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INHIBITORS OF ENCEPHALITIC
ALPHAVIRUSES

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] Priority is hereby claimed to PCT Application Ser.
No. PCT/US2020/049351, filed Sep. 4, 2020, which claims
priority to provisional application Ser. No. 62/896,081, filed
Sep. 5, 2019, which is incorporated herein by reference.

FEDERAL FUNDING STATEMENT

[0002] This invention was made with government support
under AI118814 and AI142792 awarded by the National
Institutes of Health. The government has certain rights in the
invention.

BACKGROUND

[0003] The alphaviruses are small, spherical, enveloped
viruses with a genome of a single-sense, positive-strand
RNA genome. The alphavirus species have been categorized
into “Old World” and “New World” classes based on dif-
ferences in the proteins involved in inducing transcriptional
shutoff. See Garmashova et al., J. Virol. March 2007, 81(5):
2472-2484. Included among the “New World” alphaviruses
are several species that are pathogenic in vertebrates, includ-
ing humans. Among these, the most economically signifi-
cant are Venezuelan equine encephalitis virus (“VEEV”),
eastern equine encephalitis virus (“EEEV”) and western
equine encephalitis virus (“WEEV”). As the names indicate,
these pathogenic viruses cause encephalitis in horses. The
virus can spread to humans, typically via mosquitos and
other arthropods.

[0004] Most alphaviruses are maintained in natural cycles
between the arthropod vectors (mainly mosquitoes) and
susceptible vertebrate hosts. See Strauss and Strauss, “The
alphaviruses: gene expression, replication, and evolution,”
Microbiol. Rev. 1994, 58(3): 491-562. These cycles periodi-
cally flow into human and animal populations and cause
outbreaks of disease. Human infections with Old World
alphaviruses such as Ross River (“RRV”), chikungunya
(“CHIKV™), and Sindbis (“SINV”) viruses are characterized
by febrile illness, rash and polyarthritis. In contrast, infec-
tions with any of the New World alphaviruses VEEV, EEEV,
or Western equine encephalitis can cause fatal encephalitis
in both humans and non-human vertebrates (horses being the
most economically significant non-human victims). The
ability of alphaviruses to infect both invertebrates and
vertebrates facilitates a broad host range that enables the
viruses to be maintained in ecological niches with sporadic
outbreaks in humans and animals.

[0005] Alphaviruses infect many vertebrate and inverte-
brate hosts, including at least three genera of mosquitos
(dedes sp., Culex sp., and Anopheles sp.), ticks, and lice.
Vertebrate hosts include fish, equids, birds, amphibians,
reptiles, rodents, pigs, humans and non-human primates. See
Griffin. “Alphaviruses,” In: Fields B N, Knipe D M, Howley
P M, editors, Virology, 5th edition, ISBN 978-0781760607,
© 2006, Lippincott Williams & Wilkins, New York, N.Y.,
pp. 1023-68; Linthicum et al., J Med. Entomol. 1991,
28(3):405-9; and La Linn et al., J Firol. 2001, 75(9):4103-9).
As a consequence, alphaviruses are readily cultured in vitro
in many vertebrate and invertebrate cell lines. See, for
example, Way et al., J Gen Virol. 1976,30(1):123-30; Sarver
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and Stollar, Virology 1977, 80(2):390-400; and Igarashi, J
Gen Virol. 1978, 40(3):531-44.

SUMMARY
[0006] Disclosed herein are compounds of Formula I and
Formula II:
]
R6
R3 R’
R* o]
R R®
N
A
R2 N/ R10
R! and
an
RS
RS R’
R* 0
R? RS
N ;
R? N
It
Rl RIO
wherein:
[0007] R!, R R?and R*are the same or different and are

independently selected from hydrogen, halogen, alkyl,
C;-Cq-cycloalkyl, halogen-substituted alkyl, alkoxy, halo-
gen-substituted alkoxy, nitro, cyano, aryl, alkyl-substituted
aryl, alkoxy-substituted aryl, halogen-substituted aryl, satu-
rated or unsaturated 4- to 6-membered heterocyclyl, sulfo-
nyl, and sulfonamidyl,

[0008] provided that not all of R', R% R® and R* are
simultaneously hydrogen, and

[0009] provided that at least one of R', R?, R® and R*is an
electron-withdrawing group;

[0010] R> R® R7,R® andR? are the same or different and
are independently selected from hydrogen, halogen, alkyl,
unsubstituted or substituted C;-Cg-cycloalkyl, halogen-sub-
stituted alkyl, alkoxy, halogen-substituted alkoxy, azido,
nitro, and cyano;

[0011]
lamino,

R'?is selected from aliphatic amino, aliphatic alky-

N—R!
RI2

’

X
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-continued
Rl
8
R, RIL
JN/
\RIZ
RU Rl
\ \
§ N 12 N 12
/\R , and /\R s
N N
\Ru

wherein:
[0012] R'' is selected from hydrogen, halogen, alkyl,
halogen-substituted alkyl, alkoxy, halogen-substituted
alkoxy, unsubstituted or substituted C;-Cg-cyclic ether, and
unsubstituted or C-substituted or N-substituted saturated or
unsaturated nitrogen C,-Cy heterocyclyl;

[0013] R'? is selected from hydrogen, halogen, alkyl,
halogen-substituted alkyl, alkoxy, and halogen-substituted
alkoxy;
[0014]

[0015] In preferred versions of the compounds, R'® is
selected from

Tﬂ
+<x,

and salts thereof.

N—R!,
\RIZ
Rll
Nj
12 11
R, R
JN
\Rlz
RY R{
N—\ R2  and N—\ RI2.
7 g
N N
\
Rll

[0016] R'' may optionally be selected from hydrogen,
halogen, and alkyl.

[0017] R'2? may optionally be selected from hydrogen,
halogen, and alkyl.
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[0018] Inother versions of the compounds, R'" is selected
from unsubstituted or substituted C;-Cg-cyclic ether, and
unsubstituted or C-substituted or N-substituted C,-Cg-satu-
rated nitrogen heterocyclyl.

[0019] R® may optionally be selected from selected from
fluoro, nitro, cyano, sulfonyl, and sulfonamide.

[0020] In another version of the compounds, R is not
hydrogen.
[0021] In all versions of the compounds, R' may option-

ally be selected from halogen, alkyl, halogen-substituted
alkyl, C;-Cq-cycloalkyl, 3-pyrimidinyl, and 4-pyrimidinyl.
[0022] The compounds may have a structure as shown in
Formula I, with R'° being optionally selected from

11

R
l
‘%_QN
X
R12, ,N—R“,
\RIZ
Rl
\Ni
R12, and R
JN/
\R”

[0023] Or, the compounds may have a structure as shown
in Formula II, with R'® being optionally selected from

R{ RY
N—\/RIZ, and N—\/Rlz_
/ /
N N
\R“

[0024] Also disclosed herein is a pharmaceutical compo-
sition for inhibiting a viral infection. The composition
comprises an effective amount of one or more compounds as
disclosed herein.

[0025] Further disclosed herein is a method of inhibiting a
viral infection. The method comprises administering to a
subject an antiviral-effective amount of a compound as
disclosed herein.

BRIEF DESCRIPTION OF THE DRAWING

[0026] The sole FIGURE is a graph depicting the results
of a fourteen (14)-day in vivo efficacy assessment of
Example 55, compound 7a, in 6 to 8 week-old BALB/C
mice (groups of 8). The study was a prophylactic assess-
ment: compound was given to mice 2 h prior to viral
exposure with VEEV TrD (10xLD50, subcutaneous chal-
lenge). Compound was delivered via IP injection. Per-day
dose was divided into two doses, given 12 h apart for 8 days
(e.g. 12 mg/kg/day was given as 6 mg/kg BID). Virus+
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vehicle mice all died without compound treatment by Day 5.
Mice without virus all survived (control, 100% survival). 48
mg/kg/day group had a 100% survival rate. Mice in the 24
mg/kg/day and 12 mg/kg/day groups had 75% survival rates.
Survival plot lines are offset for clarity.

DETAILED DESCRIPTION

[0027] In various aspects, the present technology provides
novel compounds and methods for treating a viral infection.
The compounds provided herein can be formulated into
pharmaceutical compositions and medicaments that are use-
ful for inhibiting infection with alphaviruses. Also provided
is the use of the compounds in preparing pharmaceutical
formulations and medicaments, the use of the compounds in
treating a viral infection in general and an alpha virus
infection in particular.

Definitions
[0028] The following terms are used throughout as defined
below.
[0029] As used herein and in the appended claims, singu-

lar articles such as “a” and “an” and “the” and similar
referents in the context of describing the elements (espe-
cially in the context of the following claims) are to be
construed to cover both the singular and the plural, unless
otherwise indicated herein or clearly contradicted by con-
text. Recitation of ranges of values herein are merely
intended to serve as a shorthand method of referring indi-
vidually to each separate value falling within the range,
unless otherwise indicated herein, and each separate value is
incorporated into the specification as if it were individually
recited herein. All methods described herein can be per-
formed in any suitable order unless otherwise indicated
herein or otherwise clearly contradicted by context. The use
of any and all examples, or exemplary language (e.g., “such
as”) provided herein, is intended merely to better illuminate
the embodiments and does not pose a limitation on the scope
of the claims unless otherwise stated. No language in the
specification should be construed as indicating any non-
claimed element as essential.

[0030] As used herein, “about” will be understood by
persons of ordinary skill in the art and will vary to some
extent depending upon the context in which it is used. If
there are uses of the term which are not clear to persons of
ordinary skill in the art, given the context in which it is used,
“about” will mean up to plus or minus 10% of the particular
term.

