthesis of (1°S 1°R)-2°-chioro-4'-(3-hydroxy-3-methvibutyl}-1° 4°-

dimethvl-4%.4°-dihvdro-4'H-5.8-dioxa-3-aza-4(6.4)-benzoldlimidazola-2(2.4)-pyrimidina- 1{1.3)-

niperidinacyclooctaphan-4Z-one {13)
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180332)  fert-Butyli38,58)-3-(2-((6-{benzyiamino j-3-methyi-2-oxo-2, 3-dilrydro-1 H-
benzofdfimidazol-4-viioxyethoxy)-S-methyipiperidine- 1 -carboxylate

{00333 To a solution of  3-{(benzylamino)-7-hydroxy-1~-methyl-1,3-dihydro-2H-
benzo[dlimidazol-Z-one (940 mg, 3.49 mmol, | eq) and ferr-butyl (3R 5S5)-3-methyl-5-(2-
(tosyloxy)ethoxypiperidine-1~carboxylate {1.44 g, 3.4%9 ramol, 1 eq)in DMSO (10 ;L) was added
KoCOs (964 .86 mg, 6.98 mmol, 2 eq). The reaction mixture was stirred at 70°C for 1.5 hr. The
reaction was quenched with water (30 mL), and then extracted with EtOAc (20 mL x 3) The
combined organic phase was washed with brine {20 ml), dried with anhvdrous NaxSO4, filtered
and concentrated in vacuo to give a residue which was purified by column chromatography {S$1Ga,
petroleum ether/ethyl acetate=5/1 to 0/1) to give the title compound as a vellow solid (900 mg,

173 mmol, 49% yield). LCMS: [M+H] =511 3.

O
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{00334)  fert-Buwyl (38 3R)-3-(2-((6-amino-3-methyi-2-oxo-2, 3-dilivdro-1 H-benzofd fimidazol-
d-yiloxyiethoxyj-S-methylpiperidine- { -carboxylate

{60335] To a solution of ferr-butyl (38,5/3-3-(2-({6-(benzylamino)-3-methyl-2-ox0-2,3-
dihydro-1H-benzo[d]imidazol-4-yhoxy jethoxy }-5-methyipiperidine-t-carboxylate (200 mg, 1.76
siunol, 1 eq) in THE (8 mlL) was added Pd/C (400 rug, 10% purity) under Ar. The suspension was
degassed under vacuum and purged with Hz several times. The reaction mixture was stirred under
Ho (1S psi) at 60°C for 1 hour. The reaction roixture was fiitered through a pad of Cehte® and the
filtrate was concentrated in vacuo to give the title compound as a black solid (900 mg, crude).
LCMS: [M-100+H] =321 .2.

{00336]  fert-Buryl (38, 3R)-3-02-((6-((2,5-dichloropyrimidin-4-yl)amiroj-3-methyl-2-0x0-2,3-
dihvdro-{ H-benzofd[imidazol-4-yi)oxyjethoxyi-5-methyipiperidine- 1 -carboxylate

[66337] To a solution of fert-butyl (385R)-3-(2-((6~-amino-3-methyil-2-0x0-2,3~dihydro-1H-
benzo[dlimidazol-4-yloxy jethoxy }-5-methylpiperidine-1-carboxylate (900 mg, 2.14 mmol, | eg)
and 2.4, S-trichloropyrimidine (785.16 mg, 4 28 mmol, 2 eq) in DMF (¢ ml.) was added DIEA
{553.23 mg, 428 mmol, 745.59 ul, 2 eq}). The reaction mixture was stirred at 25°C for 2 h. The
reaction was quenched with water (10 mL) and filtered. The filter cake was dried under reduced
pressure to give a residue which was triturated with (petroleum ether/ethy! acetate=3/1, 5 mL.) at
25°C for 10 mmin to give the title compound as a yellow solid (800 mg, 1.38 mmol, 65% yield, 98%
purity). FH NMR (400 MHz, DMSO-de) 6 = 10.90 (s, 1}, 9.39 (s, TH), 8.33 (s, 1H), 6.97(d, J =
29Hz 2H), 414 (brt, /=44 Hz 2H), 3.88-3.82 (u, 2H), 547 (s, 3H), 2.45-2.16 (1, 3H), 2.06
(brd, /=119 Hz, 1H), 1.55 - 144 (m, 2H), 1.37 (s, 11H), 0.85 (d, J = 6.5 Hz, 3H),

100338) S5-((2, 3-Dichloropyrimidin-4-yliamino)- I-methyl-7-{ 2-(((38,SR}-5-methylpiperidin-3-
vhjoxyvlethioxy)-1 3-dibyvdro-2H-berzofdfimidazol-2-one

{0033%] To a solution of fert-butyl (38,5R)-3-[2-[[6-[{Z,5-dichloropyrimidin-4-yl}amino}-3-
methyl-2-oxo- tH-benzimidazol-4-yl]oxy Jethoxy }-S-methyl-piperidine- -carboxylate (800 mg,
.41 mmol, T eq) in DCM (8 mL) was added TFA (2 ml.). The reaction mixture was stirred at
25°C for 30 mun. The reaction mixture was concertrated in vacuo to give the title compound as a
vellow oif (800 mg, 1.38 mmaol, 98% yield, TFA). LCMS: [M+H]| = 467 3.

(00340 (778, 1°R)-2-chioro-I F-dimethyl-4°, £ -dibydro-4'H-3,8-dioxa-3-aza-4(6,4)-

benzofd limidazola-2(2,4)-pyrimidina-1¢1, 3)~-piperidinacycionciaphor-4°-one
(<, %/ {3} 2
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{00341] To a solution of fert-buiyl (38,5R)-3-[2-{[06-[(Z,5-dichloropyrimidin-4-yl}amino]-3-
methyl-2-oxo-1H-benzimidazol-4-vl]oxylethoxy}-5~-methyl-piperidine- 1 -carboxylate (800 mg,
1.38 mmol, 1 eg, TFA) in DMSO (36 mL) was added DIEA (1.78 g, 13.76 mmol, 2.40 mL, 10
eq). The reaction mixture was stirred at 80°C for 12 h. The reaction mixture was concentrated in
vacuo to give a residue which was purified by column chromatography (Si0n, petroleum
ether/THF=5/1 to 0/1) to give the title compound as a yellow solid (120 mg, 161.53 umoi, 12%
yield). TH NMR (400 MHz, DMSO-ds) § = 1083 (s, 1H), 8.77 (5, 1H), 8.03 (s, 1H), 7.65(d, J =
0.9 Hz, 1H}, 6.60 (d, ./ = 1.3 Hz, 1H), 4.69 - 455 (m, 2H), 442 - 435 {m, 1H}, 418 - 4.08 (i,
1H), 3.88 -3.60 (m, 3H), 340 (s, 3H), 247 - 2.38 (m, 2H), 198 - 191 {m, 1H), 1.67 - 1.54 (m,
1H), 112 (brd, /=112 Hz, 1H), 0.87(d, /=08 Hz, 3H).

[00342] (138, P R)-2°-chioro-41-(3-hydroxy-3-methvlbuiyi)- I, 4 -dime thyl-4°, £ -dihvdro-4' H-
3, 8-dioxa-3-aza-4(6,4)-benzofd imidazola-2(2 4)-pyrimidina-1(1, 3 j-piperidinacvciooctaphan-
#-one (13)

[80343] To a solution of (135, 15R)-25-chloro-15,43-dimethyl-42 43-dihydro-4 1H-5, 8-dioxa-3-
aza-4(6,4)-benzofdlimidazola-2(2,4)-pyrimidina-1(1,3 }-piperidinacyclooctaphan-4Z-one (90 mg,
208.87 umol, 1 eq) tn DMSO (1 mL) were added KI (17.34 mg, 104.44 umol, 0.5 eq), CCOs
(13611 mg, 417.74 umol, 2 eq) and 3-hydroxy-3-methyibutyl 4-methylbenzenesulfonate (107.92
mg, 417.74 pmol, 2 eq). The reaction mixture was stirred at 80°C for 12 hr, then cooled to 25°C
and purified by prep-HPLC {column: Waters Xbridge™ BEH C18 100 *30 mm™10um;mobile
phase: [water{ NH:HC(O3)-ACN]: B%: 40%-70%,8min) to give the title compound as a white sohid
(20 mg, 38.30 umol, 18% vield, 96% purity). 'H NMR (400 MHz, DMSO-de) § = 8.85 (s, 1H),
805 (s, 1H), 770 (5, 1H), 6.79(d, /=11 Hz, 1H), 469 - 438 (m, 2H), 439 (brdd, /=36, 128
Hz, IH),, 420 -4.09 (m, 1H), 3.82(brdd, /=153, 98 He, 3H}, 3.78 - 3.67 {m, 2H), 3.45 (s, 3H),
247 -236{m, 2H), 2.01 - 1.91 (m, 1H), 1.70 (brdd, /=63, 104 Hz, 2H), 1.65 - 1.56 {m, 1H),
118 (s, 0H), 112 (brd, /=113 Hz 1H), 088 (d, J=65Hz 3H) LCMS: [M+H] =5174.
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{00344] Example 13 Synthesis_of (1I’R1°9)-2°-chioro-4'-(3-hydroxy-3-methylbutyl}-17.4°-

dimethvl-4%.4°-dihvdro-4'H-5-oxa-3.8-diazs-4(6.4)-bhenzoldlimidazola-2(2.4)-pyrimidina- 1{1.3}-

niperidinacyclooctaphan-4Z-one {16)
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180345]  rere-Buryl (S-methvipyridin-3-vijcarbamate

180346] Toasolution of S-methylpyridin-3-amine (12.5 g, 11559 mmol, 1 eq) in THF (100 mL)
at 25°C was added NaHMDS (1 M, 25430 mL, 2.2 eq) and the reaction mixture was stirred for
30 min. Then BocxO (26.99 g, 123.68 mmof, 28.41 mi., 1.07 eq} in THF (25 mlL) was added and
the reaction mixture was stirred at 25°C for 12 hr. The reaction mixture (combined with ancther

batch of the same scale) was quenched with water (50 mL}), and treated with 0.2 M HCI (300 mL).
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The mixture was extracted with HtOAc (500 mL x 3). The combined organic phase was washed
with brine (500 mL), dried over anhydrous Na:SOs4, filtered and concentrated i vacuo to give a
residue which was purified by silica gel column chromatography (silica gel, petroleum ether/ethyl
acetate=5/1 to 0/1} to give the title compound as a white solid (27 g, 128 35 mmol, 56% yield,
99% purity). "H NMR (400 MHz, DMSO-ds) § ppra 9.49 (s, 1 H), 8.39 (s, 1 H), 8.01 (s, 1 H), 7.74
(s, 1 H),2.24 (s, 3 H). 1.47 (s, 9 H).

180347  teri-Buyl (S-methvipiperidin-3-yl)carbamate

[60348] Toasolution of fert-butyl (S-methylpyridin-3-ylicarbamate (17 g, 81.63 mmol, 1 eq)in
AcOH (340 mL) were added Pd/C (14 g, 10% purity) and PtO2 (1.85 g, 8.16 mmol, 0.1 eq) under
Ar. The suspension was degassed under vacuum and purged with Hz several times. The reaction
mixture was stirred under Ho (3 Mpa) at 80°C for 12 hr. The reaction mixture was filtered, and the
filter cake was washed with MeOH (500 mL x 3} The filirate was concentrated #n vacuo to give a
residue which was adjusted to pH 8 using sat. aq. NaHCOs. The nuxture was treated with water
(400 mL), and then extracted with EtOAc¢ (200 mL x 3). The combined organic phase was washed
with brine (400 mL), dried with anhydrous NaxSQs, filtered and concentrated in vacue to give a
residue which was purified by silica gel colurun chromatography (silica gel, Ethyl acetate/MeOH
=6/1 to 0/1) to give the title compound as a white solid (7.5 g, 35.00 mmol, 43% vield). 'H NMR
(400 MHz, DMSO-ds} 8 = 6.64 (br d, J = 7.9 Hz, 1H), 3.30 - 3.15 (m, 1H), 3.05 - 2.83 (m, 2H),
2.78 - 2.52 (m, 2H), 2.14 - 1.97 (m, 1H), 1.89 - 1.82 (m, 1H}, 1.77 {br d, /= 12.3 Hz, 11), 1.69 -
L4l (m, 1H), 1.39-136(m, 9H), 0.76 (d, /= 6.7 Hz, 3H).

[80349]  rere-Buryl {I-berzyl-5-methyipiperidin-3-vijcarbamate

803501 A mixture of fert-butyl (S-methylpiperidin-3-ylicarbamate (10 g

. 46.66 mmol, 1 eq),
benzaldehyde (594 g, S6.00 ramol, 5.66 mL, 1.2 eq) and AcOH (1.40 g, 23 33 mmol, 1.33 mL,
0.5 eq) in DMF {250 oLl) was stirred at 15°C for 2 br. Then sodium triacetoxyborohydride (19.78
g, 93.33 mmol, 2 eq) was added, and the reaction mixture was stirred at 15°C for 10 hr. The
reaction was quenched with water (1 L), then extracted with EtOAc (600 mL x 3). The combined
organic phase was washed with brine (1 L), dried with anhydrous NaxS0q, filtered and the filtrate
was concentrated in vacuo 1o give a residue which was purified by prep-HPLC {column: Agela
DuraShell C18 250*70mm™*10um; mobile phase: [water (NHsHCO3)-ACNY;, B%: 50%-75%,
20min) to give the title compound as a white solid (5 g, 16.26 mmol, 35% yield, 99% purity}. 'H
NMR (400 MHz, DMSO-de) 6=734-722 (m, 5H), 673 {(brd, /=81 Hz, 1H), 350 - 339 (m,
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3H), 281 (brd, J=T74 Hz, 1H), 267 (brd, /=92 Hz, 1H), 1. 73 (brd, /=120 Hz, 1H}, 1.65 -
1.49 (m, 2H), 1.39 (brs, 1H), 1.35 (5, 9H), 1.26 (brs, 1H), 0.79 (br d, /= 6.7 Hz, 3H).
{8035%] reri-Butyl ((3R,35)-1-benzyil-S-methvipiperidin-3-yljcarbamate and iert-buty! ({35,5R)-
{-benzyl-S-methylpiperidin-3-vijcarbamate
[00352]  fert-Butyl (1-benzyl-S-methylpiperidin-3-yhcarbamate (5 g, 16.42 mmol, T eq) was
separated by SFC (column: REGIS (5,8) WHELK-O1 (250mm*S50mm, 10um};mobile phase:
[Hexane-IPALBY%: 5%-5%,3.5min) to give fert-butyl ((3R,58)-1-benzyl-5-methyipiperidin-3-
yljcarbamate as white solid (1.8 g, 5.79 mmol, 98% yield, 98% purity) and fere-butyl {{(35,5K)-1-
benzyl-S-methylpiperidin-3-yl)carbamate as a white solid (1.8 g, 5.62 mmol, 95% yield, 95%
purity). fert-Butyl ((3R,58)-1-benzyi-5-methylpiperidin-3-yijcarbamate: 'H NMR (400 MHz,
DMSO-ds) 6=733-7.22 (m, SH), 6.74 (brd, /=82 Hz, 1H) 348 -340 (m, 3H), 280 (brd, J
=7 9Hz, 1H), 2.67 (brd, /=93 Hz, 1H), 173 (brd, /=122 Hz, 1H), 1.63 - 1.50 (m, 2H), 1.44
- 1.38 (m, 1H), 1.34 (s, 9H), 1.25 (br s, 1H), 0.78 (br d, J = 6.7 Hz, 3H). fert-Butyl ((35,58)-1-
benzyl-S-methylpiperidin-3-yl)carbamate: 'H NMR (400 MHz, DMSO-ds) & = 7.34 - 722 (m,
5SH), 6.74 (brd, /=82Hz 1H), 344 (brd, J=37Hz 3H), 284 -276{(m, 1H),267 {(brd, J=
89 Hz 1H), 1.72(brd, /=120 Hz, 1H), 1.65 - 1.51 (m, 2H}, 1.43 - 1.38 (m, 1H}, 1.34 (s, 9H),
1.25 (br s, 1H), 0.80 - 0.76 {m, 3H).
[B0383)  rert-Butyl (3R, 55)-5-methylpiperidin-3-yi)carbamate
{30354] Toasolution of fert-butyl ({(35,58)-1-benzyl-S-methylpiperidin-3-yljcarbamate (1.30 g,
4.27 mmol, 1 eq) in THF (13 mL) was added Pd/C (700 mg, 10% purity ) under Ar. The suspension
was degassed under vacuum and purged with Hz several times. The reaction mixture was stirred
under Hy (15 psiy at 25°C for 12 hr. The reaction mixture was filtered, and the filtrate was
concentrated i1 vacuo to give the title compound as a white solid (0.8 g, crude). 'H NMR (400
MHz, MeQD-ds) =341 (ddd, J=45,71, 113 Hz 1H), 311 -3.03 (m, 1H), 287 (brdd, /=
35,124 Hz, 1H), 214 (t, /=116 Hz, 1H),2.05- 197 {(m, 1H), 197 - 1.90 (m, 1H), 168 -1.54
(m, TH), 1.43 (s, OH), 1.40 (s, 1ED), 0.87 (d, J= 6.6 Hz, 3H).
{80358} fert-Buvl  ((3R.55)-1-(5-chioro-4-((7-(2-chloroethoxy i~ 1 -methyi-2-0x0-2, 3-dilivdro-
{ H-benzofd fimidazol-3-ylaminoipyrimidin-2-ylj-3-methylpiperidin-3-vilcarbamate
{60356] To a mixture of 7-(2-chloroethoxy}-5-{(2,5-dichloropyrimidin-4-yijamino)-1-methyl-
1,3-dihydro-2H-benzo[djirnidazol-2-one (1.5 g 3.86 mmol, 1 eq) and feri-butyl ((3R,58)-5-
methyipiperidin-3-yl)carbamate (992 57 mg, 4 63 mmol, 12 eq) in DMSO (15 ml) was added
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DIPEA (997.67 mg, 7.72 mmol, 1.34 mL, 2 eq}. The reaction mixture was stirred at 100°C for 2
hr. The reaction was quenched with water (20 mL} and the solid was filtered. The filter cake was
dried under vacuum to give a residue which was purified by column chromatography (Si0a,
petroleum ether/ethyl acetate=2/1 to 0/1) to give the title compound as a vellow solid (1.1 ¢, 1.84
mmol, 48%% yield, 95% purity). LCMS: [M+H]" = 510.2.

