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QUINAZOLINE COMPOUNDS AND USE THEREOF AS INHIBTORS OF
MUTANT KRAS PROTEINS

FIELD
The present disclosure provides compounds having activity as infubitors of mutant KRAS
proteins. This disclosare also provides pharmaceutical compositions compnsing the compounds, uses
and methods of treating certain disorders, such as cancer, including but not limited to non-smalf cell lung
cancer, colorectal cancer, pancreatic cancer, appendiceal cancer, endometnial cancer, esophageal cancer,
cancer of unknown primary, ampullary cancer, gastric cancer, small bowel cancer, sinonasal cancer, bile

duct cancer, or melanoma.

BACKGROUND

From its identification as one of the first human oncogenes in 1982 (Der et al., 1982}, KRAS (the
Kirsten rat sarcoma viral oncogene homologuc) has been the focus of extensive academic and industrial
research, as a key node in the MAPK signal transduction pathway, as a transforming factor in a network
of paralicl effector pathways {e.g., PI3K/AKT) (Vojtek et al., 1998) and as a potential target for anti-
cancer agents {Malumbres et al | 2003}, Despite progress in the development of inlubitors of upstream
and downsiream nodes i the MAPK pathway (e.g.. EGFR (Sndhar et al, 2003), BRATF (Holderfield et
al , 2014} and MOK (Caunt et al., 2015}, the KRAS protein has historically proven resistant to divect
inhibition.

KRAS is a G-protein that couples extraceltolar mitogenic signaling to intracelludar, pro-
proliferative rosponses. KRAS serves as an mtracelhular “on/off” switch. Mitogen stimulation mduces
the binding of GTP to KRAS, bringing about a conformational change which enables the isteraction of
KRAS with downstream cffcctor proteins, leading to ccllular proliferation. Normmally, pro-prolidferative
signaling 1s regulated by the action of GTPasc-activating proteins ({GAPs), which returmn KRAS to its
GDP-bound, non-proliferative state. Mutations m KRAS wnpair the regulated cycling of KRAS between
these GDP- and GTP-bound states, Ieading to the accumulation of the GTP-bound active state and
dysregulated cellular proliferation (Simanshu et al., 2017).

Attempts to develop inhibitors of mutated KRAS proteins have historically been thwarted by the
absence of druggable pockets on the surface of the protein {(Cox etal., 2014). Tn 213, Shokat and
colleagues identified covalent inhibitors of a common {0 Bryan, 2(19) oncogenic mutant of KRAS,
KRAS G12C, which bound to a previously unrecognized allosteric pocket on GDP-KRAS G12C and

prevented its subsequent activation (Ostream ot al., 2013). This discovery brought about significant new
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cfforts in the KRAS inhibitor research, which have recently culminated in the entry of KRAS inhibitors in
human clinical trials.

While some progress has been made on KRAS GI2C whibitors, there 18 a continued interest and
effort to develop inhubitors of KRAS, particularly mhibitors of other KRAS such as KRAS 12D, G112V,
G12A or G128, Thas, there 15 anced to develop new whibitors for KRAS G128, G2V, G12A, G128 or

G12C for the treatment of disorders, such as cancer.

SUMMARY

in one aspect, the present application 1s directed to a compound of formula (I);

(R*}F%éﬁ XE) m
"

)

ot tautomer thereof, or a pharmaceutically acceptable salt of said compound or said tawtomer, wherein;

-~ 1s & single bond or a double bond:

Wis C, CH or N, wherein when W is N, = 18 a single bond;

Xisabound, CHy, O, S, S(O), S{O}NR") or S{0);

nis 8, 1, 2, or3;

mis0, 1,2 3ord,;

gach R* is hydroxyl, halogen, oxo, cyano, Cra atkyl, €y haloallod, € alkoxy, -T-RY or two R*
taken together with the same carbon or adjacent carbon atoms can form Cs cycloatkyl or a 3-7
membered heterocyeloalkyl, wherein cach Ca cycloalkyl or 5-7 membered heterocyeloalkyl is further
substituted with 0-3 occurrences of RY or two R taken together with the same carbon atom can form a Cs.
s cvcloalkyi or 4-7 membered heterocycloalky! substituted with 0-3 occonrrences of B or two R™ taken

together with the carbon atoms to which they are attached can form a bridged ring, wherein the brnidge
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atoms are selected from one of the following: -Cy alkvlene, -Ciy alkylene-O-, -Ci. alkyleng-0-Ciy
alkvlene-, -Ci4 alkylene-8-Ciy alkyvlene- or -Ciy alkylene-S-;

ZisCH CR orN;

R 1s halogen, evano or Ui alkyl;

L 1s a bond, -Cie alkylene, -0-Cy 4 alkylene, -5-Ciy alkylene, -NR* -, -0- or -§+;

("

R' is hydroxyl, aryi, heteroaryi, Cis cycloalkyl or heterocyeloalkyl optionally substitated with 0-
3 oceurrences of R;
R*is hydrogen, halogen, Cis alkyl, Cou alkenyl or cvano;
R* hydrogen, halogen, cyano, Cia alkyl, Ci4 haloatkyl or Couy alkynvl;
10 R* is hydrogen or halogen;
each R” is halogen, oxo, hydroxyl, amino or Ci alkyl;
pi1sd 1, 20r3;
R*ig amino;
R’ is cvano;
15 Tis Cig alkyieng, -C(QY-, -0, -S(0);- or -8~
R9is hvdrogen, halogen or Cy. alkyl;
RY i halogen, hydroxvl, oxo, cyvano or aming; and
R” is hydrogen or Cyg allovl
in a second aspect, provided herein s a phamacentical composition comprising a compound of
20 Formula I or a phamaceutically acceptable salt of said compound and a pharmaceutically acceptable
exeipient.
In a third aspect, provided herein 1s a compound of Formmla I, or a pharmaceutically acceptable
salt of said compound, or the pharmaceutical composition as described herein for use 1 freating cancer.
Reforence will now be made in detail to embodiments of the present disclosure. While certain
25 ¢mbodimments of the present disclosure will be described, it will be understood that « 15 not tntended to
hinut the embodiments of the present disclosure o those described embodiments, To the contrary,
reference to embodiments of the present disclosure is istended to cover alteratives, modifications, and
equivalenis as may be mcluded within the spirtt and scope of the embodiments of the present disclosure

as defined by the appended claims.

30 DETAILED DESCRIPTION

Provided herein as embodiment 1 18 a compound of formula (3):
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or tautomer thereof, or a pharmaceatically acceptable salt of said compound or said tautomer, wherein;

--- 18 a single bond or a doublc bond;

Xis abond, CHs, G, §, 5{0}, S{O}NR") or 80},

nist 1,2, or3;

mis0, 1,2, 3ord;

gach R* s hydroxyl, halogen, oxo, cvano, Cia alkyl, Cry haloalkyl, €14 alkoxy, -T-R” or two R*
taken together with the same carbon or adjacent carbon atoms can form Cio cycloalkyl ora 5-7
membered heterocyeloalkyl, wherein cach Ca eyveloalkyl or 5-7 membered heterocyeloalkyl is further
substituted with §-3 cccurrences of RY or two R” taken together with the same carbon atom can form a Cs.
s cvcloalkyi or 4-7 membered heterocycioalkyl substituted with 0-3 occurrences of R or two R taken
together with the carbon atoms to which they are attached can form a bridged ring, wherein the bndge
atorms are sclected from one of the following: -Cis atkylene, -Ciy alkylene-0-, -Cia alkylene-0-Chy
alkvlene-, Ui alkylene-8-Ciy alkylene- or -Crg alkyleng-S-;

ZisCH CR orN;

R 15 halogen, eyvano or Ci alkyl;

L 1s abond, -Ci alkylene, ~-O-C 4 alkvlene, -S-Ciy alkylene, -NR*-, -0~ or -5-;

R’ is hydroxyl, aryi, heteroaryl, Csg cycloalkyl or heterocveloalkyl optionally substituted with 0-
3 occurrences of R,

R? is hvdrogen, halogen, {14 alkyl, Caq alkenyl or eyano;

R’ hydrogen, balogen, cyano, Ciu alkyl, €1 haloalkyl or Couy alkynvl;

R* is hydrogen or halogen;

each R is halogen, oxo, hvdroxyl, amino or Cra alkyl;
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pist 1, 20r3;

R® is anumno;

R’ is cyano;

Tis Cia alkylene, -C{O)-, -0, -S{0);- or -8-;

R71s hvdrogen, halogen or Cis alkyl;

R” 15 halogen, hydroxyl, oxo, cvans or amimg; and

R” is hvdrogen or Cy. alkyl

Provided herein as embodiment 2 is the compound according to embodiment 1, wherein Z s N.

Provided herein as embodiment 3 is the compound according to any one of embodiments -2,
wherein L is -C14 alkylene or -0-C 14 alkylene. Provided herein as cmbeodiment 4 is the compound
according to crabodiment 3, wherein L is -Cy. alkvlene (e.g., -methylenc). Provided herein as
embodiment § is the compound according to embodiment 3, wherein L 15 ~0-Cr alkvlene (e.g., -O-
methylene or -0-2,2-dimethylethyvlene}. Provided herein as embodiment 6 is the compound according to
embodiment 5, wherein L is -C-methylene.

Provided herein as embodiment 7 is the compound according to embodiment 6, wherein R is 7-
{hexabydro-1H-pyrrolizine) substituted with 0-3 occurrences of R°. Provided herein as embodiment & is
the compound according to embodiment 7, wherein R' is 7-(hexahvdro-1H-pyrrolizine} substituted with
one ocaurrence of R°. Provided herein as embodiment 9 is the compound according to embodiment &,
wherein R’ is halogen (e g, fluoring). Provided herein as embodiment 1( is the compound according to
embodiment 7, wherein R' is 7-(hexahydro- 1 H-pyrrolizine) substituted with 2 occurrences of R”.
Provided herein as embodiment 11 is the compound according to embodiment 10, wherein both R” are
halogen {¢.g.. fluonne).

Provided herein as embodiment 12 is the compound according to embodiment 6, wherein R* is 2-
pyrrolidine substituted with -3 cecurrences of R°. Provided herein as embodiment 13 is the compound
according to embodiment 12, wherein R} is 2-pyrrolidine substituted with 2 occurrences of B, Provided
herein as embodiment 14 is the compound according to embodiment 13, wherein one R 15 Ciy atkvl (e.z.,
methyl) and the other R is halogen (e.g., fluorine).

Provided herein as cmbodiment 15 13 the compound according to embodiment 5, wherem L 15 -O-
isopentanvlene (Lo, ~0-2,2-dimethylethvlenc). Provided hercin as embodiment 16 1s the compound

according to embodiment 15, wherein R is hydroxyl.
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Provided herein as embodiment 17 is the compound according to embodiment 4, wherein L is -
methylene. Provided herein as embodiment 1% is the compound according to embodiment 17, wherein R
is N-morpholiny! substituted with 0-3 occurrences of 7. Provided herein as embodiment 19 is the
compound according to embodiment 18, wherein R'is N-morpholiny! substituted with  occurrences of
R,

Provided herein as embodiment 24 is the compound according to crabodiments 1-19, wherein L-

o

.;

herein as embodiment 21 is the compound according to embodiment 20, wherein L-R ig
Provided herein as embodiment 22 is the compound according to embodiment 20, wherein L-R' is
¥ F

ﬁuﬁ/ 455,

N

. Provided herein as embodiment 23 is the compound according to embodiment 20,

e,
o @F
wherein L-R' is e . Provided herein as embodiment 24 is the compound according 1o
o

: N\/’E
embodiment 20, wherein L-R’ is g‘/

. Provided herein as embodiment 25 s the compound

O/‘\}(/
according to embodiment 20, wherein L-R'is o .

Provided hereim as embodiment 26 is the compound according to any one of embodiments 1-25,
wherein Wi N

Provided herein as cmbodiment 27 15 the compound according to embodiument 26, wherein X is
. Provided herein as embodiment 28 1s the compound according to embodument 27, wherein nis 1 and
nris 2ormis | and nis 2. Provided heremm as embodiment 29 1s the compound according to embodiment

28, whergin pis 0.



("

10

25

WO 2023/159086 PCT/US2023/062687

-7 -

Provided herein as embodiment 30 13 the compound according to embodiment 28, wherem p is 1.
Provided herein as embodiment 31 is the compound according to embodiment 30, wherein R” is hydroxyi,
oxo, halogen or -T-R7. Provided herein as embodiment 32 15 the compound according to embodiment 31,
wheremn R 1s hydroxyl, oxo, fluorine or -S0O,NH,, Provided herem as embodiment 33 1s the compound
according to entbodmment 32, wherein R” 1s hydroxyl, oxo or fluorne.

Provided herein as embodiment 34 1s the compound according to embodiment 28, wherein pis 2.
Provided herein as embodiment 35 is the compound according to embodiment 34, wherein each R™ is
hydroxyl, halogen, Cig alkyi, Ty haloalkyl or two R™ are taken together with the carbon atoms to which
they are attached to form a bridged ring with the bridge atoms are ~Cic alkylene. Provided herein as
cmbediment 36 is the compound according to embodiment 35, wherein one R is hyvdroxyl and the other
R¥1s Cis alkvl {e.g., methyl or cthyl). Provided hercin as embodiment 37 1s the compound according to
cembodiment 35, wherein both R® are halogen {e.g., fluorine}. Provided hercin as embodiment 38 s the
compound according to embodiment 35, wherein one R 1s hydroxyl and the other R is C1.4 haloalkyl
{e.g.. diftuoromethyl). Provided herein as embodiment 39 is the compound according to embodiment 35,
wherein two R* are taken together with the carbon atoms to which they are attached to form a bridged
ring wherem the bridge atoms are methylene or ethviene.

Provided herein as embodiment 40 is the compound according to embodiment 27, whereinnis 2
and mis 2. Provided herein as embodiment 41 15 the compound accordimg to embodiment 406, wherein p
is . Provided herein as embodiment 42 is the compound according to embodiment 27, whereinm is |
and n 18 3. Provided herein as embodiment 43 is the compound according to embodiment 42, wherein p s
0.

Provided herein as embodiment 44 15 the compound according to embodiment 26, wherein X is
S3{(. Provided herein as embodiment 45 s the compound according to embodiment 44, wherem nis 1
andmisZormis land nis 2. Provided herein as embodiment 46 is the compound according to
embodiment 43, wherem pis 0.

Provided herein as embodiment 47 1s the compound according to any one of embodiments 26-46,

=y o E A N\ woH ¢ SN C 9
we i (O OO ()
o b

o e o ol

> i > > 2

wherein
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Provided herein as embodiment 48 1s the compound according to embodiment 47, wherein

X O
RX B m F
®y=f
nt oW N
N T . Provided herein as embodiment 49 1s the compound according to

X o
HOH
(R’%p—% ﬁ}m ﬁ:} ‘
n€ W N
aw}am 18

o . Provided heremn as embodiment 50 is the

O
mede (O

compound according to cmbodiment 47, wherein N 1s b Provided herein as

&
(R‘;pﬁ:}ﬁ}m {\Q““F

embodiment 51 is the compound according to embodiment 47, wherein e 1s

5 embodiment 47, wherein

Provided herein as embodiment 52 is the compound according to embodiment 47, wherein

X } o
nt T ]
R is ™ Provided hercin as crabodiment 33 is the compound according to

gt OF

10 embodiment 47, wherein . Provided herein as embodiment 34 is the
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¥ 3 G ;;GH
(R“ép—g Em {:}‘“
nb g 5
nfan. 18 o . Provided herein as
*4)
(RX)pf ﬁ m
m( W’
asdon

compound according to embodiment 47, wherein

embodiment 55 1s the compound according to embodiment 47, wherem
QN}QH
R
Provided herein as embodiment 56 is the compound according to embodiment 47,

gt OF

wherein
Q
ii‘a@

R —ﬁ 3) i )
Provided herein as embodiment
W)p——g ﬁ
wﬁ” . Provided

5% 15 the compound according to cmbodiment 47, whercin
mgx )
&%), ﬁ m

Provided herein as embodiment 57 is the compound

3 according to embodiment 47, wherein

s,
T’
Jé’u

herein as embodiment 59 is the compound according to embodiment 47, wherein

?aHSQzNHQ
Provided herein as embodiment 60 1s the compound according to embodiment 47,

gt O@

wheremn

. Provided herein as embodiment 61 1s the compound
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according to embodiment 47, wherein afon s . Provided herein as
o
« o
(R ),,---fg
M
embodiment 62 15 the compound according to embodiment 47, wherein e

Provided herein as embodiment 63 is the compound according to embodiment 47, whergin

Ty L tjjf
. Provided herein as embodiment 64 is the compound according to
e O
(R‘K}p“ﬁ ﬁ} m {\ ?
n( W Ly

3 embodment 47, whercin o is . . Provided herein as embodiment 65 is the

m“)ﬁ%;éa {\)ﬁecmz

Provided herein as embodiment 66 15 the compound according to crabodiment 26, wherein X is

compound according to embodiment 47, wherein

CH,. Provided herein as embodiment 67 1s the compound according to embodiment 66, wherein nis
amdmislormisGand nis L
i0 Provided herein as embodiment 68 is the compound according to embodiment 67, wherein pis 1.
Provided herein as embodument 69 is the compound according to embodiment 68, wherem R* 15 Ciy
alkvl, cvano or -T-RY. Provided hercin as embodument 70 13 the compound according to embodiment 69,
wherein R* 1s methyi, cyvano, ~CH;OH, -CHCN or -CH,OMe.
Provided herein as embodiment 71 1s the compound according to embodiment 67, wherein pis 2.
15 Provided hercin as embodiment 72 is the compound according to ermbodiment 71, wherein gach
R¥15 €y alkyl, hydroxyl or -T-RY or two R* arc taken together with the same carbon atom to form a 4-7
membered heterocveloalkyl substituted with 0-3 occurrences of RY. Provided herein as embodiment 73
the compound according to embodiment 72, wherein one R 1s methyl and the other R 15 -CH,OH.
Provided herein as embodiment 74 is the compound according to embodiment 72, wherein one R 15

20 methvl and the other R” 1s hydroxyl. Provided herein as embodiment 73 is the corapound according to
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cembodiment 72, wherein both R are taken together with the same carbon atom to form a 2-
tetrahyvdrothiophene substituted with 2 ocourrences of RV, Provided herein as embodiment 76 1s the

compound according to embodiment 75, wherein both RY are oxo.

Provided herein as embodiment 77 1s the compound according to any one of embodiments 66-76,

M-—m &CNOV 04;, OV Oz.,

N
wherein , ) , , ,

(L 5 & (L
Provided herein as embodiment 78 is the compound according to emmbodiment 77, wherein

*4)
A BLEGN
ol hy NT N
R TR . Provided herein as embodiment 79 is the compound according o

aﬁ";pﬁ:ym (}V@H

t!“

embodiment 77, wherein anfos is g . Provided herein as embodiment 30 i the
*4)
w3 o
B W N
compound according to embodiment 77, wherein nfon is o . Provided herein as

X
(R")pmg §3m
n( W’

&ﬁ%ﬂ&

cmbodiment 81 is the compound according 1o embodiment 77, wheren

S

N
e . Provided herein as embodiment 82 s the compound according to embodiment 77,

(Rx)ng:ﬁ)m Q&QH

whoerein o is . Provided herein as embodiment 83 1s the compound
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X
mmg e oMo
{8y (_}m/
L

N
according to embodiment 77, wherein is e . Provided herein as
X
(&%) I TET0
B ( - ; Q
oW ]
cmbodiment 84 is the compound according to embodiment 77, wherein o is .

Provided herein as embodiment 85 is the compound according to embodiment 77, wherem

il O
AT

. Provided herein as embodiment 86 is the compound according to

O

-4
mie o
W N
(P N

Provided herein as embodiment 87 15 the compound according to erabodiment 66, wherein nis |

3 embodiment 77, wherein

and m s 1. Provided herein as embodiment 88 is the compound according to embodiment 87, wherein p
iz §. Provided herein as embodiment 89 is the compounnd according o embodiment 87, whereinpis 1.
Provided hercin as embodiment 90 is the compound according to embodiment 89, wherein R is hydroxyl,

10 cvaso or -T-R’. Provided herein as crabodiment 91 1s the compound according to embodinent 90,
wheremn R 1s hydroxyl, cyano or -S(0)-NH..

Provided herem as embodiment 92 1s the compound according to embodiment 87, wheren pis 2.

Provided herein as embodiment 93 is the compound according to embodument 92, wherein cach R* is
hyvdroxyl, Ciy alkyl, -T-RY or two R* are taken together with the same carbon atom to form a Csy

15 cveloalkyl or 4-7 membered heterocyeloalkyl substituted with 0-3 occurrences of RY. Provided herein as
cmbodiment 94 13 the compound according to embodiment 93, whercin one R” 18 hydroxyl and the other
R*1s methyl. Provided herein as crabodiment 95 is the compound according to embodiment 93, wherein
one R* is hvdroxyl and the other R™ is ethvl. Provided herein as embodiment 96 1s the compound
according to embodiment 93, wherein one R* 18 methvl and the other R 15 ~CHOH. Provided herem as

24 embodiment 97 ts the compound according to embodiment 93, wherein one R* 15 methyt and the other R®
is ~C{O3NH;.
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Provided herein as embodiment 98 is the compound according 1o embodiment 93, wherein two R®
are taken together with the same carbon atom to form a cyclobutyl substituted with one oecurrence of R,
Provided herein as embodunend 99 1s the comapound according to embodiment 98, wherem RBY 15 oxo or
bvdroxyi. Provided herein as embodument 100 1s the compound according to embodiment 93, wheremn
two R are taken together with the same carbon atom to form a 2-azetidinyl substitited with one
oocurrence of RY. Provided herein as embodimment 101 is the compound according to embodiment 100,
wherein R is oxo.

Provided herein as embodiment 102 is the compound according to embodiment 93, wherein two
R* are taken together with the same carbon atom to form a 3-azetidinyl substitoted with one occurrence of
-T-RY. Provided herein as embodiment 103 is the compound according to embodiment 102, wherein -T-
RY 18 -50;-Me.

Provided herein as embodiment 104 15 the compound according to embodiment 93, wherein two
R* are taken together with the same carbon atom o form a S-oxazolidingl substituted with one ocearrence
of RY. Provided herein as embodiment 105 s the compound according 1o embodiment 104, wherein R 18
0X0.

Provided herein as embodiment 106 is the compound according to embodiment 93, whercin two
R” are taken together with the same carbon atom to form a 3-oxctany] substituted with 0 occurrences of
R7. Provided herein as embodiment 107 is the compound according fo embodiment 93, wherein two R”
are taken together with the same carbon atom to form a 2-oxetanyl substitoted with § occurrences of RY.

Provided herein as embodiment 108 is the compound according fo enmbodiment 93, wherein two
RX arc taken together with the same carbon atom to form a 3-tetrabydrothiophenyl substituted with two
occurrences of Y. Provided herein as embodiment 10915 the compound according to embodiment 108,
wherein both RY are oxe.

Provided hercin as embodiment 110 1s the compound according to cmbodiment 93, whercin two
R* arc taken together with the same carbon atom to form a 2-thectanyl substituted with two occurrences of
RY. Provided herein as embodiment 111 15 the compound according to embodiment 110, wherein both R?
are oxo.

Provided herein as cmbodiment 112 is the compound according to embodiment 93, whercin two
RX arc taken together with the same carbon atom to form a 2-tetrabydrofurany! substituted with O

occurrences of Y. Provided herein as embodiment 113 15 the compound according to embodiment 93,
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wherein two R” are taken together with the same carbon atom to form a 3-tetrabydrofurany! substituted

with O occurrences of RV
Provided herein as embodiment 114 is the compound according to any one of emabodiments §7-

X ey
(g@t)p_ﬁ ﬁ}m
n{ W )
wodos i8

113, wherein

Provided herein as embodiment 113 is the compound according to embodiment 114, wherein

D

Rt oW "N
oo s . Provided herein as embodiment 116 1s the compound according
x ) ,GH
(Rx)p ié ﬁ ie] @’,5
n( W M
to embodiment 114, wherein N is o . Provided herein as embodiment 117 1s
G
*4)
(RX;p—g ﬁ m TNH
n( W N
N s . Provided

the compound according to embodiment 114, wherein
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_,,.6 *4)
{R*), ( ﬁ m

nt W

herein as embodiment 118 is the compound according to embodiment 114, wheren wlon 18

gﬁﬁ

N
s . Provided herein as embodiment 119 15 the compound according to embodiment 114,
G
o4
X } NH
(Rx)pmg § m z
2%
ol N~
whersin wodon is

. Provided herein as embodiment 120 is the compound
o0

N
X S.
SAALE® S
n® W
o

M
is“g“‘

according to embodiment 114, wherein

. Provided herein as

*4)
(R"Ep-ﬁ ﬁ m
n( W
emtbadiment 121 1s the compound according to embodiment 114, wherein e o is

SN

N
.

. Provided hercin as embodiment 122 is the compound according to crabodiment 114,
._§X )
( =
B W N
wndnn

is ™ Provided herein as embodiment 123 is the compound according to
O

¥ } , MNH,
(Rx}p'—ﬁ ﬁ 1] ‘e
n{ W"

wherein

N
wdow

embodiment 114, wherein

. Provided hercin as embodiment 124 is
)
€R"§p"““§ ﬁ m “'OH
ng W
the compound according to embodiment 114, wherein mojon is

N
o

. Provided herein
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gw;p-—nﬁ 3 m
n{ W

as embodiment 123 1s the compound according to embodiment 114, wherein

. Provided heremn as embodiment 126 1s the compound according to embodiment 114,

e OF
wajnn is

N
wherein o . Provided herein as embodiment 127 s the compound

X ) $°QH
wuf Yn (T
n( W’
sodno is

N
according to embodiment 114, wherein e . Provided heretn as embodiment

X ) CN
w9 Y
n( W'
wadrn o

N
124 1s the compound according to cmbodiment 114, whewein s . Provided

X
sRﬂp-ﬁ S}m
n( W'

herein as embodiment 129 g the compound according to embodiment 114, wherein

OM
CF

M
e . Provided herein as embodiment 130 13 the compound according 1o embodiment 114,
G
*4)
(R%—@ ﬁ m
{8, =
ne YW ]
wherein oo is . Provided herein as embodiment 131 15 the compound

X
{Rx}pmg &)m f\q
n( W -
sogon i$

N
according to embodiment 114, wherein s . Provided herein as embodiment
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imp—g E;m
n( Wo
W y

Provided hercin as embodiment 133 is the compound according to emabodiment 114, wherein

132 is the compound according 1o embodiment 114, wherein

. Provided herein as embodunent 135 is the

{RY) ﬁ)m
pa}gwf
““‘%""’ is

embodiment 114, wherein

g™
bl
e . Provided herein as

)4
(R"Bp-ﬁ Ejm
n( Wv

compound according to embodument |14, wherein

emtbadiment 136 1s the compound according to embodiment 114, wherein

CX

N7 PON
e

Provided herein as embodiment 137 1s the compound according to embodiment 66, wherein nis 1
and mis Zormis 1 and nis 2. Provided herein as embodiment 138 1s the compound according (o
embodiment 137, wherein p is 0. Provided herein as embodiment 139 s the compound according to
embodment 137, wherein pis |, Provided herein as embodiment 140 1s the compound according to
embodiment 139, wherein R 1s halogen, cvano, oxo, hydroxvl, Cis alkyl or -T-R¥. Provided herein as
embodiment 141 s the compound according to embodiment 140, wherein R” 15 fhuoring, cyano, oxo,
bydroxyl or -80:-NH:.

Provided herein as emabodiment 142 ts the compound according to embodunent 137, wherein p s
2. Provided heren as embodiment 143 is the compound according to embodiment 142, wherein one R is

hvdroxy! and the other R™ is €5 alkyl {e.g., methyl).
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Provided herein as embodiment 144 is the compound according to entbodiment 137, wherein p s
3. Provided herein as embodiment 143 is the compound according to embodiment 144, whergin two BY
are taken together with the carbon atoms to which thev are attached to form a bridged ring wherem the

bridge atoms are -Cy.y alkylene and the remaming R 1s hydroxyl. Provided herein as embodiment 14615

("

the compound according to embodiment 145, wherein two R™ are taken together with the carbon atoms to
which they are attached to form a methyiene bridged ring and the remaiming R™ is hydroxyl.

Provided herein as embodiment 147 is the compound according to embodiment 66, whercin nis 2
and m 18 2. Provided herein as embodiment 148 15 the compound according to embodiment 147, wherein
pis 0.

16 Provided herein as embodiment 149 is the compound according to any one of embodiments 137-

g QO QO

N N N N N

148, wherein

snfon :
oM
mSONH, { }mGH (}0 Q (}eﬁ O LN
i) :’:‘ :5
e

“&N o1 A%N

Provided herein as cmbodiment 150 is the compound according to embodiment 149, wherein

e

N
15 R i3 B Provided herein as embodiment 151 is the compound according to

%)
(R*‘)p—ﬁ ﬁ m
n{ Wp N

embodiment 149, wherein “4%  Provided herein as embodiment 132 is the
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x ) n%F
gmpmg N
n{ W N
T

i . Provided herein as

X
x )
{R }prgﬁwﬁ m |

compound according to embodiment 149, wherein

embodiment 153 is the compound according to embodiment 149, wherein

OHEQN

N
$ . Provided herein as embodiment 154 is the compound according to embodiment 149,

3
*4)
(R")F--—ﬁ f[ m
n( Wf N
S is ™ Provided herein as embodiment 155 is the compound according

X i z
(Rx)p g ﬁ }m H‘S$QQNHZ
n( W’
mévw

S

wherein

N
5 1o embodiment 149, wherein i8 e . Provided herein as embodiment
X i Z
[} 10H
mﬁ?"ﬁ ﬁ}m s
Ay N
156 15 the compound according to embodiment 149, wherein o s .

Provided herein as embodiment 137 1s the compound according to embodiment 149, wherein

X B o
(Rx)p—-g S m
n{ W’
“"""&"“"’ is

M
E . Provided herein as embodiment 153 s the compound according to

OH

X
(Rx)p?ﬁ E}m (}ﬁig
ny YW N
nges i e . Provided herein as embodiment 159 1s the
X
ni W"
g 1S

M
10 compound according to embodiment 149, wherein e . Provided herein

embodiment 149, wherein
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n{ W

aﬂfhé&%

as embodiment 160 1s the compound according to embodiment 149, wherein

CH

m%{j,,,

. Provided hercin as embodiment 161 is the compound according to erobodiment 149, wherein

(R’%mﬁ ﬁ

O

LT

7

N
*#  Provided herein as embodiment 162 is the compound according to

OH

&

gl €

embodiment 149, wherein ‘“fw . Provided herein as embodiment 163 1s the
) ‘é ()’“

Provided herein as embodiment 164 is the compound according to embodiment 26, wherein X is -

l:y;

("

compound according to embodiment 148, wherein

CH=CH-. Provided hercin as cmbodiment 165 s the compound according to embodiment 164, wherein n
is | and mis 1. Provided herein as embodirnent 166 1s the compound according 1o embodiment 163,
wherein p is 1. Provided herein as embodiment 167 15 the compound according to embodiment 166,

16 wherein R” is hydroxyl.

Provided herein as cmbodiment 168 is the compound according to any one of embodiments 164-
x ==
{ ?‘ OH
(RXEP_.S ﬁ}m st
n( W N
S ST PR

Provided herein as cmabodiment 169 s the compound according to any one of embodiments 1-2,

167, wherein

wherein W is -C=. Provided herein as embodiment 170 1s the compound according to embodiment 169,

15 wherein X i3 0. Provided herein as embodiment 171 is the compound according to embodiment 170,
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embodiment 171, wherein nis 0 and m is 2. Provided herein as embodiment 173 1s the compound

according to embodiment 172, wherein p s .

Provided herein as embodiment 174 1s the compound according fo anv one of erobodiments 169-

X
(Rx}ss.g E}m ¢
n( w’ &
anfan 18 .

Provided herem as embodiment 175 1s the compound according to any one of embodiments 1-2,

173, wherein

wherein W is -=CH- Provided herein as embodiment 176 1s the compound according o embodiment 1785,
wherein X is a bond. Provided heremn as embodiment 177 is the compound according to embodiment
176, wheremn - is a single bond. Provided hercin as embodiment 178 is the compound according to
embodment 177, wherein 0 s 0 and m is 0. Provided herein as embodiment 179 1s the compound
according to embodiment 178, wheremn p s G,

Provided herein as embodiment 180 15 the compound according to any one of emboduments 175-

Ry XE } m
3%1% X

Provided herein as embodiment 181 is the compound according to any one of embodiments 1-

180, wherein

180, wherein R® is amino and R’ is cyano.

Provided herein as embodiment 182 is the compound according {o any one of embodiments 1-
181, wherein R” is halogen, C1. alkyl, Co4 alkenyl or cyano. Provided herein as embodiment 183 is the
compound according to embodiment 182, wherein R” is chlorine, methvl, ethyl, vinyl or eyano. Provided
herein as embodiment 184 is the compound according to embodiment 182, wherein R” is chlorine.
Provided herein as embodiment 185 is the compound according to embodiment 182, wherein R” is methyl
or ethyl. Provided herein as embodiment 186 is the compound according to embodiment 182, wherein R
is methyl. Provided herein as embodiment 187 is the compound according to embodiment 182, wherein
R’is ethyl. Provided herein as embodiment 188 is the compound according to embodiment 132, wherein
R?is vinyl G.e.. Z-ethenyl). Provided herein as embodiment 189 is the compound according to
embodiment 182, wherein R” is cyano.

Provided hereimn as embodiment 190 1s the compound according to any one of embodiments 1-

189, wherein R* 15 halogen (¢ g., fluorine).
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Provided herein as embodiment 191 is the compound according fo any one of embodiments 1-
190, wherein R* is fluorine.

Provided herein as embodiment 192 is the compound according fo anv one of erobodiments 1-
191, wherem R’ is hydrogen or halogen (¢.g., fluoring). Provided hesrein as embodiment 193 is the

compound according to embodiment 192, wherein R is hydrogen. Provided herein as embodiment 194 is

("

the compound according to embodiment 192, wherein R’ is fluorine.

Provided herein as embodument 195 is the compound according to any one of 1-194, wherein R®
is hydrogen. Provided herein as embodiment 196 is the compound according to any one of embodiments
1-194, wherein R is halogen {¢.g., chlorine or fluorine). Provided herein as embodiment 197 is the

10 compound according to any one of embodiments 1-194, wherein R¥is €y allkyl {c.g., methyl).

Provided herein as cmbodiment 198 is the compound according to any one of embodiments 1-

197, wherein RY 15 attached as iHlustrated in Formula (fla):

X
(RX>,,—--§ S*!m
n( ‘

{fa).
15 Provided herein as embodiment 199 s the compound according {o any one of embodiments 1-

198, wherein RY 1s attached as llustrated in Formula (Hb):

émp—(g XSB m
.

{Fibh},
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Provided herein as embodiment 200 1s the compound according o any one of embodiments 1-

199, wherein RY 1s attached as illustrated in Formula (Il¢):

(He).

N

Provided herein as embodiment 201 is the compound according to any one of cmbodiments 1-

200, wherein RY 1s attached as illustrated in Formula (Hd):

X
<R*;p—-§ E)m
n€ Wp

H N
(fid).