[0031] Generally, reference to a certain element such as
hydrogen or H is meant to include all isotopes of that
element. For example, if an R group is defined to include
hydrogen or H, it also includes deuterium and tritium.
Compounds comprising radioisotopes such as tritium, C'#,
P32 and S*° are thus within the scope of the present tech-
nology. Procedures for inserting such labels into the com-
pounds of the present technology will be readily apparent to
those skilled in the art based on the disclosure herein.
[0032] In general, “substituted” refers to an organic group
as defined below (e.g., an alkyl group) in which one or more
bonds to a hydrogen atom contained therein are replaced by
a bond to non-hydrogen or non-carbon atoms. Substituted
groups also include groups in which one or more bonds to
a carbon(s) or hydrogen(s) atom are replaced by one or more
bonds, including double or triple bonds, to a heteroatom.
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Thus, a substituted group is substituted with one or more
substituents, unless otherwise specified. In some embodi-
ments, a substituted group is substituted with 1, 2, 3, 4, 5, or
6 substituents. Examples of substituent groups include:
halogens (i.e., Cl, F, Br, and I); hydroxyls; alkoxy, alkenoxy,
aryloxy, aralkyloxy, heterocyclyloxy, and heterocyclylal-
koxy groups; carbonyls (0xo0); carboxyls; esters; urethanes;
oximes; hydroxylamines; alkoxyamines; aralkoxyamines;
thiols; sulfides; sulfoxides; sulfones; sulfonyls; sulfona-
mides; amines; N-oxides; hydrazines; hydrazides; hydra-
zones; azides; amides; ureas; amidines; guanidines; enam-
ines; imides; isocyanates; isothiocyanates; cyanates;
thiocyanates; imines; nitro groups; nitriles (i.e., CN); and the
like.

[0033] Substituted ring groups such as substituted cycloal-
kyl, aryl, heterocyclyl and heteroaryl groups also include
rings and ring systems in which a bond to a hydrogen atom
is replaced with a bond to a carbon atom. Therefore,
substituted cycloalkyl, aryl, heterocyclyl and heteroaryl
groups may also be substituted with substituted or unsub-
stituted alkyl, alkenyl, and alkynyl groups as defined below.
[0034] Alkyl groups include straight chain and branched
chain alkyl groups having from 1 to 12 carbon atoms, and
typically from 1 to 10 carbons or, in some embodiments,
from 1to 8, 1to 6, or 1 to 4 carbon atoms. Examples of
straight chain alkyl groups include groups such as methyl,
ethyl, n-propyl, n-butyl, n-pentyl, n-hexyl, n-heptyl, and
n-octyl groups. Examples of branched alkyl groups include,
but are not limited to, isopropyl, iso-butyl, sec-butyl, tert-
butyl, neopentyl, isopentyl, and 2,2-dimethylpropyl groups.
Representative substituted alkyl groups may be substituted
one or more times with substituents such as those listed
above, and include without limitation haloalkyl (e.g., trif-
luoromethyl), hydroxyalkyl, thioalkyl, aminoalkyl, alky-
laminoalkyl, dialkylaminoalkyl, alkoxyalkyl, carboxyalkyl,
and the like.

[0035] Cycloalkyl groups include mono-, bi- or tricyclic
alkyl groups having from 3 to 12 carbon atoms in the ring(s),
or, in some embodiments, 3 to 10,3 to 8, or3to 4, 5, 0or 6
carbon atoms. Exemplary monocyclic cycloalkyl groups
include, but not limited to, cyclopropyl, cyclobutyl, cyclo-
pentyl, cyclohexyl, cycloheptyl, and cyclooctyl groups. In
some embodiments, the cycloalkyl group has 3 to 8 ring
members, whereas in other embodiments the number of ring
carbon atoms range from 3 to 5, 3 to 6, or 3 to 7. Bi- and
tricyclic ring systems include both bridged cycloalkyl
groups and fused rings, such as, but not limited to, bicyclo
[2.1.1]hexane, adamantyl, decalinyl, and the like. Substi-
tuted cycloalkyl groups may be substituted one or more
times with, non-hydrogen and non-carbon groups as defined
above. However, substituted cycloalkyl groups also include
rings that are substituted with straight or branched chain
alkyl groups as defined above. Representative substituted
cycloalkyl groups may be mono-substituted or substituted
more than once, such as, but not limited to, 2,2-, 2,3-, 2,4-,
2,5- or 2,6-disubstituted cyclohexyl groups, which may be
substituted with substituents such as those listed above.
[0036] Cycloalkylalkyl groups are alkyl groups as defined
above in which a hydrogen or carbon bond of an alkyl group
is replaced with a bond to a cycloalkyl group as defined
above. In some embodiments, cycloalkylalkyl groups have
from 4 to 16 carbon atoms, 4 to 12 carbon atoms, and
typically 4 to 10 carbon atoms. Substituted cycloalkylalkyl
groups may be substituted at the alkyl, the cycloalkyl or both
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the alkyl and cycloalkyl portions of the group. Representa-
tive substituted cycloalkylalkyl groups may be mono-sub-
stituted or substituted more than once, such as, but not
limited to, mono-, di- or tri-substituted with substituents
such as those listed above.

[0037] Alkenyl groups include straight and branched
chain alkyl groups as defined above, except that at least one
double bond exists between two carbon atoms. Alkenyl
groups have from 2 to 12 carbon atoms, and typically from
2 to 10 carbons or, in some embodiments, from 2 to 8, 2 to
6, or 2 to 4 carbon atoms. In some embodiments, the alkenyl
group has one, two, or three carbon-carbon double bonds.
Examples include, but are not limited to vinyl, allyl,
CH—CH(CH,), CH—C(CH,),, C(CH;)—CH,, C(CH,)
—CH(CH,;), C(CH,CH,)—CH,, among others. Represen-
tative substituted alkenyl groups may be mono-substituted
or substituted more than once, such as, but not limited to,
mono-, di- or tri-substituted with substituents such as those
listed above.

[0038] Cycloalkenyl groups include cycloalkyl groups as
defined above, having at least one double bond between two
carbon atoms. In some embodiments the cycloalkenyl group
may have one, two or three double bonds but does not
include aromatic compounds. Cycloalkenyl groups have
from 4 to 14 carbon atoms, or, in some embodiments, 5 to
14 carbon atoms, 5 to 10 carbon atoms, or even 5, 6, 7, or
8 carbon atoms. Examples of cycloalkenyl groups include
cyclohexenyl, cyclopentenyl, cyclohexadienyl, cyclobutadi-
enyl, and cyclopentadienyl.

[0039] Cycloalkenylalkyl groups are alkyl groups as
defined above in which a hydrogen or carbon bond of the
alkyl group is replaced with a bond to a cycloalkenyl group
as defined above. Substituted cycloalkenylalkyl groups may
be substituted at the alkyl, the cycloalkenyl or both the alkyl
and cycloalkenyl portions of the group. Representative
substituted cycloalkenylalkyl groups may be substituted one
or more times with substituents such as those listed above.
[0040] Alkynyl groups include straight and branched
chain alkyl groups as defined above, except that at least one
triple bond exists between two carbon atoms. Alkynyl
groups have from 2 to 12 carbon atoms, and typically from
2 to 10 carbons or, in some embodiments, from 2 to 8, 2 to
6, or 2 to 4 carbon atoms. In some embodiments, the alkynyl
group has one, two, or three carbon-carbon triple bonds.
Examples include, but are not limited to —C=CH,
—C=CCH,;, —CH,C=CCH,, —C=CCH,CH(CH,CH,;),,
among others. Representative substituted alkynyl groups
may be mono-substituted or substituted more than once,
such as, but not limited to, mono-, di- or tri-substituted with
substituents such as those listed above.

[0041] Aryl groups are cyclic aromatic hydrocarbons that
do not contain heteroatoms. Aryl groups herein include
monocyclic, bicyclic and tricyclic ring systems. Thus, aryl
groups include, but are not limited to, phenyl, azulenyl,
heptalenyl, biphenyl, fluorenyl, phenanthrenyl, anthracenyl,
indenyl, indanyl, pentalenyl, and naphthyl groups. In some
embodiments, aryl groups contain 6-14 carbons, and in
others from 6 to 12 or even 6-10 carbon atoms in the ring
portions of the groups. In some embodiments, the aryl
groups are phenyl or naphthyl. Although the phrase “aryl
groups” includes groups containing fused rings, such as
fused aromatic-aliphatic ring systems (e.g., indanyl, tetra-
hydronaphthyl, and the like), it does not include aryl groups
that have other groups, such as alkyl or halo groups, bonded
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to one of the ring members. Rather, groups such as tolyl are
referred to as substituted aryl groups. Representative sub-
stituted aryl groups may be mono-substituted or substituted
more than once. For example, monosubstituted aryl groups
include, but are not limited to, 2-, 3-, 4-, 5-, or 6-substituted
phenyl or naphthyl groups, which may be substituted with
substituents such as those listed above.

[0042] Aralkyl groups are alkyl groups as defined above in
which a hydrogen or carbon bond of an alkyl group is
replaced with a bond to an aryl group as defined above. In
some embodiments, aralkyl groups contain 7 to 16 carbon
atoms, 7 to 14 carbon atoms, or 7 to 10 carbon atoms.
Substituted aralkyl groups may be substituted at the alkyl,
the aryl or both the alkyl and aryl portions of the group.
Representative aralkyl groups include but are not limited to
benzyl and phenethyl groups and fused (cycloalkylaryl)alkyl
groups such as 4-indanylethyl. Representative substituted
aralkyl groups may be substituted one or more times with
substituents such as those listed above.