{B0357)  3-1(2-({3R 55}-3-Amino-S-methvipiperidin- 1 -ylj-5-chioropvrimidin-4-y{jamino)-7-{ 2~
chiaroethoxy)-1-methyl-1,3-dilydro-2H-benzofd jimidazol-2-one

[60338] A solution of fere-butyl ((3855)-1-(5-chloro-4-({7-(2-chloroethoxy)-1-methyl-2-oxo-
2,3~dihydro-1H-benzofdimidazol-5-yDamino)pyrnimidin-2-y1}-3-methylpiperidin-3-yhcarbamate
{600 mg, 1.06 mmol, 1 eq) in BCM (10 mL.) and TFA (2 ml.) was stirred at 25°C for 36 min. The
reaction mixture was concentrated in vacuo to give the title compound as a brown oil (600 mg,
crude, TFA), LOMS: [M+H]" = 464 4.

[00359] (IR 1°85)-2°-Chioro-1°, £-dimethyi-4°, £ -dilbydro-4' H-5-oxa-3,8-diaza-4{6,4)-
herzofdfimidazola-2(2, 4)-pyrinidina-1{1,3 j-piperidinacyclooctaphan-4*-oie

[60360] A mixture of 5-((2-((3R 55)-3-amino-S-methylpiperidin-1-y1}-5-chlorepyrimidin-4-
ylhamino)-7-{2-chloroethoxy}-1-methyl-1,3-dihydro-2H-benzo[djimidazol-2-one (200  mg,
428.85 pmol, 1 eq), KaCOs (29635 mg, 2.14 mmol, 5 eq), and Nal (642 82 mg, 429 mmo},
10 egq)1n DMF (30 mL) in a glove box was stirred at 100°C for 36 hr. The reaction mixture was
concentrated /n vacuo and water (50 mL) was added. The mixture was extracted with ethyl acetate
{35 mL x 3) The combined organic phase was dried with anhydrous NaxSQOs, filtered and
concentrated i vacwo to give a residue which was punfied by coluran chromatography
(S10:, petroleum ether/THF=4/1 to 1/1) to give the title compound as a vellow solid (320 mg). 'H
NMR (400 Mz, DMSO-de) 8 = 10.81 (br s, 1F), 8.65 (s, 11}, 8.00 (s, 1H), 7.66 (br s, 1H), 6.87
(s, 21T}, 4.80 (br d, /= 11.1 Hz, 1H), 4.49 (br d, /= 10.8 Hz, 1H), 436 (br t, /= 10.9 Hz, 1),
4.07 - 3.96 (m, 1H), 3.40 (brs, 3H), 3.01 (brt,J = 11.1 Hz, 1H), 2.94 - 2.75 {m, 2H), 2.39 (brt, J
= 12,1 Hz, TH), 2.16 - 2,10 {m, 1), 1.90 (s, 1H), 1.82 (brd, J= 11.9 Hz, 1H), 1.57 (brd, J=3.1
He, 1H), 0.85 (br d, J = 6.4 Hz, 3H). LCMS: [M+1]"= 430.2.

160361) (/R I°8)-2°-Chioro-4'-(3-hydroxy-3-methylbuty(}- P, 4 -dime thvl-4°, £ -dihydro-4' H-
S-oxa-3,8-dicza-4(6,4)-benzofdlimidazola-2(2, 4)-pyrimidina- 1 (1, 3 )-piperidinacyclooctaphai-

Hone (16)
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[00362] A mixture of (1R 1°5)-2°-chloro-1°,4°-dimethyl-4* 4’-dihydro-4'H-5-0xa-3 8-diaza-
4(6,4)-benzo[dlimidazola-2(2,4)-pyrimidina- 1{1,3)-piperidinacyclooctaphan-4*-one (290 mg,
674.57 umol, 1 eq), 3-hydroxy-3-methytbutyi 4-methyibenzenesulfonate (348 .53 mg, 1.35 mmoi,
2 eq), KI (55.99 mg, 337.29 umol, 0.5 eq), and Cs2C0: (439,58 mg, 1.35 mmol, 2 eq) in DMSO
(3 mal) was degassed and purged with N2 3 times. The reaction mixture was stirred at 80°C for 12
hr under Nz atmosphere. The reaction mixture was filtered and the filtrate was purified by prep-
HPLC  (column: Waters Xbridge™ BEH C18  100®30mm*10um; mobile phase:
fwater(NHsHCOz)-ACNT B%: 35%-55%,8min) to give the title compound as a white solid (23
mg, 44.12 umol, 7% vield, 99% purity). "H NMR. (400 MHz, DMSO-d:) & = 8.74 (s, 1H), 8.02 (s,
1H), 770 (5, 1H), 6.79(d, /= 1.1 Hz, 1H}, 479 (brd, J=11.6 Hz, 1H), 452 - 445 (m, 2H), 442
- 434 (m, 1H), 402 (dt, /=81, 11 1 Hz, 1H), 3.82 (brdd, /=52, 97Hz 2H), 3.45 (s, 3H), 3.05
-297(m, 1H), 291 -278 (m, 2H), 240 (t, J= 123 Hz, 1H), 215 (brt, /=114 Hz, 1H}, 1.82 {(br
d, J=125Hz 1H), 1.69 (brdd, /=51, 9.4 He, 2H), 1.63 - 1.54 (m, IH), 1.18 (s, 6H), 1.13 (dd,
J=28, 18,5 He, 1H), 1.02 - 0.92 (m, 1H}, 0.86 (d, /= 6.6 Hz, 3H). LCMS: [M+H] = 5164,

[00363] Example 14; Synthesis of (1'S1°R1-2-chloro-4'-(3-hydroxy-3-methvibutyl}-1° 4°-

dimethyl-4°.4°-dihvdro-4 'H-5-0xa-3.8-diaza-4(6.4-benzold imidazola-2{2. 4)-pyrimidina- 1{1.33-

piperidinacyclooctaphan-42-one (17}
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{00364]  fert-Buwyl ((38, 3R)-5-methyipiperidin-3-vi)carbamate
[00365] To a solution of fert-butyl N-[(35,5R)-1-benzyl-5-methyl-3-piperidylicarbamate (1.30
g, 427 mmol, 1 eq) in THF (13 mL) was added Pd/C (700 mg, 10% purity) under Ar. The
suspension was degassed under vacuum and purged with Ha several times. The reaction mixture
was stitred under Hz (15 psi) at 25°C for 12 hr. The reaction mixture was filtered and the filtrate
was concentrated in vacuo to give the title compound as a white solid (0.8 g, crude). 'H NMR (400
Mz, MeOD-dy) 8 =341 (1t, J =43, 11.3 He, 1H), 311 -3.03 (o, 1H), 2.87 (brdd, /=35 125
Hz, 1H), 2.14 (¢, /=116 Hz, TH}, 2.05 - 1.90 (m, 2H), 1.01 {(did, /=38, 7.3, 14.7 Hz, 1H), 143
(s, 9H), 1.40 (s, 1H), 0.87 (d, /= 6.6 Hz, 3H).
100366]  fert-Buryl ({38, 3R}-1-(5-chloro-4-((7-(2-chloroethoxy j- I -methyl-2-oxo-2, 3-dilrydro-
{H-henzofdfimidazol-5-yDaminojpyrimidin-2-vii-5-methylpiperidin-3-yi)carbamate
[60367] To a mixture of 4-(2-chloroethoxy}-6-{(2, 3~-dichloropyrimidin-4-yhamino}-3-methyl-
IH-benzimidazol-2-one (1.5 g, 3.86 mmol, | eq) and tert-butyl N-[(35 5&})-5-methyl-3-
piperidyl]carbamate (992.57 mg, 4.63 mmol, 1.2 eq) in DMSO (20 mL) was added DIPEA (997 64
mg, 7.72 mmol, 134 mL, 2 eq). The reaction mixture was stirred at 100°C for 2 h. The reaction
was guenched with water (20 mL) and the solid was filtered and dried. The product was purified
by column chromatography {Si(), petroleum ether/ethyl acetate=2/1 to (/1) to give the ttle
compound as a yellow solid {0.95 g, 1.29 mmol, 33% vield) LCMS: [M-56+H]" = 510.2, [M+1]
= 566.2.
[00368]  S5-0(2-{{35 5R)-3-Amino-5-methyipiperidin-i-ylj-3-chloropvrimidin-4-yamino}-7-{ 2-
chiaroethoxy)~1-methyl-1,3-ditydro-2H-bernzofd fimidazol-2-one
186369] To a solution of rers-butyl N-{(35,5R)-1-[S-chloro-4-[7-(Z-chloroethoxy - 1-methyl-2-
oxo-3H-benzimidazol-5-yljaminolpyrimidin-2-y1}-S-methyl-3-pipendylicarbamate (600 mg, 1.06
mmol, 1 eq) in DCM (6 mL) was added TFA (1.5 ml). The reaction mixture was stirred at 25°C
for 30 min. The reaction mixture was filtered and filtrate was concentrated 7 vacuo to give the
title compound as a brown oil (600 mg, crude, TFA). LCMS: [M+H] = 4662,
[00378] (1S P R-2°-Chioro-1°, 4 ~dimethyi-4°, £ -dibydro-+ H-5-0xa-3,8-diaza-4{6,4)-
henzofdfimidarola-2(2, 4)-pyrimidina-1{1, 3 j-piperidinacyclooctaphan-4°-one
{60371] To a solution of 6-[[2-[(35,5K)-3-amino-5-methyl-1-piperidyl}-S-chioro-pyrimidin-4-
yljamino}-4-(2-chioroethoxy}-3-methyi-1H-benzimidazol-2~-one (200 mg, 34460 pmol, 1 eq,
TFA) in DMF (30 mL) were added K:COs (238 13 mg, 1.72 mmol, 5 eq) and Nal (81653 mg,
10S
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3.45 mmoli, 10 eq) in a glove box. The reaction mixtire was stirred at 100°C for 36 hr under Na
atmosphere. The reaction mixture was concentrated i vacuo and water (50 mL) was added. The
solution was extracted with ethy! acetate (35 mi. x 3). The combined organic phase was dried with
anhydrous Na,S0Os, filtered and concentrated in vacuo to give a residue which was purified by
colurn chromatography (8102, petroleurn ether/ethyl acetate=0/1 to THF/ethyl acetate=2/1) to
give the title compound as a yellow solid (250 mg, 430.33 umol, 42% vield). 'H NMR (400 MHz,
DMSO-ds) § = 10.80 (s, 1H), 8.65 {5, 1H), 8.00 (s, 1H), 7.66 (s, 1H), 6.69 - 6.62 (m, 2H}, 4.80 (br
d, /=113 Hz, 1H), 4.51 - 4.45 (m, 1H), 4.40 - 431 (m, 1H), 4.01 (br d, J = 7.6 Hz, 1H), 3.42 -
339(m, 3H), 308 -2.94 (m, 1H),2.92-2.78 {(m, 2H), 2.40(brt, /=122 Hz, 1H), 2.15 (brs, 1H),
1.82(brd, /=122 Hz, 1H), 1.63-1.52(m, 1H)}, 1.02-0.94 (im, 1H), 0.86 {brd, /= 0.4 Hz, 3H).
LOMS: [M+HT =430.2.

[00372] (18 P R)-2°-Chloro-4'~(3-hydroxy-3-methylbutyl)- 1 4" -dimeihyl-+ £ -dibydro-4'H-
S-oxa-3,8-diaza-4(6,4)-benzofd Jimidazola-2(2, 4)-pyrimidina-1{ { 3 )-piperidinacyclooctaphan-
#-ome (17)

(00373] A mixture of {1°S1°R)-2°-chloro-1° 4*-dimethyi-4% 4°-dihydro-4'H-5-0xa-3,8-diaza-
4(6,4)-benzo{dlimidazola-2(2.4)-pyrimidina- 1(1,3)-piperidinacyclooctaphan-4*-one (200 mg,
46522 pmol, 1 eq), (3-hydroxy-3-methyl-butyl} 4-methyibenzenesulfonate {240.36 mg, 930.44
umol, 2 eq), KI (38.61 mg, 232.61 umol, 0.5 eg), and Cs2CO3(303 .16 mg, 930.44 pmol, 2 eg) in
DMSO (2 mL) was degassed and purged with Na 3 tirnes. The reaction mixture was stirred at 80°C
for 12 hr under N» atmosphere. The reaction mixture was filtered and the filtrate was purified by
prep-HPLC(columun: Waters Xbridge™ Prep OBD C18 150%40mm*10pm;mobile phase:
[water(NH:HCO3)-ACN]B%: 30%-60%,8min) to give the title compound as a white solid (35
mg, 67.15 umol, 14% yield, 99% purity). “H NMR (400 Milz, DMSO-ds) & = 8.73 (s, 1H), 8.02
(s, 111}, 7.70 (s, 11D), 6.79 (d, J = 1.3 Hz, 1H), 4.80 (br d, J= 12.4 Hz, 111}, 449 (br dd, J = 4.0,
12.6 Hz, 1H), 4.45 (s, 1H), 4.42 - 433 (m, 1H), 402 (dt. /=180, 11.2 Hz, 1H), 3.86 - 3.76 (m,
2H), 3.45 (s, 3H), 3.07 - 2.95 (m, TH), 2.93 - 2.76 (m, 2H), 2.40 (br t, /= 12.2 Hz, 1H), 2.15 (br ¢,
J=11.4Hz, 1H), 1.86 - 178 {m, 1H), 1.74 - 1.65 (m, 2F), 1.63 - 1.50 (m, 1H), 1.18 (s, 6H), 1.16
- 1.09(m, 1H), 097 (g, /= 11.8 Hz, 1H), 086 (d, /= 6.0 Hz, 3H) LCMS: [M+H] = 5161
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{00374] Example 15 Synthesis _of (1S 1°R)-2°-chioro-1" 1*-difluoro-4'-({{(1R 35)-3-

hydroxveyvclobutvDimethvh- . 4%-dimethvl-4! 42.4° 4 tetrabvdro-5-oxa-3-aza-4{7.5)-

guinoxalina-2{2 $)}-pvrimidina-1¢{1 3)-piperidinacyclooctaphane-4% 4°-dione (18-1) and (135S 1°R)-

2°-chloro-1* 1*.difluoro-4*-(({(15.3R)-3-hvdroxyevelobutyDmethy-1° 4% dimethvi-4* 4° 4° 4%

ietrahydro-5-oxa-3-aza-4(7.5 -quinoxalina-2(2. 4 v-opyrimidina- 11 3 -piperidinacveloociaphane-
4° 4°-dione {18-2)
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[00375)  6-Bromo-8-methoxy-{-methyi-1, 4-dihydroguinoxaline-2, 3-dione
[60376] To a solution of 4-bromo-6-methoxy-N'-methylbenzene-1 2-diamine (30 g, 12982