Provided herein as embodiment 201 15 the compound according to embodiment 1, wherein the

10 compound is selected from one of the following compounds:
2-Amino-4-{6-chloro-8-flucro-2-({(2R,7a5)-2-Hucrotetrahydro- 1 H-pyrrolizin-7a{SH -y Dimethoxvi-4-(1,5-
oxazocan-5-yhiuinazolin-7-y1)-7-fluorobenzo[ b thiophene-~3-carbonitrile;
2-Amino-4-{6-chloro-8-fluoro-2-({(2R,7a8)-2-fuorotetrahydro- LA -pyrrolizin-7a(5 /-y methoxy)}-4-{6-
hvdroxy-6-methyl-1 4-oxazepan-4-vlguinazolin-7-y1}-7-fluorobenzol bithiophene-3-carbonitrile;

15 Z2-Ammo-4-{6-chloro-8-fluoro-2-({(2R, 7a8)-2-Huorotetrahydro-1 H-pyrrolizin-Ta(5 H)-yDmethoxy)-4-3-
oxoazepan-i-yhquinazolin-7-v1)-7-fluorobenzolb jthiophene-3-carbonitrile;
2-Amino-4-{6~cthyl-8-fluoro-2-({(2R, 7aS)-2-fluorotctrahydro- L H-pyrrohizin-7a{ S H)-vhmethoxy -4 (6~

hydroxy-6-methyvl-1,4-oxazepan-4-vlquinazolin-7-v1)-7-flucrobenzofbjthiophene-3-carbonnnle;
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2-Amino-4-{6-chioro-4-{6-cthyi-6-hydroxy-1,4-oxazepan-4-vi)}-8-fluore-2-{({{2R 7as8}-2-fluorotetrahydro-
1H-pyrrolizin-7a(5H)-viimethoxylquinazolin-7-y[}-7-flucrobenzo] b fthiophene-3-carbonitrile;
2-Anuno-4-{6-chloro-8-fluoro-2-({{ZR, 7a5)-2-fluorctetrahvdro- L H-pyrrolizin-7a{ 3 H-viimethoxv)-4-({¥})-
3-hvdroxvazepan-1-vhqumazolin-7-v1-7-fluorobenzo{ bthiophene-3-carbonttnle;
2-Amino-4-{6-chloro-8-fluoro-4-(3-fluoroazepan- 1-y1}-2-({(ZR, 7a83-2-fluorotetrahydro- 1 H-pyrrolizin-
Ta{5H v methoxy)quinazolin-7-yi-7-fluorobenzo} b fthiophene-3~-carbonitrile;
2-Araing-7-fluoro-4~-{B-fluoro-2-(({(2R,7a8)-Z -fluorotetrahydro-1 H-pyrrolizin-7a(5 7 }-vimethox vy )-4-(6-
hydroxy-6-methyl-1,4-oxazepan-4-vi}-6-vinviqumazoln-7-yhbenzo{ bjthiophene-3-carbonitrile;
2-Amino-4-{(4-{azepan-1-v1}-6-chioro-8-fluore-2-(({ 2R, 7aS)-2-fluorotetrahydro- 1 -pyrrolizimn-7a(3H})-
vhmethoxyquinazolin-7-yl}-7-fluorobenzofbjthiophene-3-carbontitnile;

1<(7-(2-Amino-3-cyano-7 -fluorobenzold [thiophen-4-v1)-6-chloro-8-fluoro-2-({{2R, 7aS)-2-
fluorctetrabvdro~- 1 -pyrrolizin-Ta(S H-vijmethoxyiquinazolin-4-vijazepane-3-carbonitrile;
2-Amino-4-{6-chloro-8-fluors-4-(6-flucro-1,4-oxazepan-4-y1)-2-(((2R, 7a8}-2-fluorotetrahydro- 1/~
pyvrohizin-7a(3#}-yhimethoxy yquinazolin-7-viy-7-flucrchenzo{ flthiophene-3-carbonitrile;
2-Aming-4-{6~-chloro-8-fluore-2-{({{2R, 7a8)-2-fluorctetrabyvdra- L H-pyrrolizin-7a(3 H)-vy e thoxy)-4-(4-
oxoazepan-i-vhquinazolin-7-vl)-7-fluorobenzoib fthiophene-3-carbonitrile;
2-Araino-4-(6~chloro-8-flusro~-4-(6-fluoro-1,4-oxazepan-4-vi)-2-{(((2 8 Tas}-2-fluorotetrabydro~1 /-
pyrrolizin-7a{SH pyhmethoxyiquinazolin-7-yi}-7-fluorobenzof 4 {thiophene-3-carbonitrile;
2-Amino-4-{6-chloro-8-flucro-2-{{{28,7a5}-2-fluocrotetrahydro- 1 H-pyrrolizin-7a(S H -y Dmethoxyi-4-({8)-
&-hydroxy-i 4-oxazepan-4-yhguinazolin-7-viy-7-fluorchenzol 4 {thiophene-3-carbontirile;
2-Amino~-4-{6-chloro-8-fluoro-2-({(2R 7a8)-2-fluorotetrahvdro- 1 H-pyrrolizin-7a(5H)-vimethoxy)-4-(3-
hydroxy-2,3,6, 7-tetrabydio- 1 f-azepin- 1 -vhquinazolin-7-y1}-7-fluorobenzo| s fthiophene-3~carbonstrile;
2-Amino-4-{G-chloro-8-fluoro-2-({(2R, 7a8)-2-fluorotetrahydro- 1 H-pyrrohizin-Ta{ 3 -y Dimethoxy}-4-(1 .4~
oxazocan-4-yhguinazolin-7-yl-7-fhiorobenzo| b jthiophene-3-carbonitrile;
2~Araino-4-(6~chloro-4-(6,6-diftuoro-1,4-oxazepan~-d~vi)-8~tluore-2-{{ (2R, 7aS)-2 -tfluorotetrahvdro- 1 H-
pyrrolizin-7a{SH -vhmethoxy jquinazohin-7-v1)-7-fluorobenzofd jthiophene-3-carbonitrle;
2-Amino-4-{6-chloro-8-flucro-2-{{{(Z8, 7as-2-fluorotetrahvdro- 1 H-pyrrolizin-7a{8 H y-vImethox v -4 -({(8)-
3-hydroxyazepan- 1 -vljquinazolin-7-yi)-7-tfluorobenzo{ b jthiophenc-3-carbonitrile;
2-Anuno~-4-{6-chloro-8-fluoro-2-({(2R.7a5)-2-fluorotetrahvdro- 1 H-pyrrolizin-7a(5H)-vimethoxy)-4-(3-

hvdroxy-3-methylazepan-1-yhquinazolin-7-v1}-7-fluorobenzo{f jthisphene-3-carbonitrle;
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2-Amino-4-{6-chioro-8-fluore-2-({{ZK 7a8)-2-Huorotetrahvdro-1 H-pyrrolizin-7a(5 H-vimethoxvi-4-(1,4-
oxazepan-4-yliquinazolin-7-y[}-7-fluorobenzo| b thiophene-3-carbonitrile;
I(7-(2-Amino-3-cyano-7 -fluorobenzold [thiophen-4-vi-6-chloro-8-fluore-2-({(2R, 7a8)-2-
fluorctetrabvdro- 1 -pyrrolizin-Ta(S H)-vimethoxyjqumazohm-4-yiazepane-4-carbontrile;
23)-1-(7-(2-Amino-3-cyano-T-fluorobenzoid fthiophen-4-y1)-6-chloro-8-Huors-2-({{2R, 7a8}-2-
fluorotetrahydro- 14 -pyrrolizin-7a(5 5 }-vlmethoxy kpuinazolin-4-y Bpyreolidine -2 ~carboniirile,
2~Araing-4-(6~chloro-8-fluoro-2~{{{ZR, 7a8)-2-fluorotetrabvdre~1 H-pyrrolizin-7a{SH-vymethoxv-4-(6-
oxo-1 4-oxazepan-4-yhquinazolin-7-v1}-7-fluorobenzo{ b thiophene-3-carbountinle;
2-Amino-4-{6-chloro-4-{0-{difluoromethyl)-6-hydroxy-1,4-oxazepan-4-vij-8-fluoro-2-{{{Z &, Tad}-2-
fluorotetrahydro-1H-pyrrolizin-Ta{3 H}-vDmethoxy)quinazolin-7-yh-7-fluorobenzo[ b [thiophene-3-
carbonitrile; or
2-Amino-4-{6-chloro-8-finoro-2-({(2R, 7a8})-2-fAvorotetrahydro- LA -pyrrolizin-7a(SH)-yDmethoxyv)-4-{6-
hvdroxy-6-methyi-1,4-oxazepan-4-vi)puuinazohn-7-yi)-7-fluorobenzol b fthiophene-3-carbonitrile.
Provided herein as embodiment 202 is the compound according to embodiment 1, wherein the
compound is selected from one of the following compounds:
2~-Araino-4-(6~chloro-8-fluoro-2~({(Z &, 7a85)-2-fluorotetrabvdro~ 1 H-pyrrolizin-7a(S Hy-vlymethoxvy-4-(1,5-
oxazocan-3-ylquinazolin-7-v1}-7-fluorobenzolblthiophene-3-carbonitrle;
2-Amino-d-{a-chioro-8-flucro-2-{{{(Z&, 7a5-2-Huorotetrahvdro-1 H-pyrrolizin-7a{SH y-yipmethoxy 3-4-(6~
hydroxy-6-methyl-i 4-oxazepan-4-vhquinazolin-7-yl-7-flucrobenzol pithiophene-3 -carbonitrile;
2-Amino-4-{6-chloro-8-flucro-2-{{{ZR,7a5}-2-fluorotetrahydro- 1 H-pyrrolizin-7a{5H -y imethoxyi-4-3-
oxoazepan-1-ylgumazohn-7-vI)-7-fluorobenzol A fthiophene-3-carbonitrile;
2-Amino-4-{6-cthyl-8-fluoro-2-({({ 2R, 7ad)-2 -fluorotetrahydro- | F-pyrrohizin-7a{ 5/ )-yhmethoxy)-4-(6-
hydroxy-6-methyl-1 4-oxazepan-4-yhquinazohn-7-y)-7-fluorcbenzol b thiophene-3 -carbonitrile;
2~Amino-4-{G-chloro-4-{6-cthyi-6-hydroxv-1 4-oxarepan-4-yl-8-fluoro-2-({((2ZK, 7a8-2 -flucrotetrahvdro-
1H-pyrrolizin-7a(SH)-vimcthoxy)quimazolin-7-yl-7-flucrobenzol Afthiophene-3-carbonstnie;
2-Araino-4-(6~chloro-8-flusro-2~{{(Z&, 7aS)-2-fluorotetrabvdro~1 H-pyrroli zin-7a{SFy-vimethox v -4 -({(R)-
3-hydroxvazepan-1-yhquinazohn-7-yH-7-fluorobenzo] bithiophene-3-carbonitrile;
2-Amino-4-(6-chloro-8-fluoro-4-(3-flucrcazepan-1-vi3-2-(((2R, 7a8)-2-flucrotetrahydro- 1 H-pyrrolizin-
Ta(SH)~vlracthoxyyquinazolin-7-y1}-7-fluorobenzo| A fthiophene-3-carbonitrile;
2-Amino~T-fHuoro-4-(8-fhuoro-2-({{(2R, 7aSy-2-thuorotetrabydro- L H-pyrrohizin-7a( S }-vimethox y }-4-(6~

hvdroxy-6-methyl-1, 4-oxazepan-4-vi)-6-vinylgumazolm-7-yibenzo| b jthuophene-3-carbonitrile;
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2-Amino-4-{(4-{azepan-1-vi}-6-chloro-8-fluoro-2-({{2 8. 7aS8)-2 -Huorotetrahydro- 1 H-pyrrolizin-7a{3 H)-
vlmethoxyquinazolin-7-yl}-7-flucrobenzolb lthiophene-3-carbontinle; or
I(7-(2-Amino-3-cyano-7 -fluorobenzold [thiophen-4-vi-6-chloro-8-fluore-2-({(2R, 7a8)-2-
fluorctetrabvdro-1H-pyrrolizin-Ta{S & y-vimethoxy Jqumazohin-4-yhazepane-3-carborntrile.

Provided herein as embodiment 243 1s the compound according to embodiment I, wherein the
compound 8 selected from one of the following compounds:
2~Araing-4-(6~chloro-8-fluoro-2~{{{ZR, 7a8)-2-fluorotetrabvdre~1 H-pyrrolizin-7alS Hy-vmethoxvy-4-(1,5-
oxazocan-3-vhquinazolin-7-vI}-7-fluorobenzol b [thiophene-3-carbonitrile (Isomer 1);
2-Amino-d-{6-chloro-8-fluoro-2-{{{Z&, 7a5-2-Huorotetrahvdro -1 H-pyrrolizin-Ta{SH p-vlpmethoxy}-4-(6~
hydroxy-6-methyl-1.4-oxazepan-4-yhquinazolin-7-yl)-7-flucrobenzof ~ithiophene-3-carbonitrile {Isomer
3R
2-Amino-4-{6-chloro-8-finoro-2-({(2R, 7a8})-2-fAvorotetrahydro- LA -pyrrolizin-7a(SH)-yDmethoxyv)-4-(3-
oxoazepan-1-vlquinazohin-7-y1}-7-fluorobenzo| bithiophene-3-carbonitrile;
2-Amino-4-{6-ethyl-8-fluore-2-(((2R. 7ad)-2-flvorotetrahy dro- 1A -pyrrolizin-Ta{ S )-yhmethoxy)-4-(6-
hvdroxy-6-methyi-1.4-oxazepan-4-vi}quinazolin-7-y1)-7-fluorcbenzol b jthiophene-3-carbonitrile;
2-Aming-4-(6~chloro-4-(6-cthyl-6-hydroxy-1 4-oxazepan-4-yi)-8-fluore-2~(((2 R, 7a8)-2-fluorctetrahydro-
{H-pyrrolizin-Ta(S8H p-vhmethoxy)quinazohin-7-yD-7-fluorobenzof b ithiophene-3-carbonitrile (Isomer 1);
2-Amino-d-{a-chioro-8-flucro-2-{{{Z&, 7aSy-2-fluorotetrahvdro- 1 H-pyrrolizin-7a{SH -y ymethoxy -4 -( (7}~
3-hvdroxvazepan-1-vhquinazolin-7-vh-7-fluorchenzo{ b fthiophene-3-carbonitrile;
2-Amino-4-{6-chloro-8-flucro-4-(3-fluorcazepan-1-vi}-2-({{2R 7a8}-2-fluorotetrahydro- 1 H-pyvrrolizin-
Ta(SH)~yUracthoxyguinazolin-7-y1}-7-fluorobenzol b fthiophene-3-carbonitrle;
2-Anino-T-fluore-4-(8-fluoro-2-({(2R, 7aS)-2-flucrvictrabvdro- 1 H-pyrrolizin-7al5 A -vhmethoxy -4-(6-
hyvdroxy-6-methyl-1,4-oxazepan-4-yl}-6-vinylqumazolin-7-vitbenzo{ & thiophene-3-carbounitrile;
Z-~Anino-4-{4-(azepan-1-vy}-6-chloro-8-flucro-2-({((ZR,7a8)-2 -Hluorotetrahydro- 14 -pyrrolizin-Ta{ S H}-
yhmethoxyquinazolin-7-vh-7-tluorcbenzo & jthiophene-3~carbonitrile;
1-{7-(2-Amino-3~cyano~7 -fluorobenzo| b Jthiophen-4-v1)-6-chloro-8-fluoro-2~(((2 R, 7a8}-2 -
fluorotetrahydro- 15 -pyrrolizin-Ta(5 H-yDmethoxy Jquinazohn-4-yhazepane-3-carbonitrile;
2-Amino-4-(6-chloro-8-flucro-4-(6-fluoro~1,4-oxazepan-4-vi}-2-{({{2R,7aS}-2-Huorotetrahydro- 14~
pyvrrohizin-7a{5Hy-yhmethoxylquinazolin-7-yi-7-fluorobenzo} b thiophene-3-carboratrile (Isomer 2);
2-Amino~-4-{6-chloro-8-fluoro-2-({(2R,7a8)-2-fuorotetrahydro- LA -pyrrolizn-7a(5H)-ymethoxy)-4-(4-

oxoazepan-1-viquinazohin-7-y1}-7-fluorobenzois jthiophene-3-carbonitrile;
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2-Amino-4-{6-chloro-8-fluoro-4-(6-thuoro-1,4-oxazepan-4-vi-2-{({{(2R, 7as)-2-fleorotetrahydro-14-
pyrrohizin-7a{8H-vhmethoxy)quinazolin-7-yi)-7-fluorobenzofd Ithiophene-3-carbonitrile (Isomer 1)
2-Amino-4-(6-chloro-3-fluoro-2-({{(2 R, 7a5)-2-Huorotetrahydro- 1 H-pyrrolizin-7a(5 H-vhimethoxvi-4-({8)-
6-hvdroxy-1,4-oxazepan-4-vlquinazohin-7-yh)-7-fluorobenzol b [thiophene-3-carbonitrle;
2-Amino-4-{6-chloro-8-fluoro-2-({(2R, 7a8)-2-fluorotetrahydre - 1 H-pyrrolizin-7a{ 55 y-y Dmethoxy}-4-(3-
hvdroxy~2,3.6, 7-tetralyydro-1 H-azepin- I-yhguinazolin-7-vi)-7-fluorobenzo | {thiophene-3-carboniirile;
2~Araing-4-(6~chloro-8-fluoro-2~{{{ZR, 7a8)-2-fluorotetrabvdre~1 H-pyrrolizin-7alS Hy-vymethoxvy-4-(1,4-
oxazocan-4-vlquinazolin-7-v}-7-fluorobenzo| b fthiophene-3-carbonitrle;
2-Amino-4-{6-chloro-4-{6 H-diffnoro-1, 4-oxazepan-d-yi}-&-fhuoro-2-{({(ZR, 7a8)-2-fluorotetrahydro- 1 -
pyrrolizin-7a{5H -vhmethoxyiquinazolin-7-yi}-7-fluorobenzof & fthiophene-3-carbonitrile;
2-Amino~-4-{6-chloro-8-finoro-2-({{2R, 7a5)-2-Auorotetrahvdro- 1 H-pyvrrolizin-7a(5 H-vhimethoxvi-4-((S)-
3-hvdroxvazepan-1-vhiquinazolin-7-vh-7-fhuorobenzo] bthiophene-3-carbonitrile;
2-Amino-4-{6-chloro-8-fluoro-2-({(2R, 7a8)-2~fluorotetrahy dro- 1 H-pyrrolizin-Ta{ 3H -y Dimethoxy -4 -3
hvdroxy-3-methylazepan-1-yhguinazolin-7-v1)-7-fluorobenzolblthiophene-3-carbonitrile (Isomer 1},
2-Aming-4-{6~-chloro-8-fluorc-2-{({{2R, 7aS)-2-fluorctetrabydro- L H-pyrrolizin-Ta{ 53H)-vDmethoxy)-4-(1 4~
oxazepan-4-yhquinazolin-7-yl}-7-fluorobenzo| b jthiophene-3-carbonitrile;
1-(7-(2-Armno-3~cyano~7 ~fluorobenzo[ b thiophen-4-v1)-6-chloro-8-fluoro-2 ({2 R 7as}-2 -
fluoroteteahydro- 1 -pyrrolizin-Ta{3 -y Dmethoxy lquinazolin-d-viyazepane-4-carbonitrile;
{2853-1-{7-(2-Amino-3-cvano-T-flucrohenzolh fthiophen-4-vi)-6-chloro-8-fluoro-2-({({ZR 7as8)-2-
fluorotetrahvdro~-1H-pyrrolizin-Ta( 34 )-vUmethoxyigumazolin-4-vipyrrolidine-2 -carbonitrile;
2-Amino~-4-{6-chloro-8-fluoro-2-({(2R . 7a8)-2-fluorotetrahvdro- 1 H-pyrrolizin-7a(5H)-viimethoxy)-4-(6-
oxo-1,4-oxazepan-4-vhqunazohn-7-v1}-7-fluorobenzol b fthiophene-3-carbonitnle;
2-Amino-4-{6-chloro-4-{6-(difluoromethyl}-6-hydroxy-1,4-oxazepan-4~yi}-8-fluoro-2-({{2 R, 7a8}-2~
fluorotetrahydro-1H-pyrrolizin-Ta(3 F y-vimethoxyipunazolin-7-yh-7-fluorcbenzo| b thiophene-3-
carbonitrile (Isomer 1}; or
2-Araino-4-(6~chloro-8-fluoro-2~{{Z&, 7aS)-2-fluorotetrabyvdro~ 1 H-pyrrolizin-Ta{SH -y methox v-4-(6~
hydroxy-6-methyl-1.4-oxazepan-4-vlqumazchin-7-y1)-7-flucrobenzol b ithiophene-3-carbonmtrile.
Provided herein as cmbodiment 204 is the compound according to embodiment 1, wherein the
compound s sclected from one of the following compounds:
2-Amino~-4-{6-chloro-8-fluoro-2-({(2R,7a8)-2-fAuorotetrahydro- L H-pyrrolizin-7a(5 /-y imethoxy)-4-(1,5~

oxazocan-5-yhquinazolin-7-y1)-7-fhuorobenzo| b jthiophene-3-carbonitrie (Isomer 13,
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2-Amino-4-{6-chloro-8-fluoro-2-({{(ZK, 7a8}-2-fluorotctrahvdro- 1 H-pymrolizin-7a(5H -y imethox vi-4-(6-
hydroxy-6-methyl-1, 4-oxazepan-4-yljguinazolin-7-y1)-7-flusrobenzol » fthiophene-3-carbonstrile {(Isomer
3R
2-Amino-4-{6-chloro-8-fluoro-2-({(2R,7a5)-2-fuorotetrahydro- L -pyrrolizin-7a(5H)-yDmethoxy)-4-(3-
oxoazepan-1-yhquinazolin-7-y1}-7-fhuorobenzoi b {thiophene-3-carbonitrile;
2-Anming-4-{6-gthvi-8-fluoro-2-{{{2R, 7aS}-2-fluorctetrabydro- | H-pyrrolizin-7al 34 }-vDmethoxy)-4-{(6-
hydroxy~6-methyl-1,4-oxazepan-4-vlquinazolin-7-y1)-7-fluorobenzo| b jthiophene-3-~carbonitrile;
2-Amino-4-{6-chloro-4-(6-cthyl-6-hydroxy-1,4-oxazepan-4-vi}-8-fluore-2-({(2R Tad)-2-fluorotetrahydro-
1H-pyrrolizin-7a(SH-vImethoxyjquinazolin-7-yh-7-fluorcbenzol bithiophene-3-carbonitrile (Isomer 1)
2-Amino-4-{6-chloro-8-fluoro-2-{{{28,7a5)-2-fluoroictrahvdro-1 H-pyrrolizin-7a{SH-vimethox v i-4-({X}-
3-hydroxyazepan-1-vljquinazolin-7-vh)-7-tluorobenzo{ b lthiophene-3-carbonitrile;
2-Amino-4-{6-chloro-8-finoro-4-(3-fhuoroazepan~1-y1}-2-{({((2R, 7aS)-2-fhuorotetrahydro- L -pyrrolizin-
T3{SH -yDmethoxyyquinazolin-7-y1}-7-fluorcbenzo| b fthiophene-3-carbonitrile;
2-Amino-7-fluoro-4-(8-fucro-2-{({{ZR, 7a8y-2 -flucrotetrabvdro- 1 H-pyrrolizin-Ta(S H )-vimethox y )-4-{ 6~
hvdroxy-6-methyl-1.4-oxazepan-4-vi)-6-vinylquinazolin-7-vlybenzol & jthiophene-3-carbouitrife;
2-Aming-4-(4~{azcpan-1-vl)-6-chloro-8-flucro-2-(({2 R, 7a8)-2-fluorcictrahydro- 14 -pyrrolizin-7a(5H}-
yhmethoxyquinazolin-7-vi}-7-fucrobenzofbjthiophene-3-carbonttnle; or
{72~ Amino-3-cyano-7 -fluorobenzo| s jthiophen-4-y13-6-chloro-8-fluoro-2 (¢ (2R 7a8}-2~
fluorotetrahydro~-1H-pyrrolizin-Ta{ 3 #)-vDmethoxyquinazolin-4-viiazepane-3-carbonitnile.

The foregoing merely stunmarizes cortain aspects of this disclosure and is not miended, nor

should 1t be constued, as hmiting the disclosure in any way.

Formulation, and Route of Adsunistration

While it mayv be possible to admuuster a compound disclosed herein alone in the uses described,
the compound administered normally will be present as an active ingredient 1n a pharmaceutical
composttion. Thus, in one embodiment, provided herein is a pharmaceutical compostiion comprising a
compound disclosed herein in combination with one or more pharmaccutically acceptable excipients,
such as diluents, carriers, adjuvants and the like, and, if desired, other active ingredients, See, e g,
Remington: The Science and Practice of Pharmacy, Volume 1 and Volame i, twentv-second edition,
edited by Loyd V. Allen Jr., Philadelphia, PA, Pharmaceutical Press, 2012; Pharmaceutical Bosage
Forms (Vol. 1-3}, Liberman ¢t al., Eds.. Marcel Dekker, New York, NY, 1992; Handbook of

Pharmaccutical Exciprents (3rd Ed.}, edited by Arthur H. Kibbe, American Pharmaccutical Association,
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Washington, 2000; Pharmaceutical Formulation: The Science and Technology of Dasage Forms (Drug
Discovery), first edition, edited by GD Tovey, Roval Society of Chemistry, 2018, In one embodiment, a
pharmaceutical composition comprises a therapeutically effective amount of 3 compound disclosed
herein.

The compound(s} disclosed herem may be admumstered by any suitable route m the form of a
phamaceutical composttion adapted to such a route and in a dose effoctive for the treatment mntended.
The compounds and compositions presented herein may, for exaraple, be administered orally, mucosally,
topically, transdermally, rectally, pulmonarily, parentally, intranasally, mtravasculardy, intravenously,
intraasterial, intraperitoneally, wtrathecally, subcutaneously, subhnguoally, intramuscularly, intrastemally,
vaginally or by infusion techniques, i dosage unit formulations containing conventional
pharmaccutically acceptable excipients.

The pharmaceutical composition may be i the form of, for example, a tablet, chewable tablet,
minttablet, caplet, pill, bead, hard capsule, soft capsule, gelatin capsule, granule, powder, lozenge, patch,
cream, gel, sachet, microneedle amray, syrap, flavored syrup, juice, drop, injectable sohution, emalsion,
microemulsion, cintment, acrosol, agucous suspension, or oily suspension. The pharmaceutical
composition is typically made in the form of a dosage unit containing a particular amount of the active
mngredient.

Provided herein as embodiment 205 iz 3 pharmaceutical composition comprising the compound
according to any one of embodiments 1-204, or a tautomer thereof, or a pharmaceutically acceptable salt
of said compound or said tautomer, and a phamaceuticallv acceptable excipient,

Provided herein as embodiment 206 is a compound according to any one of embodiments 1-204,
ot a tautomer thereof, or a pharmaceutically acceptable salt of said compound or said tautomer, or the

phamaceutical composition according to embodiment 205 for use as a medicament.

Methods of Use

As discussed herein (see, section entitled “Definitions”), the compounds described herein are to
be understood to include all stercoisomers, tautomers, or pharmaceutically accepialie salts of any of the
foregoing or solvates of any of the foregoing. Accordingly, the scope of the methods and uses provided
in the instant disclosure is to be understood to encompass also methods and uses emploving all such
forms.

Besides being useful for human treatment, the compounds provided herein may be useful for

veterinary treatment of companion animals, exotic animals and farm anmmals, including mammals,
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rodents, and the hke. For example, antmals including horses, dogs, and cats may be treated with
compounds provided herein.

In one embodiment, the disclosure provides methods of using the compounds or pharmaceutical
composttions of the present disclosure to treat discase conditions, 1neluding but not hmited to conditions
wnplicated by KRAS GI2D, G12V, G124, G125 or G12C mutation {e.g., cancer). The cancer types are
non-small cell fung cancer, colorectal cancer, pancreatic cancer, appendiceal cancer, endometrial cancer,
esophageal cancer, cancer of unknown primary, ampullary cancer, gastric cancer, small bowel cancer,
sinonasal cancer, bile duct cancer, or melanoma.

KRAS G120 mutations occur with the alteration frequencies shown i the table below (TCGA
data sets; ' For example, the table shows that 32.4% of subjects with pancreatic cancer have a cancer
wherein one or more cells express KRAS G12D mutant protein.  Accordingly, the compounds provided
herein, which bind to KRASY (see Section entitled “Biological Evaluation” below) are useful for

treatment of sabjects having a cancer, nclading, but not limited to the cancers histed in the table below.

Cancer Type Alteration
Frequency
Pancreatic Adenocarcinoma (PAAD) 324
Colon Adenocarcinoma (COAD) 12.25
Rectal adenocarcinoma (READ) §.03
Uterine corpus endomeirial carcinoma 6.04
{UCEC) i
Lung Adenocarcinoma (LUAD) 3.53
Plasma Cell Tumors 2.92
Stomach Adenocarcinoma (STAD) 2.27
Bladder urothelial carcinoma (BLCA) 146
Cervical Squamous carcinoma (CESC) 1.38
Kidney Adenocarcinoma 1.07
Thymic Cancer (.81
Myeloid Leukeomia (LAML} (.69
Liver Hepatocellular Carcinoma (LIHC) (.55
Glioblastoma multiforme (GBM) (.51
Sk Cutancous Melanoma (SKCM) 0.43
Bladder Cancer 0.4
Prostate Adenocarcinoma (PRAD) 0.2
Breast Invasive Carcinoma {(BRCA) 0.1
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Provided herein as embodiment 207 is a compound according to any one of embodiments 1-204
or a pharmaceutically acceptable salt thereof, or the pharmaceutical composition according to
crabodiment 203 for use in freating cancer.

Provided herein as Embodiment 208 ts a compound according to any one of Embodiments 1-204
or a pharmaceutically acceptable salt thereof, or the pharmaceutical composition according to
Embodiment 205 for use in treating cancer, wherein one or more colls expross KRAS G12D, GIZV,
GI12A, G125 or G12C mutant protain,

Provided herem as Embodiment 209 is the compound or pharmaceutical composition for use of
Embodiment 207 or 208, wherein the cancer is pancreatic cancer, colorectal cancer, non-small cell lang
cancer, small bowel cancer, appendiceal cancer, cancer of unknown primary, endometrial cancer, mixed
cancer types, hepatobiliary cancer, small cell fung cancer, cervical cancer, germ cell cancer, ovarian
cancer, gastrowntesiinal neuroendocring cancer, bladder cancer, myelodvsplastic/myeloproliferative
neoplasms, head and neck cancer, esophagogastric cancer, soft tissue sarcoma, mesothelioma, thyroid
cancer, leukemia, or melanoma.

Provided herein as Embodiment 210 is a use of the compound according to any one of
Embodiments 1-204 or a pharmaceutically acceptable salt thercof, or the pharmacceutical composition
according to Embodiment 205 in the preparation of a medicament for treating cancer.

Provided herein as Embodiment 211 is 8 use of the compound according to any one of
Embodiments 1-204 or a phamacewtically accepiable salt thereof, or the pharmaceutical composition
according to Embodiment 205 in the preparation of a medicament for treating cancer, wherein one or
more cells express KRAS GI2D, GI2V, G12A, G128 or G12C mutant protein.

Provided herein as Embodiment 212 s the use according to Embodiment 210 or 211, wherem the
cancer 18 non-smal cell tung cancer, small bowel cancer, appendiceal cancer, colorectal cancer, cancer of
unknown primary, endometrial cancer, nuxed cancer types, pancreatic cancer, hepatobiliary cancer, small
cell lung cancer, cervical cancer, germ cell cancer, ovarian cancer, gastrontestinal neuroendocrine
cancer, bladder cancer, myelodysplastic/myeloproliferative neoplasms, head and neck cancer,
csophagogastric cancer, soft tissuc sarcoma, mesothelioma, thyroid cancer, feukemia, or melanoma.

Provided herein as Embodiment 213 1s a method of treating cancer in a subject n nced thereof,
the method comprising admunistering to the subjoct a therapeutically effective amount of the compound

according to any one of to anv one of Embodiments 1-204 or a phammaceutically acceptable salt thergof.
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Provided herein as Embodiment 214 is a method of treating cancer in a subjoct in need thereot,
the method comprising adnunistering o the subject a therapeutically effective amount of the compound
according to any one of to aov one of Embodiments 1-204 or 3 phamaceutically acceptable salt thereof,
wheremn one or more cells express KRAS G120, Gi2V, G124, G125 or G12C myutant protein,

Provided herein as Embodiment 215 1s the method accordmg to Embodiment 213 or 214, whercin
the cancer 1s non-small cell lung cancer, small bowel cancer, appendiceal cancer, colorectal cancer,
cancer of unknown primary, endometnal cancer, mixed cancer types, pancreatic cancer, hepatobiliary
cancer, small cell lung cancer, cervical cancer, germ cell cancer, ovarian cancer, gasirointestinal
neuroendocrine cancer, bladder cancer, myelodysplastic/myeloproliferative neoplasms, head and neck
cancer, esophagogastric cancer, soft tissue sarcoma, mesothelioma, thyroid cancer, leukomia, or
melanoma.

Provided herein as Embodiment 216 is the method according to Embodiment 213 or 214, wherein
the cancer is non-small cell lung cancer, colorectal cancer, pancreatic cancer, appendiceal cancer,
endometrial cancer, esophageal cancer, cancer of unknown primary, ampuliary cancer, gastiic cancer,
small bowel cancer, sinonasal cancer, bile duct cancer, or melanoma.

Provided herein as Embodiment 217 is the method according to Embodiment 216, wherein the
cancer is non-small cell hung ecancer.

Provided herein as Embodiment 218 is the method according to Embodiment 216, wherein the
cancer is colorectal cancer.

Provided herein as Embodiment 219 is the method according to Embodiment 216, wherein the
cancer is pancreatic cancer,

Provided herein as Embodiment 220 1s the method according to anvone of Embodiments 213-
219, wherein the subject has a cancer that was determined to have one or more cells expressing the KRAS
G120, GI12ZY, G12ZA, G125 or G12C mutant protein prior to adnunistration of the compound or a

phamiaceutically acceptable salt thereof.

Combination Therapy

The present disclosure also provides mcthods for combination therapies 1 which an agent known
to modulate other pathways, or other components of the same pathway, or even overlapping scts of target
enzyvmes are used i combmation with a compound of the present disclosure or a pharmaceutically

acceptable salt thereof  In one aspect, such therapy includes but 18 not hinited to the combination of one
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or more compounds of the disclosare with chemotherapeutic agents, therapeutic antibodics, and radiation
treatment, to provide a synergistic or additive therapeutic effect. See, ez, UK. Patent No. 10,519,146 B2,
issued Decomber 31, 2019, specifically, the sections from colunn 201 (hine 37) to column 212 (line 46}
and column 219 (hne 64) to column 220 (line 39}, which are herewith mcorporated by reference.

Provided herein as Embodiment 198 1s the method according to anvone of Embodiments 190-
197, which further comprises simultancous, separate, or sequential administration of an effective amount
of a second compound, wherein the second compound is an Aurora kinase A inhibitor, AKT ijnhibitor,
arginase mhibitor, CDK4/6 inhibitor, ExbB family inhibitor, ERK iunhibitor, FAK inhibitor, FGFR
inhibitor, glutaminase inhibitor, HGF-1R inhibitor, KIF18A inhibitor, MCL~1 mbubitor, MEK inhibitor,
mTOR inhibitor, PD-1 inhibitor, PD-L1 inlubitor, PI3K inhibitor, Raf kinase inhibitor, SHP2 inhibitor,
SOS1 mnhubitor, Sre kinase inhibitor, or onc or more chemotherapeutic agent.

In one embodiment, the second compound is administered as a phamaceutically acceptable salt.
In another embodiment the second compound s administered as a pharmaceutical composition
comprising the second compound or a pharmaceuticaily aceeptable salt thereof and a pharmaceutically

acceptable excipient.

Aunrora Kinase A Inhibitors

Provided herein is the method according to anvone of Embodiments 213-220, which further
comprises simultancous, separate, or sequential administration of an effective amount of a second
compound, wherein the second compound 1S an Aurora kinase A inhibitor.

Exemplary Aurora kinase A inhibitors for use in the methods provided herein include, but are not
himited to, alisertib, cenisertib, danusertib, tozasertib, LY 3295668 (2R 4R}3-1-[(3-chlorg-2-~
fluorephenyDmethylj-4-{{3-fuoro-6-{ G-methyl- 1 H-pyrazol-3-yDamino jpyridin-2-yHmethy -2~
mcthylpiperidine-4-carboxylic acid), ENMD-2076 {(6-(4-methylpiperazin-1-y1-N-(5-methyl-1H-pyrazol-
3-y13-2-{(E}-2-phenyicthenyiipyrinudin-4-aming), TAK-901 (3-G-cthylsulfonviphenyl)-3,8-dimethyl-N-
{1-methylpipendin-4-vD-9H-pynido[2,3-blindole-7-carboxamide), TT-00420 (4-[9-(2-chlorophenyl)-6-
methyi-2.4,5 8, 12-pentazatnicyclo]8.4.0.03 Tletradeca-1{14),3,6,8,10, 1 Z-hexaen-13-vlmorpholine),
AMG 900 (N-[4-13-(2-aminopyrimidin-d-vlpyndin-2-yljoxyphenyi-4-{(4-methylthiophen-2-
vhphthalazin-l-amine), MLN8054 (4-[{9~-chloro-7-(2,6-difluoropheny!}-5H-pyrinudol5,4-
di{21benzazepin-2-vljanunoibenzoic acid), PF-03814735 (N-[2-[(1R_85)-4-[[4-(cyclobutylaming)-5-

{triffuoremethylpyvrimidin-2-yijamime|-1 L-azatroyelo]6.2.1.02, Thindeca-2(7)},3. 5 -trien-1 L -y1}-2-
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oxoethyljacetamide), SN5-314 (1-3-chlorophenyi)-3-{5-[2-{thieno{3,2-d jpyrmidin-4-ylamino)ethyl}-
1,3-thiazol-2-vljurea), CYL116 (d-methyl-5-[2-{4-morpholin-4-vianihnopyrinudin-4-vi}-1, 3-thiazol-2-
amine), TAS-119, BI 211283, and TTP607.

AKT Inhibitors

Provided herein is the method according to anyone of Embodiments 213-220, which further
comprises simultancous, separate, or sequential administration of an effective amount of 3 second
compound, wherein the second compound is an AKT mhibiuor.

Exemplary AKT inhibitors for use in the methods provided herein inchide, but are not limited {o,
afureseriib, capivasertib, ipatasertib, uprosertib, BAY 1125976 (2-[4-(1-aminocyclobutyliphenyl}-3-
phenyvlimidazof1,2-blpyndazine-6-carboxamide), ARQ 092 (3-[3-[4~(1-aminocyclobutyl}phenyl}-3-
phenvlimidazo[4,5-blpyridm-2-yljpyridin-2-amine), MK2206 (8-[4-(1-ammocyclobutvlphenyl}-9-
phenyi-2H-[1,2 4ltriazolo]3 4-f]i 1,6 [naphthyridin-3-one}, SR13668 (indolo|2,3-bicarbazole-2,10-
dicarboxyvlic acid, 5,7-dihvdro-6-methoxy-, 2, 10-diethyl estery, ONC201 (1 1-benzyl-7-[(2~
methylphenyiimethvif-2,3,7,1 1tetrazatricvclof 7. 4.0.02, 6 jtrideca-1{9),5-dien-8-one), ARQ 751 (N-(3-
aminopropy! F-N-{(1R)-1-(3-anilino-7-chloro-4-oxoquinazolus-2-yhbut-3-ynyl}-3-chloro-2-

fluorobenzamide), RX-0201, and LY 2780301,

Arginase Inhibitors

Provided herein is the method according to anvone of Embodiments 213-22¢, which further
compriscs simultancous, separate, o7 sequential administration of an effective amount of a second
compound, wheremn the second compound 1s an arginase inhibifor.

Exemplary arginase ishibitors for use in the methods provided herein include, but are not lunited

to, numidargistat and CB 280,

CDR4/6 Inhibitors

Provided herein 1s the method according to anyose of Embodiments 213-220, which further
comprises simultancous, separate, or sequential admmistration of an effective amount of a second
compound, whercin the second compound is a CDKA/6 inhibitor,

The term “CDK 4/6” as used herein sefers to eyclin dependent kmases ("CDK”) 4 and 6, which

are members of the mammalian serine/threoning protem kinases.
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The term “CDK 4/6 inhibitor” as used herein refers to a compound that is capable of negatively
modulating or inhibiting all or a portion of the enzymatic activity of CDK 4 and/or 6.

Exemplary CDK 4/6 mhbibitors for use 1n the methods provided herein include, but are not hnuted
to, abemaciclib, palbocichib, ribociclib, trlaciclib, and PF-06873600 {({(pyvndo{2,3-djpyrmidin-7{(8H)-one,
6-{difluoromethyl}-8-I{(1R ZR}-2-hydroxy-Z-methyleyclopentyl}-2-f] I-{methvisulfony 1)-4-
pipenidinyliaminof}.

In one embodunent, the CDK4/6 mhibitor is palbocichb,

ErbB Family Inhibitors

Provided herein is the method according to anyone of Embodiments 213-220, which further
comprises stmultancous, separate, or sequential administration of an effective amount of a second
compound, wherein the second compound is an ErbB family mhibitor.