[0043] Heterocyclyl groups include aromatic (also
referred to as heteroaryl) and non-aromatic ring compounds
containing 3 or more ring members, of which one or more
is a heteroatom such as, but not limited to, N, O, and S. In
some embodiments, the heterocyclyl group contains 1, 2, 3
or 4 heteroatoms. In some embodiments, heterocyclyl
groups include mono-, bi- and tricyclic rings having 3 to 16
ring members, whereas other such groups have 3 to 6, 3 to
10, 3 to 12, or 3 to 14 ring members. Heterocyclyl groups
encompass aromatic, partially unsaturated and saturated ring
systems, such as, for example, imidazolyl, imidazolinyl and
imidazolidinyl groups. The phrase “heterocyclyl group”
includes fused ring species including those comprising fused
aromatic and non-aromatic groups, such as, for example,
benzotriazolyl, 2,3-dihydrobenzo[1,4]dioxinyl, and benzo
[1,3]dioxolyl. The phrase also includes bridged polycyclic
ring systems containing a heteroatom such as, but not
limited to, quinuclidyl. However, the phrase does not
include heterocyclyl groups that have other groups, such as
alkyl, oxo or halo groups, bonded to one of the ring
members. Rather, these are referred to as “substituted het-
erocyclyl groups”. Heterocyclyl groups include, but are not
limited to, aziridinyl, azetidinyl, pyrrolidinyl, imidazolidi-
nyl, pyrazolidinyl, thiazolidinyl, tetrahydrothiophenyl, tet-
rahydrofuranyl, dioxolyl, furanyl, thiophenyl, pyrrolyl, pyr-
rolinyl, imidazolyl, imidazolinyl, pyrazolyl, pyrazolinyl,
triazolyl, tetrazolyl, oxazolyl, isoxazolyl, thiazolyl, thiazoli-
nyl, isothiazolyl, thiadiazolyl, oxadiazolyl, piperidyl, piper-
azinyl, morpholinyl, thiomorpholinyl, tetrahydropyranyl,
tetrahydrothiopyranyl, oxathiane, dioxyl, dithianyl, pyranyl,
pyridyl, pyrimidinyl, pyridazinyl, pyrazinyl, triazinyl, dihy-
dropyridyl, dihydrodithionyl, dihydrodithionyl, homopiper-
azinyl, quinuclidyl, indolyl, indolinyl, isoindolyl, azaindolyl
(pyrrolopyridyl), indazolyl, indolizinyl, benzotriazolyl,
benzimidazolyl, benzofuranyl, benzothiophenyl, benzthiaz-
olyl, benzoxadiazolyl, benzoxazinyl, benzodithiinyl, benzo-
xathiinyl, benzothiazinyl, benzoxazolyl, benzothiazolyl,
benzothiadiazolyl, benzo[1,3]dioxolyl, pyrazolopyridyl,
imidazopyridyl(azabenzimidazolyl), triazolopyridyl, isoxa-
zolopyridyl, purinyl, xanthinyl, adeninyl, guaninyl, quino-
linyl, isoquinolinyl, quinolizinyl, quinoxalinyl, quinazoli-
nyl, cinnolinyl, phthalazinyl, naphthyridinyl, pteridinyl,
thianaphthyl, dihydrobenzothiazinyl, dihydrobenzofuranyl,
dihydroindolyl, dihydrobenzodioxinyl, tetrahydroindolyl,
tetrahydroindazolyl, tetrahydrobenzimidazolyl, tetrahyd-
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robenzotriazolyl, tetrahydropyrrolopyridyl, tetrahydropyra-
zolopyridyl, tetrahydroimidazopyridyl, tetrahydrotriazolo-
pyridyl, and tetrahydroquinolinyl groups. Representative
substituted heterocyclyl groups may be mono-substituted or
substituted more than once, such as, but not limited to,
pyridyl or morpholinyl groups, which are 2-, 3-, 4-, 5-; or
6-substituted, or disubstituted with various substituents such
as those listed above.

[0044] Heteroaryl groups are aromatic ring compounds
containing 5 or more ring members, of which, one or more
is a heteroatom such as, but not limited to, N, O, and S.
Heteroaryl groups include, but are not limited to, groups
such as pyrrolyl, pyrazolyl, triazolyl, tetrazolyl, oxazolyl,
isoxazolyl, thiazolyl, pyridinyl, pyridazinyl, pyrimidinyl,
pyrazinyl, thiophenyl, benzothiophenyl, furanyl, benzofura-
nyl, indolyl, azaindolyl(pyrrolopyridinyl), indazolyl, benz-
imidazolyl, imidazopyridinyl(azabenzimidazolyl), pyrazo-
lopyridinyl, triazolopyridinyl, benzotriazolyl, benzoxazolyl,
benzothiazolyl, benzothiadiazolyl, imidazopyridinyl, isoxa-
zolopyridinyl, thianaphthyl, purinyl, xanthinyl, adeninyl,
guaninyl, quinolinyl, isoquinolinyl, tetrahydroquinolinyl,
quinoxalinyl, and quinazolinyl groups. Heteroaryl groups
include fused ring compounds in which all rings are aro-
matic such as indolyl groups and include fused ring com-
pounds in which only one of the rings is aromatic, such as
2,3-dihydro indolyl groups. Although the phrase “heteroaryl
groups” includes fused ring compounds, the phrase does not
include heteroaryl groups that have other groups bonded to
one of the ring members, such as alkyl groups. Rather,
heteroaryl groups with such substitution are referred to as
“substituted heteroaryl groups.” Representative substituted
heteroaryl groups may be substituted one or more times with
various substituents such as those listed above.

[0045] Heterocyclylalkyl groups are alkyl groups as
defined above in which a hydrogen or carbon bond of an
alkyl group is replaced with a bond to a heterocyclyl group
as defined above. Substituted heterocyclylalkyl groups may
be substituted at the alkyl, the heterocyclyl or both the alkyl
and heterocyclyl portions of the group. Representative het-
erocyclyl alkyl groups include, but are not limited to,
morpholin-4-yl-ethyl, furan-2-yl-methyl, imidazol-4-yl-
methyl, pyridin-3-yl-methyl, tetrahydrofuran-2-yl-ethyl,
and indol-2-yl-propyl. Representative substituted heterocy-
clylalkyl groups may be substituted one or more times with
substituents such as those listed above.

[0046] Heteroaralkyl groups are alkyl groups as defined
above in which a hydrogen or carbon bond of an alkyl group
is replaced with a bond to a heteroaryl group as defined
above. Substituted heteroaralkyl groups may be substituted
at the alkyl, the heteroaryl or both the alkyl and heteroaryl
portions of the group. Representative substituted heteroaral-
kyl groups may be substituted one or more times with
substituents such as those listed above.

[0047] Groups described herein having two or more points
of attachment (i.e., divalent, trivalent, or polyvalent) within
the compound of the present technology are designated by
use of the suffix, “ene.” For example, divalent alkyl groups
are alkylene groups, divalent aryl groups are arylene groups,
divalent heteroaryl groups are divalent heteroarylene
groups, and so forth. Substituted groups having a single
point of attachment to the compound of the present tech-
nology are not referred to using the “ene” designation. Thus,
e.g., chloroethyl is not referred to herein as chloroethylene.
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[0048] Alkoxy groups are hydroxyl groups (—OH)
bonded to a carbon atom of a substituted or unsubstituted
alkyl group as defined above. Examples of linear alkoxy
groups include but are not limited to methoxy, ethoxy,
propoxy, butoxy, pentoxy, hexoxy, and the like. Examples of
branched alkoxy groups include but are not limited to
isopropoxy, sec-butoxy, tert-butoxy, isopentoxy, isohexoxy,
and the like. Examples of cycloalkoxy groups include but
are not limited to cyclopropyloxy, cyclobutyloxy, cyclopen-
tyloxy, cyclohexyloxy, and the like. Representative substi-
tuted alkoxy groups may be substituted one or more times
with substituents such as those listed above.

[0049] The terms “alkanoyl” and “alkanoyloxy” as used
herein can refer, respectively, to —C(=0)-alkyl groups and
—O—C(=0)-alkyl groups, each containing 2-5 carbon
atoms.

[0050] The terms “aryloxy” and “arylalkoxy” refer to,
respectively, a substituted or unsubstituted aryl group
bonded to an oxygen atom and a substituted or unsubstituted
aralkyl group bonded to the oxygen atom at the alkyl.
Examples include but are not limited to phenoxy, naphth-
yloxy, and benzyloxy. Representative substituted aryloxy
and arylalkoxy groups may be substituted one or more times
with substituents such as those listed above.

[0051] The term “carboxylate” as used herein refers to a
—COOH group.

[0052] The term “ester” as used herein refers to —COOR
groups, in which R is a substituted or unsubstituted alkyl,
cycloalkyl, alkenyl, alkynyl, aryl, aralkyl, heterocyclylalkyl
or heterocyclyl group as defined herein.

[0053] The term “amide” (or “amido”) includes C- and
N-amide groups, ie., C(=O)NRR', and —NRC(—=O)R'
groups, respectively. R and R' are independently hydrogen,
or a substituted or unsubstituted alkyl, alkenyl, alkynyl,
cycloalkyl, aryl, aralkyl, heterocyclylalkyl or heterocyclyl
group as defined herein. Amido groups therefore include but
are not limited to carbamoyl groups (—C(=O)NH,) and
formamide groups (—NHC(=O)H). In some embodiments,
the amide is —NRC(=0)—(C,_s alkyl) and the group is
termed “carbonylamino,” and in others the amide is —NHC
(=0)-alkyl and the group is termed “alkanoylamino.”
[0054] The term “nitrile” or “cyano” as used herein refers
to the —C=N group.

[0055] Urethane groups include N- and O-urethane
groups, i.e., —NRC(—O)OR' and —OC(—O)NRR' groups,
respectively. R and R' are independently a substituted or
unsubstituted alkyl, alkenyl, alkynyl, cycloalkyl, aryl, aral-
kyl, heterocyclylalkyl, or heterocyclyl group as defined
herein. R or R' may also be H.

[0056] The term “amine” (or “amino™) as used herein
refers to —NRR' groups, wherein R and R' are indepen-
dently hydrogen, or a substituted or unsubstituted alkyl,
alkenyl, alkynyl, cycloalkyl, aryl, aralkyl, heterocyclylalkyl
or heterocyclyl group as defined herein. In some embodi-
ments, the amine is alkylamino, dialkylamino, arylamino, or
alkylarylamino. In other embodiments, the amine is NH,,
methylamino, dimethylamino, ethylamino, diethylamino,
propylamino, isopropylamino, phenylamino, or benzy-
lamino.

[0057] The term “sulfonamido” includes S- and N-sulfo-
namide groups, ie., —SO,NRR' and NRSO,R' groups,
respectively. Rand R' are independently hydrogen, or a
substituted or unsubstituted alkyl, alkenyl, alkynyl, cycloal-
kyl, aryl, aralkyl, heterocyclylalkyl, or heterocyclyl group as
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defined herein. Sulfonamido groups therefore include but
are not limited to sulfamoyl groups (—SO,NH,). In some
embodiments herein, the sulfonamido is —NHSO,-alkyl
and is referred to as the “alkylsulfonylamino™ group.
[0058] The term “thiol” refers to —SH groups, while
sulfides include —SR groups, sulfoxides include
—S(=O0)R groups, sulfones include —SO,R groups, and
sulfonyls include —SO,OR. Each R group each indepen-
dently a substituted or unsubstituted alkyl, cycloalkyl, alk-
enyl, alkynyl, aryl aralkyl, heterocyclyl or heterocyclylalkyl
group as defined herein. In some embodiments the sulfide is
an alkylthio group, —S-alkyl.

[0059] The term “urea” refers to —NR—C(=—O)—NR'R"
groups. R, R', and R" groups are independently hydrogen, or
a substituted or unsubstituted alkyl, alkenyl, alkynyl,
cycloalkyl, aryl, aralkyl, heterocyclyl, or heterocyclylalkyl
group as defined herein.