mmol, 1 eq) in THF (350 mL) was added oxalyl dichioride {(32.96 g, 259.64 mmol, 22.73 mL, 2
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eq) dropwise at 25°C. The reaction mixture was stirred at 25°C for 1 hr. The reaction mixture
{combined with another batch of the same scale)} was filtered and the filter cake was washed with
ethyl acetate (366 mL} and dried in vacuo. The residue was triturated with EtOAc (200 mL) at
25°C for 30 min to give the title compound as a white solid (40 g, 7% purity). 'H NMR {400
MHz, DMSO-~de} 0= 1195 (s, 1H), 7.02{d, /=2 0 Hz, 1H), 694 (d, /= 2.0 He, 1H), 3.87 (s, 3H),
3.63 (s, 3H).
1803771  6-(Benzylamino)-8-methoxy-{-methyl-1, 4-dikvdroquinoxaline-2, 3-dione
[60378] Toasolution of 6-bromo-8-methoxy-1-methyl-1,4-dihydroguinoxaline-2,3-dione {18 g,
63 14 mmol, 1 eq) and BuNH2 (8.12 ¢, 75.76 mmool, 826 mL, 1.2 eq) in THF (180 mL) was added
LiHMDS (1 M, 151.53 ml, 2.4 eq) dropwise at 25°C and purged with Nz for 5 min. BrettPhos
{1.69 g, 3.16 mmol, 0.04 eq) and BrettPhos Pd G3 (1.43 g, 1.58 mmol, 0.02 eq) was then added at
25°C and the resulting mixture was stirred at 80°C for 12 hr under N2 atmosphere. The reaction
mixture {combined with two other batches of the same scale) was quenched with sat. aq. NH4Cl
(200 mL) slowly at 0°C. The solution was dried with anhydrous NaxSOq filtered, and the filtrate
was concentrated i vacuo to give a residue which was puritied by flash silica gel chromatography
{Silica Flash Column, cluent of 20~100% THF/petroleum ether gradient) to give the title
compound as a yellow solid (20 g, 94% purity). 'H NMR (400 MHz, DMSO-ds) 6 = 11.62 {br s,
1H), 7.39 - 7.29 (m, 4H), 7.27 - 7.19 (m, 1H), 6.45 (1, J= 6.0 Hz, 1H), 6.19 (d, /= 2.4 Hz, 1H),
599(d, J=24Hz 1H), 423(d, /=060 Hz 2H), 3.73 (5, 3H}, 3.63 -3.57 (m, 3H).
160379)  6-(Benzylamino)-8-hydroxy-i-methyl-i 4-dibvdroquinoxaline-2, 3-dione
[B0380] o-(benzylamino)-8-methoxy-l-ruethyl-1 4-dihydroquinoxaline-2,3~dione (20 g, 64.24
mmol, 1 eq) was dissolved in DCM (400 mL) and cooled to -70°C. BBr: (80.47 g, 321 20 mmol,
3095 ml, 5 eq) in DCM (50 ml) was added dropwise to the reaction mixture under No. The
reaction mixture was warmed to 40°C and stirred for 12 hr. The reaction was quenched with a
CHCI/MeOH solution {10:1, 600 mL} at 0°C, then concentrated i vacro. The residue was stirred
tn 4N HCl water solution at 40°C for 30 min and then filtered. The filter cake was triturated with
(EtOAc, 100 mL) at 25°C for 30 min to give the title compound as a yellow solid (11 g, 34.04
mmol, 53% vield, 92% purity). 'H NMR (400 MHz, DMSO-ds) 8 = 11.59 (br s, 1H), 980 (brs,
LH), 7.36 - 7.16 (m, SH), 6.15 - 5.88 (m, 2H), 4.18 (s, 2H), 3.66 (s, 3H).
{80381} reri-Bunyl (35, 3F)-3-(3-((7~{benzylamine)-4-methyl-2, 3-dioxo-1,2, 3, 4-tetrabydro
guinoxalin-S-yloxy)propyl)-4, 4-diffucro-S-methvipiperidine- i -carboxylate
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{30382] To a solution of 6-(benzylamino)-8-hydroxy-1-methyl-1 4-dihydroquinoxaline-2,3-
dione {1 g, 3.03 mmol, 90% purity, T eq) in ACN (10 mL} and DMF (10 mL) were added K2COs
(836.77 mg, o605 mmol, 2 eq) and fert-butyl (3K 55)-4,4-difluoro-3-methyl-5-(3-
(tosyloxy)propylipiperidine-1-carboxylate {(1.35 g, 3.03 mmol, 1 eq). The reaction mixture was
stirred at 60°C tor 6 hr. Water (50 mL) was added and the solution {combined with another baich
at 1.5 g scale) was extracted with EtOAc (50 mL x 3). The combined organic phase was washed
with brine (100 ml.), dried over anhydrous Na:S04, filtered and concentrated én vacuo to give a
residue which was purified by flash silica gel chromatography (Silica Flash Column, eluent of
33~100% ethyl acetate/petroleum ether gradient) to give the title compound as a yvellow solid {1
o). "H NMR (400 MHz, DMSO-ds) 6= 1173 - 11.60 (m, 1H), 727 - 7.18 (m, 1H), 739 - 7.16 {m
4H), 6.64 (3, 2H), 6.42 (br t, J = 6.0 Hz, 1H), 6.17 (d, /= 2.4 Hz, |H), 5.99 (d, /= 2.4 Hz, 1H),
423 ¢(brd, J=60Hz 1H), 414-399 (m, 1H), 398 -3 87 (m, 3H), 382 -377 {m, 1H), 3.69 -
3.56 (m, 3H), 3.31 - 3.27 (m, 2H), 2.69 (s, 3H), 1.40 (s, 9H), 0.94 (d, J = 6.8 Hz, 4H).

{B0383]  fert-Buty! (38, 5R)-3-f3-{ (7~comino-d-methyl-2, 3-dioxo-1 H-quinoxalin-5-vijoxy{pro
pyi]-4, d-diffuoro-S-methvi-piperidine-{ -carboxylate

[60384] To a solution ferf-butyl (38 5K)-3-(3-((7-(benzylamino}-4-methyl-2,3-dioxo-1,2,3 4~
tetrahydrogquinoxalin-5-yhoxy ypropyl)-4,4-difluoro-S-methyipipendine-1-carboxylate (400 mg,
698.52 umol, 1 eq)in THF (4 mL) was added Pd/C (150 mg, 10% purity) under Ar. The suspension
was degassed under vacuum and purged with Hz 3 times. The reaction mixture was stirred under
Ho (15 psiy at 25°C for 12 hr. The reaction mixture {combined with another batch of the same
scale) was filtered through a pad of Celite® and the filtrate was concentrated in vacuo to give the
title compound as a red solid (800 mg, crude). 'H NMR (400 MHz, DMSO-ds) 6 = 11.67 (brd, J
= 13.6 Hz, 1H), 7.95 (s, 1H), 6.13 (d, J = 2.0 Hz, 1H), 5.99 (d, ./ = 2.0 Hz, 1), 5.21 (s, 15}, 4.20
-3.88 (m, 4H), 3.65 - 3.61 (m, 2H), 2.64 - 2.53 (m, 1H), 2.22 - 2.14 (m, 1H), 1.95 - 1.83 {m, 3H),
1.4 (s, 9HD), 135 (s, 4H), 0.94 (4, J = 6.8 Hz. 3H).

{80388 seri-Butyl  (38,5R)-3-(3-((7-1(2, 5-dichloropyrimidin-4-yi)amino)-d-methyl-2, 3-dioxo-
1,23 d-retrativdroquinoxalin-3-yi)oxyipropylj-4, 4-diftuoro-5~-methylpiperidine - I -car boxylate
{00386] To a solution of ferr-butyl (35,54)-3-(3-((7-amino-4-methyl-2 3~dioxo-1,2,3,4-
tetrahydroquinoxalin-5-ylyoxy ypropyl}-4,4-diflucro-5-methyipipenidine- i-carboxylate (80¢ mg,
1.66 mmol, 1 eq) in DMF (8 mlL) were added DIPEA (428.55 mg, 3.32 romol, 577.56 ul., 2 eq)
and 2.4 5-trichloropyrimidine (608 22 mg, 3 32 mmol, 2 eq). The reaction mixture was stirred at
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25°C for 2 hr. Water (50 mL) was added and the solution was extracted with FtOAc (50 mL x 3).
The combined organic phase was washed with brine (50 ml), dried over anhydrous NaxSOs,
filtered and the filtrate was concenirated i vacuo to give a residue which was purified by flash
silica gel chromatography (Silica Flash Column, eluent of 20~100% THF/petroleum ether
gradient) to give the title compound as a gray solid (750 mg, 83% purity). *H NMR {400 MHz,
DMSO-ds) 6 = 12.17 - 11.94 (m, 1H), 9.73 - 9.44 (m, 1H), 8.44 - 834 (m, 1H), 7.26 - 7.10 {m,
2H), 418 -400(m, 3H), 398 -3 85 (m, 1H),3.74-3.63 (m,3H),332-327(m, 2H), 221 - 2.14
(m, 2H), 1.93 - 1.84 {m, 4H)}, 143 - 136 (m, 9H}, 0.94 {d, J = 6.8 Hz, 3H)

100387) 612, 5-Dichloropyrimidin-4-viamino)-8-(3-((38, SR)-4, 4-difluoro-5-methylpi peridin-
3-yllpropoxy)-1-methyvi-1,4-dilydroguinoxaline-2, 3-dione
{60388] A solution of ferf-butyl (38,5Ry-3-3~((7-({2,5-dichloropyrimidin-4-yDamino)-4-
methyl-2 3-dioxo-1,2,3 4-tetrahydrogquinoxalin-5-yDoxy propyi)-4,4-difluoro-3-
methylpiperidine-1-carboxylate (700 mg, 1.11 mmol, 1 eq) in DCM (10 mL) and TFA (2.5 mL}
was stirred at 25°C {or 30 min. The solution was concenirated in vacuo to give the title compound
as a yellow solid (700 mg, crude, TFA). LCMS: [M+HT = 5203,
[00389) (/'S IR)-2°-Chioro-I*, P-diftucro-1°, #*-dimethyl-4' 47, 8 #*-tetrahydr o-5-0xa-3-aza-
(7 S)-quinoxaling-2(2, 4)-pyrimiding-1{1, 3 )-piperidinacyclcociaphane -4, £ dione (28)
[00390] To a solution of 6-{(2,5-dichloropyrimidin-4-yDamino}-8-(3-((35,5K)-4,4-difluoro-5-
methyipipendin-3-yDpropoxy)-1-methyl-1,4-dihydroquinoxaline-2,3-dione {700 mwyg, 1.09 mmol,
I eg, TFA) in DMSO (28 mL) was added DIPEA (1 41 g, 1088 mmol, 190 mL, 10 eq). The
reaction mixture was stirred at 80°C for 12 hr. Water (50 ml) was added and the solution
(combined with another 50 mg scale) was extracted with FtOAc (30 mL x 3). The combined
organic phase was washed with brine (50 ml), dned over anhydrous NazSQs, filtered and the
filtrate was concentrated in vacwo to give a residue which was puritfied by tlash silica gel
chromatography (Silica Flash Column, eluent of 50~100% THF/petroleum ether gradient) to give
the title compound as vellow solid (250 mg, 77% purity). 'H NMR (400 MHz, DMSO-ds) & =
1215 -11.80 (o, 1H), 910 (5, TH), 8.11 (s, 1H), 7.61 {brs, 1H), 0.77 (s, 1H), 4.75 - 4.54 (1, 2H),
447 kbrt, J=110Hz 1H), 421 -4.10(m, 1H),3.67(5,3H), 274 (brt, /=127 Hz, 1H), 241 -
228 (m, 1H), 1.99- 182 (m, 2H), 1.78 - 1.55 (m, 2H), 1.42 - 1.30 {m, ZH), 0.97 (br d, /= 6.5 Hz,
3H), LCMS: [M+H]" =493 2.
100391} 3-(Hydroxymethvljcvclobutan-1-0f
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{30392] To a mixture of 3-oxocyclobutane-1-carboxylic acid (10 g, 87.64 mmol, 1 eq) in THF
(500 mL) was added BHs-MexS (10 M, 26.29 mL., 3 eq} in one portion at ~70°C under N2, The
reaction mixture was stirred at 13°C for 3 hr. The reaction {combined with another two batches of
the same scale} was cooled to 0°C in an ice bath. MeOH (100 mL) was added dropwise to quench
the reaction. The solvent was remnoved under reduced pressure to give the title compound as a
veliow oil (26 g, 217.17 mmol, 83% vyield, 85% purity} . '"H NMR (400 MHz CDCls) § = 5.51 -
S35 (m, 1H), 4.45-3.96 (ru, 1H), 3.84 - 338 (m, 2H), 255 -1 81 (m, 4H), 1.76 - 1 49 (m, 1H).
[80393] (3-Hydroxyeycloburylimethyl 4-methvibenzenesuljonate

[60394] To a solution of 3-thydroxymethylicyclobutan-1-ol (26 g, 254.57 mmol, 1 eq) in DCM
{300 mL) were added TEA (51.52 g, 509.15 mumol, 70.87 mL, 2 eq) and DMAP (311 g, 2546
mmol, 0.1 eqy at 15°C. TosCl (48.53 g, 254 57 mmol, 1 eq) was then added slowly at 0°C under
N and the reaction mixture was stirred at 15°C for 12 hr. The reaction mixture was poured 1uto
water (400 mL) and the aqueous phase was extracted with DCM (300 mL x 2). The combined
organic phase was washed with brine (800 mL), dried with anhydrous NaxSO4, filtered and the
filtrate was concentrated in vacwuo to give a residue which was purified by column chromatography
(8102, petroleum ether/ethyl acetate=1/0 to 3/1) to give the title compound as a white solid (33 g,
122.80 mmol, 48% yield, 95% purity). "H NMR (400 MHz, DMSO-ds) & = 7.83 - 7.72 (m, 2H),
752 - 7.41 (m, 2H), 5.18 - 4.54 (m, 1H), 4.14 - 3.83 (m, 3H), 2.42 (s, 3H), 2.21 - 2.11 (m, 1H),
2.01 - 1.7& (m, 3H3, 1.53 - 1.38 {m, 1H).

[0603958] (I8 D R)-2°-Chloro-1°, I-difluoro-4'-((3-hydraxyeyclobutymethy (-1 4 -dime thvi-
48 F terrabydro-3-oxa-3-aza-4(7, 3 j~quincxalina-2(2,4)-pyrimiding-I1(1, 3)-
piperidinacyclooctaphane-4° 4 -dione

[00396] To a solution of (1S 1°R)-2%-chloro-1%, 1 diffuoro-17 4hdimethyl-4' 4% 4° 4%
tetrahydro-5-oxa-3-aza-4(7 5 }-quinoxalina-2(2,4}-pyrimidina-1{1,3)-piperidinacy clooctaphane-
4% 4 -dione (150 mg 30432 umol, 1 eq) in DMSO (2 mL) were added (3-
hydroxycyclobutyDmethyl 4-methylbenzenesulfonate (156.00 mg, 608.64 umol, 2 eq), Us200s
(19831 mg, 608.64 wmol, 2 eq) and KI (25.26 mg, 152.16 pmwol, 0.5 eg). The reaction mixture
was stirred at 80°C for 12 hr under Nz, The reaction mixture {combined with another batch at 100
mg scale) was filtered and the filtrate was concentrated in vacuo to give a residue which was

purified by prep-HPLC {colurman: Phenomenex C18 80*40mro*3pm; mobile phase:
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Fwater(NHaHCO3 3-ACNE B%: 35%-65%,8min} to give the title compound as a white solid (60
mg, 97% purity). LCMS: [M+H]"= 5773

160397} (18 PR)-27-Chloro-17, P-difluoro-4'~((( v, 38)-3-hydroxycyclobutvl)methy - 1°, 4%~
dimethyl-4' 4 £ 4'-tetrabvdro-5-oxa-3-aza-4(7, 5)-quinoxaling-2(2 4)-pvrimidina-1{1, 3)-
piperidinacycloociaphane-4°, 4 -dione (18-1) and (IS, 'R)-2"-chlore- 1%, P-diffuoro-4'-({(1s,3R)-
3-hydroxveyclobutylimethyl)-1° 4 -dimethyl-4' 4 £ 4'-tetrahydro-5-oxa-3-aza-4(7,5)-
quinoxalina-202,4j-pyrinidina-1{1,3)-piperidinacycloociophane-4°, £ -dione (18-2)

[06398] (1°S 1°R)-2°-Chioro-1% 1*-difluoro-4'-((3-hydroxycyclobutylmethyl)-1° 4 -dimethyl-
41 4% 4° 4*tetrahydro-5-oxa-3-aza-4(7,5)-quinoxalina-2(2,4)-pyrimidina-1(1,3)-
piperidinacyclooctaphane-42 4*-dione (combined with ancther 20 mg scale) was purified by SFC
(column: DAICEL CHIRALPAK IC(ZSOmm™30mm,i0um), mobile phase: [ACN/EtOH
(0.1%NH3H20)], B%: 70%-70%, 13 min) to give 18-1 as a white solid (7 mg, 98% purity) and
18-2 as a white solid (20 mg, 97.8% purity}.

[00399] 18-1: ' NMR (400 MHz, DMSO-ds) 8 = 9.01 (s, 1H), B.15 (s, 1H), 7.77 (4, /= 1.4 Hz,
1H), 7.05(d, J=14Hz 1H),504(d, /J=60Hz 1H), 470 (brd, /=140 Hz, 1H), 465 -456
(m, 1H), 4.51 - 4.41 (m, 1F), 4.40 - 433 (m, 1H), 4.30 - 4.14 (m, 2H), 4.0 (br dd, /=84, 14.1
Hz, TH), 3.63 (s, 3H), 2.80 - 2.72 (m, 1H), 2.65 - 255 (m, 1H), 2,44 - 231 {m, 1H), 2.05-1.98
(m, 2H), 1.95 - 1.86 (m, 3H), 1.83 - 1.70 (m, 1H), 1.64 (brt,J= 13.2 Hz, 1H), 1.39- 1.31 (m, 3H),
098 (d, /= 6.0 Hz, 3H). LCMS: [M+H]| = 5774

[60400] 18-2° '"H NMR (400 MHz, DMSO-ds} § =9.00 (s, 1H), 8 15(s, 1H), 7.77(d,.J= 1 4 Hz,
D), 7.05 (d,./ = 1.4 Hz, 1H), 5.01 (d, /= 6.8 Hz, 1H), 4.75 - 4.55 (m, 2H), 4.53 - 437 (m, 11),
428 -4.11 (m, 2H), 4.03 (br dd, J=6.6, 13.9 Hz, 1H), 3.90 - 3.77 (m, 1H), 3.63 (s, 3H), 2.76 (br
7= 12.8 Hz TH), 2.64 - 2.55 (m, TH), 2.45 - 2.31 (m, 1H), 2.30 - 2.22 (m, 2H), 2.20 - 2.12 {m,
1H), 2.05 - 1.85 (m, 2}, 1.83 - 1.58 (m, 4H), 1.37 (dt, /=54, 12.5 Hz, 1H), 0.98 (d, /= 6.8 iz,
3H). LOMS: [M+H]) =577 4
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{00401} Example 16;  Synthesis of (1"R.1°5}-2"-chloro-1* 1°-difluore-4-(((1R 3 R}-3-

hydroxveyvclobutvDimethvh- . 4%-dimethyl-4! 42.4° 4 tetrabvdro-5-oxa-3-aza-4{7.5)-

guinoxalina-2{2 $)}-pvrimidina-1{1 3)-piperidinacyclooctaphane-4% 4°-dione (19-1) and (138 1°5)-

2°-¢chloro-1% 14-difluoro-4'-{(({1535)-3- -hvdroxycvelobutyly methvi)-1° 4*-dimethyl-4! 4% 4° 4%

ietrahydro-5-oxa-3-aza-4(7.5 -quinoxalina-2(2. 4 v-pyrimidina- 11 3 -piperidinacveloociaphane-

4° 4°-dione {19-2
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40402)  tfert-Bury! (3R 58)-3~03-((7-(benzylamino)-d-methvl-2, 3~dioxo-1 2.3 4-tetrahydro
g 4 { { ’ . 4

guinoxalin-S-vloxy)propyi)-4,4-diftuoro-3-methyipiperidine- I -carboxylare
{86463] To a solution of 6-(benzvlamino}-8-hydroxy-1-methyl-1,4-dihydroquinoxaline-2,3-
dione (2.5 g 841 mmol, 1 eq} and rerrbutyl (35,5R)-4 4-difluoro-3-methyi-5-[3-(p-
tolylsalfonyioxy jpropylpiperidine-T-carboxyiate (3.76 g, 8 41 mmol, 1 eq) in ACN (25 mL) and
DMF (25 mL) was added KoCOs (2.91 g, 21.02 mmol, 2.5 eq). The reaction mixture was stirred
at 60°C for ¢ hr. The reaction was quenched with water (40 mL) and extracted with EtOQAc (30
ml x 3} The combined organic phase was washed with brine (40 mL), dried with anhydrous
Na:504, filtered and concentrated i vacuo to give a residue which was purified by column

chromatography {St{), petroleum ether/ethyl acetate/MeOH=3/1/0 to 0/3/1) to give the title
113



WO 2024/035688 PCT/US2023/029714

compound as a yellow solid (1.5 g 228 mmol, 27% yield, 87% purity). 'H NMR (400 MHz,
DMSBO-ds) 8= 11.71 - 11.52 (m, 1H), 7.42 - 7.18 (m, 5H), 6.42 (brt, /= 5.9 Hz, 1H), 6.17 (d, J =
1.4 Hz, 1H), 5.99 (s, 1H), 422 (brd, J = 5.9 Hz, 11D, 4.13 - 4.01 (m, 1H), 3.98 - 3.88 (m, 31,
3.61 (s, 2H), 2.68 - 2.55 (m, 2H), 2.03 - 1.74 (m, 65, 1.40 (s, 9H), 1.33 - 1.19 (m, 2H), 0.94 (br
d, J=6.6Hz 3H).