The term “ErbB family” as used herein refers to a member of a manumalian transmembrane
protein tyrosine kinase family including: ErbB1 (EGFR HERI1), ErbB2 (HER2), ErbB3 (HER3), and
ErbB4 (HER4).

The term “HrbB family inhibitor” as used herein refers to an agent, e.g., a compound or antibody,
that is capable of negatively modulating or inhibiting all or a portion of the activity of at least one
member of the ErbB family. The modulation or inhibition of one or more ErbB tyrosine kinase may
oceur through modulating or inhibiting kinase enzymatic activity of one or more ErbB family menvber or
by blocking homodimerization or heterodimerization of ErbB family members.

In one embodiment, the ErbB family inhibitor 1s an EGFR inhibitor, e. 2., an anti-EGFR antibody.
Exemplary anti-EGFR antibodies for use in the methods provided herem melude, but are not hmited to,
zalutumuomab, mmotezumab, matuzemab, necitumumab, panttumumab, and cetuximab, In one
embodiment, the anti-EGFR antibody 1s cetiamab. o one embodiment, the anti-EGFR antibody is
panttunumab,

In another embodiment the ErbB fanuly mbabitor is a HER?2 inlubitor, 2.2, an anti-HER2
antibody. Exemplary anti-HER-2 antibodies for use in the methods provided heremn mehude, but are not
Limited to, perfuzuumab, trastuzumab, and trastuzumab cmtansing.

In vet another cmbodiment the ErbB famuily inbibitor 13 a HER3 inhibitor, e 2., an anti-HER3
anfibody, such as HMBD-001 (Hummungbird Bioscience).
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In one embodiment, the ErbB family inhibitor 15 a combination of an anti-EGFR antibody and
anti-HER? antibody.

In one embodiment, the ErbB famuly inhibitor 15 an trreversible inhibitor. Exemplary wroversible
ErbB fanuly mnhibitors for use m the methods provided herein melude, but are not bimited to, afatinb,
dacomitimb, canertinib, pozistiub, AV 412 ((N-{4-[(3-chioro-4-fluorophenyDamino}-7-{3-methyi-3-(4-
methyl-i-piperazinyi)- I-butyn-1-vii-6-quinazolinyl]-2-propenanmide)}), PF 6274484 ({(N-{4-{(3-chloro-4~
fluorophenvhamine|-7-methoxy-6-quinazolinyl]-2-propenamide), and HKI 357 ((E}-N-[4-[3-chloro-4~
[(3-fluorophenyhmethoxylanilmo]-3-cvano-7-cthoxvquinolin-6-vl-4-(dimethyiammobut-2-cnamide).

In one embodiment, the irreversible ErbB family inkubttor is afatinib. In one embodiment, the
irreversible ErbB family inhibitor is dacomitinib.

In one embodiment, the ErbB family inhibitor is a revewsible inhubitor. Exemplary reversible
ErbB family mhibitors for use i the methods provided herein melude, but are not limited to erlotinub,
gefitinb, sapitinib, varlitinib, tarloxotimb, TAK-285 (N-(2~(4-{((3-chloro-4-(3-
{triflooromethylphenoxyiphenyljamino}-SH-pyvrrolo|3,2-djpyrimidin-S-vhethyl}-3-hy droxy-3-
methylbuwtanamide), AEE7E8 ({S)-0-(4-({4-cthylpiperazin-i-viimethyvlphenyly-N-( 1 -phenylethyl)-7TH-
pyvrrolof2 3-dlpyrinaidin-4-amine), BMS 599626 ((38)-3-morpholinylmethyvi-{4-{]1-{(3-
fluorophenvhimethvl |- IH-indazol-5-ylamino-3-methyvipyrrolo| 2 1-f]{1 2 4fnazin-6-vl]-carbamate), and
GW 583340 (N-[3-chloro-4-{(3-flucrophenyiimethoxy |phenyi-6-{2-{ (2~
methvisnlfonviethyiaminomethyvi}-1, 3-thiazol-4-viquinazolin-4-amine}.

in one embodiment, the reversible ErbB family inhibitor is sapitinib. In one embodiment, the

reversible ErbB family inhibitor 1s tarloxotinih.

ERK Inhibitors

Provided herein 1s the method according to anyone of Embodiments 213-220, which further
comprises simultancous, separate, or sequential administration of an effective amount of a second
compound, wherem the second compound 1s an ERK mhubitor.

Exemplary ERK inhibitors for use i the methods provided herein tnclade, bat are not limited o,
ulixertimb, ravoxertinib, CC-90003 (N-[2-F2-[{2-methoxy-S~-methylpyridin-4-yDamine-5-
{trifluoromethyDpynmidin-4-vliamino{-5~methvipheny! jprop-2-cnanude), LY3214996 (6,6-dimethyl-2-

[2-{{2-methyipyrazol-3-vDanunolpynmidin-4-v1]-5-(2-morpholm-4-ylethvlthieno| 2, 3-c pyrrol-4-one},
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KG-947 (1,5,6, & tetrabvdro-6-{phenylmethyl}-3-{4-pyridinyly-7TH-pyrazolof4, 3-glgumazoln-7-one),
ASTX029, LTT462, and JSI-1147.

FAK Inhibitors

Provided herein 15 the method according to anyone of Embodiments 213-220, which further
comprises stmultancous, separate, or sequential administration of an effective amount of a second
compound, wherein the second compound is a FAK mhubitor.

Exemplary FAK intabitors for use in the methods provided herem inclade, but are not limited to,
GSK2256098 (2-[{S-chloro-2-[(5-methyb-2-propan-2-vlpyrazol-3-yHhaminojpyridin-4-yHaming [-N-
methoxybenzamide}, PF-00562271 (N-methyl-N-{3-[{{2~{(2-0x0-1,3~dihydroindol-3-yjamincj-3-
{trifluoromethyDpyrmidin-4-yljamino jmethyljpyridin-2-vljmethanesulfonamide), VS-4718 (2-{12-(2-
methoxy-d-morpholin-4-ylanilino}-3-(rifluoromethyDpvrdin-4-yl jamino |-N-methylbenzamide), and

APG-2449.

FGER Inbibiters

Provided herein is the method according to anyone of Embodiments 213-220, which further
comprises simultaneous, separate, or sequential admimstration of an effective amount of a second
compound, wherein the second compound is an FGFR mhibitor,

Exemplary FGFR inhibitors for use in the methods provided herein inclade, but are not himited
o, fitibatintb, pemigatinib, ASP3878 (2-{4-{[5-{(2,6-difluoro-3 S-dimethoxvphenyDimethoxyjpyrimidin-
2-vijammo|pyrazol-1-yllethanoly, AZD4547 (N-[5-]2-(3,5-dimethoxyphenylethyll~- 1 H-pyrazol-3-yi}-4-
[(35,5R)-3,5-dimethylpiperazin-1~ylibenzamide), Bebio 1347 ([S-amine-~1-(2-methyl-3H-benzimidazol-
S-vhpyrazol-4-vij-{1H-ndol-2-vlimethanonce), INCBO62079, H3B-06527 (N-[2-{{6-[{2.6~dichiore-3,5~
dimethoxyphenyiicarbamoyl-methvlamino jpynmidin-4-yljamino|-5-(4-cthylpiperazin- 1 -yi}phenvliprop-

Z-cnanude), ICP-105, CPL304110, HMPL-453, and HGS1036.

Glutaminase fnhibitors
Provided herein 1s the method according to anyone of Embodiments 213-220, which further
compriscs simultancous, separate, or sequential adnunistration of an effective amount of a second

compound, wheremn the second compound is a glutaminase mhibitor,
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Exemplary glutaminase inhibitors for use in the methods provided herein include, but are not

Emited to, telaglenastat, IPNG0O090, and OF 330,

IGE-IR Inhibiiors

Provided herein 15 the method according to anyone of Embodiments 213-220, which further
comprises stmultancous, separate, or sequential administration of an effective amount of a second
compound, wherein the second compound is an IGF-1R inhibitor,

Exemplary IGF-1R mhibitors for use in the methods provided herein include, but are not limited
to, cixuiumumab, dalotuzumab, linsitinib, ganitumab, robatunninab, BMS-754807 ((283-1-[4-[(5~
cyclopropyl-tH-pyrazol-3-yhaminojpyrrolof2, 1-1][ 1,2 4 ftriazin-2-v1}-N-(6-tluoropyridin-3-yi)-2-
methvipvrrolidine-2~carboxamide ), KW-2430 (N-[3~[[4-(2-hyvdroxvacetvDpiperazin-1-yljmethyl}-2-[{E)-
2-(1H-mmdazol-3-vljethenvliphenyij-3-methvithiophene-2~carboxamide), PL225B, AVE642, and
BHBG22.

KIF18A Inhibitors

Provided herein is the method according to anyone of Embodiments 213-220, which further
comprises simultaneous, separate, or sequential admimstration of an effective amounnt of a second
compound, wherein the seeond compound is a KIFIBA inhubitor.

Exemplary KIF13A inhibitors for use in the methods provided herein inclade, but are not linited
to, the inhubitors disclosed in US 202070239441, WO 2020/132649, W3 2020/132651, and WO

2020/132653, cach of which is herewith incorporated by reference n its entirety.

MCL-1 Inhibitors

Provided herein 15 the method according to anyone of Embodiments 213-220, which further
comprises simultancous, separate, or sequential administration of an effective amount of a second
compound, wherem the second compound 1s an MCL-1 mhibitor.

Exemplary MEK inhibitors for use 1n the methods provided herein include, but are not limited to,
murizatoclax, tapotoclax, AZD 5991 {((3aR)-5-chloro-2.11,12,24,27,29-hexahydro-2,3.24,33-tetramethyl-
22H-9,4 8-(methenimnomethyno 3-14,20:26,23 -dimetheno-10H, 20H-pyrazolo}d, 3-

1H2,15,22,18, 19benzoxadithiadiazacyelohexacosine-3 2-carboxylic acid), MIK 665 ({(aR)~u-[{(58)-5-{3~
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Chloro-2-methyl-4-{2-{(4-methyl-1-piperazinyvilethoxyjphenyl]-6-(4-fluorophenyijthienof2 3-djpyrimidin-
4d-ylloxv]-2-{{2-(Z-methoxypheny-4-pynnidiny! jmethoxy{benzenepropanoic actd}, and ABBV-467.
In one embodiment, the MCL-1 inhibitor is murnizatoclax. In another embodiment, the MCL-1

mthibttor 15 tapotoelax.

MEK Inhibitors

Provided herein is the method according to anyone of Embodiments 213-220, which further
comprises simultaneous, separate, or sequential administration of an effective amount of a second
compound, wherein the second compound is MEK inhibttor.

Exemplary MEK inhibitors for use in the methods provided herein include, but are not limited 1o,
trametinib, cobimetinb, selumetinib, pimasertib, refametimub, PD-325901 (N-{(ZR}-2.3-
dihydroxyvpropoxy]-3,4-difluoro-2-{2-fluoro-4-iodoanilino)benzamide), AZD8330 (2-2-fluoro-4-
todoanilino}-N-(2-hydroxyethoxy}-1,5-dimethyi-6-oxopyvridine-3-carboxamtide), GDC-0623 (5-(2-fluoro-
4-iodoantling}-N-(2-hydroxvethoxyimidazof 1, 3-alpyridine-6-carboxamide), RO4987655 (3,4-difluoro-
2-(2-fluoro-4-iodoaniline)-N-{Z-hydroxyethoxy)-5-{(3-oxcoxazinan-2-vhimethvl jbenzamide), TAK-733
(3-[(2R)-2 3-dihydroxypropyij-6~-thioro-3-(2-fluoro-4-iodoaniling}-8-methyipyrido| 2, 3-dipyrimidine-4,7-
dione}, PDO325501 (N-[(2R}-2 3-dihvdroxypropoxy]-3,4-difluoro-2-2-thioro-4-10doanilino yhenzamude),
CI-1040 (2-(2-chdoro-d-icdophenviamine)-N-{cyclopropvhmethoxy -3 4-difhiorobenzamide ), PD318088
{G~-bromo-N~(2,3-dihydroxypropoxy)-3,4-difiuorg-2-(2 -fluorc-d-todophenylaminobenzamide), PDORO50
{2~(2~amino-3-methoxypheny-4H-chromen-4-one), PD3343581 (N~{3-{3 4-Difluoro-2-[{(2-fluoro-4-
iodophenvaminofphenyt}-1,3,4-oxadiazol-2-vij-4-morpholimecthananine), FCN-139, CS3006, HL-085,
SHR 73980, and WX-554.

In one embodiment, the MEK mhibitor 1s trametinib.

mTOR Inhibitors

Provided herein 1s the method according to anvone of Embodiments 213-220, which further
comprises simultancous, separate, or sequential admmstration of an effective amount of a second
compound, wherein the sceond compound is an mTOR nhibitor.

Exemplary mTOR mdubitors for use in the methods provided herein include, but are not linuted
to, everohmus, rapamycin, zotarolimus (ABT-578), ndaforolimus {deforolimus, ME-8669), sapanisertib,

buparlistb, pictilisib, vistusertib, dactolisth, Torin-1 (1-(4-(4-propionyipiperazin-1-y1)-3-
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{triflucromeathvhcyclohexyh-S-{quinolin-3-viibenzo{h i | 6 jnaphthyridin-2{ 1H}-one}, GD{-0340 ((8}-1-
othyl-3-{4-(4-(3-methvimorpholino}-7-{oxetan-3-v1)-5,6,7 8-tetrahvdropvrido| 3 4-dipyrimidin-2-
vhphenviurea), and V8-5584 (8B2343, (5-(8-methyvl-2-morpholin-4-yi-9-propan-2-vlpurin-6-
vhpynmudin-2-amine).

In one embodument, the mTOR inhibitor 1s everclimus.

PB-1 inhibitors

Provided herein 1s the method according to anyone of Embodiments 213-220, which further
comprises simultaneous, separate, or sequential admimstration of an effective amounnt of a second
compound, wherein the second compound is a PD-1 inhibitor.

Exemplary PD-1 inhibitors for use in the methods provided herein include, but are not imited to,
pembrolizumab, nivolumab, cemiplimab, spartalizumab (PDRO01), camrelizumab (SHR1210), sintilimab
(IBI308), tislehizvmab (BGB-A317), toripalimab (J§ 001), dostarlimab (TSR-042, WEBP-283),
INCMGAQO012 (MGAO12), AMP-224, AMP-314, and the anti-PD-1 antibody as described in US
10,640,504 B2 (the “Anti-PD-1 Antibody A.” column 66, line 36 to column 67, line 24 and column 67,
fines 54-57), which is mcorporated herein by reference.

In one embodiment, the PD-1 inhibitor is pembrolizumab. In another embodiment the PD-1

irthibitor 18 the Anti-PE-1 Antibody A

PD-L1 Inhibitors

Provided herein 1s the method according to anyone of Embodiments 213-220, which further
comprises stmultancous, separate, or sequential adnunistration of an effective amount of a second
compound, wherein the second compound is a PD-L1 mhubitor.

Exemplary PD-L1 inhibitors for use in the methods provided hercin include, but arc not hmited
10, atezolizumab, avelumab, durvalumab, ZKABOOL, TG-1301, SHR-1316, MSB2311, MDX-1105,
KN033, IMC-001, HLX20, FAZ0353, C51001, CK-301, CBT-502, BGB-A333, BCD-135, and A167.

In one embodiment, the PD-L1 inhibitor s atezolizumab.

PI3K Inbibitors
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Provided herein s the method according to anvone of Embodiments 213-220, which further
comprises simultancous, separate, or sequential admmistration of an effective amount of a second
compound, wherein the second compound is a PI3K mhibior.

Exemplary PI3K inhubitors for nse in the methods provided herem mclude, buot are not hmited to,
wdelalisib, copanlistb, duvelistb, alpelisib, taselisib, pertfosine, buparlisib, umbralisib, pictilisib,
dactolisib, voxtalisib, sonolisib, tenalisib, serabelisib, acalistb, CUDC-907 (N-hydroxy-2-{{2-{6~
methoxypyridin-3-yl}-4-morpholin-4d-vithieno{3 2 -d jpyramidin-6-yl methyl-methylasuno jpyrimidine-5-
carboxanmiide}, ME-401 (N-[Z-methyl-1-[2-(1-methyipipenidin-4-vlphenylipropan-2-vi}-4-(2-
methyvlselfonyvibenzimidazol-1-vi}-6-morpholin-4-y1-1,3 5-triazin-2-amine), IP1-549 Z-amino-N-{(18}-1-
18- 2-(1-methvlpyrazol-4-yhethynvl]-1-oxo-2-phenvlisoquinolin-3-vliethylipyrazolo{ 1,5-a]pyrimidine-3-
carboxamide), SFH126 ((25)-2-1{{28)-3-carboxvy-2-[| 2-[[(2S)-3~(diaminomethyhidencamino}-2-[[4-ox0~4-
f{4-(4-oxo-8-phenylchromen-2-yvhmorpholin-4-ium-4-
yHmethoxyjbutanovijaminojpentanovijamine jacetyl Jamino jpropancyijamino}-3-hydroxypropanocate),
XL147 (N-[3-(2,1 3-benzothiadiazol-3-ylaminoqunoxalin-2-y1j-4-methvibenzenesulfonamide),

GSK 1059615 ((5Z4)-5-{(4-pyridin-4-viguinolin-6-vlimethylidene -1, 3-thiazoliding-2 4-dione}, and AMG

319 (N-f(18)-1-(7-fluoro-2-pyridin-2-viquinolin-3-yhethyl}-7H-purin-6-amine).

Raf Kinase Inbibitors

Provided herein s the method according to anvone of Embodiments 213-22¢, which further
comprises simultancous, separate, or sequential admimstration of an effective amount of a second
compound, wherein the second compound is a Raf kinase inhibitor.

The term “RAF kinase” as used herein refors to a member of a mammalian serine/threonine
kinases composed of three 1soforms (C-Raf, B-Raf and A-Raf) and includes homodimers of each isoform
as well as heterodimers between isoforms, e.g., {-Rat/B-Raf heterodimers.

The torm “Raf kinase inhubitor” as used herein refers to a compound that 1s capable of negatively
modulating or inhibiting all or a portion of the enzymatic activity of one or more member of the Raf
faridy kinases, or is capable of disrupting Raf homeodimer or heterodimer formation to inhibit activity.

In one embodiment, the Raf kinase inhibitor includes, but 1s not limited to, encorafenib,
sorafentb, lifirafenib, vemurafonub, dabrafenib, PLX-8394 (N-(3-(5-(2~-cyclopropylpyrundin-5-yi}-3a,7a-
dihydro- I H-pyrrolof2,3-bipyndine-3-carbonyl}-2, 4-difluorophenvi}-3-fluoropyrrolidine- H-sulfonamide),

Raf-709 (N-{2-methyi-3 -morpholine-6"-({tetrahydro-2 H-pyran-4-yhoxy}-{3,3-bipyndin}-5-y1}-3-
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{triftuoromethyDbenzamide), LXH234 (N-(3-(2-(2-hydroxyethoxy}-6- morpholinopyndin-4-y-4-
methyiphenvly-2-(triflucromethyHisonicotinanmide), LY3009120 (1-(3,3-dimethylbutvl}-3-(2-fluorc-4-
methvl-3-(7-methyl-2-(methylaminoypvrdo[ 2.3 -dipyrimidin-6-vlphenvhiurea), Tak-632 (N-(7-cvanc-6-
{(4-thioro-3-(2-(G-ttrifuoromethylphenylacetanmudo)phenoxyibenzo{djthiazol - 2-
yhevelopropanecarboxamide), CER-32496 (1-(3-((6,7-dimethoxyguinazolin-4-yloxyiphenyl}-3-(5-
(1,1, Frifluoro-2-methylpropan-2-vhisoxazol-3-vijrea), CCT196969 (1-(3-{tert-butyl}-1-phenyl-1H-
pyrazol-5-yi)-3-(2-fluoro-4-((3-0x0-3,4-dihydropyrido|2,3-bjpyrazin-8-yhoxv)phenylurea), and
RO35126766 (N-[3-fluoro-4-][4-methyl-2-oxo-7-(2-pynmidinyloxy - 2H- I-benzopvran-3-vijmethyij-2-
pyridinyl}-N'-methyl-salfamide}.

In one embodiment, the Raf kinase inhibitor 1s encorafenib. In one embodiment, the Raf kinase

inhibitor is sorafenib. In one embodiment, the Raf kinase inhibitor is lifirafenib.

SHP2 Inhibitors

Provided herein is the method according to anyone of Embodiments 213-220, which further
comprises simultancous, separate, or sequential administration of an effoctive amount of a second
compound, wherein the second compound is a SHP2 inhibitor.

Exemplary SHP2 ihibitors for use in the methods provided herein include, but are not hmited to,
SHP-099 (6-(4-amino-4-methvipipendin-1-v13-3-(2 3-dichlorophenylipyrazin-2-amine dihvdrochioride},
RMC-4550 (]3-[(35,48-4-amino-3~-methyl-2-oxa-8-azaspiro] 4. 5 jdecan-8-yi{-6-(2, 3-dichiorophenyi}-3-
methyipyvrazin-2-ylimethancly, TNO155, (38 45)-8-[6-amino-5-{2-amino-3-chloropyridin-4-
vhsulfanylpyrazin-2-yi|-3~-methyl-2-oxa-8-azaspiro{4 .5 ldecan~4-amine), and RMC-~4630 (Revolution
Medicing). o one embodiment, the SHP mbibitor for use in the methods provided heren 1s RMC-4630
{Revolution Medicine).

in another cmbodiment, exemplary SHP2 mhabitors for use e the methods provided hercin
mclude, but are not lvatted to, 3-[(1R, 3R}~ 1-amino-3~-methoxy-8-azaspirol4 .5 jdec-8-v1]-6-(2,3~
dichlorophenyii-S-methyl-2-pyrazinemethanol (CAS 2172651-08-8), 3-[(35,45)-4-amino-3-methyl-2-
oxa-8&-azaspirof4.3jdec-8-yi-6-1(2, 3 ~dichlorophenyDihio}-5S-methyl-2-pyrazinemethanol (CAS 2172652~
13-8), 3-1(35 45} -4-amino-3~-methyl-2-oxa-8-azaspirol4 Sidec-8-vi]-6-{{3-chlore-2-(3-hydroxy-1-
azetidinyl-4-pyridinylithio|-5-methyl-2-pyrazinemethanol (CAS 2172652-38-73, and 6-[(2-amino-3-
chloro-4-pyndinvlithio}-3-{(35,48)-4-amino-3-methvi-2-oxa-8-azaspiro{4 . 5dec-8-v1]-5-methyi-2-

pyrazinemethanol {CAS 2172652-48-9}.
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In another embodiment, exemplary SHPZ inhibitors for use in the methods provided herein
mechude, but are not limited to, 1-15-(2,3-dichlorophenyl}-6-methylinudazoll,5-alpyrazin-8-vij-4-methyl-
4-pipenidimamine (CAS 224098 1-75-1), (1R)-8-[53-(2,3-dichlorophenyl}-6-methylimidazo} i, 5-ajpyrazin-
3-vil-8-azaspirof4. S{decan-l-ammne (CAS 2240081-78-4), (38,45)-8-[7-(2,3-dichlorophenyl}-6-
methvlpyrazolo] 1, S-alpyrazin-4-yij-3-methyl-2-oxa-8-azaspiro{4.5{decan-4-amine (CAS 2240982-43-8),
{38,48)-8-{7-{{2-amino-3-chloro-4-pyridiny i Ythiofpyrazolof I, 5-ajpyrazin-4-yi}-3-methyi-2-0xa-8-
azaspirof4.5|decan-4-amune (CAS 2240982-57-2), 4-1(35,48)-4-amino-3~-methyl-2-oxa-%-
azaspirof4.3 |dec-8-y1}-7-(2,3~-dichlorophenvi}-6-methvl-pyrazolof 1, 3-alpyrazine-2-methanol (CAS
2240982-69-6), 7-{{2-amino-3-chloro-4-pyndinyijthio}-4-{(35,458}-4d-aminc-3-methyi-2-oxa-8-
azaspirof4 5|dec-8-vlj-6-methyl-pyrazolof1,5-ajpyrazine-2-methanol (CAS 2240982-73-2), and (35.45)-
8-]7-[(2-amino-3-chloro-4-pyridinvijthio]-6-methyipyrazolol 1 5-alpyrazin-4-vi}-3-methyl-2~oxa-8-
azaspirof4.S|decan-4-amne {CAS 2240982-77-6}.

In one embodiment, the SHP mbubitor for use m the methods provided herein is (1R}~8-§5—(2,3—
dichlorophenyi}-6-methylimidazo{1,3-ajpvrazin-8-yl}-8-azaspirof4 . Sldecan-1-amine {CAS 22409817
43.

in another cmbodiment, exemplary SHP2 mhibitors for use in the methods provided herein
include, but are not himntted to 3-{(1R}-1-amino-§-azaspire]{4.Sidec~-8-yi}-6-2 3-dichiorophenyl}-3~
hydroxy-2-pyridinemethanot {CAS 2238840-34-33, 3-{{1R}-1-amino-3-azaspire]4 S]dec-8-y1]-6-{(Z,3-
dichlorophenyithio]-5-hydroxy-2-pyndinemethanol {CAS 2238840-36-5}3, S-[(1R}-1-amino-8-
azaspirof4 3jdec-8-vi}-2-(2, 3-dichlorophenvi-3-pynidinot (CAS 2238840-38-73, 3-[{iR}-1-amino-&-
azaspirol4.5|dec-8~vi}-6-(2,3-dichlorophenyl}-3-methyvl-2-pynidinemethano] (CAS 2238840-60-13, (1R)-
8-16~(2,3~-dichlorophenyli-5-methyl-3-pyndinyl]-8-azaspirof4 Sjdecan--amine (CAS 2238840-62-3), 3-
[(IR)-i-anuno-8-azaspiro{4.5 [dec-8-vi}-6-{(2,3-dichlorophenvijthici-5-methyl-2-pyndinemethancl (CAS
2238840-63-4), (IR}-8-{6-[(2 3-dichlorophenythio}-5-methyi-3-pyridinyli-8-azaspirol4 5ldecan-1-
amine {CAS 2238840-64-5), 5-{4-ammo-~4-methyl-1-pipendiny)-2-[(2,3~dichlorophenviithio]-3-
pyridinol (CAS 2238840-65-6), 5-[{1R)-]-anuno-&-azaspiro]4 Sidec-8-yi]-2-{(2,3-dichlorophenythiol~

3-pyrdinod (CAS 2238840-66-7), 6~ (Z-amino-3-chloro-4-pyridinyljthio-3-{{35,48 }-4-amme-3-methyl-

2-oxa-8-azaspiro[4 .3 [dec-8-vi]-5-hydroxy-2-pyridinemethano] ({CAS 2238840-67-8), 3-(4-anuno-4-
methyl-1-pipenidiny]}~6-(2, 3-dichlorophenyh-5-hydroxy-2-pyridincmcthanol (CAS 2238840-68-9), 3-
[(35,45}-4-ammo-3-methvl-2~oxa-8-azaspiro[4 .5 ldec-8-v11-6-(2,3-dichlorophenvyl)-3-methyl-2-
pyridinemethanct (CAS 2238840-69-0), 6-[(Z-anuno-3-chloro-4-pyridinyljthio}-3-{(38,48 3-4-amino-3-
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methyl-2-oxa-8-azaspirof 4.5 |dec-8-vl}-5-methyi-2-pyrnidimemethanol {CAS 2238840-70-3}, 3-(4-amino-
4-methyl-1-piperidinyl3-6-(2,3-dichlorophenyl}-S-methyl-2 -pyndinemethanol ({CAS 22388406-71-43, 6-
[{2-amino-3~-chloro-4-pyndinyiithio]-3-(4-arnno-d-methyl-1-piperidinyl}-2-pynidineracthanol {CAS
2238840-72-5}), 5-{(2-amino-3-chloro-4-pyndimnyhithio-2-{(35,45)-4-amino-3-methyl-2-oxa-8-
azaspirof4.5[dec-8-yl}-6-methyl-3-pyndinemethanol {(CAS 2238840-73-6), 2-[(3§,48}-4-amino-3-
methyl-2-oxa-8-azaspirof4.5 [dec-8-yi}-5-(2 3-dichlorophenyl}-6-methyl-3-pyridinemethanol (CAS
2238840-74-7), 3-1(35,48)-4-amino-3-methyl-2-oxa-%-azaspirof4 . Sidec-8-vi]-6-(2,3-dichlorophenyl}-5-
hydroxy-2-pyridinemethanol {CAS 2238840-73-8), and 2-[{2-amino-3-chloro-4-pyridyhsulfanyi}-5-
[(35,48}-4-aming-3- methvl-2-oxa-8-azaspirof4. 3 {decan-8-yl|-6-(hydroxymethyljpyndin-3-ol.

In one embodiment, the SHP inhibitor for use in the methods provided herein is 3-{(1R)-1-amino-
$-azaspiro|4.5|dec-8-vi]-6-1(2,3-dichloropheuyljthio]-5-hvdroxy-2-pyridinemethano! (CAS 2238840-56-
5}

In one embodiment, the SHP2 indubitor for use in the methods provided herein is an inhnbitor
disclosed in US 10,590,090 B2, US 2026/017517 AL, US 2020/017511 Al or WO 2019/073265 Al,

cach of which is herewith incorporated by reference in ifs entircty.

S081 Inhihitorg

Provided herein is the method according to anvone of Embodiments 213-220, which further
comprises simultancous, separate, or sequential administration of an effective amount of a second
compound, wherein the second compound is an SOS1 mhibitor,

Exemplary SOS1 inhibitors for use in the methods provided herein include, but are not himited to,
BI 3406 (N-[(1 R)-1-[3~amino-S~{tnflucromethyhphenyljethyl - 7-methoxy-2-methyl-6-[{35 )-oxolan-3~

yloxygquinazolin-4-amine}, and BI 1701963

Provided herein 1s the method according to anvone of Embodiments 213-220, which further
comprises simultancous, separate, or sequential admnistration of an effective amount of a second
compound, wheremn the second compound is a Src kinase inhibitor.

The term “Src kinase” as used herein refers to a member of a mammalian nonreceptor tyrosine
kinase fanmily mcluding: Sve, Yes, Fyn, and Fgr {(SscA subfamily); Lek, Hek, Blk, and Lvn (SreB

subfamily), and Frk subfamily.
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The term “Src kinase inhibitor” as used herein refers to a compound that is capable of negatively
modulating or inhibiting all or a portion of the enzymatic activity of one or more member of the Src
kinases.

Exemplary Sre kinase mhibitors for use m the methods provided berein include, but are not
fimnited to, dasatinib, ponatingb, vandetanib, bosutinib, saracatinib, KX2-391 (N-benzyl-2-(5-(4-(2-
morpholinoethoxyyphenylpyridin-Z-vhacetamide), SUGO56 ((Z£}-N N-dimethyl-2-0x0-3-{{4,5,6,7-
tetrahydro-1H-indol-2-yimethylene)indoline-S -sulfonanide), PP 1 (1-(tert-butvl)-3-(p~tolvl)-1H-
pyrazolo[3 4-dipyrimidin-4-amine), WH-4-023 (2,6~dimethyiphenyl(2, 4-dimethoxyphenyh{(2-((4-(4~
methyvipiperazin-1-vlphenvhamino}pyrimidin-d-vlcarbamate), and KX-01 (N-benzyl-2-{5-(4-(2-
morphelinocthoxyjphenylipyridin-2-yhacetamide).

In one embodiment, the Sre kinase inhubitor is dasatinib, In onc embodiment, the Src kinase
inhibitor is saracatinib. In one embodiment, the Src kinase mbibitor is ponatuub. In one embodiment, the

Src kinase inhibitor 18 vandetanib. In one embodiment, the Src kinage mnhibitor 1s KX-01.

Chemotherapeutic Agents

Provided herein is the method according to anyone of Embodiments 213-220, which further
comprises simultaneous, separate, or sequential admimstration of an effective amounnt of a second
compound, wherein the sceond compound is one or more chemotherapeutic agent.

Exemplary chemotherapeutic agenis for use in the methods provided herein include, but are not
Eimited to, leucovorin calcium {calcium folinate), S-fluorouract, innotecan, oxaliplatin, cisplatin,
carboplatin, pemetrexed, docetaxel, paclitaxel, gemcitabine, vinorelbine, chlorambucii,

cvclophosphamide, and methotrexate,

Definitions

The following defuutions are provided to assist 1n understanding the scope of this disclosure.

Unless otherwise indicated, all numbers expressing quantities of ingredients, reaction conditions,
and so forth used in the specification and claims are to be understood as being modificd n all wnstances
by the term “about.” Accordingly, unless indicated to the contrary, the numerical parameters set forth in
the following specification and attached claims are approximations that may vary depending upon the

standard deviation found in their respective testing measurements,
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As used herein, if any variable occurs more than one time in a chemical formula, its definition on
cach occurrence i independent of its definition at every other occurrence. If the chemical structure and

chenvical name conflict, the chemucal structure 18 deterounative of the identity of the compound.

Sterepisomers

L

The compounds of the present disclosure may contain, for example, double bonds, one or more
asymmetnic carbon atoms, and bonds with a hindered rotation, and therefore, may exist as stereoisomers,
such as double-bond isomers {7 e., geometric isomers (E/2)), enantiomers, diastercomers, and
atropoisomers. Accordingly, the scope of the mstant disclosuare s to be understood to encompass all
possible stercoisomers of the iHlustrated compounds, including the stercotsomernically pure form {for
10 example, geometrically pure, enantiomenically pure, diastereomerically pure, and atropotsomenically
pure) and sterectsomernic mixtures (for example, mixtures of geometric isomers, enaniiomers,
diastereomers, and atropoisomers, or mixture of any of the foregoing) of any chemical structures
disclosed herein (in whole or m part). unless the stereochemistry is specifically identified.

If the stercochemistry of a structure or a portion of a structure is not indicated with, for example,

[
L

bold or dashed hnes, the structure or portion of the structure 1s o be mierpreted as encompassing all
stereoisomers of it I the stereochemistry of a structure or a portion of a structare s indicated with, for
example, bold or dashed hines, the stracture or portion of the structure is to be interpreted as

cucompassing onlv the stereoisomer mdicated, uniess otherwise noted.

O G

™~ e

=R 1 N ] AN
For example, NH  represents NH  and NH  Similarly, for example,
2¢  the chemical name (4R )-4d-methoxy-3-methvi-4,5 6, 7-tetrahydro-2H-1soindole represents (4R 5R}-4-
methoxy-S-methyl-4,5.6 7T-tetrahydro-2H-isoindole and (4R 38}-4-methoxy-5-methyi-4,5,6,7-ictrahydro-
2H-isoindole.
Similarly, for example, the chemical name 7-chloro~-6-fluoro-1-{2-isopropyl-4-methvlpyridin-3-
vhpvrido}2,3-djpyrimiding~-2,4(1H, 3H}-dione represents (M)-7-chloro-6-fluoro-1-(Z-isopropyi-4-
25 methylpyridin-3-vlpyride]2, 3-d{pyrimidine-2 4(1H, 3H}-dione and (P)-7-chloro-6-fluors-1-2-isopropyl-

4-methylpyridin-3-yljpyride|2,3-djpyrimidine-2 4(1H,3H}-dione.
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In certain instances, a bond drawn with a wavy line indicates that both stercotsomers arg
encompassed. This is not to be confused with a wavy ling drawn perpendicular to a bond which indicates
the point of attachment of a group 1o the rest of the melecule,

The term “stereoisomer” or “stereoisomencally pure” compound as used heremn refors to one
stercoisomer {for example, geometric 1somer, enantiomer, diastereomer and atropoisomer} of a compound
that is substantially free of other sterecisomers of that compound. For example, a sterecisomerically pure
compound having onc chiral conter will be substantially free of the mirror image enantionier of the
compound and a sterecisomerically pure compound having two chiral centers will be substantially free of
other enantiomers or diastereomers of the compound. A typical stercoisomerically pure compound
comprises greater than about 80% by weight of one stereoisomer of the compound and equal or less than
about 20% by weight of other stercoisomers of the compound, greater than about 90% by weight of one
stercoisomer of the compound and equal or less than about 10% by weight of the other stercoisomers of
the compound, greater than aboat 85% by weight of one sterectsomer of the compound and equal or less
than about 3% by weight of the other stereoisomers of the compound, or greater than about 7% by
weight of ong storeoisomer of the compound and equal or less than about 3% by weight of the other
stereoisomers of the compound.

This disclosure also encompasses the pharmaceutical compositions comprising sterecisomerically
pure forms and the use of sterecisomerically pure forms of any compounds disclosed herein. Further, this
disclosure also encompasses pharmaceutical compositions comprising mixtures of sterecisomers of any
compounds disclosed herein and the use of said pharmacentical compositions or muixtures of
stereoisomers. These stereoisomers or mixtures thereof may be synthesized in accordance with methods
well known in the art and methods disclosed herem. Muxtures of stereoisomers may be resolved using
standard technigues, such as chiral columns or chiral sesolving agents. Further, this disclosure
encompasses pharmaceutical compositions comprising mixtures of any of the compounds disclosed
hercin and one or more other active agents disclosed herein. See, for example, Jacques er o/,
Enantiomers, Racemates and Resolutions (Wiley-Interscience, New York, 1981); Wilen ef /.,
Teirahedron 33:2725; Eliel, Stercochenustry of Carbon Compounds {MeGraw-Hill, NY, 1962); and
Wilen, Tables of Resolving Agents and Optical Resolutions, page 268 (Elicl, Ed., Univ. of Notre Dame
Press, Notre Dame, IN, 1972}
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Tautomers

As known by those skilled in the art, certain compounds disclosed herein may exist i one or
more tautomeric forms. Because one chemical structure may only be used to represent one tautomeric
form, 1t will be understood that for convenience, referral to a compound of a given structural formula

mcludes other tautomers of said structural formula.