[0060] The term “amidine” refers to —C(NR)NR'R" and
—NRC(NR")R", wherein R, R', and R" are each indepen-
dently hydrogen, or a substituted or unsubstituted alkyl,
cycloalkyl, alkenyl, alkynyl, aryl aralkyl, heterocyclyl or
heterocyclylalkyl group as defined herein.

[0061] The term “halogen” or “halo” as used herein refers
to chlorine, fluorine, bromine, and iodine. In some embodi-
ments, the halogen is fluorine. In other embodiments, the
halogen is chlorine or bromine.

[0062] The term “hydroxy” as used herein can refer to
—OH or its ionized form, —O~.

[0063] The term “nitro” as used herein refers to an —NO,
group.

[0064] The term “trifluoromethyl” as used herein refers to
—CF,.

[0065] The term “triffuoromethoxy” as used herein refers
to —OCF,;.

[0066] The phrase “selectively treats” as used herein will

be understood by persons of ordinary skill in the art and will
vary to some extent depending upon the context in which the
phrase is used. If there are uses of the phrase which are not
clear to persons of ordinary skill in the art, given the context
in which the phrase is used, the phrase at minimum refers to
the compounds acting through a viral-specific mechanism of
action, resulting in fewer off-target effects because the
compounds target the virus and not the host.

[0067] As will be understood by one skilled in the art, for
any and all purposes, particularly in terms of providing a
written description, all ranges disclosed herein also encom-
pass any and all possible subranges and combinations of
subranges thereof. Any listed range can be easily recognized
as sufficiently describing and enabling the same range being
broken down into at least equal halves, thirds, quarters,
fifths, tenths, etc. As a non-limiting example, each range
discussed herein can be readily broken down into a lower
third, middle third and upper third, etc. As will also be
understood by one skilled in the art all language such as “up
to,” “at least,” “greater than,” “less than,” and the like
include the number recited and refer to ranges which can be
subsequently broken down into subranges as discussed
above. Finally, as will be understood by one skilled in the
art, a range includes each individual member. Thus, for
example, a group having 1-3 atoms refers to groups having
1, 2, or 3 atoms. Similarly, a group having 1-5 atoms refers
to groups having 1, 2, 3, 4, or 5 atoms, and so forth.
[0068] Pharmaceutically acceptable salts of compounds
described herein are within the scope of the present tech-
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nology and include acid or base addition salts which retain
the desired pharmacological activity and is not biologically
undesirable (e.g., the salt is not unduly toxic, allergenic, or
irritating, and is bioavailable). When the compound of the
present technology has a basic group, such as, for example,
an amino group, pharmaceutically acceptable salts can be
formed with inorganic acids (such as hydrochloric acid,
hydroboric acid, nitric acid, sulfuric acid, and phosphoric
acid), organic acids (e.g. alginate, formic acid, acetic acid,
benzoic acid, gluconic acid, fumaric acid, oxalic acid, tar-
taric acid, lactic acid, maleic acid, citric acid, succinic acid,
malic acid, methanesulfonic acid, benzenesulfonic acid,
naphthalene sulfonic acid, and p-toluenesulfonic acid) or
acidic amino acids (such as aspartic acid and glutamic acid).
When the compound of the present technology has an acidic
group, such as for example, a carboxylic acid group, it can
form salts with metals, such as alkali and earth alkali metals
(e.g. Na*, Li*, K*, Ca®*, Mg>*, zn®*), ammonia or organic
amines (e.g. dicyclohexylamine, trimethylamine, triethyl-
amine, pyridine, picoline, ethanolamine, diethanolamine,
triethanolamine) or basic amino acids (e.g. arginine, lysine
and ornithine). Such salts can be prepared in situ during
isolation and purification of the compounds or by separately
reacting the purified compound in its free base or free acid
form with a suitable acid or base, respectively, and isolating
the salt thus formed. See, for example, See, for example,
“Handbook of Pharmaceutical Salts, Properties, Selection,
and Use,” P. H. Stahl and C. G. Wermuch, Eds., © 2008,
Wiley-VCH (Zurich, Switzerland), ISBN: 978-3-90639-
058-1.

[0069] Those of skill in the art will appreciate that com-
pounds of the present technology may exhibit the phenom-
ena of tautomerism, conformational isomerism, geometric
isomerism and/or stereoisomerism. As the formula drawings
within the specification and claims can represent only one of
the possible tautomeric, conformational isomeric, stereo-
chemical or geometric isomeric forms, it should be under-
stood that the present technology encompasses any tauto-
meric, conformational isomeric, stereochemical and/or
geometric isomeric forms of the compounds having one or
more of the utilities described herein, as well as mixtures of
these various different forms.

[0070] “Tautomers” refers to isomeric forms of a com-
pound that are in equilibrium with each other. The presence
and concentrations of the isomeric forms will depend on the
environment the compound is found in and may be different
depending upon, for example, whether the compound is a
solid or is in an organic or aqueous solution. For example,
in aqueous solution, quinazolinones may exhibit the follow-
ing isomeric forms, which are referred to as tautomers of
each other:

OH

NH AN
P{ P{
N CH; N CH;

[0071] Because of the limits of representing compounds
by structural formulas, it is to be understood that all chemi-
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cal formulas of the compounds described herein represent all
tautomeric forms of compounds and are within the scope of
the present technology.

[0072] Stereoisomers of compounds (also known as opti-
cal isomers) include all chiral, diastereomeric, and racemic
forms of a structure, unless the specific stereochemistry is
expressly indicated. Thus, compounds used in the present
technology include enriched or resolved optical isomers at
any or all asymmetric atoms as are apparent from the
depictions (including enantiomers, diasteromers, and atro-
pisomers). Racemic and diastereomeric mixtures, as well as
the individual optical isomers can be enriched in any pro-
portion or isolated or synthesized so as to be substantially
free of their enantiomeric or diastereomeric partners, and
these stereoisomers and atropisomers are all within the
scope of the present disclosure.

[0073] The compounds of the present technology may
exist as solvates, especially hydrates. Hydrates may form
during manufacture of the compounds or compositions
comprising the compounds, or hydrates may form over time
due to the hygroscopic nature of the compounds. Com-
pounds of the present technology may exist as organic
solvates as well, including DMF, ether, and alcohol solvates
among others. The identification and preparation of any
particular solvate is within the skill of the ordinary artisan of
synthetic organic or medicinal chemistry.

[0074] “Effective amount” refers to the amount of a com-
pound or composition required to produce a desired effect.
One example of an effective amount includes amounts or
dosages that yield acceptable toxicity and bioavailability
levels for therapeutic (pharmaceutical) use including, but
not limited to, the treatment or prophylaxis of an encepha-
litic alphavirus. Another example of an effective amount
includes amounts or dosages that are capable of reducing
symptoms associated with an encephalitic alphavirus, such
as, for example, fever, headache, and encephalitis.

[0075] An “electron-withdrawing group” is an atom or
functional group attached to an aromatic or heteroaromatic
ring, and which withdraws electron density from the con-
jugated m-electrons in the ring to which it is attached.
Electron-withdrawing groups can withdraw m-electron den-
sity by inductive effects, resonance effects, or both. A
non-limiting list of examples of electron-withdrawing
groups includes trifluoromethylsulfonyl (—SO,CF;),
ammonium groups (—NR;* (R=alkyl or H)), nitro (—NO,),
sulfonic acids and sulfonyl groups (—SO;H, —SO,R),
cyano (—C=N), trihalomethyl (—CX; (X=F, Cl, Br, 1)),
haloformyl groups (—COX (X—Cl, Br, 1)), formy] and acyl
groups (—C(—O)H, —C(—O)R), carboxyl and alkoxycar-
bonyl groups (—C(=—0)OH, —C(=0)O—R), aminocarbo-
nyl groups (—C(=O)NH,, —C(—O)NHR, —C(=0)
NR,), halo, nitroso (—N=—=0), and the like.

[0076] As used herein, a “subject” or “patient” is a mam-
mal, such as a cat, dog, rodent, horse, or primate. Typically
the subject is a human, and, preferably, a human suspected
of having a disease associated with an alphavirus. The term
“subject” and “patient” can be used interchangeably.

INTRODUCTION

[0077] VEEYV, a member of family Togaviridae, may result
in a severe neurological disease in approximately 14 percent
of humans and horses infected. Epidemics have occurred
affecting hundreds of thousands of people in the Americas
for nearly a century. An estimated 70,000 to 100,000 humans
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and similar numbers of horses infected with VEEV were
reported during the last outbreak in 1995. The disease in
humans is characterized by fever, headache, and encephalitis
to varying degrees and is sometimes fatal. The mortality rate
is below 1%; however, the neurological disease is present in
up to 14% of patients. The virus is usually transmitted via
mosquito bite, but evidence supports viral transmission by
aerosol via man-made technologies and hence this virus is
considered a biothreat. The modes of transmission make
VEEYV infection very difficult to control during outbreaks.
Thus, prophylaxis and efficacious treatments are critical to
minimizing the impact of the transmissible disease on
human and equines.

[0078] Currently, there are no FDA-approved vaccines or
therapeutics for the encephalitic alphaviruses, which limit
treatment to supportive care. The US Army has been devel-
oping vaccines for VEEV as they appreciate the impact of
the disease on soldiers as well as its potential use as a
bioweapon. The vaccines, which are comprised of attenu-
ated live virus, are still in the investigational new drug (IND)
stage and are only available through the Special Immuniza-
tion Program at United State Army Medical Research Insti-
tute of Infectious Diseases (USAMRIID) for protecting
personnel working with the virus. A few other vaccine
candidates are in the IND stage, such as formalized killed
TC-83 vaccine and the live attenuated V3526 vaccine. Again
those vaccines have not been FDA-approved due to lack of
efficacy and adverse effects seen during clinical trials.
[0079] The alphaviruses, of which VEEV is a member,
include other medically important viruses such as Eastern
and Western equine encephalitis viruses (EEEV and WEEV
respectively), Sindbis virus (SINV) and Chikungunya
(CHIK) viruses. VEE, EEE and CHIK viruses are listed as
Center for Disease Control (CDC) category B and C agents
because of their potential military and bioterrorism threats.
They are relatively easy to produce at high titers, are highly
infectious by aerosol, and can cause severely debilitating
disease and death. Finally, VEEV, eastern (EEEV), western
(WEEV) and Chikungunya (CHIK) viruses are closely
related phylogentically. Therefore, discovery of VEEV
inhibitors would be equally effective against closely related
other encephalitic alphaviruses.