{00404)  fert-Butyl (3R 58)-3-3-((7-amino-4-methyl-2,3-dioxo-1, 2, 3, 4-tetrahydroquinoxaiin-5-
vioxy)propyli-4,4-diffuoro-5-methylpiperidine- i -carboxylate

[60403] To asolution of sers-butyl (3R, 55)-3-3-({7-(benzylamino)-4-methyl-2,3-dioxe-1,2,3 4-
tetrahydroguinoxalin-S-yljoxy ypropyl)-4,4-difluoro-S-methyipiperidine-i-carboxvlate (13 g
2.27 mmol, 1 eq) in DMF (15 mL)} was added Pd/C (600 mg, 10% punity)under Ar. The suspension
was degassed under vacuum and purged 3 times with Ho. The reaction mixture was stirred under
Ho (1S psi) at 60°C for 12 hr. The reaction mixture {combined with another batch at 200 mg scale)
was filtered and the filtrate was concentrated in vacuo to give the title compound as a black oil
(1.5 g). LCMS: [M-56+H] = 427.2,

100406)  fert-Buyyl (3R 55)-3-03-((7-1(2 S-dichloropyrimidin-d-ylamincj-4-methyl-2, 3-dioxc-
1,2, 3, d~terrabydroquinoxalin-S-vloxyjpropyli~4, 4-difluoro-S-methvipiperidine- i -carhoxylate
{60467] To a solution of fert-butyl (3R 3553-3-3~((7-amino-4-methyl-2,3-dioxo-1,2,3 4~
tetrahydroguinoxalin-S-yljoxy ypropyi)-4,4-diftuoro-S-methylpiperidine-1-carboxvlate (1.5 g,
3.1 mmol, 1 eq) and 2,4, 5-trichioropyrimidine (1.14 g, 6.22 mmol, 2 eq) in DMF (16 mL) was
added DIPEA (803.55 mg, 6.22 mmol, 1.08 mL, 2 eq). The reaction mixture was stirred at 25°C
for 12 br. The reaction was quenched with water (30 mL) and then extracted with EtOA¢ (20 mL
x 3}. The combined organic phase was washed with brine (30 mL), dried with anhydrous Na:SQOs4,
filtered and concentrated in vacuo to give a residue which was purified by columu chromatography
{8102, petroleum ether/ethyl acetate/MeOQH=4/1/0 to 0/0/1) to give the title compound as a yellow
solid (1.1 g, 1.26 mmol, 40% yield, 72% purity). LCMS: [M-56+H]" = 573.1.

180408 o-((2,5-Dichloropyrimidin-4-yljaming)-8-(3-((3R, 58) -4, 4-difluoro-S-methylpiperidin-
I-vi)propoxyi-{-methyi-{ 4-ditivdroguinoxaline-2, 3-diore

{00409 A solution of tert-butyl (3R,55)-3-{3-1{7-[(2,5-dichloropyrimidin-4-yhamino}-4-
methyl-2,3-dioxo-1H-quinoxalin-5-ylloxylpropyl]-4,4-difiuoro-5-methyl-piperidine-1-

carboxylate (1 g, 1. 59 mmol, 1 eq) in DCM (10 mL) and TFA (2.5 mL) was stirred at 25°C for 30
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min. The reaction mixture was concentrated 7 vacuo to give the title compound as a yeliow o (1
g, crude, TFA) LCMS: [M+H] = 5292
100410} (PR 1°5)-25-Chioro-14, 1 4-difluoro-13 44-dimethyl-4{ 42, 8 4 -etrabydro-5-oxa-3-
aza-4(7, 3 )-quinoxaling-2{2,4}-pyrimiding-1 (1, 3)-piperidinacyclooctaphane-4° 4 -dione
[00411] To a solution of 6-((2,5-dichloropynioidin-4-yDamino)-8~3-((3R,55)-4,4-difluoro-5-
methyipiperidin-3-yl)propoxy)-1-methyl-1 4-dihydroquinoxaline-2,3-dione (1 g, 1.55 mmol, 1 eq,
TFA) in DMSO (40 mL) was added DIEA (2.01 g, 15.54 mmol, 2.71 wl, 10 eqg). The reaction
mixture was stirred at 80°C for 12 hr. The reaction {combined with another batch at 100 mg scale}
was quenched with water (60 mL) and extracted with EtOA¢ (30 mL x 3). The combined organic
phase was washed with brine (60 mL}, dried with anhydrous NaxSOu, filtered and the filtrate was
concentrated in vacwo to give a residue which was purified by column chromatography (5i0a,
Ethyl acetate/MeQOH=1/0 to 0/1) to give the title compound as a yellow solid {380 mg). ‘I NMR
(400 MHz, DMSO-de) 5 = 12.25 - 11.79 (m, 1H), 9.08 (s, 1H), 8.10 (s, 1H), 7.60 (s, 1H), 6.76 (d,
J=19 Hez, 1H), 473 -4.64 (m, 1H), 459 (brd, /=141 Hz, 1H), 446 (brt, /=118 He, 1H),
4.20 - 4.08 (m, 1H), 3.67 (s, 3H), 2.79 - 2.69 {m, 1H), 2.61 - 2.52 (m, 2H), 2.43 - 2.29 (m, 1H),
2.03 - 1.81 (m, 2H), 1.80 - 1.68 (m, 1H), 1.67 - 1.57 (m, 1H), 1.43 - 1.30 (m, 1H), 0.97 (d,/=6.6
Hz, 3H).
00412 (PR I8)-2°-Chioro-17, P-difluoro-4'-((3-hvdroxycyclobutvlimethivl)-I° 4 -dimethyi-
44 B A tetrahydro-5-oxa-3-aza-4(7, 5 )-quinoxaling-2(2, 4-pvrimidiva-1(1, 3)-
piperidinacvclooctaphane-42, 4 ~dione
[00413] To a solution of (3R 1°5)-25-chloro-1*, 1*-difluoro-1° 4*-dimethyl-41 42 4° 4%-
tetrahydro-5-oxa-3-aza-4(7,5 -quinoxalina-2(2,4)-pyrimidina- 1 (1,3 )-piperidinacyclooctaphane-
4% 4'-dione (260 mg, 52748 pumol, 1 eq and (3-hydroxycyclobutyDmethyl  4-
methylbenzenesulfonate (27041 mg, 1.05 mmol, 2 eg) in DMSO (2.6 mL) were added Cs:COs
{343.73 mg, 1.05 mmol, 2 eq) and KI (43.78 mg, 26374 umol, 0.5 eq). The reaction mixture was
stirred at 86°C for 12 hr. The reaction was quenched with water (20 mL) and exiracted with EtOAc
(10 mL x 3). The combined organic phase was washed with brine (20 L), dried with anhydrous
Nax504, filtered and concentrated inn vacuo to give a residue which was purified by prep-HPLC
{column: Waters Xbridge™ BEH C18 100*30mm™*10um; mobile phase: [water (NH4HCO:)-
ACNY, B%: 45%-65%,8 min} to give the title compound as a white solid (60 g, 102.94 pmol,
20% yield, 99% purity). 'H NMR (400 MHz, DMSO-ds) § = 9.05 - 8.95 (m, 1H), 815 (s, 1H),
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777(d,J= 1.3 Hz, TH), 7.05 (s, TH), S.05-4.97 (m, TH), 470 (brd, /= 125 Hz, 1H),4.64-4.56
(m, 1H), 4.46 (brt,J= 11.4 Hz, 1H), 427 - 4.15 (m, 2F), 4.03 (br dd, J= 6.6, 13.9 Hz, 1T, 3.88
~3.79 (m, 1H), 3.63 (s, 3H), 2.76 (brt, J= 12.8 Hz, 1H), 2.64 - 2.54 (m, (), 2.44 - 2.34 (m, 1H),
230-2.11 (m, 3H), 190 (brdd, J=56,74 Hz, 2H), 182 - 159 (m, 4H), 1.44 - 1 31 {(m, 1H},
0.98(d,J=6.0Hz 3H)
(00414) ('R £8)-2°-Chloro-i* I-diftuoro-4'~((( ir, 3R)-3-hydroxvcyciobutviimethyl)-i° 4%~
dimethyl-4 42 43 F-tetrahydro-5-oxa-3-aza-4(7,5 ) -quinoxalina-2(2,4)-pyrimiding-1{ 1, 3)-
piperidinacycioociaphane-42, £ dione (19-1) and (1°R, 1 S)-2°-chivro- 1, Pedifluoro-41-((( 15,35)-
3-hvdroxycyclobutvlmethyli-17, 4*-dimethyl-# |, & 4*-tetrahydro-5-oxa-3-aza-4(7, 5 )-
guinoxalina-2(2,4j-pyrimidina-1(1 3)-piperidinacyciooctaphane-42, 4°-dione (19-2)
[00415] (1°R, 1°8)-2°-Chloro-1% 1*-diflucro-4'-((3-hydroxycyclobutymethyl)-1° 4*-dimethyl-
4t 42 4% 4% retrabydro-5-oxa-3-aza-4(7 S)-quinoxalina-2(2, 4)-pyrimidina-1(1,3)-
piperidinacyclooctaphane-4° 4°-dione (90 mg) was separated by SFC (column: DAICEL
CHIRALCEL OD@50mm*30mm,10pm);mobile phase: [0 1%NH3H2G IPALB%: 50%-
50%,17min) to give 19-1 as a white solid (7 mg, 12% vield, 99% purity) and 19-2 as a white solid
(15 mg, 25% yield, 99% purity).
[006416] 19-1 'H NMR (400 MHz, DMSO-ds) 5 = 9.01 (s, 1H), 8.15 (s, 1H), 7.77 (s, 1H), 7.05
(s, 1H), 5.04 (brd, /=58 Hz, 1H), 470 (brd, J=12.6 Hz, 1H), 460 (br d, J= 12.5 Hz, 1H), 4.46
{brt,./=12.1Hz, 1H}, 4.40-431 (m, 1H), 430-4.14 (m, 2H), 413 - 401 (m, TH)}, 3.63 (s, 3H)
283-265(m, ZH), 263 - 255 (m, 1H), 2.44 - 230 (m, 1H), 2.09 - 1.96 (m, 3H), 189(brd J=
5.6 Hz, 3T, 1.81 - 1.57 {m, 2H), 144 - 1.31 (m. 1H), 0.98 (br d, J = 6.6 Hz, 3H). LCMS: [M+H]
=5774
00417 19-2: 'H NMR (400 MHz, DMSO-ds) § = 9.00 (s,{ 1H), 815 (s, 1H), 7.77 (br s, 1H),
7.05 (br s, 1H), 5.01 (brd, J= 6.8 Hz, 111}, 4.70 (br &, J = 123 Hz, 1I1), 4.60 (br d, J = 12.6 Iiz,
IH), 445 (brt. ./ = 11.6 Hz, 1H), 4.26 - 4.13 (m, 2H), 4.08 - 3.98 (m, 1H), 4.03 (br dd, /= 6.4
13.6 Hz, 1H), 3.83¢(brdd, /=73, 143 He, 1H), 3.63 (s, 3H), 276 (brt, /=125 Hz, TH}, 2.63 -
2.55 (m, 1H), 2.43 - 2.31 (m, 1H), 2.30 - 2.21 (m, 2D, 2.20 - 2.11 (my, 1H), 2.04 - 1.86 (m, 2H),
1.83 - 1.59 (m, 4H), 1.44 - 131 {m, 1H), 098 (brd, ./ = 6.4 Hz, 3H). LCMS: {M+H] = 35774,
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{00418] Example 17.  Synthesis _of (1’8 1°R)-2°-chloro-1* 1*-difluoro-4*-{3-hydroxy-3-
methylbutyl)-1° 4°-dimethvi-42 4°-dihvdro-4'H-5 8-dioxa-3-aza-4{6 4)-benzold imidazola-

202 $y-pyrimidina~-1{1.3piperidinacycloociaphan-4--one (33}
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[00419])  rert-Buryl (38, SR)-3-(2-(herzylrxy)ethoxyi-4, 4-difluoro-S-methyipiperidine- 1 -

carboxylate

[004208] To a solution of ferf-butyl 4 4-difluoro-3-hydroxy-S-methyl-piperidine- 1 -carboxylate
{13.00 g, S1.74 mumnol, 1 eq) 10 DMF (100 mL) was added NaH (4.14 g, 103.47 mamol, 60% punty,
2 eq) at 0°C. The reaction mixture was stirred at 0°C for 30 minutes and then 2-
bromoethoxymethylbenzene (13.35 g, 62.08 munol, 982 mL, 1.2 eg) was added The reaction
mixture was heated to 90°C and stirred for 12 hr under N2. The reaction mixture was quenched
slowly with sat. NH4Cl (100 mL) and then extracted with ethyl acetate (150 mL x 2). The combined
organic phase was washed with brine (200 ml), dried with anhydrous Nax804, filtered and
concentrated i vacuo. The residue was purified by flash silica gel chromatography (ISCO®;,
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SepaFiash® Silica Flash Column, eluent of 5~50% ethyl acetate/petroleum ether gradient) to give
the titte compound as a coloriess ol (5.7 g, 11.53 mmol, 22% Vidd; 78% purity). "H NMR (400
MHz, CDCl3) § = 7.38 - 7.28 (m, SH), 4.63 - 4.55 (m, 2H), 4.35 - 4.12 (m, 1H), 4.03 - 3.80 (m,
3H), 3.71 - 3.62 (m, 2H), 3.60 - 3.49 (m, 1H), 2.93 (1, /= 10.4 Hz, 1H), 2.70 (s, 1H), 2.07 - 1.88
(m, 1H), 1.46 (s, 9H), 1.07 (d, ./ = 6.8 Hz, 3H).

{00421)  fert-Buwyl (38 5Ri-4, 4-diflioro-3-( 2-hydroxyethoxy)-S-meihylpiperidine- [ -carboxylate
[60422] To a solution of teri-butyl 3-(2-benzyloxyethoxy}-4,4-difluoro-5-methyl-pipenidine-1-
carboxylate (5.70 g, 14.79 mmol, 1 eq) in MeOH (60 mL) was added Pd/C (2 g, 10% purity) under
Ar. The suspension was degassed under vacuum and purged with Ho several times. The reaction
mixture was stitred under Hz (50 psi) at 60°C for 12 hr. The reaction mixture was filtered and
concentrated in vacuo to give the title compound as a colorless ol (4.3 g, crude). '"H NMR (400
MHz, CDCl3) 8 = 4.20 - 3.63 (m, 6H), 3.58 - 3.42 (m, 1H), 3.23 - 2.63 (m, 2H), 2.55 - 2.10 (m,
1H), 2.07 - 1.88 (m, 1H), 1.47 (s, 9H), 1.08 (d, /= 6.8 Hz, 3H).

[00423]  fert-Banyl (3R 384, 4-diftuoro-3-methyl-5-(2-(tosyloxyjethoxy )piperidine-1-
carboxylate

[60424] To a solution of fert-butyl 4.4-diflucro-3-(2-hydroxyethoxy)-5-methyl-piperidine-1-
carboxyiaie {43 g, 14,56 mmol, 1 eq) in DCM (40 mL) was added DMAP (177 88 mg, 1.46 mmol,
0.1 eq) and TEA (2.95 g, 29.12 mmol, 4.05 mL, 2 eq). 4-methylbenzenesulfonyl chlonde (4.16 g,
21.84 mmol, 1.5 eq) was then added at 15°C. The reaction mixture was stirved at 15°C for 12 br.
The reaction mixture was treated with water (50 mL), then extracted with EtOAc (50 mL x 3). The
combined organic phase was washed with brine (80 rul.), dried with anhydrons Na:SOu, filtered
and concentrated in vacuo. The residue was purified by column chromatography (8iQOa, petroleum
ether/ethyl acetate=8/1 to0 1/1} to give the title compound as a colorless oif (5 g, 1101 mamol, 76%
vield, 99% purity). 'H NMR (400 MHz, CDCls) § = 7.81 (d, /= 8.4 Hz, 2H), 7.35 (d, /= 8.0 Hz,
2H), 4.19 - 4.05 (m, 3H), 4.00 - 3.78 (m, 3H), 3.50 - 3.36 (m, 1H), 2.85 (s, 1H), 2.67 (s, IH), 2.45
(3, 3H), 2.02 - 1.84 (o, 1H), 1.47 (s, OH), 1.03 {d, /= 0.8 Hz, 3H}.