Isotomicaliv-Labelled Compounds

Further, the scope of the present disclosure includes all pharmaceutically acceptable isotopicaliv-
fabelled compounds of the compounds disclosed herein, such as the compounds of Formula |, wherein
one or more atoms are replaced by atoms having the same atomic number, but an atomic mass or mass
number different from the atomic mass or mass number usually found in nature. Examples of isotopes
suitable for inclusion in the compounds disclosed herein include isotopes of hydrogen, such as "H and “H,

1231 and 125{2

carbon, such as 'C, BC and YC, chlorine. such as *°Cl, fluorine, such as *°F, iodine, such as
nitrogen, such as N and PN, oxveen. such as Y0, V0 and **0, phosphorus, such as 7P, and salphur,
such as 8. Certain isotopically-labelled compounds of Formula 1, for example, those incorporating a
radioactive 1sotope, are useful m drug and/or substrate tissue distribution studies. The radicactive
isotopes trittum CH) and carbon-14 (*C) are particularly useful for this purpose in view of their ease of
incorporation and ready means of detection. Substitution with isotopes such as deuterium (*H or D) may
afford certain therapeutic advantages resulting from greater metabolic stability, for exaraple, increased in
vive hatf-life or reduced dosage requirements, and hence may be advaniageocus m some circumstances,
Substitution with positron emitting isotopes, such as "'C, ®F, Y0 and N, can be useful 1n Positron
Emission Topography (PET) studies, for example, for examining target occupancy. Isotopically-labelied
compounds of the compounds disclosed herein can generally be prepared by conventional fochuniques
known to those skilied m the art or by processes analogous to those described in the accompanying
General Synthetic Schemes and Examples using an appropriate isotopically-labelled reagent m place of

the non-labelled reagent previously emploved.

Solvates
As discussed above, the compounds disclosed herein and the stercoisomers, tautomers, and
1sotopically-labeled forms thercof or a pharmaceutically acceptable salt of any of the foregomng may exast

int solvated or unsolvated forms,
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The term “solvate” as used herein refers to a molecular complex comprising a compound, ora
pharmaceutically acceptable salt thercof as deseribed herein and a stoichiometric or non-stoichiometric
amount of one or more pharmaceutically acceptable solvent molecules. fthe solvent 1s water, the solvate
1s reterred to as a “hydrate.”

Accordmgly, the scope of the nstant disclosure is to be understood to encompass all solvents of
the compounds disclosed herein and the stercotsomers, tfauntomers and isotopically-labeled forms theroof

o1 a pharmaceutically acceptable salt of any of the foregoing.

Miscellaneous Definitions

This section will define additional terms used to describe the scope of the compounds,
compositions and uscs disclosed herein.

The term "arv]” refers to an aromatic hvdrocarbon group having 6-290 carbon atoms in the ring
portion. Typically, arvl 1s monocyclic, bicyelic or tricyvelic aryl having 6-20 carbon atoms. Furthermore,
the term "aryl” as vsed herein, refers to an aromatic substituent which can be a single aromatic ring, or
multiple aromatic rings that are fused together. Non-limiting examples include phenyl, naphthyl or
tetrahvdronaphthvi, cach of which may optionally be substituted with 1-4 substituents, such as alkvl,
infhuoromethyl, cveloalkyl halogen, hydroxy, alkoxy, acyl, alkyl-C{O)-0O-, aryl-0- heteroaryl-0O-,
aming, thiol, atkyl-S- arvl-8-- nitro, cyvanoe, carboxy, alkyb-0-C{O}--, carhamoyl, alkyl-S{0})-, sulfonyi,
sulfonanudo, phenyl, and heterocyelvl.

The terms “Craalkyl,” and “Cuisalkyl” as used herein refer to a straight or branched chain
bhydrocarbon contatng from | to 4, and 1 1o 6 carbon atoms, respectively. Representative examples of
Ciaalkyl or Cialkyl include, but are not limited to, methyl, ethyl, n-propy!, iso-propyl, n-butyl, sec~
butyl, iso-butyl, tert-butyl, pentyl and hexyl.

The terms “Ciaalkylene” and “Ciealkyvlene™ refer to a straight or branched divalent alkyl group
as defined herein contaming 1 to 4, and 1 to 6 carbon atoms, respectively. Representative examples of
atkvlene include, but are not limited to, methylene, ethylene, n-propyvlene, 1so-propvlene, n-butylene, sec~
butviene, iso-butylene, tert-butylene, n-pentylene, sopentyviene, neopentylenc, n-hexylene and the like.

The term “Co.qalkenyl” as used herein refers to a saturated hyvdrocarbon contaming 2 to 4 carbon
atoms having at least one carbon-carbon double bond. Alkenyi groups include both straight and branched
moigties. Representative examples of Coaalkenyl include, but are not hmuted to, $-propenyl, 2-propenyl,

2-methyl-2-propenyi, and butenyl.
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The term “Coaltkynyl” as used herotn refers to a satuy

The term “Craalkoxy” or “Crealkoxy™ as used herein refers to ~OR”, wherein R” represents a Cy.
salkvl group or Cisalkyl group, respectively, as defined herein. Representative exanuples of Chraalkoxy
include, but are not luatted to, methoxy, ethoxy, propoxy, iso-propoxy, and buioxy. Representative
examples of Cisalkoxy include, but are not himited to, ethoxy, propoxy, ise-propoxy, and butoxy,

The term “Cascycloalkyl” as used herein refers to a saturated carboeyelic molecule wherein the
cyelic framework has 3 to 8 carbons. Representative examples of Csseyeloalkyl include, but are not
limited to, cyclopropvl and cyclobutyl.

The term “deutero” as used herein as a prefix to another term for a chernical group refers to a
modification of the chemical group, wherein one or more hydrogen atoms are sabstituted with deaterium
(D7 or “’H”). For example, the term “Cradenteroatkyl” refers to a Cr..alkyt as defined herein, wherein
one or more hydrogen atoms are substituted with . Representative examples of € sdeuternaltky!
include, but are not limited to, -CHLD, -CHD,, -CD, -CHCDy, ~CDHCD-, ~CCDs, ~CH{CDs), -
CB{CHD: ), and -CHCHDHCDS).

The term “halogen™ as ased herein refers to ~F, -CL, -Br, or -1

The term “halo” as used hercin as a prefix to another term for a chemical group refers to a
modification of the chemical group, wherein one or more hydrogen atoms are substituted with a halogen
as defined herein. The halogen is independently selected at each occurrence. For example, the term “Ci.
shaloalkyl” refors to a Craalky] as defined herein, wherein one or more hvdrogen atoms are substitated
with a halogen. Representative examples of Cishaloalkyl include, but are not limited to, <CHoF, -CHF,, -
CEs, -CHFCL, -CHCEs, -CFHCE:, -CECE;, -CH(CFE:},, -CF(CHF ), and -CH{CHLFXCE:).

As used herein, the torm "heteroaryl” refers to a 5-20 membered monocychic- or bicyclhic- or
tneyclic-aromatic ning system, having 1 to 8 heteroatoms selected from N, O and S, In certain preterred
aspects, the heteroaryl is a 5-10 membered ring system (c.g., 5-7 membered monocycle, an 8-10
membered bicycle or a 11-14 membered tricyele) or a 5-7 membered ring system. Exemplary monocyclic

groups include 2- or 3-thicavl, 2- or 3-furvl, 2- or 3-pyrrolyl. 2-, 4-, or S-imudazelyl, 3-, 4- or

S

heteroaryl
S-pyrazolvl, 2-, 4, or S<thiazolyl, 3~ 4-, or S«isothiazolyl, 2-, 4+, or S-oxazolyl, 3-, 4-, or 3-isoxazolvi, 3-

~

or 5-1,2 4-tnazolvl, 4- or 3-1,2 3-triazolvl, tetrazolyl, 2-, 3-, or 4-pyridyl, 3- or 4-pyridazinvi, 3+, 4-, or 3-
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pyrazinyl, Z-pyrazinyi, and Z2-, 4-, and 5-pyrimidioyl. Exemplary bicyclic hetercaryl groups imclude 1- 3+
4-, 5~ 6~ 7-, or 8-isoquinchinyl, 2~ 3-, 4-, 5-, 6-, 7-, or S~quinchinyl, 1-, 3-, 4-, 3- 6~ 7- or §-
isoquinobinyl, 1-, 2-, 4~ 5-, 6-, 7~ or 8-benzimidazolyvl and 1-, 2-, 3~ 4-, 5-, 6-, 7-, ot -indolyl

The term "heteroaryl” also refers to a group 1 which a heteroaromatic ring 1s fused to one or
more aryl, cycloaliphatic, or heterocyelyl rings.

As used herein, the term "heteracyele,” “heteroeycloalkyl” or "heterocyelo” refers to a saturated
or unsaturated non-arcmatic ring or ring system, ¢.g., which is a 4-, 5-, 6-, or 7-membered monocyelic, 7-,
8-, 9=, 10~ 11, or 1Z-membered bicyclic or 10~ 11+, 12~, 13~ 14~ or 15-membered tneyclie ving system
and contains at least one heteroatom selected from O, S and N, where the N and 5 can also optionally be
oxidized to various oxidation states. The heterocyclic group can be attached to a heteroatom or a carbon
atom. The heterocvelyl can include fused or bridged rings as well as spirocvelic rings. Examples of
beterocycles include tetrahydrofuran, dihydroturan, | 4-dioxane, morpholine, 1,4-dithiane, piperazine,
piperidine, 1 3-dioxolane, imidazolidine, imidazoline, pyrroline, pyrrolidine, tetrahvdropyran,
dihydropyran, oxathiolane, dithiolane, 1,3-dioxane, 1,3-dithiane, oxathiane, thiomorpholine, azetidine,
thiazolidine. morphaline, and the like.

The term “pharmaceutically acceptable” as used herein refers to generally recognized for use in
subjects, particularly in hamans.

The term “pharmaceutically acceptable salt”™ as used herein refers o a salt of a compound that s
pharmaceutically acceptable and that possesses the desired pharmacological activity of the parent
compound. Such salts include: {1} acid addition salts, formed with inorganic acids such as hyvdrochloric
acid, hydrobromic acid, sulfunc acid, mitric acid, phosphoric acid, and the like; or formed with organic
acids such as acetic acid, propionic acid, hexanoic acid, cyclopentanepropionic acid, glycolic acid,
pyruvic acid, lactic actd, malomic acid, succinic acid, malic acid, maletc acid, fumaric acid, tartaric acid,
citric acid, benzoic acid, 3-{4-hydroxybenzovl) benzoic acid, cinnamic acid, mandelic acid,
methanesulfonic acid, and the like; or (2) salts formed when an acidic proton present m the parent
compound cither 1s replaced by a metal ton, for example, an alkali metal 1on, an alkaline carth jon, or an

alunuinam ion; or coordinates with an organic base such as ethanolamine, dicthanolamine,

tricthanolaming, N-methylglucamine, dicyclohexylanune, and the like. Additional examples of such salts
can be found m Berge ef af., J Pharm. Sci. 66(1):1-19 (19773, See also Stahl er of , Pharmaceutical Salts:

30 Propertics, Selection, and Use, 2™ Revised Edition (2011).
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The term “pharmaceutically acceptable excipient” as used herein refers o a broad range of
mgredients that may be combined with a compound or salt disclosed herein to prepare a pharmaceutical
compostiion ot fornrulation. Tvpically, excipients include, but are not himited to, dituents, colorants,
vehicles, anti-adhorants, glidants, disintegrants, flavoring agents, coatings, binders, sweeteners,
fabricants, sorbents, preservatives, and the hike.

The term “subject” as used herein refers to humans and mammals, including, but not hinted to,
primates, cows, sheep, goats, horses, dogs, cats, rabbits, rats, and vice. In one embodunent the subject is
a human,

The term “therapeutically effective amount™ as used herein refers to that amount of a compound
disclosed herein that will clicit the biological or medical response of a tissue, a system, or subject that is

being sought by a researcher, veterinarian, medical doctor or other clinician.

GENERAL SYNTHETIC PROCEDURES

The compounds provided herein can be syathesized according to the procedures described i this
and the followmg sections. The synthetic methods described berein are merely exemplary, and the
compounds disclosed herein may also be synthesized by altemate routes utilizing aliernative synthetic
strategies, as appreciated by persons of ordinary skill in the art. ¥t should be appreciated that the general
synthetic procedures and specific examples provided herein are illustrative only and should not be
coustrued as himiting the scope of the present disclosure in any manner,

Generally, the compounds of Formula T can be synthesized according to the following schemes.
Anv variables used in the following schemes are the variables as defined for Formula I unless otherwise
noted. All starting matenals are etther commercially avalable, for example, from Merck Sigma-Aldnch
Inc., Fluorochem Lid, and Enamine Lid. or known i the art and may be synthesized by cmploving
known procedures using ordinary skill. Starting materal may also be synthesized via the procedures
disclosed herein. Suitable reaction conditions, such as, solvent, reaction temperature, and reagents, for

the Schemes discussed in this section, may be found in the examples provided herein.
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Compounds of Formula (1) can be prepared according to Scheme 1. In step A, compound (1) is

treated with sodium thiomethoxide in a solvent such as tetrahydrofuran to give compound (2). In

step B, compound (2) is etther pre-treated with a fuoride source such as potassium fluoride, or

directly undergoes SnAr reaction with a nucleophile having the formula R'-L-H in a solvent such

as dimethylsulfoxide, or mixture of solvents such as tetrahydrofuran and N N-dimethyvlforamide,

in the presence of a base such as sodium hydride or cesium carbonate, with or without a

nucleophilic catalyst such as 1,4-diazabicyclo][2.2 2]octane, to give compound (3). In step C,

compound (3} is coupled with an organometallic reagent derived from benzothiophene such as a



WO 2023/159086 PCT/US2023/062687

-84 -

boronic acid {ester) to provide compound {(4). This coupling reaction proceeds in a solvent such
as 1,4-dioxane and a catalyst such as Pda(dba): and ()-MOP, with or without a base such as
potassium phosphate. In step D, compound (4) is treated with sulfuryl chioride in a solvent such

as dichloromethane to give compound (8}, In step E, compound {8) undergoes SxAr reaction

3 with optionally substituted amine in a solvent such as acetonitrile and in the presence of a base
such as N N-diisopropylethylamine to give compound (6). In some cases, the species R® will contain
protecting group(s), which can be removed afier step E in the synthetic sequence.

X
v
®, O m
A W" (Rx)p 1
o (4
X H B RY-L-H
2
57 R Yoo -
PN A B
X N X X
R4
i 6
BR, ne
ol
RaL | S—rS
Ry g
»3
c
7 1
i0 Scheme i1

Compounds of Formula (1) can be prepared according to Scheme I In step A, compound (1)
undergoes SnAr reaction with optionally substituted amine in a solvent such as acetonitrile and

in the presence of a base such as N N-diisopropylethylamine to give compound (6). In step B,
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compound {(6) is etther pre-treated with a fluoride source such as potassium fluoride, or directly
undergoes SnAT reaction with a nucleophile having the formula R*-L-H in a solvent such as
dimethylsulfoxide, or mixture of solvents such as tetrahiydrofuran and N NV-dimethylforamide, in
the presence of a base such as sodium hydride or cesium carbonate, with or without a
nucleophilic catalyst such as 1,4-diazabicyclo[2 .2 2]octane, to give compound (7). In step C,
compound (7} is coupled with an organometallic reagent derived from benzothiophene such as a
boronic acid (ester) to provide compound (1), This coupling reaction proceeds in a solvent such
as 1 4-dioxane and a catalyst such as Pdx{(dba); and (K)-MOP, with or without a base such as
potassium phosphate. In some cases, the species R® will contain protecting group{s}, which can be

removed after step  in the svnthetic sequence.

EXAMPLES

This section provides specific examples of compounnds of Formula T and methods of making the

same.
List of Abbreviations
Table 1
Ac acetvl
AcOH acetic acid
aq or ag. aguecus
Bao benzyl
Bopimy bis{pinacolatojdiboron
BOC or Boe tfert-butyloxycarbonyl
(SP-4-3)-Jdicyclohexyl|3,6~-dimethoxy-2" 4" .6 tas(1-
methylethyDi, U-biphenyi]-2-yliphosphine-
BrettPhos Pd G4 N : pRe e TipRospne
kP Hmethanesulfonato-wOH) 2" -(methylamino-« NV} 1,1~
biphenyij-Z-vi-«Clpaliadiom
) mesviatel{di(1 -adamanty-n-butylphosphine)}-2-(2'-
catalXium A Pd G3 ) ' '
amino-1,1 -biphenylipalladiom{il)
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catal’Xum A Pd G4

{butyibis{tricyclo{3.3.1. 17 |dec-1-
yhphosphinei{methanesulfonato-xG)2 ~(methylamino-

kN 1, T-biphenyl}-2-vl-«Cl-palladium

Che benzvloxycarbonyl
ChzCl benzyl chloroformate
COD or cod 1,5~evelooctadiene
DABCO

dba

DBU Teene
BCM dichloromethane

DEA diethylamine

DMA N N-dimethylacetanaide
DMF N N-dimethviformamide
DMSO dimethyl sulfoxide

Dppt, DPPF or dppf

I, U-bis{diphenylphosphinoerrocene

Dibbpy

4 4" di-tert-butyl-2.2 -dipyridyl

eg OF £4. OF Squiv.

equivalent

ESIor ES clectrospray ionization
Et ethyl
EtQAC ethyi acetate
g sramis)
b hour(s)
I-fhig{dimethyvlaminomethyiene]-14-1,2 3-
HATU
triazolo{4, 5-bjpvridinium 3-oxide hexattuorophosphate
HBpin 4,45 Setramethyl-1,3,2-dioxaborolane
HMPA hexamethylphosphoramide
HGAc acetic acid
HPLC high pressure liquid chromatography
1Py iso-propvi
1P NEL or DIPEA N-gthvl ditsopropylamine (Himig s base)
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KGAc potassium acetate
LC MS, LEMS, LC- o

) , ] liguid chromatography mass spectroscopy
MS or LC/MS

LHMDS or LaHMDS

fithium hexamethyldisilazide

m/z mass divided by charge

Me methyl

MeCN acetoniirile

MeOH methanol

mg milligraros

min minutes

mL milliliters

M5 mass spectra

NMR nuclear maguoetic resonance

Pd{dppf)Cly DCM,

[Li-

bis{diphenviphosphino ferracene}dichloropalladium (i),

PdppOClz complex with dichloromethane
(1,17 -Bis{di-terr-
Pd(dtbphHHCL,
butylphosphineferrocene jdichioropadtadim {11}
Pd¢PPha)y tetrakis(triphenyiphosphine}palladium(0)
Ph Phenyl
PhMe tolucne
Pin pinacolato
PMEB 4-methoxybenzyl
rbf round-botton flask

(R)-MOP

{®R)-(+}-2-{diphenylphosphino)-2'-methoxy-1,1'-
binaphthvl

RP-HPLC

reverse phase high pressure liquid chromatography

RTortorrt

room temperature

sat. ot satd.

saturated

SFC

supereritical fluid chromatography
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(2-dicvelohexylphosphine-2',6'-dimethoxybiphenvl) [2-
SPhos Pd G3 {2"-amino-1, '-biphenypaliadiuzm(Il
methanesulfonate
{(SP-4-3y-{dicyclohoxyl(27, 6 -dimethoxyl 1, 1 ~biphenyl}-
SPhos Pd G4 2-yhphosphme-xf [(methanesulfonato-x G} 2
{methylamino-«Vif 1, I -biphenyl|-2-vl-«{(palladium
TBAF tetra-n-butylammonium fluoride
TBDPS terf-butvidiphenylsilyl
TBDPSCH tert-butylidiphenylsilyl chlonde
tBu teri-butyl
{(2-di-ferr-butylphosphine-2 4", 6’ -tritsopropyl-1,1'-
tBuXphos Pd G3 bipheny}-2-(2 -amino-1, '-biphenyl)] palladiam (i)
methanesulfonate
TC thiophene-2-carboxyvlate
TEA or BN tricthylanuine
Tt trifluoromethylsulfonyl
TFA trifluoroacetic acid
THF tetrahydrofuran
TIPS tritsopropylsilyi
Uv Ultraviolet
{{4,5-bis{diphenviphosphino }-9,9-dimethyixanthene)-2-
XantPhos Pd 3 (2"-amino-1,'-biphenvi}ipaliadium(If)
methanesulfonate
XPhos 2-dicyclohexylphosphine-2'.4" 6 -risopropyibipheny!
(2-dicyclohexviphosphino-2' 4,6 tmisopropyi-1, 1'-
XPhos Pd G3 biphenyD{2-(2 -amino- 1, 1"-biphenyl)palladiomdl)
methanesulfonate

General Analytical and Purification Methods

Provided 1 this section are descriptions of the general analytical and punfication methods used to prepare

the specific examples provided horein.
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Chromatography: Unless otherwise indicated, crude product-containing residues were purified
by passing the crude matenal or concentrate through cither a Biotage or ISCO brand silica gel column
pre-packed with flash silica (5102) and eluting the product off the colurn with a solvent gradient as

ndicated.

Preparative HPLC Method: Where so indicated, the compounds described herein were purified
via reverse phase HPLC using Waters FractiouLynx semi-preparative HPLC-MS systern utilizing ong of
the following two HPLC colummns: () Phenomenex Gemini columm (5 micron, C18, 15030 mum} or (b}
Waters X-select CSH column (5 micron, C18, 100x30 mm). A typical run through the instrument
inchided: chuting at 45 oil/min with a linear gradient of 10% (v/v) to 100% MeCN (0.1% v/v forouic acid)

in water (0.1% formic acid) over 10 nunuies; conditions can be varied to achieve optimal separations.

Proton NMR Spectra: Unless otherwise indicated, ali "H NMR spectra were coliected on a
Bruker NMR instrument at 300, 400 or 500 MHz. All observed protons are reported as parts-per-million
{ppm) downficld from tetramethylsilane (TMS) using the internal solvent peak as reference. Some 'H

signals may be missing due to exchange with D from MeQD, or due to signal suppression.

Mass Spectra (MS): Unless otherwise indicated, ali mass spectral dada for starting matenals,
intermediates and/or exemplary compoumds are reported as mass/charge (m/z), having an [M+H}+
molecular ion. The molecular ion reported was obtained by electrospray detection method (commonly
referred to as an ESI MS) utilizing a Waters Acquity UPLC/MS systern. Compounds having an isotopic
atom, such as bromine and the like, are generally reporied according to the detected sotopic pattern, as

appreciated by those skilled in the art.

Preparation of Intermediates

6-Methyl-1,4-pxazepan-6-0l hydrochloride Isomer 1 (Intermediate Al) and Isomer 2 (Intermediate
A2}
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0 PME-CH O:\\ ) K / Chiral
H‘R DIFEA N MeMgBr Separation
i
0 NH o T - \J """"""""""" > ~N, o T g

N CHCl 1 THE ( \)(
HCH P u
) \O/‘\ o OH .
Step 1 Step 2 Step 3
G, e
\/é\ N\ J Hy, PAIC
] A> HCWH0 H  Hol H o He
N /WN R /,N /,.—-N
(!;\)?/ o Her I )/ (\0 }’
DH =~ OH ™ OH ™ oH
Step 4
Peak 1 Peak 2 Intermediate A3 Intermediate A2

Step 1: 4-(d-Methoxybenzyi}-14-oxazepan-6-one, To a 20-mL vial was added 1 4-oxazepan-6-
one hydrochloride (0.30 g, 1.98 mmol, AA BLOCKS LL{), 4-methoxybenzyl chloride (0.37 g, 0.32 mi,
2.38 mumol, TCT America), DIPEA (0.77 g, 1.0 1al, 5.94 mmol, Sigma-Aldrich Corporation) and DCM
5 {19 mL). The reaction was stirred at rt ovenight. The crude material was purified by column
chromatography on a silica gel colomn, eluling with a gradient of [ - 80% 3:1 EtOAc/EIOH (with 1%
TEA} in heptane to provide 4-(4-methoxybenzyl)-1,4-oxazepan-6-one {0.43 g, 1.33 mmol, 92 % vield} as
colorless oif. mz (ESI): 236.2 (M+H)".
Step 2: 4-{d-Methoxybenzyl}-6-methyl-1,4-oxazepan-6-ol. To a 100-mL round-bottorn flask
18 was added 4-{4-methoxybenzyiy-1,4-oxazepan-6-one (4.87 ¢, 3.70 mmol} in THF (15 mL). The mixiure
was cooled to 0 °C before methylmagnesium bromide solution (3 M in Ef>(, 3.7 mi., 1.1 mmol, Sigma-
Aldrich Corporation) was added. The reaction was stirred for 1 h. The reaction mixture was diluted with
saturated NHCl €15 mL) and extracted with EtOAc {2 x 13 mL). The organic extract was washed with
saturated NaCl (15 mb) and dried over MgSQ0,. The solution was filtered and concentrated in vacuo to
15 give the crade material. The erude material was parified by column chromatography on silica gel, cluting
with a gradient of 0 - 50% 3.1 EtOAc/EtOH in heptanc to provide 4-(4-methoxybenzyl)-6-methvi-1 4-
oxazepan-6-ol (4.65 g, 2 39 numol, 70 % vield) as yellow oil. oz (ESI): 2521 (M+H)'
Step 3: Chiral separation. 4-(4-Methoxvbenzyl)-6-methyl-1 4-oxazepan-G-0l (0.65 ¢, 2.59

mmol} was purified via SFC asing a Chiraipak AD, 30 = 150 mm, 5 ym, cohunn with a mobile phase of
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20% methanol with 1.2% tricthylamine using a flowrate of 200 mL/min to generate 246 mg of peak 1
with an e of >99% and 292 mg of peak 2 with an ce of >99%.
Step 4: 6-BMethyl-14-oxazepan-6-01 hydrochioride, 4-(4-Methoxybenzyl}-6-methyl-1.4-

oxazepan-6-ol {0.24 g, 0.96 mmol, Peak 1) was dissolved in sthanol (5.8 mL}. Palladium on activated

5 carbon (0.25 ¢, 0.23 mmol, Sigma-Aldrich Corporation} and agquecus HC solution (2 N, 0.7 mL, 1.33
mmaol, Sigma-Aldrich Corporation) were added and the mixture stirred at rt under an atmosphere of He for
5 h. The catalyst was removed, and the solution was councentrated to provide 6-methyl-1,4~-oxazepan-6-ol
hydrochloride (quant. vield, isomer 1, Tntermediate Al). Isomer 2, Intermediate AZ was obtained by the
same method.
10

6-(Difluoromethyl}-1 4-oxazepan-6-ol hydrochloride Isomer 1 (Intermediate B1) and Isomer 2

{Intermediate B2)

e le]

o FMB-Ci Q:<\ ] Me,SICHF,, CsF, Ny Chiral
,,./LL\\ MRPEA N HMPA, TBAF Separation
O NH e 3o o T

AN CHaCl g \\3 2-MsTHF ( \k ;:
HCH
\Q/L/f b/ OF
Step 1 Step 2 OH Step 3
0 O
— —
2 e
N \,,'K Hg, PO
) HOWHLO w HCH u HCI
(—N r N F e NG g /»—N -
0\}’\"5: \(} o '/\F =or \Q ,J\/{F \b J\]((F
OH ]3] Ok OH
Siep 4
Peak 1 Peak 2 intermediate B1 Entermediate B2

Synthesized i an analogous manner to Intermediates Al and A2, with modification to Step 2: To
15 asolution of 4-{4-methoxybenzyvl}-1.4-oxazepan-6-one {0.97 g, 4. 14 mmol} in 2-MeTHF 20 mLjat 1t
was added HMPA (3.70 g, 3.70 mL, 20.68 mmol, Sigma-Aldrich Corporation} and cestum flooride (0.31
g, 2.07 mmol, Sigma-Aldrich Corporation), followed by (difluoromethyDrmethylstlane (1,50 g, 1.7 mb,
12 41 mmol, Oakwood Products, Ine ). The resulting mixture was stirred at 1t overnight. To the reaction
mixtere was added tetrabutylammonium fleoride solation (1.0 M THF, 8.3 mL, .27 mmol, Sigma-

20 Aldrich Corporation) and the resulting mixture was stirred at 1t for 1 h. The reaction mixture was diluted
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with water and extracted with DCM. The organie laver was concentrated and punified by colunin

chromatography, ehiting with a gradient of 0 - 609% 3.1 EtOAc/EtOH with 0.

afford 6-{difluoronmethyl}-4-(d-methoxybenzvl)-| . 4-oxazepan-6-ol {0.45 g,

~N G/

2 % Et:N in heptane to

1.57 mmol, 38 % wield) as

Hght brownish oil which was used directly without further purification. mz (ESI): 288.0 (M+H)"

5
Conditions for chiral SFC separation:
Separation SFL Conditions Peak to Int.#
E Column: ChiralPak AD (21 x 250 o,
. _( 0 5 um).
HO j Mobile phase: 35% Me(OH with 0.2% Peak It
EtzN. Intermediate Bi
Flowrate: 80 mL/min.
. Yicld: 545 mg sample was submitted Peak I
O to generate 73 mg of peak 1 with an ee Intermediate B2
~g of 99% and 87 mg of peak 2 with an ce
of 96%.
6-Ethyl-1,4-oxazepan-6-ol hydrochloride Isomer 1 (Intermediate C1) and Isomer 2 {(Intermediate
2y
0 0
9 PMB-C 0% Q Chiral
/’/u\\ DIPEA \\’?‘E EtMgBr {w Separation
é }‘,q R - . N ——————
s CHICly { THF ( /
HCH ot
. C:’/’\"7 O’ "
Step 1 Step 2 o Step 3
/O ,»"G
y,/f\ ;\
[\\/ J/j\ \(\f ,’K Hy, PAIC
- ] HOUH0 H  Hel H o Hol
~N /./N , T /.,—N J ~N
( \)Y ¥ ¢ 1/ EtOH ¢ LS < \J(f
O~""on O~ o O~""on O~""on
Step 4
10 Peak 1 Peak 2 Intermediate C1 Tatermediate C2

Synthesized i an analogous manner to Intermediates Al and A2,

Conditions for chiral SFC separation:
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Separation SFC Conditions Peak to Int.#
o Column: ChiralPak AZ 2 x 25 ¢cm, 5
______ N
um. eak 1-
HO ( j Mobile phase: 13% MeOH, e
N Flowrate: 8¢ mL/min. *
/ﬁ’) Yield: 400 mg sample was submitted Peak 2-
1o generate 163 myg of peak 1 with an ) .
- )\‘\’/”/B ce of 999% and 163 mg of peak 2 with Intermediate €2
o an ¢e of 99%,

2,3,6,7-Tetrahydro-1H-azepin-3-ol hydrochloride (Intermediate I3}

. O 4 OH
) NaBH, HOH
Cian -“O F g‘ - ----O »
LN THF J-N || TRADCM HN ]
Step 1 Rtep 2
Intermediate
Step 1: tert-Butyl 3-hvdroxy-2,3,6,7-tetrahydro-1 H-azepine-1-carboxylate. To a 25-mL
round-botiom flask was added reri-butyl 3-0x0-2,3,6,7-tetrahvdro-1 H-azepine-1-carboxylate (75 mg, 0.36
mmal, AstaTech, lne) and soduim borohydride (40 mg, 1.07 mmol, Sigma-Aldrich Corporation} in THF
{1.8 mL}. A small amount of MeOH was added. The reaction was stirred at rt for 1 b, The reaction
mixture was diluted with sat’d NHyCl (10 mL) and extracted with BtOAc (2 x 10 mL). The organic
extract was washed with sat’d NaCl (10 mL} and dried over Mg50,. The solution was filtered and
concentrated in vacuo to give the crude matenial, which was used direcily in the subsequent step. m/z
(ESI): 236.2 (M+Na)'.
Step 2: 2,3,6,7-Teirahydre-1 H-azepin-3-ol hydrochloride. The above mentioned material was
dissolved in BCM (2 mL). TFA {2 mL) was added to the mixturg at 0 °C. The reaction was stirred for T h
The nuxture was fully concentrated under reduced pressure. | N HCI (1.0 mb) was added, and the

material was Iyophilized to give 2,3,6,7-tetralrydro-1H-azepin-3-ol hydrochlonde.

3-Methylazepan-3-ol hydrochioride Isomer 1 (Intermediate K1) and Isomer 2 (Intermediate E2}
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Q A
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&\/\fo\rx_o Ao M,c)
i

N e | O0EC Chiral i o
(/'JN\. EHPEA /-“N Separation (*‘N N
O - ~ 1-
\ \ Y
OH THE OH ™" oH ~ o
Step 1 Step 2 Peak 1 Poak 2
Hy, PA/C
HOUHO
H H
_________________ . __Ho H o Ho
/ N
EtOH ,\L }/ ( »
) DH \/\@H
Siep 3
Intermediate £3 Intermediate B2

Step 1: Benzyl 3-hydroxy-3-methylazepane-i-carboxylate, To a 100-mL round-bottomed flask
was added 3-methylazepan-3-of hvdrochlonide (0.25 g, 1.51 munol, Asta-tech), benzvl chloroformate

{0.28 g 0.24 mL, 1.66 nunol, Gakwood Products, Inc.}, BIPEA (0.39 g, 0.8 mL, 4 53 mmol, Sigma-

("

Aldrich Corporation) and THF (5.0 mL}. The reaction was stirred at 1t overnight. The solution was
concentrated i vacuo. The crude material was purified by column chromatography on silica gel column,
chiting with a gradient of 0 - 100% EtQOAc in hexane to provide benzyl 3-hydroxy-3-methyiazepanc-1-
carboxvlate (0.33 g, 1.25 mmol, 83 %96 vield) as coloress oil. mz (EST): 264.2 (M+H)Y"
Step 2: Chiral separation. Benzvl 3-hydroxy-3-methylazepane-1-carboxylate {0.24 g} was
16 ponfied via SFC using a Chiralpak IG, 21 x 230 mm, 3 pm. column with a mobile phase of 20%
methanol with 0.2% tricthylamine using a flowrate of %0 mL/min to generaie 89 myg of peak 1 with an ¢e
of >99% and 91 mg of peak 2 with an ce of >99%,
Step 3: 3-Methylazepan-3-ol hydrochleride. Benavl 3-hydroxy-3-methvlazepane-1-carboxylate (89 mg,
.34 mmol, Peak 1} was dissolved m ethanol (1.7 mL). Falladium on activated carbon (74 mg, 0.07
15 mmol Sigma-Aldrich Corporation} and agueous HCI solution (1 N, 0.2 mi, 0.42 mmol, Sigma-Aldrich
Corporation) were added and the mixture stitred at 1t under an atmosphere of Hy for 10 h. The catalyst
was removed, and the solution was concentrated to provide 3-methvlazepan-3-ol hydrochionde (isomer 1,
Intermediate £, 60 mg, 0.36 mmol). Isomer 2, Intermediate K2 was obtained by the same method.
m/z (EST): 1302 (M+H)".
20



WO 2023/159086 PCT/US2023/062687

- B3 -

tert-Buotyl (d-(6-chlore-8-fluore-2-{{(2R,7a%)-2-uorstetrabydro-1 H-pyrrolizin-Ta{S H vl imethoxy}-

4-(methyithis)quinazolin-7-yi}-3-cyano-7-fluerobenzofblthiophen-2-viicarbamate {Intermediate F,

Fi, F2)
s
s
O.,.0
B oN
) P
a;"‘*\ it }fg'NHBm
o S
L e™oh i
Ci - [\{ / - -
: . s -y 8  Pdy{dbal, (R}MOP
N';\ e E o] NadMe N_)\\’;\/E(C! DIFEA F,,_ N (;\{C: KaP g
[ N s -3 P T I o ! R
o SN THFH,0 o Sy \r ~Br THFIDMF 4 /{\G,&N N g 1 4-dioxane
F = NL_/ F
Step 1 Seep 2 Step 3
S/ S'/
E WP el E NN
[ﬁ /L‘\\ 2, ; Separation / &‘\ N R i e
o NN . Deparglion o (A0 N
NL F i o N\..__/ £ =l ;‘{\
w4 NG F NC““( F
N d \ ¢
Step 4 Ve
BacHN BocHN
peak 1 peak 2
Intermedinte ¥ Inmtermedinte F1 Intermedinte F2
3 Step 1: 7-Bromo-2,6-dichloro-8-flaoro-4-{methylthisjquinaszeline. To a stimming solution of 7-

bromo-2 4, 6-trichloro-8-flusroquinazoline (2.30 g, 6.96 mmol, Advanced ChemBlocks Inc.} in THF (25

mi) at 0 °C was added sodium methanethiolate (0.54 g 7.66 mmol, Sigma-Aldrich Corporation) in water

{6.0 mL}. The reaction was then stirved at 5t for T h. The precipitate was collected by filiration and washed

with heptane to afford 7-bromo-2, 6-dichloro-8-flnoro-4-(methylthio)quinazoline (1.60 g, 4.68 mmol, 67
0 % vield) as off-white solid. m/z (ESI): 342 8 (M+H)"

Step Z: 7-Bromo-6-chloro-8-fluoro-2-({(2R,7a8- 2 -fluorstetrahydro-1 H-pyrrolizin-Ta(3 H)-
vimethoxyi-4-(methylthiojguinazeline. A mixture of 7-bromo-2 6-dichloro-8-flusro-4-
{methylthio)guinazoline (1.60 g, 4 68 mmol}, {28, 7a8)-2-fluorstetrahvdro-1 H-pyrrolizim-7a{S5 /-
yhmethaao!l (1.12 g, 7.02 mmol, LabNetwork), and DIPEA (2.42 g, 3.27 mL, 18.71 nunol, Sigma-Aldrich

15 Corporation) was stirred in acetonitribe (20 mbL) at 80 °C overnight. The precipitate was collected by
filtration and washed with heptane to obtain 7-bromo-6-chloro-8-fluoro-2-{{((2R,7a8)-2~fluorotetrahydro-
1H-pyrrolizin-7a(SH vimethoxy -4-(methylthio)qumazohne (1.18 g, 2.55 mmol, 34 % vicld} as orange

solid. m/z (ESI): 464.8 (M+H)'".
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Step 3: fert-Butyl {(4-(6-chloro-8-fluoro-2-{{{(2R,7a8)-2-fivoretetrahydro-1 H-pyrrolizin-
Ta(8H)}-vhmethoxy}-4-(methvithio)quinazolin-7-yi-3-cyanc-7-fluorchenzo[blthiophen-2-
vhcarbamate. Potassunn phosphate (0.91 g, 430 mmol, Combi-Blocks Ine.}, (#)-{(+}-2-

{diphenylphosphino)-2'-methoxy-1,1-bmaphthvi (81 mg, 0.17 mmol, Strem Chenucals, Inc.),

("

bis{tns(dibenzylidencacetoneypailadium{0} (79 mg, 0.09 mmol, Sigma-Aldrich Corporation), 7-bromo-6-
chloro-8-tluore-2<{(({2R, 7a8)-2-fluorotetrabhydro- L H -pyrrolizin - 7a(S H)-vDmethoxy }-4-
{methylthicjquinazoling {0.40 g, 0.86 nunol}, and rert-butyl (3-cyano-4-(5,5-dunethyl-1,3,2-
dioxaborinan-2-y1}-7-fluorebenzofbithiophen-2-vl)carbamate {0.76 g, 1.72 mmol, PharmaBlock) were
mixed in | 4-dioxane (6.8 mL}. The reaction mixture was stirred at 80 °C for 1 h. The crude mixtare was
16 paurified by column chromatography on silica gel, eluting with a gradient of 0 - 50% 3:1 EtQAc/EtOH in
heptane with 2% trethylamine as additive to vield rerr-butyl (4-(6-chloro-§-fluoro-2-({((2R,7a8)-2-
fluorctetrabvdro~- 1 -pyrrolizin-Ta{S Hy-viymethoxv-4-(methylthio)quinazobin-7-y13-3-cyano-7-
fluorchenzo{bithiophen-2-yhcarbamate (Intermediate F, 0.24 g, 0.35 mmol, 41 % yield). m/z (EST):

675.7 (N+H)".