The Compounds:

[0080] The present technology is directed to compounds,
compositions, and methods to treat an alphavirus infection.
The technology is especially suited to treat an encephalitic
alphavirus. The compounds and compositions described
herein may be used in the treatment or prophylaxis of
diseases that include, for example, Venezuelan equine
encephalitis virus (VEEV). Methods of treatment include
administering to a subject in need thereof a therapeutically
effective amount of a compound or composition described
herein. The compounds of the present technology can also
be used in the treatment or prophylaxis of a disease state or
malady characterized by or associated with an alphavirus.
Generally, prophylactic or prophylaxis relates to a reduction
in the likelihood of the patient developing a disorder such as
VEEYV infection or proceeding to a diagnosis state for the
disorder. For example, the compounds of the present tech-
nology can be used prophylactically as a measure designed
to preserve health and prevent the spread or maturation of
disease in a patient. It is also appreciated that the various
modes of treatment or prevention of a disease such as an
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alphavirus infection can mean “substantial” treatment or
prevention, which includes total but also less than total
treatment or prevention, and in which some biologically or
medically relevant result is achieved. Furthermore, treat-
ment or treating as well as alleviating can refer to therapeutic
treatment and prophylactic or preventative measures in
which the objective is to prevent, slow down (lessen) a
disease state, condition or malady. For example, a subject
can be successfully treated for an alphavirus infection if,
after receiving through administration an effective or thera-
peutic amount of one or more compounds described herein,
the subject shows observable and/or measurable reduction in
or absence of one or more signs and symptoms of the
particular disease. The present technology also provides for
methods of administering one or more compounds of the
present technology to a patient in an effective amount for the
treatment or prophylaxis of a disease such as, for example,
an alphavirus infection.

[0081] The subject compounds are structurally related and
take the form of Formula I and Formula II:

@

RS
RS R’
R* 0
R3 RS
N
A,
RrR? N/ R0
Rl
and
an
RG
RS R’
R* 0
R3 RS
N
H RO
R? N
i
Rl RIO
wherein:

[0082] R', R? R?and R*are the same or different and are

independently selected from hydrogen, halogen, alkyl,
C,-Cg-cycloalkyl, halogen-substituted alkyl, alkoxy, halo-
gen-substituted alkoxy, nitro, cyano, aryl, alkyl-substituted
aryl, alkoxy-substituted aryl, halogen-substituted aryl, satu-
rated or unsaturated 4- to 6-membered heterocyclyl, sulfo-
nyl, and sulfonamidyl,

[0083] provided that not all of R!, R?, R® and R* are
simultaneously hydrogen, and

[0084] provided that at least one of R*, R?, R* and R* is an
electron-withdrawing group;

[0085] R>, R® R”, R® and R® are the same or different and
are independently selected from hydrogen, halogen, alkyl,
unsubstituted or substituted C;-Cg-cycloalkyl, halogen-sub-
stituted alkyl, alkoxy, halogen-substituted alkoxy, azido,
nitro, and cyano;
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[0086] R' is selected from aliphatic amino, aliphatic
alkylamino,
Rll
l
N
X
R]Z, N_R“,
X 12
R
R]l
8
RIZ’ Rll
JN/
\RIZ
Rll Rll
N—\ r=2 d N— g2
5 7
N N
\
RII
wherein:
[0087] R'! is selected from hydrogen, halogen, alkyl,

halogen-substituted alkyl, alkoxy, halogen-substituted
alkoxy, unsubstituted or substituted C;-Cq-cyclic ether, and
unsubstituted or C-substituted or N-substituted saturated or
unsaturated nitrogen C,-Cg heterocyclyl;

[0088] R'Z is selected from hydrogen, halogen, alkyl,
halogen-substituted alkyl, alkoxy, and halogen-substituted
alkoxy;

[0089] and salts thereof.

[0090] The salts may be any salts or pharmaceutically
suitable salts as described herein.

[0091] Note that Formula (IT) is essentially a ring-opened
form of Formula 1.

[0092] For the Formula I compounds, it is generally pre-
ferred that R'® is selected from

RU
l
N
R
R, "N—R!,
\RIZ
Rl
\N?
R2, and RI
JN/
\RIZ
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[0093] For the Formula II compounds, it is generally
preferred that R is selected from

RU RU
N—\ R12Z and N—\ RI2.
g g
N N
\
R!!

[0094] As noted above, the disclosure also includes a
pharmaceutical composition for inhibiting a viral infection,
the composition comprising an effective amount of one or
more compounds disclosed herein. Also disclosed, is a
corresponding method of inhibiting a viral infection com-
prising administering to a subject an antiviral-effective
amount of a compound as recited herein.

[0095] While not wishing to be bound by theory, it is
believed that the compounds and compositions disclosed
herein act through a post-entry, viral-specific, mechanism of
action by inhibiting viral replication through direct interac-
tion with the nsP2 and nsP4 and inhibiting their activities
during replication of the genome, resulting in the prevention
or treatment of diseases related to an encephalitic alphavirus.
“Virus specific” means the compounds do not use host
cellular machinery to inhibit virus. Thus, there are fewer
off-target effects because the compounds target the virus and
not host.

[0096] In another aspect, a composition is provided
including a compound of Formulas I or II, optionally in
combination with a pharmaceutically acceptable carrier. In a
related aspect, a pharmaceutical composition is provided for
treating a viral infection, where the composition includes an
effective amount of the compound of Formulas I or II. In
some embodiments, the viral infection comprises an alpha-
virus. In some embodiments, the viral infection comprises
an encephalitic alphavirus. In some embodiments, the viral
infection comprises a Venezuelan equine encephalitis virus.
In some embodiments, the effective compound selectively
treats the viral infection. Thus, the instant present technol-
ogy provides pharmaceutical compositions and medica-
ments comprising any of the compounds disclosed herein
and a pharmaceutically acceptable carrier or one or more
excipients or fillers. The compositions may be used in the
methods and treatments described herein. Such composi-
tions include a viral inhibitory effective amount of any
compound as described herein, including but not limited to
a compound of Formulas I or II. In some embodiments, the
pharmaceutical composition is packaged in unit dosage
form. The unit dosage form is effective in preventing infec-
tion by, reducing symptoms associated with, and/or reducing
risk of transmission of an encephalitic alphavirus when
administered to a subject in need thereof.

[0097] The pharmaceutical compositions may be prepared
by mixing one or more compounds of the present technol-
ogy, pharmaceutically acceptable salts thereof, stereoiso-
mers thereof, tautomers thereof, or solvates thereof, with
pharmaceutically acceptable carriers, excipients, binders,
diluents or the like to prevent and treat disorders associated
with the effects of increased plasma and/or hepatic lipid
levels. The compounds and compositions described herein
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may be used to prepare formulations and medicaments that
prevent or treat a variety of disorders associated with an
encephalitic alphavirus. Such compositions can be in the
form of, for example, granules, powders, tablets, capsules,
syrup, suppositories, injections, emulsions, elixirs, suspen-
sions or solutions. The instant compositions can be formu-
lated for various routes of administration, for example, by
oral, parenteral, topical, rectal, nasal, vaginal administration,
or via implanted reservoir. Parenteral or systemic adminis-
tration includes, but is not limited to, subcutaneous, intra-
venous, intraperitoneal, and intramuscular, injections. The
following dosage forms are given by way of example and
should not be construed as limiting the instant present
technology.

[0098] For oral, buccal, and sublingual administration,
powders, suspensions, granules, tablets, pills, capsules,
gelcaps, and caplets are acceptable as solid dosage forms.
These can be prepared, for example, by mixing one or more
compounds of the instant present technology, or pharma-
ceutically acceptable salts or tautomers thereof, with at least
one additive such as a starch or other additive. Suitable
additives are sucrose, lactose, cellulose sugar, mannitol,
maltitol, dextran, starch, agar, alginates, chitins, chitosans,
pectins, tragacanth gum, gum arabic, gelatins, collagens,
casein, albumin, synthetic or semi-synthetic polymers or
glycerides. Optionally, oral dosage forms can contain other
ingredients to aid in administration, such as an inactive
diluent, or lubricants such as magnesium stearate, or pre-
servatives such as paraben or sorbic acid, or anti-oxidants
such as ascorbic acid, tocopherol or cysteine, a disintegrat-
ing agent, binders, thickeners, buffers, sweeteners, flavoring
agents or perfuming agents. Tablets and pills may be further
treated with suitable coating materials known in the art.
[0099] Liquid dosage forms for oral administration may be
in the form of pharmaceutically acceptable emulsions, syr-
ups, elixirs, suspensions, and solutions, which may contain
an inactive diluent, such as water. Pharmaceutical formula-
tions and medicaments may be prepared as liquid suspen-
sions or solutions using a sterile liquid, such as, but not
limited to, an oil, water, an alcohol, and combinations of
these. Pharmaceutically suitable surfactants, suspending
agents, emulsifying agents, may be added for oral or par-
enteral administration.

[0100] As noted above, suspensions may include oils.
Such oils include, but are not limited to, peanut oil, sesame
oil, cottonseed oil, corn oil and olive oil. Suspension prepa-
ration may also contain esters of fatty acids such as ethyl
oleate, isopropyl myristate, fatty acid glycerides and acety-
lated fatty acid glycerides. Suspension formulations may
include alcohols, such as, but not limited to, ethanol, iso-
propyl alcohol, hexadecyl alcohol, glycerol and propylene
glycol. Ethers, such as but not limited to, poly(ethylenegly-
col), petroleum hydrocarbons such as mineral oil and pet-
rolatum; and water may also be used in suspension formu-
lations.

[0101] Injectable dosage forms generally include aqueous
suspensions or oil suspensions which may be prepared using
a suitable dispersant or wetting agent and a suspending
agent. Injectable forms may be in solution phase or in the
form of a suspension, which is prepared with a solvent or
diluent. Acceptable solvents or vehicles include sterilized
water, Ringer’s solution, or an isotonic aqueous saline
solution. Alternatively, sterile oils may be employed as
solvents or suspending agents. Typically, the oil or fatty acid
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is non-volatile, including natural or synthetic oils, fatty
acids, mono-, di- or tri-glycerides.