[00425]  fert-Buty! (3R 55)~4,4-diflnoro-3-methyl-5-(2-(tosyloxy jethaxy Jpiperidine-1 -
carboxylate and teri-butyl (35, 5K)-4,4-difluoro-3-methvi-5-{ 2-(tosyloxyjethoxy)piperidine-1-
carboxylate

[60426] The cis-mixture of ferf-butyl (3R, 5854, 4-difluoro-3-methyl-5-{2-
(tosyloxy)ethoxypiperidine-i-carboxylate  was  separated by SFC  {column: DAICEL
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CHIRALPAK AD(Q50mm*S0mm,10pm);mebile phase: [CO2-EtOH(D 19oNH:HO) | B%:15%,
1socratic  elution  mode) to give  ferrbutyl (3R 5S5)4.4-diflucro-3-methyl-S-{2-(p-
tolylsutfonyloxyjethoxy|piperidine-1-carboxylate as a white solid (2.2 g, 4.85 mmol, 44% yield,
99% purity); "H NMR (400 MHz, CDCl) 8= 7.81(d, /=82 Hz, 2H), 7.35(d, /= 8.2 Hz, 2H),
419 - 4.06 (m, 3H), 3.99 - 3.79 (m, 3H), 3.49 - 3.35 (m, 1H), 2.85 (s, 1), 2.68 (s, 1H), 2.45 (s,
3H), 2.03-184{m, 1H), 1.47 (s, 9H), 1.03 {d, /=68 Hz, 3H); LCMS: [M-Boc+H] =350.2; and
feri-butyl (38,5 Ry-4,4-diftuoro-3-methyl-5-[2-(p-tolylsulfonyloxy "3eli}10xyjpiperi dine-1-~
carboxylate as a white solid (2.2 g, 4.85 mmol, 44% yield, 99% purity); 'H NMR (400 MHz,
CDC)6=773(d, /=84 Hz, AH) 728(d,J=80Hz 2H), 411 -399(m,3H),392-3.72(m,
3H), 3.40 - 3.28 (m, 1H), 2.77 (t, J = 9.9 Hz, 1H), 2.69 - 2.52 (m, 1H), 2.38 (s, 3H), 1.95 - 1.70
(m, TH), 1.40 (s, 9H), 0.96 (d, J = 6.8 Hz, 3H), LCMS: [M-Boc+HT = 350.2.

{80427)  teri-Buiyl (38, SR)-3-(2-{(6~{henzvlomino)-3-methyl-2-oxo-2, 3~dibydro-1H-
benzofdlimidazol-4-vijoxy)ethoxy)-4, 4-difluoro-5-methylpiperidine- | -carboxylate

[00428] A mixture of 6~{benzylamino)-4-hydroxy-3-methyl-1H-benzimidazol-2~one (300 mg,
297 mmol, 1 eq), fert-butyl (R 55)-44-diftuoro-3-methyl-5-[2-(p-tolvisulfonyioxy}
ethoxylpipendine-~1-carboxylate (1.34 g, 2.97 mmol, 1 eq), and K2CO3 (821,13 mg, 594 mmol, 2
eq) in DMSO {10 mL) was degassed and purged with Na three times. The reaction mixture was
stirred at 70°C for 2 hr under Nu. The reaction mixture was poured into water and filtered. The
filter cake was washed with water and dried in vacuo to give the title compound as a veliow solid
(800 mg, 1 46 mmol, 49% vield). "H NMR (400 MHz, DMSO-ds) § = 1036 (s, 1H), 740 - 7.15
(m, SH), 6.03 (5, 1H), 593 (1, /= 6.0 Hz, 1H), 584 (s, 1H), 421 {d, /=56 Hz, 2H), 410 -3 85
(m, SH), 3.85 — 3.70 (m, 2H), 3.32 (s, 3H), 2.93 ~ 2.64 (m, 2H), 2.10 — 1.95 (m, 1H), 1.37 (s, 9H),
0.96 (d, /= 6.8 Hz, 3H).

{00429)  fert-Buryl (35 5Ri-3-(2-((6-amino-3-methyl-2-oxo-2, 3-dilydro-1 H-benzofdfimidazol-
d-yhoxyiethoxyi-4, 4-difluoro-S-methylpiperidine- i -carbaxylate

{8043¢] To a solution of rerr-butyi (35,5K)-3-(2-({6-(benzylamino)-3-methyl-2-ox0-2,3~
dihydro-1H-benzo[djimidazol-4-yoxy ethoxy -4, 4-difluoro-5-methylpiperidine- i -carboxylate
{800 mg, 1.46 mmol, 1 eq} in DMF (10 mL) was added Pd/C (400.00 mg, 37587 umol, 10%
purity) under Ar. The suspension was degassed under vacuum and purged with Hz several times.
The reaction muxture was stirred under Ha (15 psi) at 20°C for 24 hr. The reaction mixture was
filtered, and then concentrated under reduced pressure to give the title compound as a vellow solid
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{600 mg, crude). "H NMR {400 MHz, DMSO-d5) § = 10.36 (s, 1H), 5.96 (d, /= 1.2 Hz, 1H), 5.91
(d, J=1.6 Hz, 1H), 476 (s, 2H), 4.13 — 3.90 (m, 5H), 3.85 — 3.67 (m, 2H), 3.35 (s, 3H), 2.97 -
2.61 (m, 2H), 2.15 ~ 1.96 (m, 1H), 1.37 (s, 9H), 0.96 (d, J = 6.8 Hz, 3H).

100431)  ferr-Bunyl (35, 3R)-3-02-{{6-((2, 5-dichloropyrimidin-4-vi)amincj-3-methyl-2-0x0-2, 3-
dibydro-1H-benzol[d]imidazol-4-vlioxyiethoxy -4 4-difluoro-3-methyipiperidine- 1-carboxylaie
{00432] A mixture of ferd-butyl (38,5R)-3-(2-{({6-amino-3-methyi-2-ox0-2,3-dihydro-1H-
benzo{dlimidazol-4-yhoxyJethoxy}-4,4-difluoro-S-methylpiperidine-1-carboxylate (600 mg, 1.31
mmol, 1 eq), 2,4,5-trichioropyrimidine (337.53 mig, 1.84 mmol, 1.4 eq), and DIPEA (339.75 my,
2.63 mmol, 457 89 pL, 2 eq) in DMF (8 mL) was degassed and purged with No three times. The
reaction mixture was stirred at 20°C for 2 hr under N: atmosphere. The reaction mixture was
poured into water and filtered. The filter cake was washed with water and dried in vacuo to give
the title compound as a yellow solid (600 mg, 994.29 pmol, 76% yield). 'H NMR (400 MHz,
DMSO-de) § = 10.89 (s, 1H), 9.38 (s, 1H), 8.34 (s, 1H), 7.00-6.94 (m, ZH), 4.23 - 4.13 (m, 2H),
4.07-3.9S (ro, 3H), 3.83 = 3.70 (m, 2H), 3.47 (s, 3H), 2.97 - 283 (m, 1H), 2.79 - 2.64 {(m, 1H),
2.15 - 1.96 (m, 1H), 1.37 (s, OH), 0.96 (d, J= 6.8 Hz, 3H).

100433]  5-072, 5-Dichloropvrimidin-4-yljaming)-7-(2-(((35,5R)~4, 4-difluoro-5-methyvipiperidin-
Iviloxyjethoxyi-1-methyi-1, 3-dilydro-2H-benzofd fimidazol-2-one

[00434] A solution of fert-butyl (35,5K)-3-(2-((6-((2,5-dichloropyrimidin-4-vlyarmino)-3-
methyl-2-ox0-2,3~dihydro-1H-benzo[dhimidazol-4-yloxyjethoxy)-4 4~-difluore-5-
methylpiperidine-i-carboxylate (800 mg, 1.33 mmol, 1 eq) in HC/EtOAc (10 mL}) was stirred at
20°C for 1 hr under N2 atmosphere. The reaction mixture was concentrated # vacwo and the
residue was dissolved in MeOH (50 mL) and basic resin was added to pH>7. The sclution was
filtered and the filtrate was concentrated i vacno to give the title compound as a yellow solid (600
mg, crude). LOMS: [M+H] =503 2.

[00435) (75, 1°R)-2°-Chloro-17 P-diftuoro- I’ 4 -dimethyl-4° 47 -dibydro-4' H-5, 8-dioxa-3-aza-
4(6,4)-benzojdlimidazola-2(2,4)-pyrimidina-1(1,3)-piperidinacyclooctaphas-4°-one

[00436] A mixture of 5-((2,5-dichloropyrimidin-4-yhamino)7-(2-(((35,58)-4,4-difluoro-5-
methyipiperidin-3-yoxy jethoxy }-1-methyl-1,3-dihydro-2H-benzofd imidazol-2-one (400 mg,
79471 umol, T eq) and DIPEA (1.03 g, 7.95 mmol, 1.38 mL, 10 eg) in DMSO (40 mL} was
degassed and purged with Nz three times. The reaction mixture was stirred at 30°C for 24 br under
Nz atmosphere. The reaction mixture was concentrated i vacue and the residue was purified by
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column chromatography (Si0:, petroleum ether/ethyl acetate = 1/0 to 0/1) to give the witle
compound as a yellow solid (120 mg, 257.03 umol, 32% vield, 70% purity). 'H NMR (400 MHz,
DMSO-ds) 6 = 10.83 (5, 1H), 8.91 (s, 1H), 8.08 (s, 1H), 7.65 (s, 1H), 6.64 (s, 1H), 4.75 - 4.64 (m,
1H), 4.55 — 4.30(m, 2H), 4.24 - 4.10 (m, 2H), 3.88 {1, J = 6.4 Hz, 2H), 3.41 (s, 3H), 3.00 - 2.75
(m, 2H), 2.16 - 1.94 (m, 1H), 0.97 (d, J = 6.8 Hz, 3H).

(00437) (175, P R)-2°-Chioro-i*, i*-difluoro-4'-(3-hydroxy-3-methylbuty)- P £ -dimethyl-4° 4-
dihvdro-4'H-3,8-dioxa-3-aza-4(6, 4)-benzofdfimidazola-2(2, 4 }-pyrimidina-1(1 3~
piperidinacycioociaphan-4°-one (33):

[00438] A mixture of {1°S,1°R)-2°-chioro-1°, 1 -difluoro-1°,4°-dimethyl-4% 4°-dihydro-4'H-5 8-
dioxa-3-aza-4(6,4)-benzo[d]imidazola-2(2,4)-pyrimidina-1(1,3}-piperidinacyciooctaphan-4*-one
(120 mg, 257.03 pmol, 1 eq), (3-hydroxy-3-methyl-butyl) 4-methylbenzenesulfonate (99.60 mg,
38555 umol, 1.5 eq), KI(21.33 mg, 128.52 pmol, 0.5 eq) and CaCOs (167 49 myg, 514.07 wnol,
2 eq) in DMSO (3 mL) was degassed and purged with Nz three times. The reaction mixture was
stirred at B0°C for 12 hr under N2 atmosphere. The reaction mixture was concentrated i vacuo
and the residue was purified by p-HPLC {column: Waters™ Xbridge BEH (18 100%30
mm* 10um; mobile phase: [H2O(10 mM NH4HCO:3-ACN]; gradient: 35% - 65% B over 8.0 min}
to give the title compound as a white solid (50 mg, 98.9% purity). "H NMR (400 MHz, DMSO-
dsy 5= 0.01 (s, LHD), 8.00 (s, 1H), 7.70 (s, 1H), 6.76 (5, 1H), 4.76 — 4.64 (m, 1H), 4.55 — 4.30 {m,
3H), 4.25 - 4.10 (m, 2H), 3.93-3.76 (m, 4H), 3.46 (s, 3H}, 2.88 (s, 2H), 2.07 -~ 1.93 (m, 1H), 1.75
—1.63 (m, 2H), 1.18 (s, 6H), 097 (d, /= 0.8 Hz, 3H). LCMS: [M+H} = 353.1.
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{00439] Example 18:  Synthesis _of {(1’R1°8}-2°-chloro-1* 1*-difluoro-4*-{3-hydroxy-3-

methyibutvli-1°.4°-dimethvi-42 4°-dihvdro-4H-5 . 8-dioxa-3-aza-4(6.4)-benzold imidazola-

202 $y-pyrimidina~1{1.3piperidinacycloociaphan-4--one (34}
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[00448)  fert-Buryl (3R, 58)-3-(2~((6~(benzylamino)-3-methyl-2-oxo-2, 3-dihydyo- 1 H~
benzafdfimidazol-4-ylioxyiethoxy)-4, 4-diffucro-S-methyvipiperidine- f-carboxylate
{80441 To a solution of S-(benzylamino)-7-hydroxy-1-methyl-1,3-dihydro-2H-

benzo[d jimidazol-2-one (800 mg, 2.97 mmol, 1 eq) and fert-butyl (35,584, 4-difluoro-3-methyl-
5-(2-{tosyloxy Jethoxypiperidine-1-carboxviate (1.27 g, 2.82 mmol, 0.95eq)in BDMSO (10

mL}) was added KoCOs (821.13 mg, 594 mmol, Zeg). The reaction mixture was stirred

at 76°C for 2 hr under N2, The reaction mixture was poured into water (20 mL) and filtered. The
filter cake was washed with PE/EtOAc (15 mL, 2:1}). The solid was dried i vacuo to give the title
compound as a white sohid (600 mg, 933.03 pumol, 31% yiei(.L 85% purity ). 'H NMR (400 MHz,
DMSO-ds) & = 1036 (s, 1H), 738 - 7.27 (m, 4H), 7.24 - 7.18 {m, 1H), 6.03 {d, /= 1.5 Hz, 1H)},
SO3{t, J=60Hz 1H), 583(d, /J=15Hz 1H), 422(d, J=6.0Hz 2H), 4.09 - 3.89 (m, 3H),
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383 -3.64 (m, 2H}, 334 (5, 3H), 294 - 261 {(m, 2H), 2.12 - 198 {(m, 1H), 137 (br s, OH), 0.96
(d,.J=6.7 Hz, 3H).

{60442) reri-Butyl (3R 35)-3-(2~((6-cmino-3-methyl-2-oxo-2, 3-ditvdro-1H-benzoldfimidazol-
d-viloxyjethoxy -4, 4-difluoro-5-methylpiperidine- i -car boxyviaie

[00443] To a solution of eri-butyl (3R, 585)-3-(2-((6~{(benzylamino)-3~ethyl-2-0x0-2.3-
dihydro-1H-benzo[d}imidazol-4-yljoxyjethoxy)-4,4-difluorc-S-methyipipendine-1-carboxylate
(600 mg, 1.10 mmol, 1 eq) 1o DMF (12 mL) was added Pd/C (0.1 g, 10% purity) under Ar. The
suspension was degassed under vacuum and purged with Ho several times. The reaction mixture
was stirred at 15°C for 12 hr under Ha (15 psi). The reaction mixture was filtered, and the filtrate
was concentrated in vacuo to give the title compound as a brown solid (500 mg, 985.80 umol, 90%
vield, 90% purity). LCMS: [M+H] = 457 4.

(00444] reri-Buryl (3R 383-3-02-((6-(12, 3-dichloropyrimidin-d-yl)amincj-3-methyi-2-0x0-2, 3-
dihydro-1H-benzofdf fﬁlidﬁz:ﬁ)ﬂ#-—yi) oxyjethoxy -4, 4-diffuoro-5-methy lpiperidine- i -carboxylate
[00445] To a solution of ferf-butyl (3K 58)-3-(2~{{6-amino-3-methyl-2-ox0-2,3-dihydro-1H-
benzo|[dlimidazol-4-yljoxy)ethoxy)-4,4-diflucro-3-methylpiperidine-1-carboxylate (500 mg, 1.10
mmol, 1 eq) in DMF (5 mL) was added DIEA (28313 mg, 2. 19 mmwol, 381.57 ul., 2 eq) and 2,4,5-
trichloropyrimidine (401.82 mg, 2.19 mmol, Z eq). The reaction mixture was stured at 15°C for 2
hr. Water {10 mL) was then added and the reaction mixture was filtered. The filter cake was
washed by EtOAc (10 mL). The solid was concentrated i vacuo to give the title compound as a
gray solid (550 mg, 902.32 pmol, 82% yield, 99% purity). 'H NMR (400 MHz, DMSQ-ds) 6 =
10.90 (s, 14}, 9.39 (5, 1H), 834 (5, 1H), 7.02 - 6.91 (m, 2H), 4 21 - 4.12 (im, 2H), 4.07 - 3.93 (m,
3H), 3.82-3.69 (m, 2H}, 3.47 (5, 3H), 2.97 - 288 (m, 1H), 2.72 - 2.64 (m, 1H), 2.13 - 2.00 (m,
1H), 1.43 - 132 (10, OH), 0.96 {d, J= 6.8 Hz, 3H)

{00446)  3-1(2, 5-Dichloropyrimidin-4-yljaming)-7-(2-(((3R, 58)-4, 4-difluoro-5-methylpiperidin-
3-yioxyieithoxyj-{-methyi-1, 3-dibvdro-2H-benzafdfimidazol-2-one