13 Step 4: Chiral separation. Conditions for chiral SFC separation:
Separation SFC Conditions Peak to AMGH
g Danls 1
Column: O CO4 (21 x 250 pum, 3 pm) {mi ;i\ ji te
/r \ T Mobile phasy 359% MeOH with dicﬁwialmnc rmediaie
< k;’\o sz"\r \/\ ; Fi
N7 I P Flowrate: 100 ml/min.
AW Yield: 827 me sample was submitted to generate 264 mg Poak -
W of peak 1 with an ce of 99% and 302 mg of peak 2 with an : Ta “
e 6% Intermediate
o - feeoff i

Experimental Procedures
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2-Amino-4-{4-(azepan-1-yi}-6-chioro-8-fluore-2-({(2K,7a8})-2-fluorctetrahydro-1 H-pyrrolizin-

Ta(8H)}-vDhmethoxy)guinazolin-7T-y)-T-flusrebenzo{hlthiophene-3-carbonitrile (Example 1}

()

PrNELy
e

MeCN

Step 2

/}\vx‘ici F«, NP Gl
{ () X ARy AN,
TRAICH,Cla LAWY ™S

C’ ‘ s Step 3

Example 1
Step §: sert-Butyl (-cyano-4-{4,6-dicklore-8-fluoro-2-(({(2R,7a8)-2-lluorotetrabyvdro-154-

5 pyrrohizin-Ta(SH)-yhmethoxy)quinazolin-7-yi}-7-fluorobenzo(blthiophen-2-vhcarbamate. To a
solution of ferr-butyl {4-{6-chloro-8-fluoro-2-(({2R,7aS8)-2 -fluorctetrahydro- L -pyrrohizm-Ta{ 57}~
yhmethoxy }-4-(methylthioyqunazohin-7-y1}-3-cvano-7-fluorcbenzolb thiophen-2-vljcarbamate (37 mg,
0.08 mmol, Intermediate ¥) in DCM (2.0 mL) at 0 °C was added sulfuryt chlonide (1.0 M s DUM, 0.25
ml., .25 mmol, Sigma-Aldrch Corporation} slowly. The reaction mixture was stured at 0 °C for 1 h. The

10 reaction mixture was concentrated under reduced pressure without heating. The crude product was used
directly in the next step. mz (ESE): 664 0 (M+H)™

Step 2: tert-Butyl {(4-(4-{azepan-1-y)-G-chioro-&-fluore-2-({(2H,7a¥)- 2-fluorotetrahydro-1H-

pyrrofizin-Ta{5H}-yDmethoxylquinazolin-7-yi}-3-cvane-7-fluorobenze[lthiophen-2-yijarbamate.
To a solution of ferr-butvl (3-cvano-4-(4,6~dichloro~-8-fluore-2-({(2R,7a5)-2-fluorotetrahvdro-1 H-

15 pymolizin-TaSHy-vUmethoxyiguinazohn-7-y1}-7-fluorobenzol b fthiophen-2-vhicarbamate (19 mg, 0.03
mmol} in acetonitrile (1.0 mL) was added DIPEA (11 mg, 0.08 mmol, Sigma-Aldnch Corporation) and
hexamethyiencimine (5.6 mg, 5.6 pL, 8.06 mmol, Combi-Blocks Inc.). The resulting mixture was stirred

at 1t for I b, The reaction nuxture was purified by reverse phase HPLC to afford ferf-butyvl (4-(4-(azepan-



("

10
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1-y1}-6-chiloro-&-fluoro-2-({((ZR,7a8)-2-flucrotetrahydro- 1 H-pyrrolizin-7Ta(5 H)-viimethoxv quinazolin-7-
vi}-3-cvano~7-flucrabenzolh fthiophen-2-vi)carbamate {14 mg, 0.02 mmol, 69 %) as hight vellow solid.
miz (ESTY: 727 2 (M+H)"

Step 3: 2-Amino-4-{4-{azepan-1-yl}-6-chloro-8-fluoro-2-({{2R,7a%)-2-flusroteirahydro-1 -
pyrrolizin-Ta{SH}-yhmethoxyjquinazclin-7-y1}-7-fluorobenzo[bithiophene-3-carbonitrile. fer/~Butyl
{4-{4-{azepan-|-yi}-6-chloro-8-fluoro-2-{{{2R, 7aS)-2-fluorctetrabydro-1 H-pyreolizin-7a{ 534)-
vhmethoxyiquinazolin-7-yi}-3-cyano-7-flucrobenzob jthiophen-Z-ylcarbamate {14 mg. 0.02 mmol} was
digsolved in DM (0.5 mL} and tnflucroacetic acid (0.3 mL}. The reaction mixture was stirred at 1t for |
h. The reaction mixture was concentrated under reduced pressure. The crude product was purified by
reverse phase HPLC to afford 2-amino-4-(4-{(azepan-1-y1}-6-chloro-8-flusro-2-(({2 R, 7a8}-2-
fluorotetrabvdro-1 H-pyrrolizin-Ta(SH)-vymethoxy)quinazolin-7-yh-7-fluorobenzo| 6 [thiophene-3-
carbonitrile as bis(2,2,2-trifluoroacetate} and as light yellow solid (8.1 mg, 9.47 pmol, 34 %). m/z (ESI):
627.0 (M+H)". "H NMR (400 MHz, METHANOL-¢) S ppm 8.13 (&, J=19Hz, 1 H), 7.22- 727 {m, 1
Hy, 7.07{dd, J=93, 85 Hz, 1 H), 542-568(m, 1 H}, 454-475(m, 2H),404-412{m, 4 H), 383 -
40 (m, 3HL343-352(m, 1H),254-272(m, 2H), 231 -248{m, 3 H), 2.10-2.22 (m, 1 H}, 2.06
(brs, 4 H), 1.69- 178 (m, 4 H).

Table 2: Additional Examples 2 to 54, 65 to 67, Prepared in an Analogous Manner to Example L

}L;L Structure Mame Fiii; Reagent ?f;;i;i
2 ~L N 2-Amino-4-{6- | Bis(2, | Step 2: 2-oxa- Crode
L chioro-8-fluore- | 2.2~ 7- product
. Mﬁv o 2((2R Ta8)-2- | trifluo | azaspiro[4.5]d | from Step
PPN /\ﬁ% ‘ ﬂuoruieixahyﬁm» soacet ceane P was
/\N’V;\O NS UH-pyrrohizin- ate) | hydrochloride | camied to
(o N \"7” ~p Ta(5H)- {CASH#: Step 3 after
e viymethoxyi-4- 374798-37-6, | concentrati
z (2-oxa-7- Enamning) on without
azaspiro[4.5}deca purification
n-7-
vquinazolin-7-
viy-7-
fluorobenzo|blthi
ophene-3-
carbonitrile
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3 LN 1-(7-{2-Amino-3- | Bis(2, Step 2; Crude
¢ cvano-7- 2.2- azepang-4- product
Sy fluorobenzo[Althi | tnfluo | carbonitrile from Step
E NN ophen-4-yl}-6- | roacet | hydrochloride 2 was
(’; Lgmg,lm/&;&ﬁﬂ\l g};iq;‘m&ﬂuom— ate) N (}(;AS#{: | Nqamed to
9 | 2A((2R 725)-2- 1289062-50-4, | Step 3 after
NC”{‘;} F fluorotetrahvdro- AstaTech, Inc) | concentrat
HN [ H-pyrrolizin- on without
Ta(5H)- purification
viimcthoxy)quina
2olin-d-
vijazepane-4-
carbomtrile
4 g’f i 2-Amino-4-(6- | Bis(2, | Step 2 (R)- Crude
S chioro-8-~fluore- 2,2~ azepan-~3-ol product
E WP (2R 7a8)-2- | trifluo {CASH: from Step
(%){\0 " ’:L\ fluorotetrahydro- | roacet | 1956435-23-8, 2 was
Ll g ,,L L H-pyrrohizin- ate) F&W carried to
! NC""”\:\é’/ F Ta({5H)- Pharmlab} Step 3 after
HN yhmethoxvi-4- concentratt
{(#-3- on without
hydroxyazepan- purification
T-vlguinazohin-
7-y1}-7-
fluorobenzo&thi
ophene-3-
carbonitrile
5 4 m\l.‘\OH 2-Amino-4-(6- | Bis(Z, | Step 2: (S»- Crude
R chloro-&-fluoro- 2.2- azepan-3-ol product
E N;J\Ifr-cl 2-{({2R,7a5)-2- | tnfluo {CAS# from Step
(“\ N Tl N ﬂuomtetmhys;lr& roacet 1923{}596@_& 2 was
N £ /\;\ 1 H-pyrrolizin- ate) TeW carried to
' NCN>\.—§ F Ta(SH)- Pharmlab} | Siep 3 after
HaN vhmethoxyjy-4- concentrat
{(5)-3- on without
hydroxyazepan- purification
-yDguinazolin-
T-y1)-7-
fluorcbenzobithi
ophene-3-
carbonitrile
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5 \FQ 2-Amino-4-{6- | Bis{2, Step 2: 1.4~ Crude
chloro-Z-fluoro- 2.2- oxazepan-6- product
£ PN 2-(((2R7a8)-2- | trifluo one from Step
7 /a N e ]\ fluorotetrahydro- | roacet | hydrochloride 2 was
\K{\ ° 1H-pyrrohizin- ate) {CASH: carried to
- NC"(\ Ta(SH)- 2306263-53-0, | Step 3 after
ol viymethoxy-4- AA BLOCKS | concentrati
. {6-0x0-1.4- LLG) on without
oxazepan-4- purification
vijguinazolin-7-
g7~
flaorobenzoibith
ophene-3-
carbonitrile
7 HO 2-Amino-4-(6~ | Bis(2, | Step 2: rac- Crude
Q chloro-8-fluoro- | 2.2~ | (IRSR6R-3- | product
\\ij 2-{({2R.7a8)-2- | trifluo | azabicyclo}3.2 | from Step
E, NP .’/r\fm fluorotetrahydro- | roacet | . 1joctan-6-0l 2 was
{ ey \NA\EJ ~ 1H-pyrrolizin~ ate} | hydrochloride | carried to
“.‘i\ g4 Ta(5H)- (CAS#: Step 3 after
~ N T T vhimethoxy)-4- 267%949-46-1, | concentrati
At {rac-{1R 3R 6R)- Enamimne) on without
&-hydroxy-3- purification
azabicyciof3.2. 1}
octan-3-
vi)quinazolin-7-
yl)—_/’,
fluorchenzo{fithi
ophene-3-
carbonitrle
8 \/W\I:;O 2-Amino-4-{6- | Bis(Z, Step 2: Crude
R chloro-&-fluore- 2.2~ AZepan-3-0n¢ product
3 NN 2-(((2R,7a8)-2- | trifluo | hydrochloride | from Step
(T — b | N fluorotetrabvdro~ | roacet {CASH: 2 was
NL/§\ £ /;\ 1 H~pyrrolizin- ate) 63326-34-7, carried to
NG 4 F Ta(5H)- Combi-Blocks | Step 3 after
Ry yhmethoxyy-4- inc.) concentrati
(3-oxoazepan-1- on without
viguinazolin-7- punfication
vi}-7-
ﬂuombcnzo{ it
opheng-3-
carbonitrile
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9 N 2-Amino-4-(6- | Bis{2, | Step 2: 115 Crude
{3 ?;o chloro-4-(1,1- 2.2 thia-7- product
N dioxido~1~thia-7~ | tnfluo | azaspiro[4 4]n | from Step
E \ i f\v’c azaspirci4.4inona | roacet onang-1,1- 2 was
<N.)<\o)“n’ \ /\E A n-7-y1y-8-thioro- ate) dione carmried to
L/ M 2-{((2R Ta8-2- hydrochloride | Siep 3 after
> fluorotetrahvdro- (CASH: concentrati
it VH-pytrolizin- 2089257-89-4, | on without
Ta(5H)- Enamineg} purification
viimcthoxy)quina
zohin-7-y1}-7-
flaorobenzoibith
ophene-3-
carbonitrile
16 2-Amino-4-(6- | Bis(2, | Step 2: 125 Crude
chloro-4-{1,1- 2,2~ thia-6- product
E dioxido-1-thia-6- | trifluo | azaspirs{3.5jn | from Step
[ azaspiref3.5inona | roacet onane-1.1- 2 was
B n-6-y1}-8-fluoro- | ate) dione carried to
d 2~{((2R,TaSy-2~ hydrochlonide | Step 3 after
fluorotetrahvdro- {CASH: concentratt
1H-pyrrolizin- 1936207-13-4, | on without
Ta(5H}- ChemSpace) | purification
yhmethoxy)goina
zobin-T-yi}-7-
fluorobenzo&thi
ophene-3-
carbonitrile
i L 1-(7-(2-Amino-3- | Bis(Z, Step 2: 3- Crude
C‘z : cyanc-7- 2.2- methyi-3- product
N fluorchenzo{fithi | tnfluo | pipendinecarb | from Step
E !\,2\ Ol ophen-4-yh-6- | roacet oxamide 2 was
{ o )§N )\\I/ ‘ chloro-8-fluore- ated hydros:higride carried to
g DA )| 2(2Rr7a89)-2- (CAS#: Siep 3 after
- NG (;Y/ | fluorotetrahydro- 1315499-98-9 | concentrani
sl 1H-pyrrolizin- AABLOCKS | on without
Ta{5H}- LLO) purification

yvixnethoxy)quina
zohn-4-y1}-3-

methylpiperidine-
3-carboxamide
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12 Q',S/,? {(3R)-1-(7-(2~ Bis(Z, | Step 2: 3R)- Crude
dhaa Amino-3-cvano- | 2,2- | piperiding-3- product
N 7- trifluo | sulfonamide | from Step
E NJ @ G fluorobenzolblthi | roacet | hydrochloride 2 was
(C)SAU \Nf*‘\\T N ophen-4-yiH-6- ate) {CASH: carmried to
N E A )\F chioro-8-fluoro- 2416219-36-6, | Step 3 after
Y-é 2-{{({(2R,7a8)-2~ Fnamine) concentrati
g fluorotetrahydro-~ on without
1H-pyrrolizin- purification
Ta(SH)-
yhmethoxy)goina
zolin-4-
vhpiperidine-3-
sulfonamide
13 ’\Ef’g 2-Amino-d-{6- | Bis(2, Step 20 1,6~ Crude
Jrn chioro-8-fluoro- 2,2~ | diazaspirof3.5 product
/’}i’ 2-({2R 7aS}-2- | tnfluc | jnonan-Z-one | from Step
& s NZ jf’\ﬂ/m fluorotetrahydro- | roacet (CAS#: 2 was
x@@o’kw"\( \;/‘ﬁ\ [H-pvrrohzmn- ate) | 1567085-15-7, | camed to
(- e /Y F Ta{5H)- Phaomablock, | Step 3 after
M\\ws methoxyvy-4- fnc) concentratt
/ i Y ,
Hghd {2-0x0-1,6- on without
diazaspiro{3.3ino purification
nan-6-
vi)quinazolin-7-
vhy-7-
fluorobenzo|blthi
ophene-3-
carbonitrile
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14 C‘z\s:, 2-Amimo-4-(6~ | Bis(2, Step 2. 2- Crude
[ chloro-8-fluoro- | 2.2- | methanesulfon | product
L/N:E (2R 7a8)-2- | trifluo yi-2.6- from Step
£ . B NP fluorotetrahydro- | roacet | diazaspirof3 3 2 was
-~ NP 1H-pyrrohizin- ate) { nonane carried to
(‘N’ o w \,E/ f\\,}\ TalSH)- trifluoroacetic | Step 3 after
L NG 4 yimethoxy-d- acid (CAS#: | concentrati
e (2- 1360427-18-4, | on without
{methylsultonyl}- Enaming} purification
2,6~
diazaspiro{3.5no
nan-H~
viguinazolin-7-
v)-7-
fluorchenzo{fith
ophene-3-
carbonitrile
is /W\K%,,o 1{7-(2-Aminc-3- | Bis(2, Step 2: Crude
S cvang-T- 32~ azeane-3- product
. j‘\/ o fluorobenzofblthi | trifluo | sulfonamide | from Step
e j‘: /I/ ophen-4~yvh-6- | roacet | hydrochlonde 2 was
4N/‘<\o SN S chloro-8-fluoro- | ate) {CASH: carried to
L AN L 2R, T2 1934897-50-9, | Step 3 after
3‘—*3' fluorotetrabydro- ChomSpace | concentrati
ot | H-pyrrolizin- on wrthout
Ta(SH)- purification
viymethoxy)guina
zolin-4-
viyazepaneg-3-
sultonamide
16 2 Z-Amino-4-{f- Big(?, Step 2: 4- Crade
N chioro-8-fluoro- 2.2- | perthydroazept product
\\N'J 2-{({2R 7a8)-2- trifluo none from Step
E, N&‘\%Yf‘! fluorotetrahydro- | roacet | hvdrochloride 2 was
[3{\0/ \NAT‘ A 1H-pyrrolizin- | ate) (CAS#: carried to
N ) £ m/i\r&l Ta(5H)- 50492-22-3 | Step 3 after
NG §\_,é ¥ yiymethoxy}-4- Aagile Labs | concentrats
HoN {4-oxoazepan-1- Division of on without
vhguinazolin-7- Tvger purification
vI-7- Scientific)
fluorobenzo|blthi
ophene-3-
carbonitrile
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17 P 2-Amino-4-(6- | 2,2.2- | Step 2. l-oxa-
\?\:/NH chloro-Z-fluoro- | trifluo 3,7-
E/E 2-(({2R,7a85y-2- | roacea | diazaspirof{4.3
e I; ol fluorotetrahydro- te {decan-2-one
s lj\@ | H-pyrrolizin- (CASH:
NS TN \;;Aj\ Ta(SH)~ 1308384-36-2,
s mg—(\f F | ylimethoxy)-4- ChemSpace)
lan {2-ox0-1-0xa-3,7-
HaN . L
diazaspiro}d 5ide
can-7-
viguinazolin-7-
yli-7-
fluorcbenzolfth
ophene-3-
carbonitrile
18 2-Amino-4-{6- Bis( Step 2. 1.5-
chloro-&-fluoro- | 2.2.2- OXAZGLANe

2-{((2R 7a8-2- | tnfluo (CASH#:
fluorotetrabvdro~ | roacea | 107261-17-6,

1H-pyrrolizin- e} Princeton
Ta(5H)- BioMolecular
yhmethoxy}-4- Regearch,
{1,3-oxazocan-5- Inc.) and rere-
yviguinazolin-7- butyl {(4-(6-
vl-7- chloro-8-
fluorobenzo&thi fluoro-2-
ophene-3- ({28, Tas)-2-
carbonitrile fluorotetrahyd
fo-1H-
{somer | pyrrolizin-
Tal{5H}-
vymethoxy)-
4~
{methvlthiclq

uinazohin-7-
yh-3-cyano-7-
fluorobenzolb
Jthiophen-2~
ylicarbamate
(Intermediate
i)
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19 2~-Amino-4-(6~ Bis{ Step 2. 1.5-
chloro-8-fluoro- | 2,2.2- OXAzZOCANG
(2R 7a8)-2- | trifluo (CASH:

fluorctetrahydro- | roacca | 107261-17-6,
1H-pyrrohizin- e} Princeton
Ta(5FH)~ BioMolecular
ylymethoxy -4~ Rescarch,
{1,5-oxazocan~5~ Inc.) and feri-
viquinazolin-7- butyl (4-(6-
yii-7- chlore-§-
fluorobenzo|bithi fluoro-2-
ophene-3- ({28, 7a8)-2-
carbomtrile fluorctetrahyd
ro-1H-~
Isomer 2 pyrrolizin-
Ta{5H)-
yviymethoxy)-
4~
{methvithiolq
uinazolin-7-
yid3-cyano-7-
fluorobenzolb
fthiophen-2~
vijcarbamate
{Intermediate
F2)

20 2-Amino-4-{G- Bis{ | Step 2: -oxa-
chioro-8-fluore- | 2,2.2- 6~
2-((2R Tad)2- | wifluo | azaspiro{3.5n
fluorotetrahvdro- | roacea onang
UH-pyrrolizin- e} hydrochloride

Ta{5H)- (CASH#:
viimcthoxyi-4- 1936354-49-6,
(}-0xa-6- Enamine}
azaspiref3.5inona
n-6-
vi)quinazolin-7-
yb-7-
fluorobenzo|blthi
ophene-3-
carbonitrile
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23 rert-Butyl (4-(4- Free | Step 2. 9-oxa-
{(Y-oxa-3- base 3-
azabicvelo[4.2 .11 azabicyclof4 .2
nonan-3-ylj-6- A{nonane
chioro-8-fluoro- hydrochloride
2{({2R Tasy-2- (CASH:
fluorotetrahvdro- 1949816663,
[ H-pyrrolizin- ChemSpace)
Ta(5H)-
viimcthoxy)quina
zohin-7-yi}-3-
cvano-~T-
fluorcbenzolfth
ophen-2-
yDcarbamate
22 2-Amino-4-{6- Bis( Step 2: 6- Clural
chioro-8-fluore- | 2,2.2- | methyl-1,4- separation
2-{((ZR,Ta8y2- | triflue | oxazepan-6-of | after Step
fluorotetrabvdro~ | roacea | hydrochloride | 2. Details
1H-pyrrolizin- e} isomer | meluded
Ta(5H)- {Intermediate below.
vhmethoxy)-4- Al

{(6-hydroxy-6-
methyi-1,4-
oxazepan-4-

vi)quinazolin-7-
yl)—_/’,
fluorchenzo{fithi
ophene-3-
carbonitrile

fsomer |
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23 2-Anmine-4-{6- Bis( Step 2. 6- Clural
chloro-%-fluore- | 2,2.2- methyl-1,4- separation
2-{({2R7a85)-2- | trifluo | oxazepan-G-of | after Step
fluorctetrahydro- | roacca | hydrochloride | 2. Details
1H-pyrrohizin- e} 1somer 1 inchyded
Ta(5FH)~ {Intermediate below.
viymethoxy-4- Al}
{6-hydroxy-6-
methyl-1.4-
oxazepan-4-
viguinazolin-7-
vi-7-
fluorcbenzolfth
ophene-3-
carbonitrile
{somer 2
24 2-Aming-4-{6- Bis( Step 2: 6-
chioro-8-fluore~ § 2,2,2- | methyi-1,4-
2-(((2R,7aSy-2- | trifluo | oxazepan-6-ol
fluorotetrabvdro- | roacea | hydrochloride
1H-pyrrolizin- e} isomer 2
Ta{3H}~ (Intermediate
yhmethoxyy-4- A2}

(6-hydroxy-6-
methyl-1,4-
oxazepan-4-

vijuinazolin-7-
yD-7-
fluorebenzolbithy
ophene-3-
carbonitrile

Mixture of
Isomer 3 and 4
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25 2-Anmine-4-{6- Bis( | Step 2. 1064~
chioro-4-{1,1- 2,2.2- thiazepane-
dioxido-1,4- tritluo i,1-dione
E, thiazepan-4-vi}- | roacea | hydrochloride
/ &-fluoro-2- te) {CAS#:
. (2R, 7a%)-2- 595597-04-9,
fluorotetrahvdro- Enamine}
[ H-pyrrolizin-
Ta(5H)-
viimcthoxy)quina
zohin-7-y1}-7-
flaorobenzoibith
ophene-3-
carbonitrile
26 2-Aming-4-{6- Bis( Step 2
chioro-8-fluore- | 2,2,2- piperidine
2-(({2R.7a8y-2- | tnfluo | (CASH: 110-
fluorotetrahydro- | roacea §9-4,
[H-pvrrohzmn- te) Spectrum
Ta{5H})- Chemicals &
yhmethoxy}-4- Laboratory
{piperidin-1- Products)
vijguinazohin-7-
yh-7-
fluorobenzo[bith
ophene-3-~
carbonitrile
27 2-Amino-4-{6- Bis( Step 2: 3-
chioro-8-fluoro- § 2.2.2- | fluoroazcpanc
4-(3- triffuo | hydrochioride
fluorcazepan-1- | roacea (CASE:
yvI-2-(((2R . 7a5)- e} 18668-74-1,
2- Enamine}
fluorotetrahydro-
1H-pyrrolizin-
Ta(5H)-
yvixnethoxy)quina
zohm-7-yi}-7-
fluorcbenzobithi
ophene-3-
carbonitrile
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28 2-Anmine-4-{6- Bis( Step 2: 3-
chloro-%-fluore- | 2,2.2- | methvlazepan-
(2R 7a8)-2- | trifluo 3-0}
fluorotetrahydro- | roacea | hydrochloride
1H-pyrrohizin- e} Isomer 1
Ta(5FH)~ {Intermediate
ylymethoxy -4~ ED
(3-hydroxy-3-
methyvlazepan-1-
vijguinazolin-7-
g7~
flaorobenzoibith
ophene-3-
carbonitrile
Isomgr 1
29 2-Amino-4-{6- Big( Step 2
chloro-8-fluoro- | 2,2.2- 2.3.6,7-
E (2R Ta85)2- | tnfluc tetrahydro-
/ fluorotetrahydro- | roacea | 1H-azepin-3-
N H-pyrrolizin- tc) ol
Ta(5H)- hvdrochloride
viymethoxyy-d- (Intermediate
(3-hydroxy- B)
2,3.6,7-

tetrahydro-1H-
azepin-1-
vijuinazolin-7-
yD-7-
fluorebenzobith
ophene-3-
carbonitrile
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kIH 2~-Amino-4-(6~ Bis{ Step 2. (R)-
chloro-8-fluoro- | 2,2.2- | |1 4joxazepan
(2R 7a8)-2- | trifluo | -6-0l (CASH:
fluorctetrahydro- | roacea | 1022915-33-8,
1H-pyrrohizin- e} JEW
Ta(5FH)~ Pharmlab)
viymethoxy-4-
({B)-6-hydroxy-
1 4-oxarepan-4-
vijguinazolin-7-
g7~
flaorobenzoibith
ophene-3-
carbonitrile
31 2-Amino-4-(4- Bis( Step 2
{azocan-1-yl}-6- | 2,2.2- azocanc
chioro-&-fluore- | trifluc | (CAS# 1121-

roacea | 92-2. Aldrich)
fluorstetrabydro-~ te)
1H-pyrrolizin-
ol Ta(5H)-
¢ yhmethoxy)quina
zotin-7-yi3-7-
fluorobenzoibjthi
ophene-3-
carbonitrile
32 2-Amino-4-{6- Bis( Step 2. (S)-
chloro-8-fluore- | 2.2,2-

2-{({2R,7a8)-2- | tnfluo | -6-0ol {CASH:
fluorotetrabiydro- | roacea | 1373232-31-5,
1H-pyrrolizin- e} J&W
Fa(SH)~ Pharmlab)

vhmethoxyjy-4-
{(S8)-6-hydroxy-
1, 4-oxazepan-4-
vijguinazolin-7-
y)-7-
fluorcbenzobithi
ophene-3-

carbonitrile

i1, 4joxazepan
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3 <, 4-{4-(6-0Oxa-3~ Bis{ | Step 2: 6-oxa-
@ azabieyelof3.2.1} | 2,22 3-
octan-3-yh-6- trifluo | azabicyclof3.2
chloro-8-fluoro- | roacea Jloctane
2-{((2R,Ta8)-2- te) hydrochloride
fluorctetrabvdro- {CAS#E:
1H-pyrrolizin- 1461708-41-7,
Ta(SH)- Enamine}
yimethoxy)quina
zobn-7-yi}-2-
amino-7-
flaorobenzoibith
ophene-3-
carbonitrile
34 2-Amino-4~{G- Bis( Step 20 6,6~
chloro-4-(6,6- 2.2.2- 1 difluoro-1.4-
diftuoro-1,4- trifluc OXAzZEPaAne
oxazepan-4-yb}- | roacea | hydrochloride
s-fluoro-2- te) {CASH:
{{2R,Ta8)-2- 1341039-23-3,
fluorotetrahvdro- Enaming)
1H-pyrrolizin-
Ta(5H)-
yhmethoxy)goina
zobin-T-yi}-7-
fluorobenzo&thi
ophene-3-
carbonitrile
35 2-Amino-4-{6- Bis( Step 20 3R)-
chioro-8-fluoro- | 2,2.2- | pipendin-3-ol
2-{((2ZR,7a8)-2- | trifluo {CAS#:
fluorotetrabiydro- | roacea | 62414-68-0,
1H-pyrrolizin- e} Combi-Blocks
Fa(SH)~ inc.)
vhmethoxyjy-4-
{(R)-3-
hydroxypiperidin
-1-yDgumazoln-
T-yi)-7~
fluorobenzo|bthi
ophene-3-
carbonitrile
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2-Amino-4-{6- Bis{ | Step 2: (8)-3-
chloro-8-fluoro- | 2,2.2- | hydroxypipen
2R T7a8-2- | nifluo | dine (CASH:
fluorctetrahydro- | roacea | 24211-35-0,
1H-pyrrohizin- e} Combi-Blocks

Ta(5FH)~ inc.)
viymethoxy-4-
{{5)-3-
hydroxypiperidin

-1-ylguimazolin-

7yl)-7-
flaorobenzoibith
ophene-3-
carbonitrile
2-Aming-4-{6- Bis( Step 2: 3-
chloro-4-(3- 2,2,2- | ethylpipenidin-
cthyl-3- trifluo | 3-of (CAS#

hydroxypiperidin | roacea | 1177299-74-9,

~1-y1}-8-fluoro-2- te) Enaming)

{{2R,Ta8)-2-
fluorotetrahvdro-

1H-pyrrolizin-

Ta(5H)-

yhmethoxy)goina

zobin-T-yi}-7-
fluorobenzo&thi

ophene-3-

37

carbonitrile
38 2~Anmino-4-{6- Bis({ Step 2: 206~
chioro-4-{2,2~ 2,22~ thia-7-

dioxido-2-thia-7- | trifluo | azaspirof4.5}d
azaspirof4.Sideca | roacea ecane-2.2-

n-7-y1}-8-fluore- e} dione
2-{({2R 7a8)-2- hydrochloride
fluorotetrahydro- {CASH:
1H-pyrrolizin- 1909306484,
Ta{5H}- Enaming)

yvixnethoxy)quina
zohn-T-y1}-7-
fluorobenzo|bthi
ophene-3-
carbonitrile
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39 2-Amino-4-{6- Bis( Step 2: (35)-
chloro-8-fluoro- | 2,2.2- 3-
(2R 7a85)-2- | trifluo | methylpipendi
fluorotetrahydro- | roacea n~3-0}
1H-pyrrohizin- e} hydrochlornide
Ta(SH- (CASH:
viymethoxy-4- 2305080-37-7,
{($)-3-hvdroxy-3- ¢MNovation
methyipiperidin- Chemicals
1-yvDguinazolin- LLO)
7yl)-7-
flaorobenzoibith
ophene-3-
carbonitrile
40 2-Aming-4-{6- Bis( Step 2: 6-
chioro-8-fluore- | 2,2,2- | azaspiro|3.5]n
2-(({2R7a8)-2- | tnfluo onan-2-one
fluorotetrahydro- | roacea | hydrochloride
[H-pvrrohzmn- te) {CASE:
Ta{5H}- 1359704-57-6,
yhmethoxvi-4- Pharmablock,
(2-0%0-6- Inc)
azaspiref 3. Sinona
n-H-
vi)quinazolin-7-
vhy-7-
fluorobenzo|blthi
ophene-3-
carbonitrile
41 oH 2-Amino-4-{6- Bis( Step 2: (3R)-
e chioro-8-fluors- | 2,2,2- 3-
2{2R Tady-2- | wmifluo | methyvipipernidi
fluorotetrahvdro- | roacea n~3-0
UH-pyrrolizin- te) hydrochloride
Ta(5H)- {CASH:
viimcthoxyi-4- 2305080-34-4,
{((&)-3-hydroxy- Pharmablock,
3- Inc.)

methvipipenidin-
{-vhquinazolin-
T-yl)-7-
fluorobenzo|blthi
ophene-3-
carbonitrile
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42 2-Amino-4-{6- Bis{ | Step 2: 2-oxa-
chloro-8-fluoro- | 2,2.2- G-
2-(((2R.7a8)-2- | trifluo | azaspiro[3.3]n
fluorotetrahydro- | roacea onane
1H-pyrrohizin- e} hydrochlornide
Ta(SH- (CASH:
viymethoxy-4- 1414885-19-0,
(2-oxa~-6G- Enamine}
azaspirei3 3inona
n-6-
viguinazolin-7-
vi-7-
fluorcbenzolfth
ophene-3-
carbonitrile
43 HO, 2-Amino-~-4-{6- Bis{ | Step 1 [(3R)-
-~ chloro-8-fluoro- | 2,2.2- 3-
2-{((Z8,Ta8y2- | triflue | methyipipend:
fluorotetrabvdro-~ | roacea n-3-
1H-pyrrolizin- e} yljmethanol
Ta(5H)- hydrochlonde
vhmethoxy)-4- {CASH:
/ {{(#)-3- 1936437-13-0,
HeN (hydroxymethyl}- Pharmablock,
3 Inc.)
methylpipenidin-
{-vhquinazoln-
7-y1}-7-
fluorobenzo|bithi
ophene-3-
carbonitrile
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44 2-Amuno-4-{6~ | 3.2.2- Step 2. 6-
chloro-4-(6- trifluo ethyi-1.4-
cthyl-6-hydroxy-~ | roacca | oxazepan-6-ol
1.4-oxazepan-4- tc hydrochloride
y1}-8-fluoro-2- Isomer 1
{{{2R,7a5)-2- {Intermediate
fluorotetrahvdro- T
[ H-pyrrolizin-
Ta(5H)-
viimcthoxy)quina
zohin-7-y1}-7-
flaorobenzoibith
ophene-3-
carbonitrile
Isomer 1
45 2-Amino-4-(6- | 2,2.2- Step 2: 6-
chloro-4-{5- triflno cthyi-1.4-
gthyl-6-hydroxy~ | roacea | oxazepan-6-ol
{,4-oxazepan-4- te hvdrochloride
vi}-8-fluoro-2~ fsomer |
{{({ZR,7a5)-2- {Intermediate
fluorotetrahydro- {2y
LH-pyrrolizin-
Ta{5H}-
vimethoxv)quina
zobin-7-yiy-7-
fluorchenzo{fithi
ophene-3-
carbonitrile
isomer |
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46 2-Anmine-4-{6- bis Step 2. 6-
chloro-4-(6- 2,22~ | {(difluorometh
{difluoromethyvh- | wrifluo vi-1.4-
6-hydroxy-1,4- | roacca | oxazepan-6-ol
oxazepan-4-yh- fe hydrochloride
3-thuoro-2~ Isomer |
(2R, 7a5)-2- (Intermediate
fluorotetrahydro-~ B1) and fert-
1H-pyrrolizin- butyl {(4-(6-
Ta{5H)- chloro-8-
yhmethoxy)goina fluors-2-
zohin-T-yi}-7- (({2R Ta8)-2-
fluorcbenzolfth fluorstetrahvd
ophene-3- ro-1H-
carbonitrile pyrrolizin-
Tal{5H)-
Isomer | yviymethoxy)-
4~
{methvithiolq
uinazolin-7-
yid3-cyano-7-
fluorobenzolb
fthiophen-2~
vijcarbamate
{Intermediate
Fi)
47 2-Amino-4-{G- 2.2.2~ | Step 2. [(25)-
chioro-8-fluors- | trifluo | Z-methyi-2-
2{(2R Tad)-2- | roacet | pyrrolidinylim
fluorotetrahvdro- ate cthanol
UH-pyrrolizin- {CAS#:
Ta(5H})- 115512-58-8,
viimcthoxyi-4- Enaminc)
(5)-2-
{(hydroxymethyl}-
2.
methylpvrrohdin-
-vhiguinazolin-
7-y13-7-
fluorcbenzo{& it
ophene-3-

carbonitale
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48 2-Amino-4-{6- 222« Step 2 (25)-
chloro-Z-fluoro- | trifluo 2~
2AL(Q2R7a8y-2- | roacet | {methoxymeth
fluorctetrahydro- ate vDpyrrolidine
1H-pyrrohizin- {CASH:
Ta(SH- 63126-47-65,
viymethoxy-4- Acros
{(5)-2- Organics)
(methoxymethyl)
pyrrolidin-1-
viguinazolin-7-
vi-7-
fluorcbenzolfth
ophene-3-
carbonitrile
45 2-Amino-~-4-{6- 2,2,2- 1 Step 2: [(25)-
chioro-8-fluoro- | trifluo | pyrrolidin-2-
2-{((Z8,Ta832- | roacet | yljmethanol
fluorotetrabivdro- ate {CASE:
1H-pyrrolizin- 23356-96-9,
Ta(SH)- Sigma
yhmethoxy}-4- Aldrch)
({532~
{hyvdroxymethyl}
pyrrolidin-1-
vi)quinazolin-7-
yl)—_/’,
fluorchenzo{fithi
ophene-3-
carbonitrile
56 2-Amino-4-{6- 2,2.2- 1 Step 2. {5)-2-
chiore-4-((53-2- | tnfluo | (Pyrrolidin-2-
{cyanomethyDpyr | roacet | ylacetonitnle
yolidm-~1-y1}-8- ate {CAS#:
fluoro-2- 1186242-37-4,
{({2R.7aS)-2- Enamine}
fluorotetrabiydro-
1H-pyrrolizin-
Ta(SH)-

viimethoxv)guina
zohm-7-yi}-7-
fluorobenzo|blthi
ophene-3-
carbonitrile
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51 2-Amino-4-{6- | Bis{2, Step 2: 1.4~
chloro-8-fluoro- 2.2 OXAZOCANS
(2R 7a8)-2- | ntluo | (CASH 4741-
fluorotetrahydro- | roacet 36-0,
1H-pyrrohizin- ate) Princeton
Ta(5FH)~ BioMolecular
ylymethoxy -4~ Research, Inc)
{1.4-oxazocan~d~
viquinazolin-7-
yi3-7-
fluorobenzoiblthi
ophene-3-
carbomtrile
52 2-Amino-4-{G- 2,22~ | Step 2: 2R)-
chioro-8-fluoro- | trifluc 2-
2-(({2R,7a5)-2- | roacet | methylpyrroli
fluorotetrahydro- ate dine-2-
UH-pyrrohzin- methanol
Ta({5H)- hvdrochlonde
yhmethoxy}-4- {CAS#:
{{(Ry-2- 1408057431,
{(hydroxymethyl}- Combi Blocks
2- Inc)
methylpyvrrohdin-
1-vlguinazolin-
7-yl3-7-
fluorchenzo{fithi
ophene-3-
carbonitrile
53 (25)-1-(7-(2~ Bis(Z, | Step 2: (25)-
Amino-3-cvans- | 2.2- 2-
7- trifluc | pyrrolidinecar
fluorobenzo{blthi | roacet bonitrile
ophen-4-yhH-6- ate) | hydrochioride
chioro-8-flucro- {CAS#:
2-({{2R,7a8)-2- 65732-59-6,
fluorotetrahydro- Oakwood
UH-pyrrohzin- Products Inc)
Ta{5H}-
vimethoxy)quina
zolin-4-
yhpyrmrolidine-2-
carbonitrile
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54 {(3R)-1-(7-(2~ 222« 1 Step 2. (3R)-
Amino-3-cvano- | trfluo 3-
7- roacet | piperidinecarb
fhiorobenzo|blthi ate onitrile
ophen-4-yi}-6- {CASH:
chloro-8-fluoro- 1159736-73-8,
2-{((28,TaSy-2~ Auram
fluorotetrahydro-~ Pharmatech
1H-pyrrolizin- LLC)
Ta(5H)-
yhmethoxy)goina
zolin-4-
vhpiperidine-3-
carbonitrile
65 2-Aming-4-{6- Bis Step 2: (2R,
chioro-8~-fluore- | (2,2,2- | 3R)-Z-methyl-
2-((2R7a5)-2- | trifluo | pyrolidin-3-of
fluorotetrahydro- | roacea | hydrochloride
[H-pvrrohzmn- te) {CASE:
Ta{5H)- 1107659-80-2,
yhmethoxvi-4- JEW
{{(2R3R)-3- Pharmlab,
hydroxy-2- LLC)
methyvlpyrolidin-
{-yhquinazolin-
Feyi)-7-
fluorobenzo|blthi
ophene-3-
carbonitrile
66 2-Amino-4-{6- Big Step 2 (R)-2-
chioro-8-fluoro- | (2,2.2- methyl-
2-{({2R Ta8)-2- | tnfluo pyrrolidine
fluorctetrahvdro- | roacea {CASH:
UH-pyrrolizin- te) 41720-98-3,
7a(5H)- Conthi-
vimethoxyi-4- Blocks)
| (R-2-
et methylpvrrolidin-
P-vhquinazohn-
7-yl3-7-
fluorobenzo{ & jth
ophene-3-
carbonitrile
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&7 2-Amuno-4-(6- | Mono Step 2. 6-
chloro-8-fluoro- | (2,2.2- | methyl-1,4-
2-(2-hydroxy-2- | trifluo | oxazepan-6-ol
methvlpropoxy)- | roacea | hydrochloride
A-{{S)-6-hydroxy- e} 1somer 2
6-methyl-1,4- {Intermediate
oxazepan-4- A2}
viquinazolin-7-
y])..?,
fluorchenzol{bithi
ophene-3-
carbonitrile
Table 3. Conditions for Chiral SFC Separation.
Separation SFC Conditions Peak to Ex#
o on Column: ChiralPak AD (2 x 25 ¢m, 5
(\ Y um}.
. ',“//\ o Mobile phase: 43% MeQH with §.2% Peak 1
RS PSRy Example 22
N\i§\0 T \f: Flowrate: 80 mL/min.
vy [T | Yield: 246 mg sample was submitted Peak 2
rm»j to generate 47 mg of peak 1 with an ce Example 23
4 ‘/}T ot 100% and 64 mg of peak 2 with an
ce of 95%,