[0102] For injection, the pharmaceutical formulation and/
or medicament may be a powder suitable for reconstitution
with an appropriate solution as described above. Examples
of these include, but are not limited to, freeze dried, rotary
dried or spray dried powders, amorphous powders, granules,
precipitates, or particulates. For injection, the formulations
may optionally contain stabilizers, pH modifiers, surfac-
tants, bioavailability modifiers and combinations of these.
[0103] Compounds of the present technology may be
administered to the lungs by inhalation through the nose or
mouth. Suitable pharmaceutical formulations for inhalation
include solutions, sprays, dry powders, or aerosols contain-
ing any appropriate solvents and optionally other com-
pounds such as, but not limited to, stabilizers, antimicrobial
agents, antioxidants, pH modifiers, surfactants, bioavailabil-
ity modifiers and combinations of these. The carriers and
stabilizers vary with the requirements of the particular
compound, but typically include nonionic surfactants
(Tweens, Pluronics, or polyethylene glycol), innocuous pro-
teins like serum albumin, sorbitan esters, oleic acid, lecithin,
amino acids such as glycine, buffers, salts, sugars or sugar
alcohols. Aqueous and nonaqueous (e.g., in a fluorocarbon
propellant) aerosols are typically used for delivery of com-
pounds of the present technology by inhalation.

[0104] Dosage forms for the topical (including buccal and
sublingual) or transdermal administration of compounds of
the present technology include powders, sprays, ointments,
pastes, creams, lotions, gels, solutions, and patches. The
active component may be mixed under sterile conditions
with a pharmaceutically-acceptable carrier or excipient, and
with any preservatives, or buffers, which may be required.
Powders and sprays can be prepared, for example, with
excipients such as lactose, talc, silicic acid, aluminum
hydroxide, calcium silicates and polyamide powder, or mix-
tures of these substances. The ointments, pastes, creams and
gels may also contain excipients such as animal and veg-
etable fats, oils, waxes, paraffins, starch, tragacanth, cellu-
lose derivatives, polyethylene glycols, silicones, bentonites,
silicic acid, talc and zinc oxide, or mixtures thereof. Absorp-
tion enhancers can also be used to increase the flux of the
compounds of the present technology across the skin. The
rate of such flux can be controlled by either providing a rate
controlling membrane (e.g., as part of a transdermal patch)
or dispersing the compound in a polymer matrix or gel.
[0105] Besides those representative dosage forms
described above, pharmaceutically acceptable excipients
and carriers are generally known to those skilled in the art
and are thus included in the instant present technology. Such
excipients and carriers are described, for example, in “Rem-
ingtons Pharmaceutical Sciences” Mack Pub. Co., New
Jersey (1991), which is incorporated herein by reference.
[0106] The formulations of the present technology may be
designed to be short-acting, fast-releasing, long-acting, and
sustained-releasing as described below. Thus, the pharma-
ceutical formulations may also be formulated for controlled
release or for slow release.

[0107] The instant compositions may also comprise, for
example, micelles or liposomes, or some other encapsulated
form, or may be administered in an extended release form to
provide a prolonged storage and/or delivery effect. There-
fore, the pharmaceutical formulations and medicaments may
be compressed into pellets or cylinders and implanted intra-
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muscularly or subcutaneously as depot injections or as
implants such as stents. Such implants may employ known
inert materials such as silicones and biodegradable poly-
mers.

[0108] Specific dosages may be adjusted depending on
conditions of disease, the age, body weight, general health
conditions, sex, and diet of the subject, dose intervals,
administration routes, excretion rate, and combinations of
drugs. Any of the above dosage forms containing effective
amounts are well within the bounds of routine experimen-
tation and therefore, well within the scope of the instant
present technology.

[0109] Those skilled in the art are readily able to deter-
mine an effective amount by simply administering a com-
pound of the present technology to a patient in increasing
amounts until the elevated plasma or elevated white blood
cell count or hepatic cholesterol or triglycerides or progres-
sion of the disease state is decreased or stopped. The
progression of the disease state can be assessed using in vivo
imaging, as described, or by taking a tissue sample from a
patient and observing the target of interest therein. The
compounds of the present technology can be administered to
a patient at dosage levels in the range of about 0.1 to about
1,000 mg per day. For a normal human adult having a body
weight of about 70 kg, a dosage in the range of about 0.01
to about 100 mg per kg of body weight per day is sufficient.
The specific dosage used, however, can vary or may be
adjusted as considered appropriate by those of ordinary skill
in the art. For example, the dosage can depend on a number
of factors including the requirements of the patient, the
severity of the condition being treated and the pharmaco-
logical activity of the compound being used. The determi-
nation of optimum dosages for a particular patient is well
known to those skilled in the art.

[0110] Various assays and model systems can be readily
employed to determine the therapeutic effectiveness of the
viral treatment according to the present technology.

[0111] Effectiveness of the compositions and methods of
the present technology may also be demonstrated by a
decrease in the symptoms of an encephalitic alphavirus,
such as, for example, fever, headache, and encephalitis.
[0112] For each of the indicated conditions described
herein, test subjects will exhibit a 10%, 20%, 30%, 50% or
greater reduction, up to a 75-90%, or 95% or greater,
reduction, in one or more symptom(s) caused by, or asso-
ciated with, viral infection in the subject, compared to
placebo-treated or other suitable control subjects.

[0113] The compounds of the present technology can also
be administered to a patient along with other conventional
therapeutic agents that may be useful in the treatment or
prophylaxis of viral infection. In one aspect, a method is
provided for administering to a subject in need thereof an
antiviral effective amount of a compound of the present
technology. A subject in need thereof may be a patient
suffering from or believed to be at risk of suffering from a
disease associated with a virus, such as an encephalitic
alphavirus. In some embodiments, the compound is effective
in the treatment of an alphavirus. In some embodiments, the
compound is effective in the treatment of an encephalitic
alphavirus. In some embodiments, the compound is effective
in the treatment of a Venezuelan equine encephalitis virus. In
some embodiments, the compound selectively treats the
viral infection. In some embodiments, the risk of infection
by and/or transmission of an alphavirus by said subject is
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decreased. In any of these embodiments, the administration
may include oral administration, parenteral administration,
or nasal administration. In any of these embodiments, the
administration may include subcutaneous injections, intra-
venous injections, intraperitoneal injections, or intramuscu-
lar injections. In any of these embodiments, the administra-
tion may include oral administration. The methods of the
present technology can also comprise administering, either
sequentially or in combination with one or more compounds
of the present technology, a conventional therapeutic agent
in an amount that can potentially or synergistically be
effective for the treatment or prophylaxis of encephalitic
alphavirus. Exemplary therapeutic agents for use in combi-
nation therapies with one or more compounds of the present
technology include, but are not limited to, other antiviral
therapeutics, antibiotics, and anti-inflammatory drugs.

[0114] In one aspect, a compound of the present technol-
ogy is administered to a patient in an amount or dosage
suitable for therapeutic use. Generally, a unit dosage com-
prising a compound of the present technology will vary
depending on patient considerations. Such considerations
include, for example, age, protocol, condition, sex, extent of
disease, contraindications, concomitant therapies and the
like. An exemplary unit dosage based on these consider-
ations can also be adjusted or modified by a physician skilled
in the art. For example, a unit dosage for a patient compris-
ing a compound of the present technology can vary from
1x107* g/kg to 1 g/kg, preferably, 1x10~> g/kg to 1.0 g/kg.
Dosage of a compound of the present technology can also
vary from 0.01 mg/kg to 100 mg/kg or, preferably, from 0.1
mg/kg to 10 mg/kg.

[0115] A compound of the present technology can also be
modified, for example, by the covalent attachment of an
organic moiety or conjugate to improve pharmacokinetic
properties, toxicity or bioavailability (e.g., increased in vivo
half-life). The conjugate can be a linear or branched hydro-
philic polymeric group, fatty acid group or fatty acid ester
group. A polymeric group can comprise a molecular weight
that can be adjusted by one of ordinary skill in the art to
improve, for example, pharmacokinetic properties, toxicity
or bioavailability. Exemplary conjugates can include a poly-
alkane glycol (e.g., polyethylene glycol (PEG), polypropyl-
ene glycol (PPG)), carbohydrate polymer, amino acid poly-
mer or polyvinyl pyrolidone and a fatty acid or fatty acid
ester group, each of which can independently comprise from
about eight to about seventy carbon atoms. Conjugates for
use with a compound of the present technology can also
serve as linkers to, for example, any suitable substituents or
groups, radiolabels (marker or tags), halogens, proteins,
enzymes, polypeptides, other therapeutic agents (for
example, a pharmaceutical or drug), nucleosides, dyes,
oligonucleotides, lipids, phospholipids and/or liposomes. In
one aspect, conjugates can include polyethylene amine
(PEI), polyglycine, hybrids of PEI and polyglycine, poly-
ethylene glycol (PEG) or methoxypolyethylene glycol
(mPEG). A conjugate can also link a compound of the
present technology to, for example, a label (fluorescent or
luminescent) or marker (radionuclide, radioisotope and/or
isotope) to comprise a probe of the present technology.
Conjugates for use with a compound of the present tech-
nology can, in one aspect, improve in vivo half-life. Other
exemplary conjugates for use with a compound of the
present technology as well as applications thereof and
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related techniques include those generally described by U.S.
Pat. No. 5,672,662, which is hereby incorporated by refer-
ence herein.

[0116] In another aspect, the present technology provides
methods of identifying a target of interest including con-
tacting the target of interest with a detectable or imaging
effective quantity of a labeled compound of the present
technology. A detectable or imaging effective quantity is a
quantity of a labeled compound of the present technology
necessary to be detected by the detection method chosen.
For example, a detectable quantity can be an administered
amount sufficient to enable detection of binding of the
labeled compound to a target of interest including, but not
limited to, VEEV nsP2 (not a helicase). Suitable labels are
known by those skilled in the art and can include, for
example, radioisotopes, radionuclides, isotopes, fluorescent
groups, biotin (in conjunction with streptavidin complex-
ation), and chemoluminescent groups. Upon binding of the
labeled compound to the target of interest, the target may be
isolated, purified and further characterized such as by deter-
mining the amino acid sequence.