{60447] A nuxture of rerr-butyl  GRAS3-2-{6-((2,5-dichloropyrimidin-4-yljamino}-3-
methyl-2-0x0-2 3-dihydro-1H-benzo[d]imidazol-4-yhoxyyethoxy -4, 4-difluore-5-
methyipiperidine-1-carboxvlate (550 mg, 911.43 umol, Teq)w BCM (11 mb)and TFA (275
mL}was stirred at 15°C for 30 numutes under Nz atmosphere. The reaction mixture was
concentrated in vacuo and the residue was dissolved in MeOH (10 mL). Basic resin was then added
until pH=8 The mixture was filtered and the filtrate was concentrated /n vacuo to give the title
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compound as a yellow solid (400 mg, 667 56 umol, 73% yield, 84% purity). LOMS: [M+H{ =
503.2.
160448) ('R P°85)-27-Chloro-17, P-difluoro-1°, £ -dimethyl-4° £ -dilvdro-4' H-5 8-dioxa-3-aza-
4{6,4)-benzojdfimidazola-2(2,4)-pyrimidina-1{{ 3 )-piperidinacyclooctaphamn-4°-one
[00449] To a solution of 5-({2,5-dichloropynmidin-4~-yDamino)-7-(2-(((3R 55)-4,4-difluoro-5-
methylipiperidin-3-yloxyjethoxy)-1-methyl-1,3-dihvdro-2H-benzo[djimidazel-2-one {400 mg,
79471 pmol, 1 eqyin DMSO (16 mL) was added DIPEA (2.05 g, 15.89 mmol, 2.77 L., 20 eq).
The reaction mixture was stitred at 830°C for 24 hr. Water (100 mL} was added and the mixture
was extracted with ethyl acetate (50 mL x 2). The combined organic phase was washed with brine
{100 mL), dried with anhydrous Na:z8Q4, and filtered. The filtrate was concentrated én vacuo and
the residue was purified by silica gel chromatography (silica gel, petroleum ether/EtOAc=4/1, 0/1)
to give the title compound as a vellow solid (120 mg, 241 .61 pmol, 30% vyield). 'H NMR (400
MHz, DMSO-ds) 6 = 10.81 (s, 1H), 8.90 (s, 1H), 8.08 (s, 1H), 7.65 (d, /= 1.3 Hz, 1H), 6.64 (d, J
=1 4Hz, 1H), 468 (d, /=64, 124 Hz, 1H), 451 -429(m, 2H), 4 14 (d, /=06.7, 12.9 Hz, 2H),
3.88 (brt, /=68 Hz, 2H), 3.41 (s, 3H), 2.98 - 2.81 (m, 2H), 2.12 - 1.93 {m, 1H), 0.97(d, /= 6.8
Hz, 3H).
00430) (7R 1°S)-2°-Chioro-1”, P-diftuoro-4'-(3-hvdroxy-3-methylbutvi)- 1P 4 -dimethyl-4° 4°-
dihydro-4'H-3,8-dicxa-3-aza-4(6,4)-bernzofdfimidazola-2(2,4)-pyrimidina-1 (1.3}~
piperidinacyclooctaphan-4-one (34)
[00458] To a solution of (1°R 1°8)-2%-chioro-1% 1*-diflucro-1°, 4°-dimethyl-4% 4*-dihydro-4'H-
5,8-dioxa-3-aza-4(6,4)-benzod]imidazola-2(2,4)-pyrimidina-1(1,3)-piperidinacyclooctaphan-42-
one (90 mg, 192.77 umol, I eq) and (3-hydroxy-3-methyl-buiyi) 4-methylbenzenesuifonate (7470
mg, 289.16 umol, 1.5eq)m BMSO (4 wl) was added Cs:COs (12562 mg, 38555 pmol,
2 eq) and K1 {16.00 mg, 96 39 umol, 0.5 eq). The reaction mixture was stirred at 86°C for 12 hr.
The reaction mixture {combined with another batch with 30 mg scale) was concentrated i vacuo
and the residue was purified by prep-HPLC {column: Waters™ Xbridge BEH C18 100*30mm
Sum; mobiie phase: [HnO(10mM NH4HCO: - ACN] gradient:33%-59% B over 8.0 min) to give
the title compound as a white solid (25 mg, 99% purity). 'H NMR (400 MHz, DMSO-ds) 6 = 9.00
(s, 1H), 8.09 (s, 1H), 7.69 (s, 1H), 6.76 (s, 1H), 4.76 - 4.67 {m, 1H), 4.52 - 4.28 {m, 3H), 4.22 -
4.11 {m, 2H), 3.95 - 3.78 (m, 411}, 3 46 (s, 3H), 2.89 (br s, 2F), 2.09 - 1.95 {m, 1H), 1.70 (br dd, J
=61, 10.0Hz 2H), 118 (s, 6H), 0.97 (brd, /=68 Hz, 3H) LCMS: [M+H] = 55221
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[00452] Example 19 Svynthesis of (PR 1°5-1%1* 2% wrifluoro-4'-(3-hvdroxy-3-methylbutyl)-

1° 43 dimethyl-4> 4> -dihvdro-4 H-5-0xa-3 8-diaza-4{6.4-benzoldiimidazola-2(2 4 -pyrimidina-

1¢1 3)-piperidinacvclooctaphan-42-one {33} and (IS PR)-1%1% 2°4riflucro-4'-(3-hvdroxy-3-

methyibutvh- 1 4 -dimethvi-42 43 -dihvdro-4 H-5-0oxa-3.8-diaza-4(6.4-benzol d imidazola-

2(2 4)-pvrimidina-1{1.3)-piperidinacyclooctaphan-4*-one (36)
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100453)  rerv-Butyl 3-(1, 3~dioxoisoindolin-2-yij~4,4-diflucro-5-methyipiperidine-{ -carboxylate
[00454] To a solution of 2-{4.4-difluoro-5-methvlpipenidin-3-yhisoindoline-1 3-dione (10 g
35.08 mmol, 1 eg)in DCM (20 mL) was added BocoD {7.79 g, 35.68 mmol, 8.20 mL, 1 eq) and
TEA (722 g, 7136 mmol, .93 mL, 2 eq) at 0°C. The reaction mixture was stirred at 15°C for 12
hr. Water (100 mL) was added and the solution was extracted with DCM (100 mL x 3). The
combined organic phase was washed with brine (100 mL), dried over anhydrous Na:SQs, filtered
125



WO 2024/035688 PCT/US2023/029714

and the filtrate was concentrated in vacuo. The residue was purified by flash silica gel
chromatography (Stlica Flash Column, Eluent of 0--50% ethyl acetate/petroleum ether gradient) to
give the title compound as a vellow oil {9 g, 2319 mmol, 88% vield, 98% purity}. 'H NMR (400
MHz, CDCls) 6 = 7.93 - 7.86 (m, 2H), 7.79 - 7.73 {m, 2H), 4.57 - 437 {m, 1H), 4.36 - 4.00 {m,
3H), 2.97 - 266 (m, 1H), 2.32 - 2.08 (m, 1H), 148 (s, 9TL), 1.08 (d, ./ = 6.7 Hz, 3H).

{00455} fert-Buryl 3-amino-4,4-difluoro-5-methyilpiperidine- i -carboxylate

[80436] To a solution of  ferr-butyl  3-(13-dioxoisoindolin-2-y1)-4,4-ditluoro-5-
methylpiperidine-1-carboxylate (0.00 g, 23.66 mmol, 1 eq) in EtOH {90 ml) was added MeNH:
(90 mL, 40% purity). The reaction mixture was stirred at 70°C for 1 hr. The reaction nuxture was
concentrated in vacuo to give the title compound as a veliow oil (5.6 g, 22 37 mmwol, 95% yield).
TH NMR (400 MHz, CDCl3) 5 = 4.40 - 3.82 (m, 2H), 3.00 - 2.83 (m, 1H), 2.59 (br d, J=9.3 Hz,
2H), 2.00 - 1.85 (m, 1H), 1.46 (5, 9H), 1.41 - 1.27 (m, 2F), 1.05 (d, J = 6.8 Hz, 3H).

100457} 4, 4-Difluoro-S-methylpiperidin-3-amine

[00458] To a solution of fert-butyl 3-amino-4 4-difluoro-5-methylpiperidine-1-carboxylate (5.6
¢, 2237 mmol, 1 eq) in DCM (30 mL) was added TFA (15 mL). The reaction mixture was stirred
at 15°C for 1 hr. The reaction mixture was concentrated s vacuo to give the title compound as a
yetiow solid (8 g, 21.15 mmol, 95% yield, 2TFA}). 'H NMR (400 MHz, DMSO-ds) 6 = 938 (br s,
4H), 4.14 - 3.93 (m, 1H), 3.66 (brd, J= 12.5 Hz, 1H), 3.46 (br d, /= 12.9 Hz, 1H), 3.13 (¢, J =
125 Hz, 1H), 286 (t, J= 129 Hz, 1H), 258 - 250 {(m, 1H), 1.04 (d, /= 6.8 Hz, 3H).

100439)  Lrhvl 2-((6-((2-chioro-S-fluoropyrimidin-4-viiamino)-3-methyi-2-oxo-2, 3-dihydro-1 H-
benzofdfimidazol-4-ylloxyiacetate

180468] To a solution of ethyl 2-((6-amino-3-methyl-2-0x0-2,3-dihydro-1H-benzo[djimidazol-
4-yhoxyjacetate (9 g, 33.93 mmol, 1 eg) and 2 4-dichioro-S-fluoro-pyrimidive (1133 g, 6736
mmol, 2 eq) in DMF (72 ml)was added DIPEA (877 g, 67.86 mmol, 11.82 mL, 2 eq). The
reaction nuxture was stirred at 15°C for 2 hr under N2, Water (100 mL ) was added and the mixture
was flitered and the filter cake was washed with EtOAc (100 mL) and dried /» vacuo to give the
titte compound as a white solid (10 g, 23.25 numol, 69% vield). '"H NMR (400 MHz, DMSO-ds) &
= 1094 (s, 1H), 984 (s, 1H), 827 (d, /=33 Hz, 1H), 718 (5, 1H), 701 {d,./= 1.0 Hz, 1H), 482
(s, 2H), 4.19 (g, J= 7.2 Hz, 2H), 3.49 (s, 3H), 1.21 (¢, J= 7.2 Hz, 3H).

180461 Lyl 2-(06-{(2-(3-amino-4,4-difluoro-S-methylpiperidin- 1-vlj-S-fluoropyrimidin-4-
vijamine}-3-methyl-2-0x0-2, 3-dilhydro-1H-benzofdfimidazoi-4-vl)oxyjaceiate
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[30462] A solution of ethyl 2-({(6-((2-chloro-3-fluoropyrimidin-d-yhamino}-3-methyl-2-oxo-
2,3-dthydro~-1H-benzofdjirmdazol-4-yioxyjacetate (4 g, 10.11 mmol, | eq) and 4,4-difluoro-5-
methyi-piperidin-3-amine {6.12 g, 16.17 mmol, 1.6 eg, TFA) in DMSO (80 mL) and DIPEA (16
mL) was stirred at 130°C for 12 hr under Ni. The reaction mixture {combined with another batch
with 1 g scale) was poured into water (200 mL) and filteved. The filter cake was washed with water
{100 mL) and dried in vacuo. The residue was triturated PE/EtOAc (20 mL, 3:1) at 15°C for 30
minutes. The mixture was filtered and the filter cake was dried in vaciro to give the title compound
as a yellow solid (4.3 g, 66% yield). '"H NMR (400 MHz, DMSO-ds) § = 10.91 {5, 1H), 9.17 (s,
1H), 799 (d, /J=35Hz 1H), 711 {d, /=76 Hz, ZH), 4.83 (s, ZH), 4.62 - 446 (m, 2H), 4.18 (g,
J=7.1Hz, 2H), 3.53 - 3.45 (m, 3H), 2.97 - 2.82 (m, 1ED), 2.71 - 2.61 (m, 2F), 2.08 - 1.93 (m, [F),
1.88 - 1.52 (m, 2H), 1.24 - 1.17 (m, 3H), 0.99 (br d, J = 6.6 Hz, 3H).
[80463]  2-((6-{(2-(3-Amino-4, 4-difluoro-S-methyipiperidin-1-yl}-3-fluoropyrismidin-4-
vijaning j-3-methyl-2-0x0-2, 3-dilydro- 1 H-benzo{dimidazoi-4-vloxyjacetic acid
[00464] To a solution of ethyl 2-((6-({(2-(3-amino-4 4-difluoro-S-methylpipendin-1-yi)-S-
fluoropyrimidin-4-yljamine)-3-methyl-2-ox0-2 3-dihydro-1H-benzo[dlimidazol-4-yl}oxv)acetate
(3.3 g, 6.48 wrool, 1 eq) n EtOH (30 oLl and HoO (6 mlL) was added LiOH - H2O (543 61 mg,
12.95 mmol, 2 eq). The reaction mixture was stirred at 15°C for 2 hr. The reaction mixture
(combined with another batch with T g scale) was concenirated in vacuo and water (20 ml.) was
added. The solution was acidified with 1 N HC until pH=4. The mixture was filtered and the filter
cake was dried in vacua to give the title compound as a yvellow solid (2.8 g, 68% yield). 'TH NMR
{400 MHz, DMSO-ds) § = 10.78 (s, 1H), 9.08 (s, 1H), 7.96 (d,./ = 3.5 Hz, 1H), 6.77 (s, 1H), 6.53
(brs, 1H), 4.84 - 4.75 (m, 1H), 4.63 (brd, /= 10.6 Hz, 1H), 444 (d, J= 157 Hz, 1H), 424 (br d,
J=15THz, 1H), 3.76 - 3.62 {m, 1H), 3.47 (s, 3H), 2.66 - 2.33 {m, 2H), 2.30 - 2.12 {m, 1H), 1.02
(d, J=6.7 Hz, 3H).
100465] 1777 2-Triflucro- I & -dimethyl-, € -dihydro-4' H-5-oxa-3,8-divza-4(6,4) -
benzofd]imidazola-2(2, 4)-pyrimidina-1(1, 3j-piperidinacyclooctaphane-4°, 7-dione
[80466] To a solution of 2-[{6-{[2~-(3-amino-4,4~difluoro-S-methyl-1-piperidyl)-S-fluoro-
pyrimidin-4-yljamino]-3-methyl-2-oxo-1H-benzimidazol-4-ylloxylacetic acid (2 g, 4.15 mmol,
I eqyin DMF (28 mL) was added HATU (1.58 g, 4.15 mmol, 1 eq) and DIPEA {1.07 g, 831
mmol, 1.45 mL, 2 eq). The reaction mixture was stirred at 15°C for 2 hr under Nz. The reaction
mixture {combined with ancther batch with 0.8 g scale) was poured into water {100 mL), filtered,
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and washed with water {50 mL}. The filter cake was dried in vacuo and the residue was triturated
with MeOH (10 mL) at 15°C for 10 minutes. The mixture was filtered, and the filter cake was
dried in vacue to give the title compound as a yellow solid (2 g, 74% vield). 'H NMR (400 MHz,
DMSO-di) 3= 10.78 (s, 1H), ©.18 (s, 1H), 8.51 (brd, /= 8.1 Hz, 1H), 7.95 (brd, J=3.5 Hz, 1H),
7.19 (s, 1H), 6.49 (s, 1H), 4.92 (br d, J= 148 Hz, 11, 4.63 (br d,.J = 14.7 Hz, 2H), 4.45 (br d, J
=143 Hz, 1H), 4.32 - 4.22 (m, 1H), 3.99 - 3.87 {m, 1H}, 3.46 (s, 3H), 3.31 - 3.23 (m, 1H), 3.17
(d,.J=48 Hz, 1H), 1.09 (br d, J = 6.8 Hz, 3H).

{00467 1%, 17 2°-Trifluoro- P 4 dime thyl-4>, £ -dilydro-4! H-5-0xa-3,8-diaze-4(6,4)-
benzofdlimidazola-2(2, 4)-pyrimiding-1{1 3 -piperidinacyclooctaphan-4-one

{00468] To a solution of 1% 1% 2°triflucro-1° 4°-dimethyl-4% 4’-dihydro-4'H-5-oxa-3,8-diaza-
4(6,4)-benzo[dlimidazola-2{2.4)-pyrimidina- 1{1,3)-piperidinacyclooctaphane-4* 7-dione (1.4 g,
3.02 mmol, 1eq) m THF (27 ml) was added BHaeTHF (1 M, 12.08 mL, 4 eq) at 0°C under Na.
The reaction mixture was stirred at 50°C for 5 hr. The reaction mixture was quenched with sat.
NH4Cl (56 mL) slowly under Nz After stirring at 15°C for 30 minutes, the mixture was extracted
with ethy! acetate (40 mL x 3). The organic layer was dried over NaxSQu, filtered and the filtrate
was concentrated i vacuo and the residue (combined with another batch with 600 mg scale) was
triturated with EtOAc (5 mbL) and filtered. The filtrate was dried in vacuo to give the title
compound as a yellow solid (870 mg, 44% vield). '"H NMR (400 MHz, DMSO-ds) & = 10.77 (br
d, /=3 5Hz 1H)}, 930 (brs, 1H), 8.03 (brt, /=38 Hz, 1H), 7.69 (brs, 1H), 6.61 - 6.52 (m, 1H),
476 -423(m,3H), 408 (brd, /=87Hz 1H) 34i(brd, J=39Hz 3H) 325 (brdd, /=49,
8.5 Hz, 1H), 2.98 (br d, ./ = 1.5 Hz, 2FD), 2.74 (br t, /= 11.1 Hz, 1H), 2.62 - 2.53 {m, 1H), 2.32 -
2.08 (m, 1H), 2.03 - 1.86 (m, 1H), 0.96 (br d, /= 6.0 Hz, 3H).

[00469] 77 19 P-Triffucro-4'-(3-hydroxy-3-methylbuyl)- 1°, £ -dimethyl-4° 4 -dihydro-4 H-3-

oxer-3,8-diciza-4(6,4)-benzofdlimidazola-2(2, 4)-pyrimidina-1{1, 3 )-piperidinacvclooctaphan-4°-
one

100470¢] To a solution of 1* 1% 2%-irifluoro-1° 4°-dimethyi-4% 4*-dihydro-4'H-5-0xa-3,8-diaza-
4(6,4)-benzo{dlimidazola-2(2,4)-pyrimidina-1¢1,3)-piperidinacyclooctaphan-4*-one (290 mg,
04526 umol, 1 eq)and (3-bydroxy-3-methyl-butyly 4-methylbenzenesulfonate (256.04 mg,
967.90 pymol, 1.5 eq) in DMSO (5 mL} was added Cs:CO3 (420.48 mg, 1.29 mmol, 2 eq) and K1
(53.56 mg, 322.63 umol, 0.5 eq). The reaction mixture was stitred at 80°C for 10 hr under Nz. The
reaction mixture was concentrated 77 vacuo and the residue was purified by prep-HPLC {column:
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Waters™ Xbridge BEH (18 250*30mm*10pm; mobile phase: [HaO(10mM NHHCO:)-
ACNT gradient:30%-60% B over 10 min) to give the titte compound as a white solid (350 mg,
640.45 pmol, 33% vield). 'H NMR {400 MHz, DMSO-ds) 6 = 9.40 (s, 1H), 8.04 (d, /= 3.7 Hz,
1H), 7.74 (s, 1H), 6.67 (4, /= 1.2 Hz, 111}, 4.75 - 4.66 {m, 1H), 4.55 - 4.46 (m, 2H), 4.40 - 4.25
(m, 1H), 4.15 - 4.02 (m, 1H), 3.81 (brdd, J = 6.1, 10.1 Hz, 2H), 3.46 (s, 3F), 3.31 - 3.19 (m, 1),
303-293{(m,2H), 274 (brt, /=126 Hz, 1H}, 261 -2.51 (m, {H), 228 -2.19 (m, 1H), 2.04 -
L85 {m, 1H), 1.68(brdd, /=51, 97 Hz, 2H), 1.18 (s, 6H), 0.96 (d, /= 6.7 Hz, 3H).