Table 4. Analytical Data for Examples 2 to 54, 68 10 67,

x MS
‘#’ m/z (ESI): H NMR
(MAH)

'H NMR (4060 MHz, METHANOL-d:) 8 ppm 7.97 - 8.03 (m, 1 H),
T2L-T28(m, TH)Y 7.03-7.01 (m, 1 H), 5.46 -5.67 ém, | H),

5 669.7 4.56-4.74 (m, 2 H), 4.04 - 415 (m, 2 H), 3.97 - 4.03 (m, 1 H),

. 3.80-3.97 {(m, 6 H), 3.67-3.75 (m, 1 H), 3.48 (brd, J=8.6 Hz 2

H), 2.53-2.78 (m, 2 H), 2.30 - 2.49 (m, 3 H), 2.07 - 2.25 {m, 1 H),
1.75 - 1.99 (m, 6 H).
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MS
m/z {ESI): 'H NMR
(M+H)

'H NMR (400 MHz, METHANOL-d;) & ppm .09 - 8.16 (m, 1 H),
719-72%(m, 1H), 703-712(m, 1 H}, 544 -567¢m, 1 H),

3 652.8 469 (s, 2HYL 397 -430(m, 5H), 380-397 (m, 2 H) 342 -
355 (m, TH), 3 10-323 (o, 1 H), 258 (s, 2H), 224 -250Gn, 6
Hy, 2.08-223 (m, 2H), 193 -2.08 (m, 2 H).

H NMR (400 MHz, METHANOL ;) 8 ppm 8.23 - $.32 (m. 1 ).
7.20-7.29 ¢m, 1 H), 7.02 - 713 (m. | H), 5.46 - 5. 67 (m 1 H),
435 - 475 (n, 2 H). 431 -4.43 (m, L), 4.08 -4.25 (m. 3 H),
3.77-4.07 (m, 4 H), 341 - 3.56 (m. 1 H). 2.53 - 2.79 {m, 2 H),
2.28-2.50 {m, 3 F). 1.99 - 2.24 (m, 4 H), 1L.87 - 1.98 (m, 1 H),
1.63-1.77 (m, 1 H), 1.42 - 1.58 {m, 1 H).

4 643.8

'H NMR (400 Mz, METHANOL-d;) 3 ppm 824 - §.32 {m, { F).
749 -7.30 ¢m, 1 H), 7.07 (s, 1 H), 5.45 - 5.67 (o, 1 H), 4.58 -
476 (m. 2 H), 431 ~4.43 (m, 1 HD, 4.07 - 425 (m, 3 1), 378 -
4.07 (m, 4 H). 3.41 -3.56 (m, 1 H), 2.53 - 2.79 (m, 2 H), 2.28 -
2.52 (m, 3 H), 2.00 -2.25 (. 4 ), 1.83 - 1.99 (m, 1 H). 1.64 -
176 (m, 1 H), 1.43 - 1.57 (on, T H).

941

642.9

'H NMR (400 MHz, METHANOL-d:) § ppm 8.13 - 8.19 {m, I H),
FA9-728(m, T H),702-712¢{m, | H}, 5.46 -5.68 ¢m, [ H),
B39-4660m 5H),418-426(m, 2H)L 383 -4 13, 6 H),
345 -3535¢m, 1 H), 252-278{m, 2 H}, 230 -2.48{m, 3 H),
A0-225¢m, 1 H).

6 643.8

[\S IR ék

'H NMR (400 MHz, METHANOL ) 8 ppm £.26 - 840 (m, 1 H),
719-7.27 (m, 1 H), 7.03 - 7.11 {m, | H), 5.45 - 5.68 {m, | H),

7 654.0 4.79 - 4.91 (m, 2H), 4.53 - 4.76 (m. 31D, 4.31 - 4.43 (m, 1 H),
380 -4 12 (m, 3 H), 3.48 (brs, 3 HY, 2.52 - 2.83 (m, 2 H), 2.06 -
251 (m, TH). 1.78 - 1.95 (m, 2 H), 1.36 - 1.49 (m, 1 H).

'H NMR (400 MHz, METHANOL~ds) 6 ppm .15 - 821 (m, 1 H),

7.20-7.30 (m, m) 7.02-7.12 (m, L H), $.47 - 5.68 ¢ém. | D).

8 6418 4.51-4.60 go, 4 H), 425437 (m, 2 H), 381 - 411 (m, 3 H),

3.42-3.55 (n, 1 H).2.52-2.77 (m, 4 H), 2.29 - 2.48 (. 3 H),
2.05-2.23 (m, 3 H), 1.86 - 1.96 {m. ZH)
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# m/z (ESI): H NMR
' (M+H)

'H NMR (400 MHz, METHANOL~d:) 3 ppm 8.20 - $.29 (m, 1 H),
7.20-7.29 (m, TH), 7.07 (s, 1 H), 5.43 - 5.67 (m, 1 Hy. £.70 (5, 3
9 702. H), 379 - 4.34 (m, 6 ), 3.41 -3.54 (m, 1 H). 3.20 - 330 (m, 2 H),
2.80-2.92 (n, 1 H), 2.52 - 2.78 (m, 2 H), 2.30 - 2.51 m. 6 H),
2.06 - 2.29 (m, 3 H).

'H NMR (400 MHz, METHANOL~4;) 8 ppm 7.96 - $.10 (m, 1 H),
7.24 (s, 1 H), 7.03 - 7.12 {m, 1 H), 5.46 - 5.67 (m, 1 Hy. 4.88 (br d,
10 703.0 J=13.8 Hz, 1 H), 4.60 - 4.74 {m, 2 H), 4.24 - 4.44 (m, 1 ), 3.93
(s. 6 H), 3.40 - 3.54 (1, 2 H), 2.67 (5, 3H), 2.28 - 2.51 (m, 3 H),
1.89 - 2.24 (m, 6 H).

'H NMR (400 MHz, METHANOL ;) 8 ppm 8.08 - §.17 (m. L i),
720728 ¢u. FH), 7.01 - 7.13 (m, 1 H), 545 -5.68 (m, 1 H),
432 -4.76 (m, 3 H). 3.79 - 4.38 {m, 4 H), 3.52 (brd. J=13.4 Hz, 3
H), 2.52-2.82 (m, 2 H), 2.25 -2.51 {1, 4 H), 2.04 - 224 (m, 1 H),
1.84-2.00ém, 2H), 170~ 1.82 (m, 1 ). 1.27(d. J=}1.1 Hz. 3
H).

11 670.0

H NMR (400 MHz, METHANOL-:) & ppm 7.9% - 5.04 (m. | ),
720 -7.28 (m, TH), 7.02 - 712 (m. 1 H), 548 - 5.68 {m, 1 H),
4.85-4.99 (m, 1 H), 4.76 (brs, 2 H), 439 - 4.54 (m, 1 H), 3.82 -
4.12 (m, 3H). 351 (brd, J=6.5 Hz, 4 H), 2.53 - 2.81 (s, 2 Hy,
229249 (m, 4 F), 2.11 - 2.25 (m, 1 HD, 196 -2.11 {m, 2 H),
1.69- 188 n, 1 H).

12 691,

o]

'H NMR (400 MHz, METHANOL-d:) § ppm 7.9 - 8.05 (m, 1 H),
T2L-T 280 THYL, 70371 {m, 1 H), S48 -5.67{m, I Hj,

13 6678 4.57-475(m, 2 H),4.07-427 (m, 2 H), 3.82 -4.07 {oy, 4 H),
371-3820m T H), 343 -355(m, LH), 277 (s, 4 H), 2.30 -~

31 (o, 3H), 1955, 5 H).

Ay

~
L.

i

'H NMR (400 MHz, METHANOL~d:) 3 ppm 7.95 - 8.01 (. | ),
721728 (m, 1H), 7.03 - 711 (m, 1 H), 547 - 5.68 tm, 1 H),
4.61-4.76 (n, 2 H). 4.15 - 433 (m, 2 H), 3.81 - 4.13 (m. 7H),
372 (d, J=7.9 He, 2 H), 3.43 - 3.54 (m, 1 H), 2.99 (s, 3 ), 2.57 -
2.83 (m, 2 H), 245 - 2.57 {m, 1 H), 2.30 - 2.41 {m, 2 H), 2.14 -
229 (m, 1 H) 197 -2.07 (m, 2D, 1.73 - 1.84 (m, 2 H).

14

3
43
N
=)
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Fx MS
# m/z (ESI): H NMR
' (M+H)

'H NMR (400 MHz, METHANOL~Z:) § ppm .19 (s, 1 H), 7.23
(s, 1 HD, 7.08 (d, /=9.4 Hz, 1 H}, $.47 - 5.69 {m, 1 H), 4.90 - 5.01
i35 706.0 (m, 1 H), 4.79 - 4.88 (m, 2 H), 4,12 -4.32 (m. 2 H), 3.72 - 4.11
(m, SH), 3.42 -3.55 (m, } H), 2.44 - 285 (m, 3 H), 1.98 - 2.43
(., 7H), 1.82 - 195 (m, T H), 1.36 - 157 (m, L1,

'H NMR (400 MHz, METHANOL~:) 5 ppm 8.00 - $.14 (m, 1 H),
7.20-7.28 (m, 1H), 7.02 - 7.12 {m, 1 H), 5.46 - 5.67 {m. 1 H),

16 641.0 4.69 (s, 2 H), 4.24 - 436 (m, 3 H), 3.50 - 4.16 (m, 4 H), 3.41 -
336 (o, 1 H). 2.94 ~3.02 (m, 2 H), 2.54 - 2.82 (m, 4 H), 2.29 -
2.52 (m, 3 H), 2.03 -2.28 (m, 3 H).

'H NMR (400 MHz, METHANOL~4:) 3 ppm 7.99 (s, 1 H), 7.21
725 (m, 1 FD. 7.07 (¢, J=8.9 Hz, 1 F1). 5.4% - 5.67 (m, 1 ), 453
17 648.1 4.73 (o, 3 H), 431 -4.46 (o, § H). 3.82-4.13 (. 3 H)L 358 -
3.77 (0. 2 H), 3.40 -3.54 {m, 3 H), 2.93 - 2.82 {m, 2 H), 2.30 -
2.50 (m, 3 H), 1.99-2.27 (m, 4 H), 1.83 - 1.96 (m, 1 H).

' NMR (400 MHz, METHANOL~d:) 8 ppm 8.19 (d, /=17 Hz, 1
M), 7.25 (dd, J=8.4, 5.0 Hz 1 F). 7.07 (dd. /=93, 8 5 Hz | T,

18 642.7 543 -5.68 (m, 1 H), 4.70-4.77 (m. 2 H). 4.60 (d. J=12.8 Hz. |
H). 425 (. J=53 Hz 4 H). 3.86 - 4.14 {m, 6 H), 3.43 -3.51 (m, 1
H),2.56 - 272 (m, 2 H), 2.30 - 2.49 {m, 3 H). 2.07 - 2.25 {m, 5 H).

'H NMR (400 MHz, METHANOL~d) & ppm £.19 (d, J=1.7 Hz, 1
H), 7.25 (dd, J=8.4, 5.0 Hz, | FI), 7.07 (dd. J=9.4, 8.4 Hz, 1 1),

19 642.7 561 (4 J=34Hz VH), S48 (=32 Hz, LD, 4.65-4.75 (m. 2
H), 4.25 (¢, J=5.3 Hz, 4 H), 3.85 - 4.01 (o, 6 H), 3.45 -3.52 (m, 1
H), 2.51 - 2.80 (m, 2 H), 2.31 - 2.44 (m, 3 H), 2.12 - 2.25 (m, 5 H).

'H NMR (400 MHz, METHANOL-d:) 8 ppm 8.31 (d, J=6.8 Hz, 1
H), 7.26 (dtd, 1 H), 7.08 (L J=8.9 Hz, 1 H), 5.46 - 5.68 (m. | H).
4.49 - 474 {n, 5 H), 4.26 - 4.43 (m, 1 H), 3.82 - 4.09 (m, 3 H),
3.63-3.78 (m, 1 H), 3.35 - 3.53 (m, 2 H), 2.58 - 2.81 {m. 2 H),
227 -2.55 (m, 6 F), 2.09 - 2.23 (m, 1 H), 188 - 2.08 {m, 2 H),
182 (brdd, =88, 4.0 Hz 1 H).

28 655.0
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MS
m/z {ESI): 'H NMR
(M+H)

H NMR (400 MHz, METHANOL ) 8 ppm 8.01 - 5.05 {m, 1 H).
703 (dt, J=8.4. 54 Hz, L H), 7.05 (1, J=9.0 Hz, 1 H), 528 - 5.52
(m, 1H), 4.56 -4.74 (m. 3 H), 430 - 4.47 (m, 2H), 4.16 - 4.23
(m. 1 H), 3.83 (ddd. /=148, 10.6, 4.5 Hz, 1 H), 3.47 - 3.63 (m, 2
), 3.35 - 3.46 (m, 3 H), 3.12 - 3.20 {m, 1 H), 2.30 - 2.50 (m, 3 B,
2.03-2.25 (m, 6 H), 1.67 - 1.84 (m, 2 H).

H NMR (400 MHz, METHANOL ;) 8 ppm 8.56 (d, /=15 Hz, |
H), 7.24 (1,.J=6.3 Hz, 1 H), 7.07 (t, J=8.8 Hz, 1 H), $.44 - 5 65 (m,
1 H), 4.57-4.74 (m, 2 H), 4.42 - 4.55 (o, 2 H), 4.09 - 418 (m, |
H), 3.83 - 4.08 (m, 6 H), 3.63 -3.74 (m, 2 H). 341 - 358 (m, 1 H),
2.55-2.73 (m, 2 H). 2.30 - 2.5 (m, 3 H), 2.08 - 2.23 (m, 1 H),
126 (s, 3 H).

22 658.8

'H NMR (400 MHz, METHANOL ;) 8 ppm 8.36 (d, /=15 Hz, |
H), 7.25 (dd, J=5.4, 5.2 Hz, | H), 7.07 (dd, /=94, 8.4 Hz, | H).
$.45-5.70 (m, 1 H). 4.62 - 4.74 (m, 2 H), 4.40 - 4.57 (m, 2 H),
4.08-4.15 (m, 1 H), 3.85 - 4.06 {m, 6 H), 3.63 -3.75 {m. 2 HD),
3.42-350¢m, FH), 2.52-2.77 (m, 2 H), 2.31 - 2.49 (m, 3 H),
212 -2.26 (m, 1 H). 1.29 (s, 3 H).

23 658.8

H NMR (400 MHz, METHANOL~:) & ppm 5.34 - §.37 (m. 1 ),
7.24 (ddd, #=8.4, 5.0, 0.8 Hz, 1 H), 7.07 (¢, /=8.9 Hz, 1 H), 5.54 -
5.66 (0. 1 H), 4.56 -4.74 (m, 2 H), 4.42 - 455 (m, 2 H), 3.83 -
4.16 (m, TH). 3.64 -3.74 (m, 2 1), 3.44 - 3.53 (m. 1 H), 2.55 -
277 (on, 2 H), 231 =249 {rm, 3HD. 215 (br d, J=10.7 Hz, 1 H),
§.29 (s, 3 H).

24 658.8

'H NMR (400 MHz, METHANOL-d:) 4 ppm 8.14 (d, /=17 Hz, 1
H), 7.25 (ddd, =8.4, 5.1, 1.1 Hz, 1 H). 7.08 (dd, J=9.4, 8.4 Hz, 1
H). 545 - 568 (m, 1 H), 4.55 -4.75 (m, 2 H), 431 - 4.42 (m. 4 H),
3.83 -4.09 (m, 3 H), 3.65-3.77 (m, 2 H), 3.44 - 3.53 {m. 1 HD),
3.34 - 3.40 (m, 2 H), 2.57 - 2.79 (m, 2 H), 2.32 - 2.55 {m, S H),
2.08-2.23(n, 1 H).

5 677.0

'H NMR (400 MHz, METHANOL~d)  ppm 7.94 (4, /=13 Hz, 1
H), 7.19-7.27 (m, 1 H), 7.04 - 7.10 a1, 1 F), 5.44 - 568 (mm, | FD),
26 613.2 438 -4.75 (m, 2 H), 3.8 ~4.09 (m, 7 H). 3.43 -3.54 fm, 1 H),
2.54-2.78 €, 2 H), 2.31 - 2.50 (m, 3 H), 2.08 - 2.24 (m. 1 H),
1.65 - 1.93 (m, 6 H).




WO 2023/159086 PCT/US2023/062687

- 95 -
Ex MS
# m/z (ESI): H NMR
' (M+H)
H NMR (400 MHz, METHANOL-:) & ppro $.20 (d, /=21 Hz, 1
H), 7.25 (t,.7=6.2 Hz, 1 H), 7.07 (dd, J=0.4, §.6 Hz, 1 H), 5.42 -
57 6450 568 (m, LHLS00-525 @y FH), 458475 (m, 2 H), 4.18 -

4.43 (m, 3 H), 3.82 -4.09 (m. 4 H), 3.44 - 3.53 (m, 1 H). 2.54 -
2.78 (m. 2 H), 2.31 -2.49 (m, 3 HD, 1.93 - 2.22 (m, 6 H), 1.56 -
1.66 (m, 1 FD).

'H NMR (400 MHz, METHANOL~) 5 ppm .55 (d, /=15 Hz, 1
H), 7.21-7.27 (m, TH), 7.05 - 7.11 (o, 1 H), 5.46 - 569 (m. 1 H),
28 659.0 458 -4.75 (m, 2 F), 4.42 - 455 (m, 21D, 3.83 - 4.18 (m, 7H),
3.64 -3.74 (m, 2 H). 3.44 - 3.35 (m, 1 H), 2.55 - 2.76 m. 2 H),
2.31-2.50 (m, 3H), 2.08-2.23 (m. | H). 1.29¢s, 3 H).

'H NMR (400 MHz, METHANOL ;) 8 ppm 8.23 - 8.31 (m. L i),
725 (4, =63 Hz, 1 H), 7.07 {t, J=9.0 Hz, 1 K}, 5.78 - 5.90 {m, 1
H). 546 - 570 (m, 1 H), 4.99 - 4.75 (m, 2 H), 4.32 - 457 (m. 1 H),
4.03-4.26 (m, 3 H), 3.81 - 3.96 {(m, 3 H), 3.43 -3.53 m. 1 HD),
2.54-2.80 ¢m, 3H), 2.31-2.51 (m, 3 H), 1.93 -2.21 (m, 3 H),
142177 (n, 1 H).

29 641.0

H NMR (400 MHz, METHANOL-,) & ppm $.34 (1, /=21 Hz, 1
H), 7.24 (ddd, =8.3, 5.1, 2.9 Hz, 1 H), 7.07 (dd. J=9.4, 8.6 Hz, 1
H). 542 - 568 (m, 1 H), 4.59 - 4.75 (m, 2 H), 4.31 - 439 (m. | H),
4.19-426(m, 3H),3.89-4.17 (m. 7 H), 3.70 - 3.77 {m. 1 H]),
3.44-353(m. FH), 2.54 - 2.76 (m, 2 HD, 2.31 - 2.49 (m, 3 H),
210-2.23 (n, 1 H).

30 645.0

"H NMR (400 MHz, METHANOL-d:) 8 ppm 8.12 (d, /=17 Hz, 1
H), 7.26 (ddd, =8.4, 5.0, 1.5 Hz, 1 H), 7.08 (1, J=8.9 Hz, 1 H),
S44-571(m, 1 H). 4.56 - 4.75 (m, 2 H), 3.9% - 4.15 (m, 5 H),
3.81-3.96 (m, 2 H),3.43 -3.52 (m. 1 H), 2.54 - 2.73 {m. 2 1),
231 -2.49 (m, 3H), 2.02-2.20 (m, 5 1), L.76 (brd, J=4.2 Hz, 4
H). 163 - 1.72 (m, 2 H).

31 641.0

'H NMR (400 MHz, METHANOL~:) 5 ppm 8.34 (dd, J=3.2, 1.8
Hz, 1 H), 7.24 (dd, /=85, 5.1 Hz, 1 H), 7.07 &, J=8.9 Hz, 1 H),
S.44-568 (m, 1 H). 4.58 - 4.73 (m, 2 H), 4.29 - 4.47 (m, 1 H),
4.19-4.26 (m, 3 H), 3.98 - 4.17 {m. 4 F), 3.85 -3.97 (m. 3 1),
373 (ddd, J=12.7. 6.0, 3.9 Hz, 1 H), 3.44 - 3.55 {m. 1 H), 2.54 -
2.77 (. 2 H). 231 -2.50 (m, 3, 2.08 - 2.23 (m, 1 H).

32 645.0
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# m/z (ESI): H NMR
' (M+H)
"H NMR (400 MHz, METHANOL-:) & ppim $.08 (dd, /=94, 1.7
Hz, 1H), 7.21 -7.27 (m, 1 HD. 7.07 (ddd, J=9.5, 8.4, 2.0 Hz, | H),
1 641.0 542 -566(m, 1 H), 488 (brd. =130 Hz | HL452-473(m, 3

H), 4.43 - 4.50 (m, | H), 3.82 - 4.06 {m, 5 H). 3.58 - 378 (m, 2 H),
3.44-3.53 (m, 1 H), 2.54 - 2.77 (m, 3 H), 2.31 - 2.50 (m, 3 H),
2.05-2.21 (m, 3 H).

'H NMR (400 MHz, METHANOL~4;) 3 ppm &.10 (s, 1 H), 7.23
(dd, J=8.4, 5.0 Hz, 1 H), 7.07 (dd, /=94, 8.4 Hz, 1 H), 5.46 - 5.71
34 665.0 (m, 1 H), 4.50 -4.73 (m, 4 H), 3.99 - 4.26 (m. 7 H), 3.84 - 3.96
(m, 2 H), 3.45 -3.54 (m, } H), 2.55-2.79 (m, 2 H), 2.31 - 2.50
{m, 3H), 2.10 -2.26 (m, 1 H).

'H NMR (400 MHz, METHANOL ;) 6 ppm 8.12 {t. J=2.0 Hz, |
H), 724 (ddd, J=8.3. 5.1, 2.9 Hz, L H), 7.07 (dd, /=93, 8.5 Hz, 1
H). 541 -569 (m, 1 H), 4.58 - 4.75 (m, 2 H), 4.16 (dd, /=13 1,
3.0 Hz 1H), 375402 (m, 7H), 344 -3.53 (m, 1 H), 2,54 -2.82
(m, 2 H), 231 -2.49 (m, 3H), 2.03-2.23 (m. 3 H), 1.77 (br dd,
J=9.1. 6.4 Hz 2 ).

38 629.0

' NMR (400 MHz, METHANOLds) 8 ppm 2.11 (s, 1 H), 7.24
(dd, /=84, 32 Hz, t H), 7.07 (dd, /=93, 8.5 Hz, 1 }), 5.45 - 5.67
36 629.0 (m. J H), 4.56-4.74 (o, 2 H), 4.16 (brd, J=12.8 Hz, | H). 374 -
4.01 (i, 7H), 3.44 -3.53 (m, 1 ), 2.55 - 2.77 (my, 2 H), 231 -
2.49 (m, 3 H), 2.03-2.23 (m, 3H), 1.70- 1.82 (m, 2 H).

'H NMR (400 MHz, METHANOL-d:) & ppm 8.25 - §.28 (m. | F),
7.24 (drd, 1 H), 7.07 (¢, =89 Hz, 1 H), 5.44 - 5.67 (m. 1 H), 4.59
-4.71 (m, 2 H), 4.46 - 456 (m, 1 H), 428 (brd, /=132 Hz, | H),
3.82 -4.08 (m, 3 H), 3.35 - 3.52 (m, 3 H), 2.54 - 2.77 {m. 2 1),
2.31 - 2.49 (m, 3H), 2.09 - 2.24 (m, 2 H), 1.70 - 1.89 {m, 3 H),
1.52-1.67 (m, 2 H), 1.02 (t, J=7.5 Hz, 3 H).

T NMR (400 MHz, METHANOL-d:) 8 ppm 8.01 (¢, =18 Hz, |
H). 724 (dd. J=8.4, 5.2 Hz, | H). 7.07 (dd. /=93, 8.5 Hz. | H),
5.43-5.72 (m, 1H), 4.80 - 491 (m, 1 H), 4.64 - 4.77 (m, 2 H),

38 770 4.48 -4.62 {m, 1 H). 4.20 - 428 (m, 1 H}, 3.83 - 4.10 (m. 4 H),
3.66-3.78% (m, 1 H), 3.35 - 3.52 (m. 3 H), 3.03(d, /=~13.8 [z, |
H), 244 - 2.82 (m, 3T, 2.12 - 239 Gm, 5 H), 1.98 - 207 (m, 1 F),
175 - 1.98 (m, 3 H).

37 657.0
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MS
m/z {ESI): 'H NMR
(M+H)

H NMR (400 MHz, METHANOL ) & ppm 8.20 (dd, J=3.7. 1.6
Hz 1 H), 7.24 (At J=8.4. 52 Hz, 1 H), 7.07 (t. J=R.9 Hz, | H).
343567 (m, 1 H). 437 -4.74 (m, 2 ), 4.43 (brt, =123 Hz, |
H), 4.20 (br d, J=13.6 Hz, 1 Hy. 3.82 - 4.06 (m, 3 H), 3.35 - 3.61
(m, 3H), 2.55 -2.77 (m, 2 H), 2.32 - 2.50 {m, 3 H), 2.09 - 2.23
(m, 2 H), 1.74 - 1.90 {m, 3 1), 130 (d, J=3.6 Hz, 3 H).

35 643.0

H NMR (400 MHz, METHANOL~c) 5 ppm 7.97 (d, J=1.7 Hz, |
H), 7.25 (6, .J=6.4 Hz, 1 1), 7.07 (dd, J=0.4, 8.6 Hz, | H), 5.46 -
570 (m, 1 H), 455 - 477 (m, 3H), 3.78 - 421 (m, 7 H), 345 -
3.53 (m, 1 H), 2.84 - 3.00 (m. 3H), 2.55 - 2.80 (. 2 H). 2.32 -
2.49 {m, 3H), 2.11 -2.25 (m, 1 H3, 2.00 - 2.08 (m, 2 H), 1.93 (br
dd, /=11.5, 3.9 Hz, 2 H).

44 667.0

'H NMR (400 MHz, METHANOL ;) 8 ppm 8.21 {dd, J=5.5. 16
Hz L H), 724 (1d. /=83, 5.2 Hz, 1 H), 7.07 (ddd. J=9.5, 8.4, 1.1
Hz, 1 H). 5.44 -5.72 (m, 1 H), 4.58 - 4.75 (m, 2 H), 4.40 - 449
(m. 1 H), 421 (brd, J=13.4 Hz, 1 H), 3.83 - 4.09 (m. 3 H), 3.35 -
3.62 (m, 3 H), 2.55 - 2.79 (m, 2 H), 231 - 2.50 (m, 3 M), 2.09 -
2.24 (m, 2 H), 1.74 - 1.90 (o, 3 H), 1.30(d, J=3.3 Hz, 3 H).

41 643.0

"H NMR (400 MHz, METHBANOL-) 3 ppm 7.96 (4, J=1.7 Hz, }
H), 7.25(ddd, /=84,52, 1.0Hz, 1 H), 707 (dd, /=94, 84 Hz 1
HYLS43-571(m, 1 H), 461 -475(m, 2H),443-454(m,4H),
416-432(m, 2H),383-40%(m, 5H) 3.45-355{m, 1 H),
254-280(m, 2H), 232251 (m,3H), 2.01 -224 m, 3 H),
1.83 {quin, J=3.6 Hz, 2 H}.

F1NMR (400 MHz, METHANOL-d:) 8 ppm 8.09 (dd, /=80, 1.6
Hz, 1 H). 7.25 (ddd, J=8.3, 5.1, 3.1 Hz. 1 ). 7.07 (& J=8.9 Hz, |
H), 5.46 - 5,68 (m, | H), 4.59 -4.75 {m, 2 H), 3.82 - 4.07 (m, 6 H),
43 637.0 3.69 (dd, J=13.1, T8 Hz. 1 Fi), 3.44 - 3.60 {m, 2 H), 335 - 3.39
(m, 1 H), 2.35 -2.77 (. 2 H), 231 - 2.50 {m, 3 H), 2.09 - 2.23
m, 1 F), 1.83 - 1.96 (m, 2 H), 1.71 - 1.82 (m. 1 H), 1.52 - 1.61
(m, 1 H), 1.03(d, /=1.7 Hz, 3 H).

Y NMR (400 MHz, METHANOL-d:) 8 ppm 847 (d, J=5.8 Hz, |
H). 723 (dd. J=8.5, 5.1 Hz. 1 H). 7.06 (t. J=8.6 Hz, | H). 5.29 -
561 (m, 1 H), 437 -4.39(m. 4 H), 3.97- 411 (m. 2 H). 3.69 -
3.95 (va, 4 H), 355 ~3.67 {m, 3H), 3.22- 331 {m, 1 H), 2.3% -
2.60 (m, 2 H), 2.27 -2.36 (m, 1 1), 2.16 - 2.26 (m, 2 H), 198 -
241 (o, 1 H), 157 - 1.67 {m, 2 H), 1.06 (td. J=7.5, 4.1 Fiz, 3 FD).

42 655.0

44 673,

~1
2
<D
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# m/z (ESI): H NMR
' (M+H)
H NMR (400 MHz, METHANOL-d:) 3 ppro $.43 (dd, =77, 1.5
Hz, 1 H), 7.23 (ddd, J=8.3. 5.2, 3.0 Hz 1 H), 7.05 {dd, /=9.3, 8.5
45 6730 Hz, 1H), 527 -5.50 (m, 1 H), 433-451 (m, 4 H), 3.97 -4.09

(m. 2 H), 3.73 -3.92 (m, 3 H), 340 - 3.64 (m, 4 H), 3.15 - 3.31
(m, 1H), 2.15-2.57 (m, 3 H), 2.09 - 2.17 (m, 2 H), 1.94 - 2.05
(m, 1 H), 1.56 - 1.67 (m, 2 1), 1.06 (td, J=7.5, 4.1 Hz, 3 F).

'H NMR (400 MHz, METHANOL~d.) & ppm 837 (d, J=1.7 Hz, 1
H), 7.25 (dd, J=8.4, 5.0 Hz, | H), 7.07 (dd. /=94, 8.6 Hz, | H),
5.92 (4, =549 Hz, 1 1), 5.45 - 568 (m. | ). 473 -4.77 (m. |

46 694 8 H), 4.64 (d,J=12.8 Hz, | H), 441~ 4.51 (m, 2 H), 4.25 (d, J=15.0
Hz, 1 H), 3.8 -4.13 (m, TH), 3.77(d, J=13.2 Hz, 1 H), 3.44 -
3.33 (m, 1 H), 2.55 -2.75 (m, 2 HD, 2.30 - 2.49 (m, 3 H), 2.15 (br
dd, J=6.6, 3.0 Hz, 1 H).