[0117] The terms “associated” and/or “binding” can mean
a chemical or physical interaction, for example, between a
compound of the present technology and a target of interest.
Examples of associations or interactions include covalent
bonds, ionic bonds, hydrophilic-hydrophilic interactions,
hydrophobic-hydrophobic interactions and complexes.
Associated can also refer generally to “binding” or “affinity”
as each can be used to describe various chemical or physical
interactions. Measuring binding or affinity is also routine to
those skilled in the art. For example, compounds of the
present technology can bind to or interact with a target of
interest or precursors, portions, fragments and peptides
thereof and/or their deposits.

[0118] The examples herein are provided to illustrate
advantages of the present technology and to further assist a
person of ordinary skill in the art with preparing or using the
compounds of the present technology or salts, pharmaceu-
tical compositions, derivatives, metabolites, prodrugs, race-
mic mixtures or tautomeric forms thereof. The examples
herein are also presented in order to more fully illustrate the
preferred aspects of the present technology. The examples
should in no way be construed as limiting the scope of the
present technology, as defined by the appended claims. The
examples can include or incorporate any of the variations,
aspects or aspects of the present technology described
above. The variations, aspects or aspects described above
may also further each include or incorporate the variations
of any or all other variations, aspects or aspects of the
present technology.

EXAMPLES

General Synthetic and Analytical Details

[0119] 'H and *C NMR spectra were recorded on a
Bruker AM 400 spectrometer (operating at 400 and 101
MHz respectively) or a Bruker AVIII spectrometer (operat-
ing at 500 and 126 MHz respectively) in CDCI, with 0.03%
TMS as an internal standard or DMSO-d4. The chemical
shifts (6) reported are given in parts per million (ppm) and
the coupling constants (J) are in Hertz (Hz). The spin
multiplicities are reported as s=singlet, bs=broad singlet,
d=doublet, t=triplet, g=quartet, dd=doublet of doublet and
m=multiplet. The LCMS analysis was performed on an
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Agilent 1200 RRL chromatograph with photodiode array
UV detection and an Agilent 6224 TOF mass spectrometer.
The chromatographic method utilized the following param-
eters: a Waters Acquity BEH C-18 2.1x50 mm, 1.7 um
column; UV detection wavelength=214 nm; flow rate=0.4
ml/min; gradient=5-100% acetonitrile over 3 minutes with a
hold of 0.8 minutes at 100% acetonitrile; the aqueous mobile
phase contained 0.15% ammonium hydroxide (v/v). The
mass spectrometer utilized the following parameters: an
Agilent multimode source which simultaneously acquires
ESI+/APCI+; a reference mass solution consisting of purine
and hexakis(1H, 1H, 3H-tetrafluoropropoxy)phosphazine;
and a make-up solvent of 90:10:0.1 MeOH:Water:Formic
Acid which was introduced to the LC flow prior to the
source to assist ionization. Melting points were determined
on a Stanford Research Systems OptiMelt apparatus.

Assay Conditions

HTS Primary and Confirmatory Assay Using TC-83.

[0120] Cell Culture: Vero 76 cells obtained from ATCC
(CRL-1587) were cultured and maintained in MEM-E (In-
vitrogen, 10370-088) with 10% Hi-FBS (Invitrogen 16000),
1% Penicillin/Streptomycin/L-glutamine (Invitrogen 10378-
024) and 1% HEPES (Invitrogen 15630-080). The cells are
maintained at 37° C., 5.0% CO, to 100% confluence being
passaged 1:4 every 3-4 days. For cell plating, cells were
detached from flask bottom by using Trypsin-EDTA solution
and then re-suspended in a growth media. Cells were pas-
saged no more than ten times after being thawed.

[0121] VEEV culture: VEEV TC-83 was used for screen-
ing. The VEEV stock was prepared in Vero76 cells using an
initial stock obtained from Dr. Chung.

[0122] Compound Dosing/Plating: The positive control
was MPA at 10 uM final well concentration. The compounds
were diluted in complete growth medium to 6x concentrated
dosing solution which was dispensed into 384-well black
clear-bottom tissue culture treated plates (5 ul. volume).
[0123] Single Dose Compound Preparation: The MLSMR
library was plated at 25 uM single dose concentration.
[0124] Dose Response Compound Preparation: The com-
pounds were tested in a dose response format using a 1:2
serial dilution with the highest concentrations starting at 25
uM and extending to 0.05 pM over a 10-plate 1:2 serial
dilution pattern. DMSO and compounds were diluted in
assay media to 6x and 5 pl. was dispensed to assay plates.
The final DMSO in the assay for all screening concentra-
tions was 0.25%.

[0125] Virus Addition: VEEV stock was diluted in the
culture media to 6.44 pfu/ml. (MOI 0.05 pL).

[0126] VEEV and Cell Plating: 3,000 cells/well alone or
with VEEV virus at the previously indicated dilution (180,
000 cells/ml) were plated in 25 ulL using a Matrix WellMate.
All additions were done using a Matrix WellMate housed in
a class II Biosafety Cabinet within the BSL-2 laboratory.
The plates were incubated in an actively humidified incu-
bator with 5.0% CO, at 37° C. for 72 h and 95% humidity.
[0127] Endpoint Read: The assay plates were equilibrated
to room temperature for 30 minutes and then an equal
volume of CellTiter-Glo reagent (Promega Inc.) was added
to each well. Plates were incubated for 10 min at room
temperature and luminescence was measured using a Perkin
Elmer Envision multi-label reader.
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Cell-Based Confirmatory Screen for Compounds that Inhibit
VEEV, TC-83.

[0128] Cell Culture: Vero 76 (CRL-1587, ATCC) were
purchased from ATCC and maintained in 37° C. incubator
with 5% CO,. The cells were cultured in a complete media
(Minimum Essential Media with Earle’s salt and 10% fetal
bovine serum). Cells were passaged once a week and
harvested from flasks using 0.05% trypsin-EDTA.

[0129] Assay Media—Preparation of Complete DMEM
media: 5 mL Pen/Strep (Gibco, Cat. No. 15149) and 50 mL
of heat-inactivated FBS (Gibco, Cat. No. 10082147) was
added to 500 mL of Dulbecco’s Modified Eagle Medium
(Gibco, Cat. No. 11995-073). Virus: TC-83 strain was
obtained from Dr. Brett Beitzel from United State Army
Research Medical Research Institute for Infectious diseases
and amplified in BHK C-21 cell line once.

[0130] Dose Response Compound Preparation: For dose
response screening, compounds or carrier control (DMSO)
were diluted to 3x in Complete DMEM media. Test com-
pounds were serially diluted 1:2 resulting in an 8 point dose
response dilution series. (final plate well concentration rang-
ing from 50 uM to 0.39 pM and a final DMSO concentration
of 0.25%). 30 ul of each dilution was dispensed to assay
plates (0.75% DMSO) in duplicate.

[0131] Control Drug: The positive control drug for this
assay, mycophenolic acid was solubilized in DMSO. It was
diluted and added to the assay plates as described for test
compounds. Final concentration for ribavirin was 10 uM. All
wells contained 0.25% DMSO.

[0132] Assay Set up: Vero 76 cells were plated in 96-well
plates at a density of 15,000 cells per well in a volume of 45
ul of DMEM complete media. The cells were grown for 24
hours prior to testing in a 5% CO,, 37° C. cell culture
incubator. Viruses, TC-83 strain, was diluted in cell culture
medium to be 750 pfu/15 ul (0.05 MOI) and then added to
the plates at a volume of 15 pl, per well. The plates were
incubated for 48 hours in a 37° C. incubator with 5% CO,.
[0133] Endpoint Read: Following the two day incubation
period, the assay plates were equilibrated to room tempera-
ture for 10 min and an equal volume (90 pL) of Cell
Titer-Glo reagent (Promega Inc.) was added to each well
using a Microflow (Biotek, VT) and plates were incubated
for an additional 10 min at room temperature. At the end of
the incubation, luminescence was measured using a Syn-
ergy4 Multimode plate reader (Biotek, VT) with an integra-
tion time of 0.2 s.

[0134] Data Analysis: Results are reported as percent (%)
CPE inhibition and were calculated using the following
formula: % CPE inhibition=100*(Test Cmpd-Med Virus)/
(Med Cells-Med Virus). Four ribavirin positive control wells
were included on each plate for quality control purposes. To
quantify the viral cytopathic effect, IC50s were calculated
for each substance using the 4 parameter Levenburg-Mar-
quardt algorithm with the minimum and maximum param-
eters locked at 0 and 100, respectively.

Cell-Based Confirmatory Screen for Compounds that Inhibit
VEEYV, V3526.

[0135] Cell Culture: Vero 76 (CRL-1587, ATCC) were
purchased from ATCC and maintained in 37° C. incubator
with 5% CO,. The cells were cultured in a complete media
(Minimum Essential Media with Earle’s salt and 10% fetal
bovine serum). Cells were passaged once a week and
harvested from flasks using 0.05% trypsin-EDTA. Assay
Media—Preparation of Complete DMEM media: 5 mL
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Pen/Strep (Gibco, Cat. No. 15149) and 50 ml of heat-
inactivated FBS (Gibco, Cat. No. 10082147) was added to
500 mL of Dulbecco’s Modified Eagle Medium (Gibco, Cat.
No. 11995-073).

[0136] Virus: V3526 strain. Virus was rescued from BHK
C-21 cells that were transfected with infectious V3526
RNA. The recued virus was amplified in BHK C-21 cells
once and then used as a stock virus.

[0137] Dose Response Compound Preparation: For dose
response screening, compounds or carrier control (DMSO)
were diluted to 3x in Complete DMEM media. Test com-
pounds were serially diluted 1:2 resulting in an 8 point dose
response dilution series. (final plate well concentration rang-
ing from 50 uM to 0.39 uM and a final DMSO concentration
of 0.25%). 30 pL of each dilution was dispensed to assay
plates (0.75% DMSO) in duplicate.

[0138] Control Drug: The positive control drug for this
assay, mycophenolic acid was solubilized in DMSO. It was
diluted and added to the assay plates as described for test
compounds. Final concentration for ribavirin was 10 pM. All
wells contained 0.25% DMSO.