[00471] (PR 1°S)-1% 17, 2°-Triflucio-4'~(3-hycdroxy-3-methylbuiyl)- 17 £ -dimethyl-4°, 4~
dibydro-4' H-5-0xa-3,8-diaza-4(6,4)-benzo fd fimidazola-202, 4)-pyrimidina-1(1 3)-
piperidinacycloociaphan-4*-one  (35)  and (P8 PRSI 1 2 -irifluoro-+41-(3-hydroxy-3-
methylbutyi)- £ -dimethyl-42, £-dihvdro-4' H-5-0xa-3,8~-dicza-4(6, 4)-benzofd fimidaz ola-

202, 4j-pyrinviding-1(1, 3)-piperidinacycloociaphan-4*-one (36)

100472} 1°1° 2 arifluoro-4'-(3-hydroxy-3-methylbutyl)-1°, 4*-dimethyl-4* 4°-dihydro-4 ' H-3-
oxa-3,8-diaza-4(6,4)-benzo[dfimidazola-2(2,4)-pyrirvidina- {1, 3)-piperidinacyclooctaphan-4°-
one (350 mg, 65352 umol, 1eq)was separated by SFC (column: DAICEL CHIRALPAK
ADZS50mm*30mm,10um); mobile phase: [CO:-MeOH(0 1%NH:H203]:B%:40%, isocratic
elution mode) to give compound 35 as a white solid (120 mg, 224.06 pmol, 34% yield) and
compound 36 as a white solid (125 mg, 233.40 umol, 36% yield). Compound 35: *H NMR (400
MHz, DMSO-ds} § = 9.39 (s, 1H), 8.04 (d, J= 3.8 Hz, 1H), 7.74 (s, 1H), 6.67 (s, 1H}, 4.69 (br d,
J=129Hz, 1H), 454 - 4.44 (m, 2H), 438 - 429 (m, 1H), 413 - 4.03 (m, 1H), 3.81 (brdd, J =
6.6, 9.7 Hz, 2H), 3.46 (s, 31, 3.30 - 3.19 (m, 1H), 3.04 - 2.92 (m, 2H), 2.74 (br t, / = 12.6 Hz,
1), 2.59 - 2.53 (m, 1H), 2.26 - 2.18 {m, 1H), 2.05 - 1.86 (m, 1H), 1.68 (brdd, /=52, ©7 Hz,
2H), 118 (s, 6H), 0.96(d, J = 6.6 Hz, 3H). LCMS: [M+H]" = 536.2. Compound 36: 'H NMR (400
MHz, DMSO-ds} 6 =9.40 (5, 1H), 8.04 (d, /=36 Hz, 1H), 7.74 (5, 1H), 6.67 {d,./= 1.0 Hz, 1H),
4.69 (brd. /= 13.0 Hz, 1H), 4.54 - 4.44 (m, ZH}, 439 - 429 (m, {H), 4.14 - 4.03 (m, 1H), 381
(br dd, J = 6.4, 9.9 Hz, 2F), 3.46 (s, 3H), 3.29 - 3.19 (m, 1H), 3.04 - 2.89 (m, 2H), 2.80 - 2.69 (m,
1H), 2.59 - 2.53 (m, 1H), 2.25 - 2.19 {m, 1T, 2.03 - 1.87 (m, 1H), 1.68 (brdd, J = 4.9, 9.6 He,
2H), 1.18 (s, 6H), 0.96 (d, ./ = 6.8 Hz, 3H). LCMS: [M+H[ = 536.2.

[00473] Example 20; Degradation Activity
100474] HIBIT protocol
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{00475] DCso {concentration to reach 50% degradation} values were determined from a cellular
degradation assay (HiBiT, Promega™) in Su-DHL-4 cells (Table 1) Endogenous BCL6 was
tagged with the 11-amino acid SmBiT through CRISPR/Cas® gene editing and single cell clone
selection. After 24 hr of compound treatment, cells were lysed and incubated with LgBiT protein
to reconstitute intact nanoluciferase. Substrate was then added and relative luciferase units were
measured. Degradation levels for each treatment were taken as a percentage compared to the

coutrol, 100% DMSO (Prism).

Table 1. Degradation activity of compounds

Compound BCse (nh)

& F 19

Y

\*)ﬁﬂ
v O
NN

l
W I

¢l \gﬁ\
5 ()
\E\I 1

.36




PCT/US2023/029714

131

WO 2024/035688

S 2 e =
D - o) s
< 2 5 S
/ / / /o
Iz Tz Iz Iz
o o/ o ot o0 \/Ho o,,,v &
“Nav ||||| f/ ]N / “NVIIII/ .“N\ ||||| /f
e o o-{ o
N/ 7 N/ N/
Z1 4 z O\||I\ o O\M\'\ prai sl
z z pid z
7 NT VA S 7Ny M Sl NS A Yl N
..... 7 IANMM 3 w2 7 ANH o 7 IANE 3 N ANH, '3




WO 2024/035688 PCT/US2023/029714
E«j O >400
‘\\
Mf’\;\a 2
K\/kN \/ko
H
HN\
{Compound A)
w\(\jﬁ@\: =400
k(k Cﬁm
HN\
{Compound B)
FoF 11
L
N o
NN nf
| i\?:()
tY\N
¢ H .
- OH
’ (10
>400




PCT/US2023/029714

WO 2024/035688

o 3 5 3
F ~ / T~ =
0 A 6 A 0 A g K
A s A DY
7\ o\ o\
Q Z I O\\ = 1 I Z =z 1 I N\\ = I
=t SN EE F\VNl/ Z=X w / =
e O B PO

o~



PCT/US2023/029714

WO 2024/035688

<t o —t =<t
o lag’} ag’ <t
o~ ™~
— ™
N = = =
T s
m o, O o 0
fo\ T N IIM\V I!ﬂ
— z - z
O \ / 9] \. /
= ~ = o O
Tz 2L TZ ZI
z “ z —{ ZT ZT
2y g w /7 N A w /SN FEN
\il\ e R — . N!«A/ \\ " NIA/ .\

134



PCT/US2023/029714

WO 2024/035688

n iy
2 2 & &
Newwr”’ R 2 3
8) o 0
34 P o p 1 U I
, —~z ~Z
3 =~ | 0
e b
\.l\ \.\ ( NIA
A Z I 4 Zx w =\ . = =N
o . Y o N 3
L. N NEA - i R R :!A, L\W\TEC B / ’
X3 (XD -
prd Nz

135



WO 2024/035688

PCT/US2023/029714
EF 72
NJ\N X ‘\{
L L0
E N . N
H H
| (26)
?i/' >400
N \L@
Nél\N : '\{
LI
N ~
N H
i 27
FF 22
) ﬁ‘[“f
L
R NN N TR
H H .
‘ (28)
FF 76
Y@”\Q |
PN LN
N N S
| | =0
N N -~ N
H \ ,
’ {29)
;% >400
L
o A
i\/EKN PNNY
I N \
‘ (30)




WO 2024/035688 PCT/US2023/029714

“/’\“ CI
>=o
(31
i{% ;_.. >400)
¢, Cr!
\/zo
().f_.)
ﬁ 10
N’;’\N N
g O =
N N
¢ H
7 on (33)
- F >400
4, \\O
N \Lo )
NN SN
. =0
S N
} H )
-
NG

137




WO 2024/035688 PCT/US2023/029714
FF H >400
e M N
J L
NPN N
L L=
N N
& H
OH (35
EF H 15
N 10
-
=0
\j N
£ H
O (36,
F F H >400)
64)1\1
N/\N
S I:C =0
37)
FF H 142
N\
N/ LQ ;
NN AN
L L
N“FN
H H
(38)

R

3




WO 2024/035688 PCT/US2023/029714
xh& 067
/
“ @[ =0
oH (39)
\BQ\AH 3.7
\N./ ‘
N”f’;\N AN
; _____ o)
: \}
H %H (40)
\S%,&ki 1.0
Nf’i\N g N
(L
N = OH
X\jg
H(ar)
FF 853

139




WO 2024/035688 PCT/US2023/029714

J—
J—
(7S]

189

8.7

{06476] Al patent publications and non-patent publications are indicative of the level of skill of
those skilled in the art to which this invention pertains. All these publications are herein
incorporated by reference to the same extent as if each individual publication were specifically
and individually indicated as being incorporated by reference.

[60477] Although the invention herein has been described with reference to particular
embodiments, it is to be understood that these embodiments are merely illustrative of the principles
and applications of the present invention. It is therefore to be undersiood that numerous

modifications may be made to the tllustrative embodiments and that other arrangements may be
140
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devised without departing from the spirit and scope of the present invention as defined by the

appended claims.
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What is ¢laimed is:

I. A compound having a structure represented by formula I
R, R,

'y,

X'; N X)\

L\ﬂ,&/
3 (1), or a pharmaceutically acceptable salt or sterecisomer thereof,

wherein:

Xiis N, CH, CCIL CF, or CCN;

Xois N or CRy;

Rsis H, (Ci-Cajalkyl, halo, OH, NHz, (Ci-Ca)alkoxy, (Ci-Csjhaloalkyl, (Ci-Cajhaloalkoxy,
(Co-Cajalkenyl, (Co-Cajalloynyl, N0z, ON, NH{C1-Cayalkyl, or N{(Ci-Cs alkyl);
Riis H, OH, or halo;
Rois H, OH, or halo;
Rsis H, halo, or CN;
Y 15 CH:, NH, or O;
Zis CHz, NH, S, or ;

nis 0 1, or2;

E M !SJ“ / . 565.3 o X4
N
YO W HN 2 HN Ry %\I
S Lr, "R,
Alis & A5 Re R ? s Ry Re
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XaisCH or N;

Rsis H, {C1-Cealkyl, (Ci-Ce) hydroxyalkyl, {(Ci-Ce) aminoalkyl, (Cs-Celearbocyelyl, 4~ to 7-
membered heterocyclyl, {(Ci-Colalkyl-(Cs-Crjcarboeyclyl, or (Cs-Cricarbocyclyl-4- to 7-
membered heterocyelyl; wherein said alkyl, carbocyclyl, or heterocyelyl is further optionally
substituted by one or more, identical or different Rus groups, wherein Rz 18 (C1-Celalkyl, (Ci-
Csyalkoxy, halo, NHz, OH, (Ci-Codhaloalkyl, NH{Ci-Coalkyl, or N{EC1-Cealkyl), (Cs-
Coycarboeyclyl, 4- to 7-membered heterocyclyi, or
Rsis ~L-Y1-Z1, wherein

L 1s absent or (C1-Cs)alkylene optionally substituted by one or more substituents selected
from {C1-Crjalkyl and oxo;

Y is absent, O, S, 5(0), S(Op, NR’, T(0), C(OY0, OC(0), CIOMN{R’), N(R)T(O),
N(RICOINR’), NRHICO)0, OCOWR Y, S(ORNR?), or N(RIS(O);

each R’ 1s independently H or (Ci-Cajatkyl;

Ziis H, (Ci-Cslalkyl, (Cx-Celalkenyi, (Co-Coralkyuyl, (Cs-Ciojcartbocyelyl, or 3- to 10-
membered heterocyclyl, wherein Z; is optionally substituted by one or more substituents
independently selected from (Ci-Cajalkyl, halo, (Ci-Calhaloalkyl, (Ci-Cathaloalkoxy, NHa,
{(Ci-Cajaminoalkyl, CN, OH, carboxy, carbamoyl, sulphamoyi, mercapto, ureido, NR'RS, OR’,
C(O)R’, C(OYORY, OC(OR’, CLONRR®, N(ROHC(OWR”, S8(00-R", S(ORNRR®, N(RHSG:R,
SHRHURHR! and (CH2naNR'RS; wherein R', R®, and R' are each independently H, (Ci-
Coyalkyl, or {(Cs-Cojeyeloalkyl: or R™ and R® together with the nitrogen atom to which they are
attached form a 4- to 9~-membered heterocyclyl which is optionally substituted by one or more
substituents selected from (Ci-Calalkyl, halo, (Ci-Cahaloalkyl, (Ci-Cidhaloalkoxy, {Ci-
Caalkoxy, (Ci1-Caialkylamine, NHz, N, and OH,

Re 13 ~Li1CRuaR5R s, or ~CH=CH-Ris, wherein

Liis absent, O, S, {(Ci-Caalkylene, -O-(Ci-Cadalkylene, or -S-(Ci-Cajalkylene;

Riais H or (Ci-Calalkyl;

Ris is H or (Ci-Cajalkyl, or

Ris and Ris together with the carbon atom to which they are attached form a (Cs-

Csycarboeyelyl, 4- to 7-membered heterocyclyl, or C=0;
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Rie 18 (Ci-Cslatkyl, ~NRiRwik, ~0ORi7, ~C(OR17, ~C{OY0OR, -NRis)C(OR17, ~
C{O)NR 7R, —S(OHCi-Cojalkyl, —S(On—(C1-Colalkyl, —P(O)~(C1-Co alkyl)r, -C(NH)NH;,
~{C1-Cajalloyl-NR1sC{O)R17, or4- to 7-membered heterocyclvi, wherein
Ri7 i1s H, 3- to 6-membered heterocyelyl, or (Ci-Caalkyl optionally substituted by
one ot more, identical or different groups selected from OH, CLL F, CF3, N(C1-Cs alkyl),
(C3-Cs)carboceyelyl, 3- to 6-memberad heterocyclyl, (Co-Calalkenvi, and (Cr-Cajalkynyl;
Rasgis H or {C1-Cajalkyl;

J’J“N
H/D
Ry is H, methyl, (CH2)1aWIWy, or W

Wi is CRisR1o or C(O);
Ris and Ris are independently H, (Ci-Calalkyl, F, OH, CN, NGOz, (Ci-Coyatkoxy, (Ci-
Coyhaloalkyl, (Ci-Cajhaloalkoxy, WH2, NH(Ci-Cojaltkyl, or N(Ci-Ca alkvl), or

. wherein

Ris and Ryo together with the carbon atom to which they are attached form C(O}, (Cs-
Ceycarbocyelyl or 3~ to G~-membered heterocyclyl, which is optionally substituted by one or
more substituents independently selected trom (Ci-Cajalkyl, halo, (Ci-Cioihaloalkyl, {Ci-
Cohaloalkoxy, (Ci-Coalkoxy, (Ci-Cralkylamino, NHz, CN, and OH,

W2 is CN, OH, 5- or 6-membered heteroaryl, phenyl, C{O)-{Ci-Colalkyl, S{On-(C1-
Croatkyl, S(O}NHHCi-Cajalkyl, C{OYOCH;, C(OWNHCH;, CRxRuRn, NHz, NH(Ci-
Coyalleyl, or N(Ci-Cr allkyl), wherein

Rao is H, (Ci-Coalkyl, F, Cl, Br, OH, NHy, CN, NO», (C-Cralkoxy, (Ci-

Coybhaloalkyl, or {Ci-Cadhalealkoxy;

Raiis H, (Ci-Calalkyl, F, CL, Br, OH, CN, NGO, {(Ci-Chalkoxy, (Ci-Czihaloalkyl,

{Ci1-CoYhaloalkoxy, or =Y 2-Lz-Z2, wherein

Y7 is absent, O, S, S{0), S(O), NR’, C(0), C{OYC, OC(0O), CIONR"),
NERYC(O), S(ORN(R’), or N(R)HSO»;
2 1s absent or (C1-Cralkylene;
Z21s H {Ci-Ceyalkyl, (Co-Caalkenyl, (T2-Coyalkynyl, phenyl, {Ts-Co)carbocyclyl, or
4- 1o 6-membered heterocyclyl, wherein Z» is optionally substituted by one or more

substituents independently selected from (C1-Cajalkyl, halo, (C1-Cadhaloalkyl, (Ci-
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Cahaloalkoxy, (Ci-Coalkoxy, (Ci-Cajalkylamino, NHz, CN, OH, C{O)R’,
C(OYOR', OC(OR’, C(OINR'R’, and N@RHC(O)R’, wherein cach R’ is
independently H or (Ci1-Ca)alkyl;

or Rae and Rui together with the carbon atom to which they are attached form (Cs-
Coycarbocyclyl or 3- to 6-membered heterocyclyl, optionally substiiuted by one or more
substituents selected from {(Ci-Calaltkyl, hale, {(Ci-Coihaloalkyl, (Ci-Colhaloalkoxy, (Ci-
Czialkoxy, {(C1-Coyalkylamino, NHz, CN, and OH;

R is (Ci-Cajalkyl, ~-C{OYOR™, OR™7, -CCOINR’’, NRVR™, phenyl, or 5~-membered
heteroaryl, wherein each R 1s independently H or (Ci-Cojalkyl;

A 1s (Co-Csyearbocyelyl or 4- 10 6-membered heterocyclyl, opticnally substituted with one
or more substituents independently selected from (Ci-Crjalkyl, halo, OH, oxo, CN, and (Ci-
Cajalkoxy;

Wi is NRos or CR24Ro4, wherein

Ro; 18 H, (Ci-Cpalkyl, (Ci-Codhaloalioyl, (Ci-Cohydroxyalkyl, -C{OHCH3z, or —

C(OY0-{C1-Cajalkyl;

Rza and Rog are independently H, {(Ci-Co)alkyl, cyclopropyl, F, C1, Br, OH, NHz, CN,