' NMR (400 MHz, METHANOL ) § ppm 832 (d, J=1.5 Hz, 1
H), 7.24 (dd, J=8.4, 5.0 Hz, 1 H), 7.07 (dd, /=94, 8.4 Hz, 1 1),
524-576(m, 1H), 4.73 (s, 2 H), 4.57 (d, /=128 Hz, 1 F), 4 15§ -
4.48 {m, 3H),3.80 (brd, J~11.5 Hz, 4 H), 3.35 - 3.54 (m, 2 H),
2.27 -2.6% (m, 7H), 2.07-2.24 {m, 3 H), 1.79 - 2.00 ¢m. 1 FD),
1.68 (s, 3 H)

TH NMR (400 MHz, METHANOL-d:) § ppm 8.08 - 8.32 (m, 1 H),
7.25 (dd, J=8.5,5.1 Hz, 1 H}, 7.07 (dd, /=9.4, 8.6 FIz, 1 H), 5.40 -
567 (., 2 H), 4.04 - 428 (m, 2 H), 3.84 - 4.04 (m, 4 H), 3.70 -

48 643.2 3.84 (my, 3 H), 350 (dr, /=32, 1.7 Hz, 2 H), 3.41 (5, 4 H). 2.52 -
281 (. 2H), 232 -2.45 (m, 3H), 2,17 (s, S H), 1.97 - 210 (m. |
H)

H NMR (400 MHz, METHANOL-~:) 5 ppm 8.16 - 8.39 (m, | H),
718 -7.30 (m, 1 H), 7.24 (ddd, /=82, 5.3, 2.6 Hz, 1 H), 7.07 (dd,
J=9.4, 84z, 1 H), 5.20 - $.82 (m. 1 H), 4.83 (brd, /=5.2 Hz, 3
H). 463 -4.74 (m, 1 H), 459 (d, /=12.8 Hz, 1 1), 4.10 - 428 (m,
2H), 398 -4.10 (m, | HI}, 3.86 - 3.97 (m. 4 FD), 3.80 - 3 88 (m, |
H). 348 (dt, J=9.7, 5.7 Hz, 1 H). 2.57 - 2.79 {m, 2 H). 2.37 (br d.
J=10.2 Hz, 3 H), 2.19 {br d. J=6.9 Hz. 3 H), 2.03 (brs, 1 H)

49 62582

H NMR (400 MHz, METHANOL-~d:) 6 ppm 8.07 - 8.39 (m, 1 H),
7.25 (td, J=8.2, 5.0 Hz, 1 1D, 7.07 (dd, J=9.4, 8.6 Hz, 1 H), 5.44 -
5.65 (m, 1 H), 482 (brs, 3 H), 4.56-4.72 (m, 2 H). 4.16 - 4.37

50 638.2 (m, 2 H), 3.79 - 4.08 (m, 3 H), 349 (brdd, J=9.7, 5.7 Hz. 1 F),
301 -3.24 (m. 2 H), 2.35 - 2.86 (m, 2 ), 2.27 - 2.49 (m, 5 H),
1.97-2.20 (m, 3 H)
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Ex MS
" m/z (ES1): 'H NMR
' (M+H)

"H NMR (400 MHz, METHANOL-d:) 8 ppm 8.0 (d, J=1.7Hz, 1
H), 7.26 (ddd, J=8.4, 5.0, 1.5 Hiz, 1 F), 7.02 - 7.16 {m, 1 H), 5.43 -
872 (o, 1H), 438 -4.74 (m, 2 H), 4.33 (t, /=39 Hz, 2 H), 4.06 -

1 6432 418 (m, 4 HD), 391 -3.98 (m, 2 H), 3.73 - 3.86 {m, 5 H}, 345 -

3.60 (my, 1 HY, 260 -2.72 (m. L H), 231 - 2.41 {m, 1 H), 2.30 -
2.43 (m, 1 H), 2.03 -2.16 {m, 2 H), 1.85 - 1.94 (m, 3 H), 1.67 -
1.78 (m, 2 H)

TH NMR (400 MHz, METHANOLd:) 5 ppm 8.18 - 8.31 (m, t H),
719 -737 (m, 1 H), 6.93 - 7.11 (m, 1 H), 5.50 - 5.70 (m, 2 H),
4.67-4.73(m, 1 H), 4,56 - 4.64 (m, 1 H), 4.12 - 4.51 (m. 2 1D,

) 643.2 3.73 - 4.07 (m, 3 H), 3.50 {brdd, J=3.2, 1.6 Hz, 2 H), 2.63 (brs, 2
H). 228 - 2.44 (m, 3H), 2.05 - 222 (m, 3 H), 1.86 - 2.00 (m. | F),
1.55- 173 6m, 3H), 1.34 - 1.46 (m. 2 H). 0.82 - 1.04 (m, 2 H)

'H NMR (400 MHz, METHANOL ) 3 ppm 8.19 - 5.36 (s, 1 FD),
724 (dd, =84, 5.0 Hz, 2 H). 6.99 - 7.14 (s, T H), 5.16 - 5.31 (m.
33 624.2 2 H), 4.00-49 {m, 6 H}, 3.65 - 3.92 (m, 2 H). 2.28 - 2.53 (m, $ ID),
217 (s, 1 ), 1.98 (d. J=19.0 Hz, 1 H), 1.24 - 1.56 (m, 2 H)

H NMR (400 MHz, METHANOL~4:) 8 ppm 7.89 - 8.08 {m, 1 H),
725 (dd, J=8.4, 5.0 Hz, 1 H), 7.07 (dd, /=93, 8.5 Hz, 1 H), 542 -
5.77 (m, 1F, 461 -4.69 (m, 1 H), 433 (4, /=5.6 Hz, 1 H)$, 373 -
4.19 (o, TH), 3.41 - 3.63 (m, 2 H), 3.17 - 3.30 (. 1 H), 255 -
2.84 (. 3 H). 231 -2.53 (m, 3H), 2.02- 2.27 (m, 4 H), 175 -
1.96 (m, 1 H)

34 638.2

'H NMR (400 MHz, METHANOL-d:) 8 ppm $.21 (dd, J=3.8. 1.5
Hz, 1 H), 6.94-736 (m. 2H), 872 (s, 3 H), 4.52 - 4.76 (m, 3 H),
65 6292 4.45 (brd, J=5.0 Fz, 2 H). 3.75 - 4.25 (m, S H), 3.38 - 3.67 (m. 1
M), 2.55-2.67 (m, 1 H), 2.27 - 2.49 {m, 3 H), 1.79 - 225 (m, 4 ),
1.49 (d, J=6.5 Hz, 3 H), 1.32 (s, L H).

B NMR (400 MHz, METHANOL-d:) 8 ppro .25 (1, J=2.0 Hz, |
H), 7.25 (ddd, J=8.4, 5.0, 3.6 Hz, 1 H), 7.08 (dd, J=9.3, 8.5 Hz, 1
66 613.2 H), 536 - 5.84 (m, 1 H, 4.55 - 4.80 (m, 4 H), 4.00 - 433 (m, 2 H),
3.77 -3.99 (m, 2 H), 3.49 (brdd, J=9.6, 5.6 Hz, 2 H), 2.52 - 2.80
(m, 2D, 1.79 -2.44 (m, 8 H), 1.48 (d, /=6.3 Hz, 3 H).
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Fx MS
# m/z (ESI): H NMR
' (M+H)

'H NMR (400 MHz, METHANOL~) 5 ppm .82 (br d, J=8.9
Hz, 1 H), 7.28 (dt, J=8.4, 4 8 Hz, 1 H), 7.09 (L J=8.6 Hz, 1 H),
67 590.0 4.60 - 4.82 (m, 2 H), 4.53 (dd, J=10.6, 6.6 Hz, | H), 4.42 (dd.
J=10.6, 6.0 Hz, 1 H), 4.18 - 431 (m, 1 H), 3.51 - 4.13 (m, 3 H),
3.66-3.79 (m, 2H), 137 (5, 6 H), 1.32 (s, 3 H).

2~-Amigoe-4-{G-chloro-8-fluore-2-({{2R, Ta$}-2-fluorotetrahydro-1 H-pyrrolizin-Ta{3#H -yl imethoxy -4~

{1, 4-oxazepan-4-yhiquinazolin-7-yi}-7-flucrobenzolbjthiophene-3-carbenitrile (Example 55)

O‘“\ E’).n,‘ O
o
[ ) SN { deon {
N (i K “{/3 N
i H N/ HCH M N
N,,J\,;\EIC! IPINEY, . /,,\F,t:i DABCO, Cs,00; Fx} - /pt f\i\lc‘
| | I — S | B 2o
§ ! ~ i - o A
L. MaCN NS g, THF/DMF QN,Ag\o N7 e
F £ (o F
Step 1 Siep 2

v

N

Pda{dbaly, (RMMOP £ N} /\ii:x E,
K40 ) | i 2
3 g (\N/\<\O/\‘>N,/\l/ /j e <N' o
1,4-dioxane g A TFAICH Tl \
L/ NC___‘,{\A\I/ E ./
[e) 8
Step 3 SonH Step 4 .
o
Exanuple 55
5 Step 1: 4-(7-Brome-2,6-dichloro-8-flusrequinazolin-4-yl)-1,4-oxazepane. To a mixture of 7-

bromo-2,4,5-trichloro-8-flunroguinazoline (2.03 g, 6.13 nunol, WuXi App Tec Co. Lid.} in acctonitrile

{15 mL) was added DIPEA (0.83 g, 1.1 mL, 6.44 mmol, Sigma-Aldrich Corporation) and [ 1,4]oxazepanc

{0.63 g, 6.25 mmol, Gakwood Products, Inc ). The reaction was stirred at 1t overnight. Solvent was

removed under reduced pressure. The crude product was purified by column chromatography on silica
10 gel, eluting with a gradient of § - 509% EtOAc in heptane to yicld 4-(7-bromo-2,6-dichioro-8-

fluoroquinazolin-4-vi}-1 4-oxazepane (0.53 ¢, 1.34 mmol, 22 % vield}. sz (BESL): 394 0 (M)
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Step 2: 4-{7-Bromo-6-chloro-8-fluore-2-({{(2R,7Ta8)-2-fluorotetrahydro-1 H-pyrrolizin-
Ta(8H)}-vhmethoxyjguinazolin-4-yl)-1,4-oxazepane. A 20-mL vial was charged with 1.4-
drazabievelof 2.2 Z1actane (15 mg, (.13 mmol, Sigma-Aldach Corporation), cesium carbonate (261 g,
3.02 mmol, Sigma-Aldrich Corporation), (2R, 7a8)-2-fluorotetrahydro-1 H-pyrrolizin-7a{SH }-yhmethanol
hydrochlonde (0.79 g, 4.01 mmol, AChemBlock), 4-(7-bromo-2,6-dichloro-3-Huoroqumazolin-4-vi-1,4-
oxazepane {0.53 g, 1.34 mmol), N N-dimethyiformanude {2.2 mL) and tetrahydrofiran (4.5 mL}. The
reaction was stirred at 40 °C overnight. The crude mixture was purified by colwun chromatography on
silica gel, eluting with a gradient of 0 ~ 50% 3:1 EtOAc/EtOH in heptane with 2% triethviamine additive
to vield 4-(7-bromo-6-chlors-§-fhuoro-2-({({2R, 7a$)-2-flucrotctrahydro- 1 H -pyrrolizin-7a{5/)-
vhmethoxy)quinazolin-d-vi}-1, 4-oxazepane {0.27 g, 0.52 mumol, 39 % vield}. m/z (ESD: 517.0 {(M+H)".

Step 3: fert-Butyl {4-(6-chloro-8-fluoro-2-(({2R,7a8)-2-fluorotetrahydro-LH -pyrrolizin-
Ta(SH-yhmethoxy)-4-(1,4-oxazepan-4-yhquinazolin-7-yi}-3-cvano-7-fluorobenzo{pjthiophen-2-
vhcarbamate. An B-mL vial was charged with potassium phosphate (0.54 g, 2.55 mmol, Combi-Blocks
inc.}, (Ry-(+)-2-{diphenviphosphino}-2'-methoxy-1, T '-binaphthyi (48 mg, 0.10 mumol, Strem Chemicals,
Inc.}, bisjtris{dibenzylidencacetonejpailadiom(0)] (47 mg. 0.05 mmol, Sigma-Aldrich Corporation), and
rert-butyl (3-cvano-4-(3, 5-dimethyi-1,3 2-dioxaborinan-2-yH-7-fluorobenzo] b jthiophen-2-viYcarbamate
{0.62 g, .53 mmol, PharmaBlock), 4-(7-bromo-~6-chlore-8-thioro-2-({{(2 R, 7a8-2 -fluoroictrahydro- 1 -
pyrrolizin-7a(SH-yBmethoxyquinazolin-4-yi}-1 4-oxazepane (6.26 g, 0.31 mmol), and 1 4-dioxane (5.0
mL). The reaction mixture was stirred at 80 °C for 1 b The crude mixture was purified by column
chromatography on silica gel, eluting with a gradient of 0 - 50% 3.1 Ex0AC/E1OH 1n heptane with 2%
tnethylamine additive to vicld fere-butyl (4-(6-chloro-8-fluoro-2~{{((2R,7a8)-2~fluorotetrahvdro- 14 -
pyvrrohizin-7a(3H-yhmethoxy -4~ 1 4-oxazepan-4-vlgunazoln-7-v1)-3-cvano-7-
fluorobenzo[hlthiophen-2-yhcarbamate (0.21 g, 0.29 mmol, 56 % vield). m/z (ESI): 729.7 (MAH)"

Step 4: 2-Amino-4-(G-chloro-8-fluorc-2-{{{28,7a8)-2fluorotetrahydre-1H-pyrrolizin-
Ta(SH-yhmethoxyi-4-(1 4-oxazepan-4-viquinazehin-7-yi)-T-fluorcbenzodjthiophene-3-
carboniirile. rert-Butyl (4-{6~-chloro-8-fluore-2-({(2R, 7a8)-2~-fluorotetrabydro~-1 H-pyrrolizin-7a{SH -
yhmethoxy -4-(1 4-oxazepan-d-viyunazolin-7-vi}-3-cvano-7-Huorcbenzof & fthiophen-2-yijcarbamate
{0.21 g, 0.29 mmol) was stirred i triffeoroacetic acid (0.7 mb) and dichloromethane (0.7 mL)at rt for 1
b. Volatiles were removed under reduced pressure. The crude product was purified by reverse phase
HPLC to yield Z-aming-4-(6~-chloro-8~fluoro-2~-{(((2R, TaS)-2-fhuorotetrahvdro - L -pyrrohizm-Ta{5 5}~

yhmethoxy}-4-(1,4-oxazepan-4-yhguinazolin-7-91}-7-flucrobenzo b fthiophene-3-carbonitnie as



("

WO 2023/159086 PCT/US2023/062687

- 102 -

bis{Z,2 2-tnflucroacetate} as light-yellow solid (89 mg, §.10 mmol, 36 % vield). m/z (ESI): 629 8
{(M-+H)". "H NMR (400 MHz, METHANOL-d:) S ppm 8.10 -8 34 (o, 1 H), 7.21 - 728 (m, 1 H), 7.03 -
Titim, T H), 546-566(m, 1 H), 457-476(m, 2 H), 417-430(m, 4 H), 383 -4.10 {m, 7TH), 3.42 -
354 ¢m, I HY, 250 ¢rs, 2H), 237 (brd, =79 Hz, 3H}, 2.06 -2.27 (m, 3 H).

Tabhle 5: Additional Examples 56 to 68, 68 to 69. Prepared in an Anajogous Manner {o Example 55,

E;‘ Structure Name ;::f; Reagent gf:?;?
56 ~ 2-Aminoc-7- Bis(Z, | Step 1. (3%)- | Step ! and
P fluoro-4-(8- 2.2- 3- 2 were
. fNJ\/\ fluoro-2- triflue | methyipipend: | carned out
5 YR (((2R,7a%)-2- roacet n-3-o0l in one pot
[:){\0’ \N’\T 7 fluorotetrahydro- | ate) | hydrochloride with
L/ hé_{\ff £ | 1H-pymrolizin- (CAS#: DIPEA/Me
A Ta(SH)- 2305080-34-4, | CN mstead
z viymethoxy}-4- PharnaBlock) of
{({R)-3-hydroxy- and 2,47 DABCO/C
3- rict $:C0/DM
methvyipiperidin- F/THF.
T-vlpyndol4d,3-
dlpvrimidm-7-
viybenzofdithiop
hene-3-
carbonitrile
57 \/ m\l,acrv 1-{7-(2-Amino-3- | Bis(2,
S cyano-7- 2.2- azepane-3-
E N;J\Yf Cl fluorchenzo{fitht | tnfluo carbonitrile
('T o \N,K\ TK\“’ w ophen-4-yhy-6- | roacet | hydrochloride
N £ A chloro-8-fluore- ate) {CASH#:
' NC”“}\ I({2R Tasy2- 2007917-48-6,
HoN fluoroteirahyvdro- Phannablock,
1H-pyrrolizin- Inc.}
Ta(5H)-
yvixnethoxy)quina
zolin-4-
vijazepane-3-
carbomitrile
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E; ) Structore Name Fff:n Reagent gﬁt@i
58 2-Anmine-4-{6- Bis( Step 1. 6- Clural
chloro-8-fluoro- | 2,2.2- fluoro-1,4- separation
4~(6-fluoro-1.4- | tnifluo oxXazepane after Step
oxazepan-4-yii- | roacea | hydrochloride | 2. Details
2-{((2R,Ta8)-2- te) {CAS#: included
fluorctetrabvdro- 218594-82-2, below.
1H-pyrrolizin- Enamine)
Fa(SH)-
yimethoxy)quina
zobmn-7-yii-7-
fluorobenzoiblthi
ophene-3-
carbomtrile
Isomer 1
59 2-Amino-4-{6- Bis( Step 1: 6- Clural
chloro-&-fluoro- | 2.2.2- fluoro-1,4- separation
d-(6-fluoro-1.4~ | trifluo oxazepanc after Step
oxazepan-d~vi}- | roacea | hydrochloride | 2. Details
2~{((2R,TaSy-2~ e} {CAS#: mcluded
fluorotetrahvdro- 218594-82-2, below.
1H-pyrrolizin- Enaming)
Ta(3H)-
yhmethoxy)goina
zobin-T-yi}-7-
fluorobenzo&thi
ophene-3-
carbonitrile
{somer 2
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E; ’ Structore Name Fff:n Reagent gﬁt@i
i 2-Anmine-4-{6- Bis( Step 1. 6-
chloro-2-({2,2- 2,2.2- methyl-1,4-
dittuorotetrahvdr | trnifluo | oxazepan-6-ol
o-1H-pyrrolizin- | roacca | hydrochloride
Ta(5H)- te) 1somer 1
yhmethoxv)-8- {Intermediate
fluoro-4-(6- Al}
bhydroxy-6-
methyi-1 4- Step 2: (2,2~
oxazepan-4- difluorotetrah
viguinazolin-7- vdro-15-
yli-7- pyrrolizin-
fluorcbenzolfth Tal5H)-
ophene-3- vlmethanol
carbonitrile {CAS#:
1788873-48-2,
PharmaBlock
Inc)
68 (ﬁ s (3R)-§~{7-(2~ 2.2,2- Step 1: Chiral
N aming-3-cvano- | triflue azepane-3- separation
3 y )\\ O 7- roacet carboniirile performed
/\‘hﬂ‘ /’g\ I . fluorobenzoblthi ate hydrochloride | after Step
N 07N ™ | ophen-d-yD)-6- (CAS#: 1. Details
./ NZ,_ ¢ '/ ¢ chloro-8-fluoro- 2007917-48-6, | includad
s 24((2R, TaS)-2- Pharmablock, | below.
HeN fluorotetrabydro- Inc)
1 H-pyrrolizin-
Ta(3H)-
yhmethoxy)geina
zolin-4-
vijazepane-3-
carbonitrie




WO 2023/159086 PCT/US2023/062687
- 105 -
E; ’ Structore Name Fff:n Reagent gﬁt@i
69 (35)-1-(F-2~ 22,2~ Step 1: Chiral
amine-3-cvano- | trfluo azepane-3- separation
7- roacet | carbonitrile performed
fhiorobenzo|blthi ate hydrochloride | after Step
ophen-4-yi}-6- {CASH: 1. Details
chloro-8-fluoro- 2007917-48-6, |  included
2-{((28,TaSy-2~ PharmaBlock, below.
fluorotetrahydro-~ Inc.}
1H-pyrrolizin-
Ta(SH)-
yhmethoxy)goina
zolin-4-
vijazepane-3-
carbonitrile
Table 6. Conditions for Chiral SFC Separation.
Separation SKFC Conditions Peak to Ex#
Column: ChiralPak AD (2x25¢cm, 5
o Lm}.
-\"F Mo‘mle phase: 25% 11 ACN
N - 339 THA
\[/ G Flowrate: 80 mL/min.
. \\T E o Yicld: 384 mg sample was sgbmitted 0
¢ gencrate 114 mg of peak 1 with an ee of
99% and 108 mg of peak 2 with an ec of
99%.
Columa: Chiraleel GJ, 2x 25 em 5 pm Peak 1
NN column Fxample 68
L Mobile phase: 25% MeOH
N o Flowrate: 70 mL/mwn. Peak 2.
N&(/ﬁ: Yield: 465 mg sample was submitted to Example 69
o NS g generate 153 mg of peak 1 with an ee of
¥ 99% and 169 mg of peak 2 with an ¢c of
89%.

Table 7. Analytical Data for Examples 36 to 60, 68 to 69,
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MS
m/z {ESI): 'H NMR
(M+H)

H NMR (400 MHz, METHANOL ) 8 ppm 940 (s, 1 H), 7.44
(dd. J=84. 5.0 Hz | H), 7.11 (dd, /=93, 85 Hz, 1 H),5.52-5.72
(m, 1H), 4.82 (br d. J=0.6 Hz. 3 1), 4.26 (br d, /=125 Hz, 1 1D,
3.86 - 4.02 (m, 3 H), 3.38 - 3.59 (m, 3 H), 3.08 - 3.18 {m, 2 H),
2.60 - 2.80 €. 2 FD). 2.35 - 2.56 (m, 3 H), 2.17 - 2.30 (m, 1 H),
1.91-2.10 (m, 5 H).

56 610.2

JFINMR (400 MHz, METHANOL-d.) 8 ppm 8.12 - 8.19 (m, 1 H),
724 (s, 1 H), 7.07 (dd, J=93, 8 3 Hz, 1 H), 543 - 5.69 (m. | H).
4.65 -4.77 (m, 2 H), 4.38 - 4.48 (m, L H), 4.16 - 4.34 (m. 2 H),
3.81-4.13 (m, 4 H), 3.38% - 3.56 (m. 2 H). 2.54 - 2.87 {m, 2 H),
2.30-2.53 {m, 3 F). 1.96 - 2.2 (m, 5 H), 1.79 - 1.96 (m, 1 H),
147 -1.67 (m, 1 H).

57 652.0

'H NMR (400 MHz, METHANOL ;) 8 ppm 8.19 (d, /=6.1 Hz, |
H),7.22-7.27 (. LED, 7.07 (1. J=8.9 Hz. | H). 5.45 - 565 (. 1
H). 504 -526(m, 1 H), 4.69 (s, | H), 4.61 (d, J=12.5 Hz, 1 H),
432 -4.56 (m, 2 H), 4.04 - 429 {m, 4 H), 3.85 - 4.01 m. 5 H),
3.44-353¢m, FH), 2.54 - 2.77 (m, 2 H), 2.31 - 2.49 (m, 3 H),
2.09-2.24 (m, 1 H).

58 647.0

' NMR (400 MHz, METHANOL~d:) 8 ppm 8.19 (d, /6.7 Hz, 1
M), 7.25 (ddd, /=8.4, 5.1, 2.0 Hz, 1 FI), 7.07 (dd. J=92. 8.6 Hz. 1
a9 6472 H), 546 - 5.66 (m. L HD, 5.07-528 fm, 1 H)L 458 - 474 (m, 2 H)
383 -4.53 (m, 11 H), 3.44 - 354 (m, T H), 2.54 - 2.81 (1. 2 H),
2.31-2.50¢m, 3 H), 2.09-224 (m. 1 H).

5

H NMR (400 MHz, METHANOL-d:) 3 ppm 8.38 (s, | H), 7.23
(t.J=6.3 Hz. 1 H), 7.07 (t. J=S.0 Hz, 1 H), 4.63 -4.71 {m, | H),
4.43 -4.60 (n, 2 H), 4.10 - 4.29 (m, 2 H), 3.84 - 4.04 (m, 5 H),
3.64-3.75 (m, 2 H), 3.35 - 3.53 {m, 2 H), 2.78 - 3.03 {m. 2 H),
247 (@ J=13.0, 6.3 Hz, 1 H), 2.21-2.42 (m, 3 HD), 1.28 - 1.32 (m,
3H).

60 677.0

'H NMR (400 MHz, METHANOL ;) & ppm £.21 (d, J=1.46 Hz,
1H), 7.18-7.29 (m, 1 FD), 7.03 - 7. 14 (m, 1 H), 5.93 (s, 2 H), 5.42
68 652.0 ~5.64 (o, 1 H), 4.60 - 4.80 (m, 3 H), 3.79 - 4.09 (m, 3 H), 3.68 -
3.79 (m, 2 H), 3.42 -3.55 (m, 1 H), 2.53 - 2.80 (m, 2 H), 2.28 -

i3 (m, 5 H), 2.08 - 2.26 (m. 1 H), 1.65 - 1.88 (m, 4 H).

A~

~
L.

¢
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Fx MS .
"#. ) m/z{ ES;}: H NMR
i {(M+HY

"H NMR (400 MHz, METHANQOL-¢) 8 ppm 8.20 (d, J=1.67 Hz,
FPH)Y, 720-728 (m, 1 H), 7.07(d, /=084 Hz, 1 H), 591 (d,

9 6500 JS154THz, 2H), 544 -567 (m, 1 H), 4536 -479(m, 3 H), 377 -

‘ 413 m, 3HL366-377(m, 2H), 341 -336(m, 1H) 258(, 2

H),242¢brt, =732 Hz, 5H), 205-222 (m, 1 Hy, 1.66 -1.90
{m, 4 H).

2~-Amigo-7-fluore-4-(8-fluore-2-({{2R,7a8)-2-fluorotetrahydreo-1 H-pyrrolizin-7a{(5H -yhmethoxy 3-4-

{6-hydroxy-6-methyl-1,4-oxazepan-4-yi}-0-vinylquinazolin-7-yl}benzo{bthiophene-3-carbonitrile

{Example 61)
R
o On ;}'é}/ Qo O o OH
( _\f/ ~g” (a P
LT 2 % A
N v N \N"I
£, NA\\\L/ Ny SPhosPaG3 NJ‘\\/ SN g NN
Ay Py P D
KN)\<‘0”\K ey R fj‘;i’\g SN NS { P N \T&L
L/ o AN 1A-diokaneit,C L/ F A £ v g 2
=R NE =q ]
- \>_—s J-s
1N M 4o
70 0
© ,')i\ o }\\ Exsmple 61

To a2 0 mE microwave vial was added rerr-butyl {(4-(6-chloro-8-flaoro-2-({{2 R 7ad)-2-
fluorotetrabvdro- 1 H~pyrrolizin-TalS H)-vymethoxy -4 - 6-hydroxy-6-methvi-1,4~-oxazepan-4-
yhquinazohn-7-y1)-3-cvano-7-fluorobenzo {4 thiophen-2-vicarbamate (39 mg, 0.05 nunol, prepared
according to Example 22}, vinylboronic acid pinacol ester (40 mg, 0.26 mmol, TC America), SPhos Pd
G3 (18 mg, .02 mmol, Sigma-Aldrich Cosporation), and potassiun phosphate (57 mg, .27 mmol, Acros
Organics). The vial was purged with nitrogen and suspended m L4-dioxane (2.0 mL) and water (0.4 s}
The reaction was then heated n a mucrowave reactor at 150 °C for 45 min. The reaction mixture was
purificd by reverse phase HPLC to afford fert-butyl G-cyano-7-flucro-4-(8-fluore-2-(((2 R, 7aS)-2-
fluorotetrahydro~-1H-pyrrolizin-Ta(3 H)-vimethoxy)-4-{6-hydroxy-6~-methyl-1,4-oxazepan-4-yi)-6-
vinyiquinazolin-7-yhbenzold lthiophen-2-ylcarbamate (8.0 mg, 10.65 pmol, 21 % vield} as orange sohid.
mz (BSD: 751.¢ (M+H)", and Z-amino-7-fluoro-4-{8-fluoro-2-({(2R.7a5)-2-flucroictrahydro- 1 H-
pyvrrohizin-7a{5H-vhmethoxy }-4-{0-hvdroxy-6-methyi- 1 4-oxazepan-4-v13-6-vinylqunazolin-7-
yhbenzolsithiophene-3-carbonitrile as bis(2,2,2 4rifloorcacetate) and as yellow solid (83 mg, 9.1 pumol,

18 % vield). mz (BSD: 651.0 (MH)". HH NMR (400 MHz, METHANOL ) § ppm 8.66 (d, /=3.3 Hz, 1
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H), 7.18 (ddd, /=84, 5.1, 3.4 Hz, 1 H), 7.04 - 7.11 {m, 1 H). 6.34 - 6.43 (m, 1 H), 5.85 {dd, J=17.0, 3.4
Hz 1H), 545 -5.65(m, 1 H), 5.26 (d,J=11.1 Hz, 1 H), 4.58 - 4.72 (m, 2 H}, 3.82 - 4.1% (m, 8 H), 3.61 -
381 (m, 2 1), 345 -3.54 G, 1 H), 2.55 - 275 (m, 2 H), 2.29 - 2.54 (m, 4 H), 2.08 - 224 (m, 1 H), 1.26 -
1.36 {m, 3 1.

2-Amino-4-(6-ethyl-8-Tlusre-2-{{{Z8,7a8)-2-lluorotetrahydro- 1 H-pyrrolizin-Ta{SH)-yiimethoxy}-4-

{6-hydroxy-6-methyl-1,4-oxazepan-4-yl)quinazolin-7-vi}-7-fluorebenzoffjthicphene-3-carbonitriie

{Example 62)
PohanN \é?H K /-Q--\\(SH
f Voo
\‘-\ A S~ A
N N7
F". N')§~ . P E, - : E,A N Ry R AN
L, AL A A o (VR W
(NN‘)<\ oINS i/\\]\ TFADCHM 4N’%‘\ o N i
[ N““- / F > e L/ N“f P £
o -4 \ Step 2 -
HoN
Example 62

Step 1: feri-Butyl (3-cyane-4-(6-ethyl-8-flusro-2-{({2R,7a8}-2-fluoroietrabhydro-15H-
pyrrofizin-7a{8H)-ymethoxy)-4-(6-bydroxy-6-methyl-1,4-oxazepan-4-ylquinazolin-7-yi)-7-
fivorobenzo|bithiephen-2-vi}earbamate, ferr-Butvl (3~cvano-7-fluoro-4-(3-fluoro-2-(({Z R, 7a8)-2-
fluorctetrabvdro~-1F-pyrrolizin-Ta{8 & -viymethoxy}-4-(6-hvdroxy-6-methyl-1,4-oxazepan-4-vi)-6~
vinvlguinazolin-7-vlibenzo{s jthiophen-2-ycarbamate {8 mg, 10.7 pmol, prepared according to Example
&1) was dissolved in cthano! (1.0 mb}. Palladinm on activated carbon (2.3 mg, 2.13 umol, Sigma-Aldrich
Corporation) was added and the mixture was stirred at 1t under an atmosphere of Hy (40 psi) for 4 h. The
reaction mixture was filtered through celite and washed with MeOH. The filtrate was concentrated and
purified by reverse phase HPLC to afford rerr-butyl (3-cyano-4-(6-cthyi-8-fluore-2-{({({2R 7a8)-2-
fluorotetrahydro-1H-pyrrclizin-Ta(54)-vDmethoxy }-4-{6-hydroxy-6-methyl-1,4-oxazepan-4-
vhqumazchin-7-yh-7-fluorobenzolb thiophen-2-vljcarbamate as white solid, which was used directly n
the next step. m/z (ESTy: 752.8 (M+H)

Step 2: 2-Amino-4-{6-ethyl-8-fluoro-2-{{(ZR,7a8-2-lusrotetrabydro-1 H-pyrrobzin-Ta{SH)-
yhmethoxy)-4-(6-hydroxy-¢-methyl-1,4-oxazepan-4-yhquinazelin-7-yh)-7-fluorobenze|dlthiophene-
3-carbonitrile. The abovementioned rere-butvl (3-cyano-4-(6-cthyl-8-fluore-2-{{({2R, 7ad)-2-
fluorctetrahydro- L -pyrrolizn-Ta{ 5 H -y Dmethoxy }-4-{6-hydroxy-6-methyl- 1,4 -oxazepan-4-

yhquinazolm-7-yI3-7-fluorobenzold fthiophen-2 -vi}carbamate was dissolved 1n DCM (0.5 mL} and
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trifluoroacetic acid (0.5 mL}. The reaction mixture was stirred at 1t for 1 h. The reaction mixture was
concentrated under reduced pressure. The crude product was purified by reverse phase HPLC to afford 2-
amine-4-(6-ethvl-8-fluoro-2-{(({2R, 7ad)-2-fluorotetrahvdro- L H-pyrrolizin-7alS H}-vimethoxy)-4-(6-
bvdroxy-6-methyl-1,4-oxazepan-4-vlqumazoln-7-y1}-7-flucrobenzol b jthiophene-3-carbonstrile as
bis(2,2,2-trifluoroacstate} and as white solid (2.1 mg, 2.38 umol, 22 % vield}. sz (ESI): 652.9 (M+H)"
H NMR (400 MHz, METHANOL-4,) S ppm 8.24 (d, /=125 Hz, 1 H), 7.21 (ddd, /=8.3,5.1,3.3 Hz, |
H), 7.07 (ddd, J=9.5,8.3, 1.5 Hz, 1 H), 543 - 5.66 (m, 1 H), 4.62 - 4.77 (. 3 H), 447 - 4.60 (m, 2 H),
4.09-4.55 (m, | H), 4.02-4.07 (m, 1 H), 3.84 - 4.01 (m, 5 H), 3.65-3.76 (m, 2 H), 3.43 -3.54 (m, | Hy,
2.45-2.66 (m, 4 H), 2.31 - 2.43 (m., 2 H), 2.08 -2.23 (m, 1 H), 1.29 (s, 3 H), 1.08 - 1.15 (. 3 HD).

2-Awmino-7-fluore-4-(B8-fluore-2-({((2R,7a8)-2-fluorotetrabydro-1 H-pyrrolizin-7a{8H)-ymeth oxy)-6-
hydroxy-4-{8-hydroxy-6-methyl-1,4-oxazepan-4-yhquinazolin-7-yijbenzo{bithiophene-3-

carbonitrile {Example 63}

O _OH O OH O~ OH
d /
OF CX ¥
N/ N/ N/’
E NN ‘BuXths PaGE £ NJyrﬁ/oH 3 N_,L\ i OH
i M A A B | A FN T & M AA A
\)<\0 NS SNE - (A0 S
N ol L tademnee W) o N N ISP
(W Ly _r O \___,/ NP
N - N } NE=mv]
s No¢ s
i Step 1 ;T Siep 2 .
HN ep HN Mo
}wo\»( O‘&u F ie 63
[s) o3 Dxampic 6
/ PR

Step 1: tert-Butyl (3-cyano-T-fluore-4-(8-fluore-2-{({{(1R,7a%)-2-fluerotetrahydro-15-
pyrrolizin-Ta(SH-yhmethoxy)-6-hydroxy-4-(6-hydroxy-6-methyl-1 4-oxazepan-4-yhquinazohn-7-
yhbenzo{bithiophen-2-ylicarbamate. The mixture of feré-butyl (4-(6-chloro-8-flucro-2-(((ZR, 7as)-2~
fluorotetrahydro-14-pyrrolizin-7a(5 7 y-vlimethoxy}-4-{ 6-hydroxy-6-methvi-1 4-oxaze pan-4-
vhquinazolin-7-v1)-3-cyano-~7-fluorobenzo (b Jthiophen-2-ylicarbamate (61 mg, 0.08 mmol. prepared
according to Example 22}, potassiunt hydroxide (23 mg, 0.40 mmol, YWR International, LLC), and
tBuXPhos Pd G3 (6.4 mg, 8.03 umol, Sigma-Alduch Corporation) in 1 4-dioxane (2.0 mb) and water
(0.5 mL} was stirred at 100 °C for 1.5 h. The reaction mixture was purified by reverse phase HPLC to
afford rers-butyl (3-cyano-7-flucro-4-(8-tfluore-2-({((2R 7a8)-2 -flucrotetrahvdro- 1 H-pyrrclizin-7a{ 3 H)-
viynethoxy}-6-hydroxy-4-(6-hydroxy-G-methyl-1.4-oxazepan~-4~-viyquinazolin-7-yDbenzol b Jthiophen-2-

yvhcarbamate (30 mg, 0.04 mmol, 50 % vield) as orange solid. m/z (ESI): 741.0 (M+H)"
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Step 2: 2-Amine-7-fluoro-4-{8-fluere-2-({{2R,7a8)-2-fluorotetrahydro-1H-pyrrolizin-
Ta(8H)}-vhmethoxy}-6-hvdroxy-4-(6-hydroxy-6-methyl-1 d-oxazepan-d-vliquinazolin-7-
yijbenzo[b]thiophene-3-carbonitrile, ter-Butyl (3-cvano-7-flusro-4-(8-fluore-2-({{2 R, 7a$)-2-

fluorctetrabvdro- 1 -pyrrolizin-Ta(S H)-vmethoxy}-6-hvdroxy-4-( 6-hydroxy-o-methvl- 1, 4-oxazepan-4-

("

yhquinazohin-7-yDbenzo{bjthiophen-2-ylcarbamate (30 mg, 0.04 mmol) was dissolved i BCM (1.0 mL)
and triflucrpacetic acid 0.5 mL). The reaction mixture was stirred at ot for 1 h. The reaction muxture was
concentrated vuder reduced pressure. The crude product was purified by reverse phase HPLC fo aftord 2-
amino~-7-fluoro~-4-{8-fluoro~2-(({2 R, Ta$)-2-fluorotetrahydro-1 H-pyrrolizin-Ta(SH)-v methoxy}-6-
hydroxy-4-{6-hydroxy-6-methyl-1,4-oxazepan-4-vhquinazolhin-7-yhbenzol s jthiophene-3-carbonitrile as
10 bis(2,2 2-triflucroacetate) as yellow solid (20 mg, 0.02 mumol, 37 % vield). mz (ESI): 641.0 (M+H)". 'H
NMR (400 MHz, METHANOL-d) dppm 7.57 (s, 1 H), 7.25 (ddd, /=8.4, 5.0, 4.2 Hz, 1 H), 7.04 (ddd.
J=95, 85,21 Hz, THE 545 -569(m, 1 H), 456473 (m, 2H), 438-449(m, 2H), 3.84-416(m, 7

Hy, 3.63-375(m, 2H),343-333(m, 1 H), 234271 ¢m 2 H), 230-252 (m, 3H}), 2.08-222(m, 1
Hy, 1.28 {5, 3 H}).
15
2-Amino-4-(6-chloro-8-fluore-2-({{28,7a8)-2-fluorotetrahydro-1 H-pyrrolizin-7a(8 H)-yimethoxy}-4-
2-hydroxy-6-azaspiro|3.Sjnonan-6-yhguinazolin-7-yl)-7-flucrobenzo| | thiophene-3-carbonitrile
{Example 64}
40 O o
o o o7
N N") N7
F,’. Ni)T . NadH, F;‘ N‘)\\\KQ‘Y-CE '.:r_' NE/A‘\\.‘/%‘-"/CH
- B ! i — i
i:,, o Y MaOH <N ,\1<\0J\N’\f’\f’\\ TFADCHM '\N,\ O’A‘N‘*\E"*\E«E”\j
A S | NP
Step 1 :§‘—5§ Step 2 )\~
HN HoM
7o
70 “ /\\i“' Example 64

Step 1. ferr-Butyl {4-(6-chloro-8-fluore-2-{{{28,7a8)-2-fluorotetrahydro-1H-pyrrolizin-
Ta(SH)-ylmethoxy}-4-(2-hydroxy-6-azaspirs{3.5nonan-6-yhquinazolin-7-vi}-3-cyanec-7-
fivorobenzo|bithiephen-2-vi}carbamate, To a stirred solution of rere-butyl (4-(6-chloro-8-fluoro-2-
{{(2R,7a8)-2-fluorotetrahydro- i H-pyrrolizin-7a(S H pvmethoxy )-4-(2 ~-oxo~6-azaspirof 3. Snonan-~6-

25 yBhquinazolin-7-yi-3-cvanc-7-fhuorobenzo{s jthiophen-2-vljcarbamate (44 mg, .06 mmol, synthesized

according to Example 40} in methanol (1.0 mL} at 0 °C was added sodium borchydride (3.2 myg, .09
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mmol, Sigma-Aldrich Corporation). The reaction mixiure was stirred at 0 °C for 30 min. The reaction was
guenched with water. The crude mixture was purified by reverse phase HPLC to afford rers-butyl (4-(6-
chloro-8-fluoro-2-{({({2 R, 7as)-2-fluorotetrahydro- | H-pyrrolizin-Ta{5 Hy-vIimethoxyi-4-{2-hydroxy-6-
azaspirof 3.5 fnonan-6-vhiquinazohin-7-y1}-3-cvano-7-fluorobenzol b {thiophen-2-vljcarbamate (20 mg, 0.03
mmol, 46 % vield) as vellow solid. m/z (EST): 7692 (M+H]".