NQOz, {C1-Cohaloatkyl, (Ci-Crihaloalkoxy, (Ci-Crialkoxy, ~-C{OYOR”, NR7VR”’, phenyl,

or S-membered heteroarvi;

Rz 1s H, (Ci-Cajallyl, (Ca-Cs)eycloalkyl, (Ci~Cahaloalkyl, or CN, wherein said alkvl or
cycloalkyl is optionally substituted by one or more substituents selected from (Ci-Cajalkyl, (Cs-
Coyeycloatkyl, OH, (Ci-Cojalkoxy, NHa, NH(C:i-Cojalkyl, N((Ci1-Co)altkyl)e, (Ci-Crjaminocalkyl,
and halo;

Ry’ 1s H, (Ci-Calatkyl, N, (Ci-Cajhaloalkyl, or —Y3-L3-Z3, wherein

Y3 1s absent, C(0)0, or C{OWN(RY;

Lz 1s absent or (Ci-Ch)alkylene;

Z3 is H, (Ci-Cslatkyl, phenyl, (C-Usleyeloalkyl, or 4- to 6-membered heterocyclyl,
wherein 73 1s optionally substituted by one or more substituents independently selected from
{C1-Ca)alkyl, halo, {Ci-Cayhaloalkyl, (Ci-Coihaloalkoxy, {Ci-Colatkoxy, NHz, NO2, CN, and
OH, or

Rg and Rs’, together with the carbon atom to which they are attached, form a {Cs-Cecarbocyclyl,
or 4- to 6-membered heterocyclyl;
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A’ i3 a 6~ or 7-membered heterocyclyl, which in addition to Rz and R&’, is optionally further
substituted by one more substituents independently selected from oxo, {(C1-Caalkyl, eyclopropyl,
spiro-cyclopropyl, halo, {Ci-Calhaloalkyl, (Ci-Caihaloatkoxy, (C1-Cajalkoxy, NHz, ON, and OH;

X418 CRos or N, wherein

Rasis H, F, Cl, or methyl;

Ro 1s H, {Ci-Cplalkyl, (Cs-Ca)eycloalkyl, {Ci-Colhaloalkyi, CN, ((2-Calalkenyl, or (Ca-
Cayalkynyl;

Ro’ 18 {C1-Ca)alkyl, CN, (C1-Csihaloalkyl, or —Ys-Ls-Z4, wherein

Y 1s absent, C(O), C{O)YO, OC(0O), C{OINR"), or S(ORNR);

Lais absent or (Ci1-Cajalkylene optionaily substituted by one or more substituents selecied
from (Ci-Cr)altkyl and oxo;

Za1s H, (C1-Colalkyl, (Co-Cajalkenyl, (Co-Cajalkynyl, phenvl, (Cs-Cs)earboeycelyl, (Cs-
Ces)eycloalkenyl, or 4- to 6-membered heterocyelyl, wherein Zs 1s optionally substituted by
one or more substituents independently selected from oxo, (Ci-Calalkyi, (C3-Cs)oycloalioyl,
halo, (Ci-Carhaloalkyl, (Ci-Cahaloalkoxy, (Ci-Cslalkoxy, {(Ci-Calalkylamino, NHaz, NGO,
CN, OH, C{O)R", C{OYOR"®, OC(OHR", C(O)NRRY, and NRDHC(O)R", wherein cach R" is
independently H, (C1-Cslalkyl, {Us-Ceicycloalkyl, or
Z4 18 —(-Ls-Wa, wherein
(} is absent, O, NH, or N{C1-Czryalkyl;

Lsis absent or (Ci-Chjalkylene optionally substituted by one or more substituents selected
from oxo and (Ci-Czlalkyl:

W is {(Cr-Cajalkyl, phenyl, (Cs-Colcyceloalkyl, (Cs-Coleycloalkenyl, or 3- or 6-memberad
heterocyclyl, wheretn Wa1s optionally substituted by one or more substituents independenily
selected from (Ci-Caalkyl, halo, (Ci-Cathaloalkyl, (Ci-Cajhaloalkoxy, (Ci-Calalkoxy, (Ci-
Caalkylamino, NHz, NGOy, ON, or OH; or

Ry and Ro’, together with the carbon atom to which they are attached, for a (Cs-Crojcarbocyclyl or
a 4~ to 10-mermbered heterocycelyl, which is optionally substituted by one or more substituents
independently selected from oxo, (Ci-Calalkyl, halo, (Ci-Colhalealkyl, (Ci-Cahaloatkoxy, (Ci-
Cojaltkoxy, {(Ci1-Cojalkylamino, NHz, NO2, ON, or OH; or the (C5-Crocarbocyelyl or 4- to 10-

membered heterocyclyl is optionally fused to a 5- or 6-membered hetercaryl or phenyl ring, and
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the 5- or 6-membered heteroaryl or phenyl ring 18 optionalty substituted by (Ci-Caalkyl, halo, (Ci-
Coyhaloalkyl, (C1-Codhaloalkoxy, (Ci-Cryalkoxy, (Ci-Cajalkylamino, NHz, NO», CN, or OH;

Ro”” is H, (Ci-Calalkyl, {C1-Crihaloaltkyl, (Cir-Cojalkoxy, (Ci-Corthaloalkoxy, ON, NQOa,
acetylenyl, phenyl, or 5- or 0-membered heteroaryl, wherein said alkyl, phenyl, or hetercaryl is
optionally substituted by one or more substituents independently selected from halo, OH, and NHz;

Xs 1s a absent, (Cz-Cs)carboeyclyl, (Ca-Cscarboeyely{C=0), or SO2;

Rioand Rig” are each independently H, (C1-Cs)alkyl, (Ci-Cshhydroxyalkyl, (Ci-Cslaminoalkyl,
or

Rie and Rao’, together with the same carbon atom to which they are attached, form
{C3-Cojearbocyelyl or 4- to 6-membered heterocyclyl, wherein said alkyl, hvdroxyalkyl,
aminoalkyl, carbocyclyl, or heterocyclyl is optionally substituted by one or more, identical or
different Rica groups, wherein Rioa 18 (Ci-Cejalkyl, {Ci-Colalkoxy, (Ci-Calalkyl-(Ci-Caalkoxy,
halo, NH», OH, {(C1-Ce)haloalkyl, WH-{C1-Cslalkyl, N{{C1-Colalkyly, (Cs-Cs)carbocyclyl, 4- to 6-
membered heterocyclvl, or

Ry’ and Ru’, together with the carbon atoms to which they are attached, form
{Cs-Co)carbocyelyl or 4- to G-membered heterocyelyl;

Ru and R’ are each independentlty H, (Ci-Uslalkyl, (Ci-Csihydroxvalkyl,
(Ci-Cslaminoalkyl, or

Ru and Rii’, together with the same carbon atormn to which they are attached, form C=0,
{Cs-Co)earbocycelyl, or 4- to 6-membered heterocyclyl, wherein said carbocyclyl or heterocyclyl is
optionally substituted by one or more, 1dentical or different Riwe groups, wherein each Riw is
independently {(Ci-Colalkyl, {(Ci-Celalkoxy, (Ci-Colalkyl-(Ci-Csjalkoxy, hale, NH:, OH, (Ci-
Cothaloalkyl, NHA(Ci-Celaltkyl, N{C1-Colalkyl), (Cs-Cekearbocyelyl, or 4- to 6-membered
heterocyclyl, or wherein two Riia groups, together with the same carbon atom to which they are
attached, form C=0;

Riz is H, OH, NH-(Ci-Cojalkyl, NH-(C1-Ceshydroxyalkyl, NH-(Ci-Cslaminoatkyl, NH-((5-
Coycarbocycelyl, NH-4- to 6-membered heterocyclyl, NH~(Ci-Csalkyl-(Cs-Coycarbocyelyl, or NH-
{Ci-Colalkyi-4- to G-membered heterocycivl, wherein said alkyl, hydroxyalkyl, aminoalkyvl,

carbocyclyl, or heterocyclyl is further optionally substituted by one or more, identical or different

2

Riza groups, wherein each Riz 18 independently (Ci-Cejalkyl, (Ci-Colalkoxy, (Ci-Celalkyl~(Ci-
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Ceyearboeycelyl, or 4- to 6-membered heterocyelyl;

.i*;)

0.

9.

10.

1t

4.

mis G 1, or2; and

otsOorl.

The compound of claim 1, wherein Z 18 O.

The compound of claim 1, wherein Z 1s CHz.

The compound of claim |, wherein Y is CHa.

The compound of claim 1, wherein Yis O,

The compound of claim 1, wherein Y 1s NH.

The compound of clats 1, wherein nis 0.

The compound of caim 1, whereinnis 1.

The compound of claim |, wherein nis 2.

The compound of claim |, wherein R: and R» are each H.

The compound of claim 1, wherein R: and Ro are each halo.

The compound of claim 11, wherein R: and Rz are each F.

. The compound of ¢laim 1, wherein X1 is N

The compound of claim 1, wherein R3 is halo.
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15 The compound of claim 14, wherein Rz1s Clor F.

16. The compound of claim 1, wherein Xz is CH.

Rs
|
‘27{ N_ O
17. The compound of claim I, wherein A is 3 ® and the compound of formula (I) has the
Ry Ry
7
Y.
N/'J I\'\Z R5
PY N O
x(‘ N X : g
} | E
N XZ Ry
H
structure of tormula I-1, 3 (I-1), or a pharmaceutically acceptable salt

or stereoisomer thereof,

18, The compound of claim 17, wherein Rs 1s methyl.

Q. The compound of claim 17, wherein Xz ts CH.
19. Tt 1 of ¢l 17, wh X3« CH

20. The compound of claim 17, wherein Re 18 —LiCRuRsRs.

21, The compound of claim 20, wherein L1 is -O-(Cualkylene.

22. The compound of claim 20, wherein Ris and Ris together with the same carbon atom to which

they are attached form C=0.

23, The compound of claim 20, wherein Rus is methyl, OH, NHz, or NHMe.
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The compound of
Ri Ry

Y.

Y
N I\Z

F
{f\xN\?&O

X%\N T

E H H H
H
3

T\

claim 17

PCT/US2023/029714

,  which has the structure of formula I-ia,

N

{f-1a), or a pharmaceutically acceptable salt or stereoisomer

thereof.
Rs
N
;?L N>:D
25, The compound of claim 1, wherein A is Ry and the compound of formula (1) has the

Ry R,

'y

X

structure of formula -2,

sterecisomer thereof.

26. The compound of claim 2

1,

XF ™
| J

H k.

3 i

e

(I-2), or a pharmaceutically acceptable salt or

5, wherein Rs is roethyl.

27. The compound of claim 25, wherein R7 18 -(CH2hWi1Wa.
28. The compound of claim 27, wherein Wy is CRioR 1y,
29. The compound of claim 28, wherein Ry and Ry are both methyl.

30. The compound of clairn 27, wherein W2 1s CN, OH, or NHa.
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31. The compound of claim 25, wherein R7 is H or methyl.

32. The compound of claim 25, which has the structure of formula [-2a, I-2Zb, or I-2¢
Ry Ry

/
A4
Ty
rod Ty
N

{

X%\N XZJ\/N
S i ’){%\"/ﬂ\ /i’\ f= N/

NN SO

; N
>g~ LA
H (I-2a), 3 (1-2b),

* (1-2¢), or a pharmaceutically acceptable salt or sterecisomer thereof.
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Rs
w N__O
Yy
D
33. The compound of claim 1, wherein A is 878 and the compound of formula (I} has the
Ry Ry
Y
N z ‘?s
xka X ©
; HN
structure of formula I-3, ngs {1-3), or a pharmaceutically acceptable salt

or sterecisomer thereof.

34. The compound of claim 33, wherein Rs is methyl.

35. The compound of claim 33, wherein Rz is {Us-Ceioycloatkyl and Rs” is H.

36. The compound of claim 33, wherein A’ is a 7-membered heterocyclyl, wherein the
heterocyclyl contains 2 heteroatorns selected from N and O, and which in addition to Re and Rs’,
15 optionally further substituted by one more substituents independently selected from oxo, {(Ci-

Cajatkyi, cyclopropyl, spiro-cyclopropyl, halo, {(Ci-Cahaleatkyt, {(Ci-Cojalkoxy, NHz, €N, and
OH
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ol
33,

37 The compound of claim which has the structure of formula 13a

gl

(I-3a), or a pharmaceutically acceptable salt or sterecisomer

thereof

- X4
Ay

HN_ Ry”
38. The compound of claim 1, wherein A 13

l ;9 i 3EB
R, R,

hd
Qe
\(N[\j N}\z F!»l5

AN

X7

and the cormpound ot formula (1) has

N

the structure of formula 1-4, ¢ (I-4), or a pharmaceutically acceptable

salt or stereoisomer thereof
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N O

“LZ{’ 2
. L
39. The compound of claim 1, wherein A is & and the compound of formula (I) has
R, R,

\f%"“v
agx ;\IIR‘

the structure of formula -5, (I-3), or a pharmaceuticaily

acceptable salt or stereoisorer thereof.

40. The compound of claim 1, wherein A 1s R kﬁ’ and the compound of
R, R,
Y
N z i?s
x%\i\: X3 ©

formula (1) has the structure of formula 1-6, {1-6), or a

pharmaceutically acceptable salt or sterecisomer thereof.

41. The compound of claimn 40, wherein Rs is methyl.

42, The compound of claim 40, wherein m is 1.

43, The compound of claim 40, wheretn m is O
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44, The compound of claim 40, wherein Xs is absent.
45. The compound of claim 40, wherein o3 [.

46. The compound of claimn 45, wherein R and Ru: are each H and Rio” and Ruy’, together with

the carbon atoms to which they are attached, form cyclobutyl.
47. The compound of claim 40, wherein Riz is OH.

48. The compound of claim 40, wherein o is 0.

49. The compound of claim 48, wherein Riz is H.

50. The compound of claim 40, which has the structure of formula I6a or [-6b,

Uy s

/Y\Vi?&ﬁ

|
X x)\(”io Nz
L\T NG P N A XJ\(N Io
3 -

2

H ! he
H

OH  (1-6a) or 2 (I-6b), or a

pharmaceutically acceptable salt or sterepisomer thereof.

51, The compound of claim 1, which is:
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FF

\fmﬁ/\to | \L/j/
A N__O
e N SN~ O L N/j\i\,;‘/ P
H H
| ;
b

K = K
(0 ﬁ; (2).
FF H FF
\[\ﬁ/ \L mﬁ |
O N N NN

(3}, (4},

3e
Qr/
g
~

N/‘\‘\N > ? N }\/= ©
E;”\N G\ o %//’L\NL\J e
Ci Kg,ﬁ\ & H ./ﬁ\
(5), 1 (6)
FF
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(10),

O
' o
j Kgﬁ
~
(9},
| (11}, (12},

H (13), )EH (14),

H | : (16),

(15),
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(20,

(18-1)
(19-1),
(22},

5 i
6 o ofa
o o B 3
IL\K v = mx Y
—z oz O1Nnn
N/
o PV W
= 4 zZT
< I W ) MN'AW,..../MIA‘W
Z o = s

(17,
(18-2),

(
(1),

Tz oz —Z 2
S S S
4 — L
4 \
. N\\ Z I \N T
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fn "

< (23),

FF
[ORt %ﬁ
Py N

ﬁ;m | \ﬁh

(18),
F F
% hi"ﬁ‘\\\\\;
NP s f\( o N N A o o
W L I\P[:
p M Vo, v
(29, (30},

FF H FF?"

LSRR e gt
Y*jf ﬁ*‘\’:o

(31), (32).
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FF FF
N SO (o \LO
A N BN N
N= N X N2 N Ry
} E/\E © . ©
x HM N>:(3H Mtﬂ ,«11\5:\0}4
! L«( Ci —
bH (41, %@ “2),
F F FF

i e O p==l
i \\‘, § \\%K
-{'!‘:,O b-;o
HN=S HN=
S (43) b,
EF

HO: \
{45), or a pharmaceutically acceptable salt or stereoisomer thereof

52 A pharmaceutical composition, comprising a therapeutically effective amount of the
compound or pharmaceutically acceptable salt or sterecisomer of any one of claims 1-51, and a

pharmaceutically acceptable carrier,

53. A method of treating a disease or disorder that involves aberrant B-cell lymphoma 6 (BCL6)
activity, compnising administering to a subject in need thereof a therapeutically effective amount
of'the compound or a pharmaceutically acceptable salt or sterecisomer thereof of any one of claims

1-51, or the pharmaceutical composition of claim 52.
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54. The method of claim 33, wherein the disease or disorder is cancer.

55, The method of claim 54, wherein the cancer is a2 lymphoid malignancy.

56. The method of claim 55, wherein the lymphoid malignancy 13 peripheral T-cell lymphoma

{PTCL), diffuse large B-cell lymphoma (DLBCL}, mantle cell lymphoma (MCL}, follicular
fymphorma (FL), chronic lymphocytic leukemia (CLL), acute Iyraphoblastic leukemia/lymphoma

(ALL), or cutaneous T-cell lymphoma.

57. The method of claim 35 or 56, further comprising administering an additional anti-cancer

agent.

58. The method of claim 56, wherein the additional anti-cancer agent is an enhancer of zeste

homolog 2 (EZH2) inhibitor.

59. The method of claim 53, wherein the disease or disorder is an inflammatory disease.

60. The method of claim 59, wherein the intflammatory disease 18 inflammatory bowel disease,

myocarditis, endometriosis, atherosclerosis, an aliergic disease, or an autoimmune disease.

61. The method of claim 60, wherein the allergic disease 13 asthma or pollinosis.

62, The method of claim 60, wherein the antoimmune disease 1s noninfectious meningitis,

autoimmune encephalitis, transverse myelitis, or acute disseminated encephalomyelitis.
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only those claims for which fees were paid, specifically claims Nos.:

4, [:l No required additional search fees were timely paid by the applicant. Consequently, this international search report is restricted
to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest I:] The additional search fees were accompanied by the applicant’s protest and, where applicable, the
payment of a protest fee.

I:] The additional search fees were accompanied by the applicant’s protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

D No protest accompanied the payment of additional search fees.
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