Step 2: 2-Amino-4-{6-chloro-8-fluore-2-({{ZK,7a8})-2fluorotetrahydre-1H-pyrrolizin-
Ta{5H}-vmethoxy)-4-(Z-hydroxy-6-azaspire[3.5]nonan-6-yhquinazelin-7-yi)-7-
fluorobenzo[bithiophene-3-carbeonitrile. fer-Butyl (4-(6~chloro-8-fluoro-2-({(ZR,Ta8)-2-
fluorotetrahydro- 1 -pyrrolizin-Ta{ 54}y Dmethoxy}-4- 2-hydroxy-6-azaspiro| 3. S jnonan-6-yvijquinazolin-
T-yH-3-cyano-7 -fluorobenzo{d fthiophen-2-yijcarbamate (20 me, 0.03 mmol} was dissolved in BCM {05
ml) and trifluoroacetic acid (0.5 mL}. The reaction mixture was stirred at 1t for 1 h. The reaction mixture
was concentrated under reduced pressure. The crude product was purified by reverse phase HPLC to
afford 2-amino-4-(6-chioro-8-fluore-2-(( (2R, 7ad)-2-fluorotetrahy dro- LH-pyrrolizin-Ta{ SH }-yDmethoxy )
4-(2-hydroxy-6-azaspiro| 3.5 jnonan-6-yixquinazohn-7-yi}-7-fluorobenzo{ s jthiophene-3-carbonitrile as
bis(2,2,2-trifluoroacetate} and as vellow solid (13 mg, 0.01 mmol, 26 % vield). m/2 (EST): 6692 (M+H)"
'H NMR (400 MHz, METHANOQL-d,} S ppm 7.95 - 799 (m, 1 H), 7.23 - 727 (m, 1 H), 7.07 (¢, /=89
Hz, T H), 545 -568¢m, 1 H}, 455-473¢n, 2H), 425-433 (m, 1 H), 3.82 -4.06 (m, 7 H), 344 -353
{m, 1HY, 254-2830n, 2H), 225-248 (m 4H), 2 11-224 (m, 2 H}, 1.67-187 (m, 6 H).

2-Amine-4-{6-chloro-4-(5,6-dibydro-2H-pyran-3-y1}-8-fhuore-2-({{ZR, 7a8)-2-lluorotetrahydro-1 H-
pyrrolizin-7a(8H-yhmethoxyiquinazolin-7-yi}-7-fluorobenzofbjthiophene-3-carbonitrile bis(2,2,2-
trifluersacetate) (Example 70}

O/\
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¢ R Step 1 7 Stap 2 HaN

¢ ’>\—‘—— Examples 70
Step 1: fert-Butyl (4-(6-chlore-4-(5,6-dihydro-2 H-pyran-3-yi}-8-fluore-2-{(((ZR,7a5)-2-

fluorotetrahydro-1 H-pyrrolizin-7a{SH}-yhmethoxylquinazolin-7-yh-3-cyane-7-

fluorobenzolblthiophen-2-yhcarbamate. In a red-capped vial was charged with the mixture of ferv-

butyl (3-cvano-4-(4,6-dichloro-8-fluoro-2-¢((2 R 7aS)-2-fluorotetrahydro- LH-pyrrolizin-Ta{ 3/)-~
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yhmethoxyjquinazolin-7-vi}-7-fluorobenzofbjthiophen-2-viicarbamate (21 mg, 0.032 mmol}, 2-(5.6-
dihvdro-2h-pyran-3-yi3-4,4.5 S-tctramethyl-1,3,2-dioxaborolane (13 mg, 0.063 mmol), {1,1'-
bis{diphenylphosphino¥errocene] dichloropaliadinm(iy) (4.6 myg, ¢.32 pmol}, and potassium phosphate
tribasic {20 mg, 0.095 mmol} in 1 4-dioxane (0.8 mL) and water (0.2 mL). The reaction mixture was
heated at 90 °C for 1 h. After cooling to ri, the muxture was purnified by preparative HPLC to afford rers-
butyl {4-{(6-chloro-4-(3,6-dihydro-2H-pyran-3-yH-8-fluoro-2-{({{2R, 7a$)-2 -flucrotetrabydro-1H-
pyriolizin-7a(SH)-vhethoxy jquimazolin-7-y1)-3-cyano-7-fluorobenzo{bjthiophen-2-yicarbamate as
vellow solid. m/z (ESI, +ve ion): 711.7 (M+H)

Step 2: 2-Aming-4-{6-chloro-4-(5,6-dthydro-2H-pyran-3-yi}-8-flnoro-2-({({2R,7Ta5)-2-
fluorotetrahydro-1 H-pyrrolizin-7a{5H}-yhmethoxylquinazolin-7-yi)-7-flucrobenzo{bjthiophene-3-
carbonitrile bis{2,2,2-triflusroacetate). ferr-Butvl {(4~(6-chloro-4~5,6-dihvdro-2H-pyran-3~-vi)-8~thuoro-~
2-{(2R, TaSy-2-fluorotetrahydro- LA -pyrrolizn-Ta 3 H-vhimethoxyquinazolin-7-vi}-3-cyano-7-
fluorchenzo{hithiophen-2-vicarbamate from previous step was dissolved in dichloromethane (0.5 mL),
trifleorcacetic acid (0.5 mi) was added and the reaction mixtare was stivred at 1t for 1 h, then
concentrated and purified by reverse phase HPLC to afford 2-amino-4-{6-chloro-4-(3,6-dihvdro-2H-
pyran-3-yh-8-fluoro-2-(((2R.7aS)y-2-fluorotctrahvdro- L H-pymolizin-7a(3 H)-yhmethoxy)quinazolin-7-v1)-
T-finorobenzolblthiophene-3-carbonitrile bis(2,2,2-trifluoroacetate) (3.8 my, 4 .52 umol, 14% vield for
two steps) as yellow solid. 'H NMR (400 MHz, METHANOL-dy)} S ppm 825 (d, J=1.7Hz, 1 H), 7.26
{dd, J=84,50Hz 1H).709(dd. /=93, 35Hz 1 H). 664-668{m, 1 H),549-576(m, 1 H}, 4.65 -
4800, 4 H), 388-409(m, SHL347-356(m, 1 H), 261 -283¢u, 2H),234-259(m, SH), 213 -
23V em. I H). mz (ESTy: 611.8 (M+H)"

2-Amino-4-{6-chloro-4-cyclopropyl-8-fluore-2-({(2R,745)-2-fluorotetrahvdro-1 H-pyrrolizin-7a{S H}-

yimethoxyquinazelin-7-y)-T-fluorobenzo(blthiophene-3-carbonitrile bis(2,2,2triflnorsacetate)

{Example 71},
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Step 1 ferd-Butyl (4-{6-chlore-d-cyclopropyl-8-Huoro-2-({{ZR,7a8)- 2-fluoretetrahydre-14-
pyrrolizin-Ta(8H-ylhmethoxyquinazolin-7-vi}-3-cyano-7-fluorobenzo b ithiophen-2-yljecarbamate,
To a stured sohution of rers-butyl (3-cyano-4-(4 6-dichloro-8-fluoro-2-({({2 R, 7452 -fluorotetrahydro- 1 H-
pvrrohzm-7a(3H)-yhmethoxy )quinazobn-7-vi}-7-tHuorcbenzofb jthiophen-2-vljcarbamate (20 mag, 0.030
munol} i tetrabydrofuran (1.0 mb) at 0 °C was added tron(IH) acetylaceionate (5.3 mg, 0.015 mmol},
followed by cyclopropyimagnesium bromide (1 M solution in THF, $.06 mL, 0.060 mmol). The resulting
mixture was stirred at 0 °C for 1 b, quenched with water, and extracted with EtOAc. The organic layer
was dried (Na:S04), concentrated. The residue was purified by reverse phase HPLC to afford rers-butyl
{4-(6-chloro-4-cyclopropyvl-8-flacro-2-({(( 2R, 7aS})-2-fluorotetrahydro- 1 -pyrrolizin-7a{3H)-
vhmethoxv)quinazolin-7-yi}-3-cyano-7
50% vield) as white solid. m/z (ESE: 670.6 (M+H)

Step 2: 2-Amino-4-{6-chloro-4-cyclopropyl-8-fluore-2-({{2R,748)-2-flusrotetrahydro- 18-

~fluorchenzo{s thiophen-2-yhcarbamate {10 mg, 0.015 mmol,

pyrrofizin-Ta{SH}-yDmethoxyjquinazolin-7-yi}-7-fluorobenzolbithiophene-3-carbonitrile bis{2,2,2-
trifluoroacetate). rerr-Butyl (4-(6-chloro-d-cyclopropyl-8-fluoro-2-({(2 R, Tas}-2 fleorotetrahydro-14-
pyvrrolizin-7a(3#H}-vhmethoxy quinazolin-7-v1}-3-cyano-7-flucrobenzo| 4 fthiophen-2-yijcarbamate (10
mg, 0.015 mmol) was dissolved in dichloromethane (0.3 mL), trifluorcacetic acid (0.5 mL) was added
and the reaction mixtire was stirred at 1t for | h. The reaction mixture was concentrated and purnified by
reverse phase HPLC to afford 2-anuiino-4-{6-chloro-4-cyclopropyl-8-flnoro-2-({({ 28 7aS)-2-
fluorotetrahvdro~-1H-pyrrolizin-Ta{ 34 -vDmethoxyiguinazolin-7-yi -7 -flucrobenzo| A fthiophene-3-
carbonitrile bis(2.2.2-triflucroacetate} (7.8 mg, 9.8 umol, 65% vicld) as vellow solid. 'H NMR (400 MHz,
METHANOL-d) S ppm 850 (s, 1 HY, 725 =635 Hz, T HYL 7.05-7.12 (m, 1 H), 548 - 372 (m, | H),
4.64-483(m, 2H), 387-409(m, 3H), 345 -3560m, 1 H,L 2.98-305(m, 1 H), 256 -2.82 (m, 2 H),
232-251(m, 3H), 2.12-226(m, T H), 1.29 - 1.57 (i, 4 H}. m/z {(ESI): 570.2 (M+H)".

Biological Evalution

Provided n this section 15 the biological evaluation of the specific examples provided herein.

KRAS GI2D TR-FRET Assay

Compounds of intcrest were prepared 1n a dose-response titration in DMSO, and 80 L. were
added via Labevte Echo to cach well of a 384-well plate (Perkin Elmer 60082803, The His-tagged KRAS
G120 protein {Amgen} was diluted to 20 nM in Assay Buffer 20 mM HEPES, pH 7.4, 10 mM Mg(l,,
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50 mM NaCl, §.1% BSA_ 6.01% Tween-20, 10 pM GDP) and 2 ul. was added to the appropriate wells of
the 384-well plate. The plate was mncubated for 30 mimutes at «t. Biotinylated KRPep-2d substrate
{Amgen} was diluted to 20 oM m Assay Buffer and 2 pl. was added to all wells and ineubated for | hour
at room temperature. Detection Reagent (0.4 nM LANCE Eu-W 1024 Anti-6xHis (Perkan Elmer
ADO4GT), 5 nM streptavidin-d2 {Cishio 610SADLA}} was prepared in Assay Baffer, then 4 ub was
added to the plate and mncebated for 1 h at 5t Plates were read using PerkinElmer EnVision {ex: 320 am,
eml: 665 nm, emZ: 615 nm) and em Vem? data was used to generate curve fits using a 4-parameter

logistic model to calculate ICso values,

KRAS G121 Coupled Nucleotide Exchange Assay

Purified GDP-bound KRAS protein {aa 1-169), containing both G12D and C1I8A amino acid
substitutions and an NM-terminal His-tag, wags pre-incabated in assay butfer (25 mM HEPES pH 74, 10
mM MgCh, and 0.01% Triton X-100) with & compound dose-response titration for 2h. Following
compound pre-incubation, purified SO protein (aa 564-1049) and GTP (Roche 10106399001} were
added to the assay wells and incubated for an additional 30 min. To determine the extent of inhibition of
SOS-mediated muclcotide exchange, purified GST-tagged cRAF (aa 1-149), nickel chelate Alphal.ISA
acceptor beads (PerkinElmer ALI08R), and AlphaScreen ghitathione donor beads (PerkinBhmer
6765302} were added to the assay wells and incubated for 10 min. The assay plates were then read on a
PerkinElmer EnVision Muftilabel Reader, using AlphaScreen® technology, and data were analyzed using

a 4-parameter logistic model to calculate ICs values.

Phospho-ERK1/2 MSD Assay

AsPC-1 (ATCC® CRL-1682™) cells were cultured in RPMI 1640 Medium
{ThermoFisher Scientific 11875093) containing 10% fetal bovine serum {ThermoFisher
Scientific 16000044) and 1x penicillin-streptomycin-glutamine (ThermoFisher Scientific
10378016). Sixteen hours prior to compound treatment, AsPC-1 cells were seeded in 96~well
cell culture plates at a density of 25,000 cells/well and tneubated at 37 °C, 5% CO,. A
compound dose-response titration was diluted in growth media, added to appropriate wells of a
cell culture plate, and then incubated at 37 °C, 5% CQ: for 2 hours. Following compound
treatment, cells were washed with ice-cold Dulbecco's phosphate-buffered saline, no Ca®* or

Mg?" (ThermoFisher Scientific 14190144), and then lysed in RIPA buffer (50 mM Tris-HCl pH
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7.5, 1% Igepal, 0.5% sodium deoxycholate, 150 mM NaCl, and 0.5% sodium dodecyl sulfate)

containing protease inhibitors {Roche 4693132001} and phosphatase inhibitors (Roche

4906837001}, Phosphorylation of ERK1/2 in compound-ireated lysates was assayed using

Phospho-ERK1/2 Whole Cell Lysate kits (Meso Scale Discovery K1S1DWD) according to the

manufacturer’s protocol. Assay plates were read on a Meso Scale Discovery Sector Imager

6000, and data were analyzed using a 4-parameter logistic model to calculate ICs0 values.

Table & Biochemical and celludar activity of examples

KRAS Gi2D
KRAS Gi2D o ]
N o , Coupled 2 h p-ERK {AsPC-
Ex.# TR-FRET iCso
- Exchange [Cs 1 eells), ICss (M)
{n¥)
(1M}
i 0.001 0.001 0.052
2 0.034 0.046 NT
3 0.004 0.007 0.105
4 0.004 0.006 3.041
5 0.003 0.004 0.097
5 0.005 0.005 0.143
7 0.004 0.006 0.264
8 0.002 0.004 0.015
9 0.060 0.041 NT
ig 0.044 0.036 NT
i1 0.007 0.007 0.677
i2 0.006 0.006 1.810
i3 0.005 0.005 2.210
i4 0.004 0.004 0.729
i5 0.003 0.004 0.286
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KRAS G120 KRASGI2b v
- TRFRET ICsy Coupled 2 b p-ERK (AsPC-
, Exchange ICs 1 cells), 350 {pbE)
(M) ,
{nM)

i6 8.002 0.003 0.076
17 0.003 0.606 0.768
18 0.002 0.002 4.013
i9 .164 0.054 NT
26 0.022 0.026 1.020
21 0.010 3.008 3.532
22 8.002 0.002 0.013
23 .044 0.042 NT
24 0.003 0.002 0.185
28 0.003 0.003 0.492
26 0.006 0.007 0.601
27 0.002 0.002 0.043
28 0.003 0.005 3.097
29 0.004 0.006 0.081
36 0.0004 0.0008 0.212
31 0.001 0.001 0.187
32 0.002 0.002 0.079
33 0.003 0.003 0.285
34 0.004 0.004 0.093
35 0.004 0.005 0.199
36 0.005 0.006 0.205
37 0.008 0.010 0.859
38 0.010 0.010 0.781
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KRAS G120 KRASGI2b v
- TRFRET ICsy Coupled 2 b p-ERK (AsPC-
, Exchange ICs 1 cells), 350 {pbE)
(M) ,
{nM)

3% 0.010 0.011 3.283
48 0.019 0.026 1.680
41 8.003 0.004 3.288
42 .008 0.010 3.402
43 0.015 0.018 1.160
44 0.002 8.003 $.032
45 .00¢e 0.005 0.185
46 {.006 0.003 .148
47 0.017 0.007 1.110
48 0.045 0.021 3.060
49 0.004 0.004 0.252
56 0.007 0.607 0.307
31 0.002 0.002 3.089
82 0.008 0.667 0.505
53 0.001 0.001 0.118
54 0.014 0.013 1.080
55 0.005 0.008 0.102
56 0.017 0.030 NT

57 0.003 0.003 0.061
58 0.003 0.001 0.078
39 0.005 0.002 0.062
50 0.008 0.007 0.292
61 0.005 0.003 0.050
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KRAS Gi2B
KRAS G12D )
Coupled 2 b p-ERK {(AsPC-
Ex # TR-FRET ICs ,
, Exchange ICs 1 cells), 350 {pbE)
{uM) .
{uM}
62 0.003 0.001 0.025
63 .004 0.003 >10
64 0.025 0.028 1.520
65 .012 0.006 .33
66 0.024 0.016 (.586
&7 0.061 0.034 NT
68 0.144 0.091 NT
69 0.139 0.071 NT
78 0.034 0.019 0.845
71 0.011 3.005 0.185

NT: not tested.

REFERENCES

All references, for example, a scientific publication or patent application publication, cited herein
are incorporated herein by reference in their entirety and for all purposes to the same extent as if each
reference was specifically and mdividually mdicated to be mcorporated by reference i its entirety for all

PUTpOses.
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What ts claimed 1s:

I A compound of formula ()

&)

or tautomer thereof, or a pharmaceutically acceptable salt of said compound or said tautomer,

wherein;

-~ 1¢ a single bond or a double bond;

Wis C, CHor N, wherein when W is N, == 18 a single bond;

Xis abond, CHs, O, 8, S(03, S(OMNR™ or 5(0);

nisO, 1,2, or3;

mis0 1,2 3or4;

cach R” is hydroxyl, halogen, oxo, cyano, Ci.g alkyl, Cry haloalkyl, Cia alkoxy, -T-RY or
two R* taken together with the same carbon or adjacent carbon atoms can form sy cycloalkyl or
a 5-7 membered beterocycloatkyl, wherein cach Cay eyeloalky! or 5-7 mombered
heterocveloalkyvl s further substituted with §-3 occurrences of RY or two R taken together with
the same carbon atom can form a (sg oycloalkyl or 4-7 membered heterocyeloalkyl substituted
with 0-3 occurrences of RY or two R taken together with the carbon atoms to which they are
attached can form a bridged rng, wherein the bridge atoms are selected from one of the
following: -Cig alkylene, -Ciy alkvlene-0-, -Ciy alkylene-0-C s alkviene-, -Ch. alkvlene-8-Cu
alkylene- or -{14 atkylene-5-;

Zis{H CR orN;

R’ is halogen, cvano or Ci. alkyl;

L 1s a bond, -Ci4 alkviene, -0-Ci. alkylene, -S-Ciq atkylene, -NR* -0- or -8-;

R'is hydroxyl, aryl, heteroaryl, Css cycloalkyl or heterocycloalkyl optionally substituted

with 0-3 oecurrences of R”;
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R’ is hydrogen, halogen, C alkyl, Cu alkenvl or cyano;

R* hydrogen, halogen, eyano, Cy4 alkvl, Cis haloalkyl or Ty alkvnyl;
R* is hydrogen or halogen;

cach R’ is halogen, oxo, hydroxyl, amino or € alkyl;

pi1s0, 1, 2or3;

Y is amino;

R’ is cyano;

T is Cre alkvlene, <C(O)-, -0, -S{0)2- o1 -5+

R%is hydrogen, halogen or T alkyl;

R is halogen, hydroxyl, oxo, cyano or amino; and

R” s hydrogen or Ciq alkyl

The compound of claim 1, wherein Z ig N

The compound of claim 1, wherein L is -C . alkylene or -0-Cy atkylene.

The compound of claim 3, wherein R' is 7-{hexahydro-1H-pyrrolizine), 2-pyrrolidine or N-

morpholinyl substituted with 0-3 occurrences of RY.

The compound of claim 4, wherein L-R' is

P D ]
N N

, AN

The compound of claim 1, wherein W is N.

The compound of claim 6, wherein X is O, CH;, 5 or S{({})».

The compound of claim 7, wherein X is O.
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9. The compound of claim 7, whereinn s landm s 2, mis landnis 2ornis 2 and mig 2.

0 0
w9 O
s i

N
o o

10, The compound of claim 1, wherem

N N N N N
§s»° —0 0 O— OH O— F O o

sl=leslo Jodog

N NN N N N "
0 O OH
oxes

N N

s PR

11 The compound of clamm 7, wherein X 15 CHa,

12. The compound of claim 10, whereinnis0andmis lormisQandnis 1.
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%)
@ P O, O
o o
13. The compound of claim 1, wherein . is

5] i
o s )
A S::Q
~ G
) 51 i it N N
b o oo ok Db e g
5.
N
e
14. The compound of claim 10, whereinnis 1 andmis 1
0;\1.0
X N S\ £3H
- Y-
n€ W’ N N
15, The compound of claim 1, wherein anfan is g , o ,
L
& 0O
OH 2 N -4 ~OH
ideoglesdondone
N N N N N N
ol I R | e o
O
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16. The compound of claim 10, whereimnis landmis 2, mis landnis 2 ornis 2 and ms 2.

s
g Q QO
N M
17. The compound of claim 1, wherein ““"‘{"““’” . s S
O
OGO O
N M N R N M
) oH
o0 ee O
N N K“N"’; N‘; M
g A oA A e i
10 18. The compound of claim 1, wherem Wis Cand -—isadouble bondor WisCand - 1sa

single bond.

1. The compound of claim 17, wherein X is O ora bond.

X
(inp_—g ﬁ}m @
6" 9y
15 20. The compound of claim 1, wherein anfrr IS or .
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21, The compound of claim 1. wherein R* is halogen, Ci4 alkyl, Cau alkenvl or cvano.
22. The compound of claim 1, wherem R 15 halogen.

23 The compound of claim 1, wherein R is hydrogen or halogen.

24 The compound of claim 1, wherein the compound 15 selected from one of the following
compounds:

2-Amino-4-(6-chloro-8-fluore-2-{{{2R,7a8)-2-fluorotetrabydro~- 1 H-pyrrolizin-7a{ 5 H}-
yhmethoxyi-4-(1,5-oxazocan-S-yljquinazohn-7-y1}-7-fluorobenzo| &4 thiophene-3-carbonitrle;
Z-Amino-4-(6-chloro-8-fluoro-2-{({{2R, 7as)-2-fluorotetrabydro- 1 H-pyrrolizin-7a{5H4}-
vimethoxy)-4-(6-hydroxy-6-methyl- 1, 4-oxazepan-4-vliquinazolin-7-yi}-7-
fluorobenzolbthiophene-3-carbonitrnie;
2-Amino-4-(6-chloro-8-fluore-2-{{((ZR,7aS)-2-fluorotetrahvdro- LA -pyvrrolizin-Ta{S )~
yhmethoxy)-4-3-ox0azepan-1-yhguinazolin-7-yi)-7-fluorobenzol b thiophene-3-carbonitrile;
2-Amino-4-{6-ethyl-8-fluoro-2~(({2R, Tas}-2 -fluorctetrabydeo-1 F-pyrrolizin-7a(3 H -y methoxy)-
4-(6-hydroxy-6-methyl-1,4-oxazepan-4-yhquinazolin-7-v1)-7-fluorobenzof Althiophene-3-
carbonitrile;
2-Amino-4-(6-chloro-4-(6-ethyl-6-hvdroxy-1,4-oxazepan-4-y1}-8-fluoro-2-({{(2R 7a8)-2~
fuoroictrahydro-1H-pyrrolizin-7a{3H }-vimethoxyjquinazolin-7-vi}-7-fluorsbenzof b fthiophene-
3-carboniirle;

2-Amino-4-(6-chloro-8-fluore-2-({((Z R, 7aS)-2-flucroteirahvdro- U -pyvrrolizin-Ta(S )~
yhmethoxy}-4-((8)-3-hvdroxyazepan-1-vhaquinazolin-7-vi}-7-flucrobenzol b fthiophene-3 -
carbomtrle;

2-Amino-4-{6-chloro-8-flucro-4-(3-flucrcazepan- 1 -y1-2-({(2R  7aS}-2-fluorotetrahydro-1H4-
pyrrolizin-7a(53 H)-vimethoxy)quinazolin-7-y1}-7-fluorochenzobjthiophenc-3-carbonitrile;
2-Amino-7-flucro-4-(8-fluoro-2-(((2R, Tas)-2 -fluorotetrahvdro- L -pyrrolizin-Ta(5 /-
yhmethoxyi-4-(6-hydroxy-6-methyl-1,4-oxazepan-4-v1 }-6-vinylquinazohn-7-

vhbenzol & thiophene-3-carbonitrife;

2-Amino-d-(4-{azepan- i -yh-6-chloro-8-fluoro-2-(((2 R, 7a8)-2-fluorotetrahydro- | H-pyrrolizin-

Taf 5Hy-vyDmethoxy)guinazolin-7-v1)-7-fluorcbenzolblthiophene-3-carbonitrle;
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I-(7-2-Amino-3-cvano-7-fluorobenzofbithiophen-4-yi)-6-chloro-8-fluoro-2 ({21, 7a5y-2 -
fluorotetrahydro-1H-pyoolizin-Ta{3H }-yDmethoxy)quinazolin-4-ylazepane-3-carbonitrile;
2-Ammo-~-4-(6-chloro-8-fluoro-4-{6-fluore-1,4-oxazepan-4-v13-2-({{2 R, 7a8y-2-fluorotetrah ydro-
[H-pyrrolizin-Ta{5SH}-yhmethoxyquimazoln-7-v1}-7-fluorobenzo (A jthiophene-3-carbonitrile;
2-Amino-4-(6-chloro-8-fluoro-2-{(({(2 R, 7a8)-2-fluorotetrabydro- 1 H-pyrrolizin-7a{ 5 H}-
vimethoxy}-4-{4-oxoazepan-1-yhguinazolin-7-yi)-7-fluorchenzof fjthiophene-3-carbonitriie;
2-Amino-4~(6-chloro-8-fluoro-4-{6-fluoro-1.4-oxazepan-4-v1}-2~-({{2R, 7aS)-2 -fluorotetrahvdro-
VH-pyrrohizin-7a(5H}-yBimethoxy iquinazolin-7-v1}-7-Auorcbenzo (b lthiophene-3~carbonitrile;
2-Amino-4-{6-chloro-8-fluore-2-({{ZR, 7a8}-2-fluorotetrahydro- 1 H-pyvrrolizin-7a{3 F)-
vhimethoxy}-4-((S)-6-hydroxy-1.4-oxazepan-4-vijpuinazolin-7-yh-7-fluorobenzo{ b fthiophene-3-
carbonitrile;

2-Amino-4-(6-chloro-8-fluoro-2-{{{2R,7a8)-2-fluorotetrahiydro~- 1 H-pyrrolizin-7a{5 H}-
vimethoxyy-4-(3-hydroxy-2,3,6 7-tetrahydro-1#H-azepm- 1 -yhguinazolin-7-y1}-7-
fluorobenzolblthiophene-3-carbonitnie;

2-Amino-4-(6-chloro-8-fluore-2-({(2R, 7as)-2-fluorotctrahydro- 1 H-pyrralizin-Ta( S H)-
vimethoxy)-4-(1,4-oxazocan-4-yquinazolin-7-vh-7-fluorobenzo| b [thiophene-3-carbonstrile;
2-Amino-4-(6-chloro-4-(6, 6~difluoro-1 4-oxazrepan-4-y1-8-fluoro-2-({(2R, 7a8)-2~
fluorotetrabydro-1H-pyrrolizin-Ta{ SH -y Dmethoxy)guinazolin-7-y1}-7-fluorobenzol b thiophene-
S~carbomtrile;

2-Amino-4-{6-chloro-8-flucro-2-{({((ZR,7a8-2 -fluorotetrahydro- 1 H-pyrrolizin-7a{ S H)-
vhmethoxy)-4-((.5)-3-hydroxyazepan-i-vlquinazolin-7-vi}-7-fluorobenzo| 5 thiophene-3-
carbonitrile;

2-Amino-4-(6-chloro-8-fluoro-2-{({{2 R, 7a8)y-2-flucrotetrahydro- 1 H-pyrrolizin-7a{ 5}
vimcthoxyi-4-(3-hydroxy-3-methylazepan-1-vlquinazolin-7-yh-7-fluorcbenzoi s fthiophenc-3-
carbonitrile;

2-Amino-4~(6-chloro-8-fluoro-2-{{{(ZR,7aS)-2-flucrotetrahydro- U -pyrrolizin-Ta(5 )~
yhmethoxy)-4-(1,4-oxazepan-4-yliqumazolin-7-yI3-7-fluorchenzol b [thiophene-3-carbonitrile;
I-(7-(2-Amino-3~gvano-7-fluorobenzol b fthiophen-4-y)-6-chloro~-8-fluore-2-({(ZR, 7a8)-2-~
fluorotctrahydro- 1 H-pyvrrohzin-Ta{ 54 -yhmethoxy)guinazolin-4-vhazepanc-4-carboniirile;
(25)-1-(7-(2-Amno-3-cyano~7-fluorobenzol 4 fthiophen-4-yD-6-chloro-8-fluoro-2-(((2R, 7aS)-2-

Huorotetrahydro-1H-pyrrohzin-7a(3H}-vhimethoxy yquinazolin-d-vpyrrolidine-2-casbontrile;
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2-Amino-4-(6-chloro-&-fluoro-2-({(Z R, 7a8)-2 -fluorotetrabydro- 1 H-pyrrolizin-7a(5 H)-
vhmethoxy)-4-(6-ox0-1 4-oxazepan-4-vpunazolin-7-v}-7-fluorobenzol ffthiophene-3-
carbonitrile;

2-Amino-4-(6-chloro-4-(6-(difluoromethyh)-6-hydroxy-1, 4-oxazepan-4-vi)-8-flnoro-2-({{2 R, 7as)-
2-fluorotetrahydro- L -pysrolizin-7a( 5 H)-yDmethoxyjquinazolin-7-yiy-7-
fluorobenzolbjthiophene-3-carbonitrile; or
2-Amino-d~(6-chloro-8-fluoro-2-{({(2R,7aS)-2-fluorotetrahvdro- LH-pvrrolizin-Ta(S H)-
vimethoxy)-4-(6-hvdroxy-6-methyl-1,4-oxazepan-4-vlquinazolin-7-yi)-7-

fluorobenzofbjthiophene-3-carbonitrile.

25, The compound of claim 1, wherein the compound 1s selected from one of the following
compounds:

2-Amino-4-(6-chloro-8-fluoro-2-{{{2R, 7as)-2-fluorotetrahydro- 1 H-pyrrolizin-7a{ 5 H}-
vimethoxy-d-(1,5-oxazocan-S-yljquinazohin-7-yi)-7-fluorobenzo| & [thiophene-3-carbonitrile;
2-Amino-4-(6-chloro-8-fluore-2-({(2R, 7aS)-2-fluorotctrahydro- 1 H-pyrralizin-Ta( 5 H)-
vimethoxy)-4-(6-hydroxy-6-methyl-1 4-oxazepan-4-yhquinazolin-7-yi)-7-
fluorobenzolbfthiophene-3-carbonitrnie;

2-Amino-d-{§-chloro-8-fluore-2-(((ZR, 7a8-2 - fluoroteirahydro- 1 H-pyvrrolizin-Ta{ S /)~
vhmethoxy-4-(3-oxoazepan-1-viquinazolin-7-vi)}-7-fluorobenzof b {thiophene-3-carbonitrile;
2-Amino-4-{6-cthyl-8-fluoro-2~(({2 R Tas)-2 -fluorctetrahydro-1 F-pyrrolizin-7a(S Hy-vmethoxy)-
4-(6-hydroxy-6-methyl-1.4-oxazepan-4-yhguinazolin-7-y1)-7-fluorobenzol b jthiophene-3-
carbonitrile;
2-Anyino-4-(6-chloro-4-(6-cthyi-6-hyvdroxy-1.4-oxazepan-4-y1}-&-fluoro-2-({{2R, 7a8)-2-
fAuoroictrahydro-1H-pyrrolizin-7a{3H }-vimethoxy yyuinazolin-7-vi}-7-fluorsbenzof 4 fthiophenc-
3-carbonitrile;

2-Amino-4~(6-chloro-8-fluoro-2-{{{(ZR, 7aS)-2-flucrotetrahydro- U -pyrrolizin-Ta(5 )~
yhmethoxy)-4-((8}-3-hvdroxyazepan-1-viqunazolin-7-yi}-7-flacrcbenzol b fthiophene-3-
carbonitrle;

2-Amino-~4-{6-chloro~-8-fluoro-4-3~-fluormazepan-1 -v1}-2-({{2R, 7a5)-2~-fluorotetrahydro-1H-

pyrrolimn-7a{ 5 H-yDmethoxy)quinazolin-7-y1}-7-fluorobenzoblthiophene-3-carbonitnle;
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2-Amino-7-fhuoro-4-(8-fluoro-2-{({({28 TaS)-2-Huorotetrahydro- 1 H-pyrrolizin-7a{ 5 H}-
yhmethoxy)-4-(6-hvdroxy-6-methyl-1,4-oxazepan-4-vi}-6-vinviquinazolin-7-

vlbenzo[b thiophene-3-carbonitrile;

2-Ammno-4-(4-(azepan-1-y-6-chloro-8-fluore-2-({{(ZR, 7asy-2-fhuorotetrahvdro- L -pyrrolizin-
Ta(5H-ylmethoxy ypinazolin-7-yl)-7-flucrobenzo| & fthiophene-3-carbonitrile; or
-{7-(2-Amino-3-cyvans-7 -fluorebenzo[b fthiophen-4-yi}-6-chloro-8-fluoro-2 ({28, 7a8)-2-

fluorotetrahydro-1 H-pyrrolizin-7a{ 35 }-vhimethoxy jquinazolin-4-vlyazepane-3-carbonitrile.

26. A pharmaceutical composition comprising the compound according to any one of claims
1-25 or a pharmaceutically acceptable salt of said compound, and a phamaceutically acceptable

excipiont.

27. A compound according to any one of claims 1-25, or a tautomer thereof, ora
phamaceutically acceptable salt of said compound, or the pharmaceutical composition according to claim

24 for use as a medicament.

23, A compound according to any one of claims 1-25 or a pharmaceutically acceptable salt

thereof, or the pharmaceutical composition according to claim 26 for wee in {reafing cancer.

29. A compound according to any one of claims 1-25 or a pharmaceutically acceptable salt
thereof, or the pharmaccutical composition according to claim 26 for use 1o treating cancer, whercin one

or more cells express KRAS G120 mutant protein.

30. The compound or pharmacoutical composition for use of claims 28 or 29, wherein the
cancer s pancreatic cancer, coloreetal cancer, non-small cell lung cancer, small bowel cancer,
appendiceal cancer, cancer of unknown primary, endometnial cancer, mixed cancer types, hepatobiliary
cancer, small cell fung cancer, cervical cancer, germ cell cancer, ovarian cancer, gastrointestinal
neuroendocrine cancer, bladder cancer, myelodysplastic/myeloproliferative neoplasms, head and neck
cancer, esophagogastric cancer, soft tissue sarcoma, mesothchioma, thyroid cancer, leukenua, or

melanoma.
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31 A use of the compound according to any one of claims 1-25 or a phammaceutically
acceptable salt thereof, or the pharmaceutical composition according to claim 26 in the preparation of a

medicarnent for treating cancer.

32. A use of the compound according to any one of claims 1-25 or a pharmaceutically
acceptable salt thereof, or the pharmaccutical composition according to ¢laim 26 in the proparation of a

medicament for treating cancer, wherein one or more cells express KRAS G120 mutant protein.

33. The vse according to claim 31 or 32, wherein the cancer 1s non-small cell hung cancer,
small bowel cancer, appendiceal cancer, colorectal cancer, cancer of unknown primary, endometrial
cancer, mixed cancer tvpes, pancreatic cancer, hepatobiliary cancer, small cell lung cancer, cervical
cancer, germ cell cancer, ovarian cancer, gastrointestinal neurcendocrineg cancer, bladder cancer,
myclodysplastic/myeloproliferative neoplasms, head and neck cancer, esophagogastric cancer, soft tissue

sarcoma, mesothelioma, thyroid cancer, leukemia, or melanoma.

34. A method of treating cancer in a subject in need thercof, the method comprising
administering to the subject a therapeutically effective amount of the compound according to any ong of
to any one of claims 1-25 or a pharmaceuntically acceptable salt thereof or a pharmacenstical composition

according to claim 26,

35 A method of treating cancer 1n a subject in need thereof, the method comprusing
administering to the subject a therapeutically effective amount of the compound according to any one of
to any one of claims 1-25 or a pharmaceutically acceptable salt thereof or a pharmaccutical composition

aceording to claim 26, wherein onc or more cells cxpress KRAS G120 mutant protein.

35, The method according to claim 34 or 35, wherein the cancer 1s non-small cell lung
cancer, small bowel cancer, appendiceal cancer, colorectal cancer, cancer of unknown primary,
endometrial cancer, mixed cancer types, pancreatic cancer, hepatobiliary cancer, small cell fung cancer,
cervical cancer, geom cell cancer, ovanan cancer, gastrointestinal neuroendocrine cancer, bladder cancer,
myelodysplastic/myeloproliferative neoplasms, head and neck cancer, esophagogastric cancer, soft tissue

sarcoma, mesothelioma, thyroid cancer, loukemia, or melanoma.
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37 The method according to claim 34 or 35, wherein the cancer is non-small cell lung
cancer, colorectal cancer, pancreatic cancer, appendiceal cancer, endometrial cancer, esophageal cancer,
cancer of unknown primary, ampullary cancer, gastric cancer, small bowel cancer, sinonasal cancer, bile

5 duct cancer, or melanoma.

38. The method according to claim 37, wherein the cancer is non-small cell lung cancer.
39, The method according to claim 37, wherein the cancer is colorectal cancer.
10
40 The method according to claim 37, wherein the cancer is pancreatic cancer.
41 The method according to anyone of claims 34-40, wherein the subject has a cancer that

was determined to have one or more cells expressing the KRAS G12D mutant protein prior to

153 adaunistration of the compound or a phammaceutically acceptable salt thereof.



	Abstract
	Description
	Claims