[0139] Assay Set up: Vero 76 cells were plated in 96-well
plates at a density of 15,000 cells per well in a volume of 45
L of DMEM complete media. The cells were grown for 24
hours prior to testing in a 5% CO,, 37° C. cell culture
incubator. V3526 VEEV virus, was diluted in cell culture
medium to be 750 pfu/15 ul (0.05 MOI) and then added to
the plates at a volume of 15 pL. per well. The plates were
incubated for 48 hours in a 37° C. incubator with 5% CO,.
[0140] Endpoint Read: Following the two day incubation
period, the assay plates were equilibrated to room tempera-
ture for 10 min and an equal volume (90 pl) of Cell
Titer-Glo reagent (Promega Inc.) was added to each well
using a Microflow (Biotek, VT) and plates were incubated
for an additional 10 min at room temperature. At the end of
the incubation, luminescence was measured using a Syn-
ergy4 Multimode plate reader (Biotek, VT) with an integra-
tion time of 0.2 s.

Cell-Based Secondary Assay for Compounds that Inhibit
VEEYV, TC-83 and Other Alphaviruses (Trinidad Donkey).
[0141] Biosafety and Biosecurity: All experiments with
VEEV Trinidad donkey (TrD) strain was done in the
Regional Biocontainment Laboratory (RBL) in University
of Louisville. All procedures were done in compliance with
Select Agent Rules. Cell Culture: Vero 76 cells obtained
from ATCC (CRL-1586) were cultured and maintained in
Dulbecco’s Modified Eagle’s Medium (DMEM) with 4500
mg/L glucose, 2 mM L-glutamine, and 10% FBS (culture
media). The cells are maintained at 37° C., 5.0% CO, to
100% confluence being passaged every three to seven days.
For cell plating, cells were detached from flask bottom by
using 0.05% Trypsin-EDTA solution and then re-suspended
in a growth media.

[0142] VEEV culture: VEEV TrD strain was used for
screening. The VEEV TrD stock was prepared in Vero 76
cells using an initial stock obtained from World Reference
Center for Emerging Viruses and Arboviruses (Dr. Robert
Tesh). Briefly, cells were grown in two T-175 flasks to 50%
confluence in a culture media. The cells were infected with
1 mL of diluted virus stock (1:10 dilution of the original
stock) per T175 for 1.5 hours and then washed, and replen-
ished with 25 ml media. The cells were incubated for 2 days
in an incubator at 37° C., 5% CO, and high humidity. The
supernatant was harvested and the cell debris pelleted by
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centrifuging at 1,000 rpm for 5 minutes at 18° C. The
supernatant was aliquoted (1 mL per tube) and stored at -80°
C. These virus stocks were titrated in Vero 76 cells using an
agarose overlay plaque method and the titers were 2.0xE10
pfu/mL.

[0143] Dose Response Compound Preparation: The com-
pounds were tested in a dose response format using a 1:2
serial dilution with the highest concentrations starting at
12.5 pM and extending to 0.09 uM over 8 points 1:2 serial
dilution pattern. DMSO and compounds were diluted in
assay media to 3x and 30 pL. was dispensed to assay plates
(see below). The final DMSO in the assay for all screening
concentrations was 0.25%. Assay Set up: 45 ul of Vero 76
cell suspension (267,000 cells/mL) were plated in clear
bottom black well 96-well plates and the plates were incu-
bated in an incubator at 37° C. in a humidified 5% CO,
atmosphere. The next day, thirty ulL of drugging media
(0.75% DMSO) were added to the each wells and the plates
were incubated at 37° C. for an hour. The plates were
transferred into a BSL-3 lab in the RBL. Each well received
fifteen L of VEEV TrD virus diluted in Complete media
(40,000 pfu/mlL, final 0.05 MOI). For the cell control wells,
Complete media were added instead of virus solution. Drug
plating was conducted using a EVO100, 96 MAC (Tecan)
and virus solution was added using MicroFlo (Biotek). The
assay plates were incubated for two days at 37° C., 5% CO,
and 90% relative humidity.

[0144] Endpoint Read: The assay plates were equilibrated
to room temperature for 30 minutes and then an equal
volume of CellTiter-Glo reagent (Promega Inc.) was added
to each well. Plates were incubated for 10 min at room
temperature and luminescence was measured using a Syn-
ergy4 HT multi-label reader.

Vero76 Cytotoxicity Assay for VEEV Compounds

[0145] Cell Culture: Vero 76 cells obtained from ATCC
(CRL-1587) were cultured and maintained in MEM-E (In-
vitrogen, 10370-088) with 10% Hi-FBS (Invitrogen 16000),
1% Penicillin/Streptomycin/L-glutamine (Invitrogen 10378-
024) and 1% HEPES (Invitrogen 15630-080). The cells are
maintained at 37° C., 5.0% CO, to 100% confluence being
passaged 1:4 every 3-4 days. For cell plating, cells were
detached from flask bottom by using Trypsin-EDTA solution
and then re-suspended in a growth media. Cells were pas-
saged no more than ten times after being thawed.

[0146] Compound Dosing/Plating: Carrier control/com-
pounds were diluted in complete growth medium to prepare
a 6x concentrated dosing solution which was dispensed into
384-well black clear-bottom tissue culture treated plates (5
ul volume).

[0147] Cell Plating: Twenty-five ul. of complete growth
medium containing 3000 cells were dispensed per well.
Plates were incubated at 37° C., 5% CO, for 72 h prior to
endpoint detection.

[0148] Endpoint/Detection: At the end of the treatment
period, assay plates were removed from the incubator and
equilibrated to room temperature for 10 min. Thirty ul of
Cell Titer Glo reagent was added and plates were incubated
for an additional 10 min in the dark. At the end of the
incubation, assay plates were analyzed using a PerkinElmer
Envision microplate reader in luminescence mode with an
integration time of 0.1 s.
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Virus Titer Reduction Secondary Screen for Compounds that
Inhibit VEEV (Strain Trinidad Donkey)

[0149] Biosafety and Biosecurity: All experiments with
VEEV Trinidad donkey strain was done in the Regional
Biocontainment Laboratory in University of Louisville. All
procedures were done in compliance with Select Agent
Rules.

[0150] Cell Culture: Vero 76 cells (ATCC; CRL1586)
were cultured in Dulbecco’s Modified Eagle’s Medium
(DMEM) with 4500 mg/L glucose, 2 mM L-glutamine, and
10% FBS (culture media). The cells are maintained at 37°
C., 5.0% CO, to 100% confluence being passaged every
three to seven days. For cell plating, cells were detached
from flask bottom by using 0.05% Trypsin-EDTA solution
and then re-suspended in a growth media.

[0151] VEEV culture: Trinidad Donkey (TrD) was used
for screening. The VEEV TrD stock was prepared in Vero 76
cells using an initial stock obtained from World Reference
Center for Emerging Viruses and Arboviruses (Dr. Robert
Tesh). Briefly, cells were grown in two T-175 flasks to 50%
confluence in a culture media. The cells were infected with
1 mL of diluted virus stock (1:10 dilution of the original
stock) per T175 for 1.5 hours and then washed, and replen-
ished with 25 mL media. The cells were incubated for 2 days
in an incubator at 37° C., 5% CO, and high humidity. The
supernatant was harvested and the cell debris pelleted by
centrifuging at 1,000 rpm for 5 minutes at 18° C.

[0152] The supernatant was aliquoted (1 ml per tube) and
stored at —80° C. These virus stocks were titrated in Vero 76
cells using an agarose overlay plaque method and the titer
was 2.0xE10 pfu/ml.

[0153] Cell Plating: Vero 76 cells were seeded at 70%
confluence in a 12-well plate in a volume of 1 mL and
incubated for overnight at 37° C. with 5% CO, and high
humidity. Virus Addition: The cells were infected with virus
by adsorption for an hour. Cell culture media in the 12-well
plates were removed completely and the cells were infected
with either mock virus (media only) or VEEV. VEEV stock
was diluted in the culture media to 9xE03 pfu/ml and 200 pL.
was added to the test wells and the virus control wells (final
MOI of 0.1). The plates were incubated in an actively
humidified incubator with 5.0% CO, at 37° C. for one hour.
During the incubation, plates were gently rocked every 20
min. to ensure the coverage of the cells with virus. After the
adsorption, the cells were rinsed 1 mL of PBS per well and
then replenished with the media containing testing articles.
All additions were performed in a class 11 Biosafety Cabinet.
The plates were incubated in an actively humidified incu-
bator with 5.0% CO, at 37° C. for 48 h.

[0154] Control and Drug Preparation: Carrier Control con-
sisted of DMSO diluted in assay media to 0.25% and 1000
pl was dispensed to both cell and virus control wells of
12-well tissue culture treated plates. Test compounds were
diluted in media to be at target concentration with a DMSO
concentration of 0.25%.

[0155] Titration of Progeny viruses (Mini plaque assay):
Titer of progeny viruses produced from the cell was mea-
sured by a mini plaque assay in 96-well plate format. Fresh
Vero 76 cells were seeded and grown in 96-well plates
overnight. The cell culture supernatants from the 96-well
plates were emptied and the cells were infected with 25 ul.
of 10-fold serial dilutions of progeny virus containing
medium from respective samples (drug treated or untreated).
The plates were incubated for one hour in an incubator at 37°
C., 5% CO,. The cells were rinsed with 100 pL per well of
PBS once and then replenished with DMEM with 0.75%
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methyl-cellulose and 10% FBS. The cell plates were incu-
bated at 37° C., 5% CO,, and high humidity for an additional
three days. Crystal violet solution with 4% paraformalde-
hyde was used to developed plaques in the wells. The assay
plates were equilibrated to room temperature for 10 minutes
and then an equal volume of the crystal violet solution was
added to each well. The plates were incubated for 60 min at
room temperature and stained one more time. After a wash
the plates with water, the number of plaques in each wells
were determined by a visual counting. Virus titers were
calculated by: No. of plaquesx10E (dilution fold at the
counting)*1000/25 (pfu/mL). Compounds treatment were
done in a duplicate independently and mean from duplicates
of titration was used. Log reduction of titer was calculated
by: Log ,, (titer of Pos control)-Log ,, (titer of sample).

Counter Screen of Venezuelan Equine Encephalitis Virus
(VEEV) Inhibitors in a Cell-Based Anti-Respiratory
Syncitial Virus (RSV) Assay

[0156] Cell Culture: HEp-2 cells (ATCC CCL-23, Ameri-
can Tissue Culture Type) were maintained as adherent cell
lines in DMEM with 2 mM L-glutamine and 10% fetal
bovine serum (FBS) at 37° C. in a humidified 5% CO,
atmosphere. Cells were passaged as needed and harvested
from flasks using 0.05% trypsin-EDTA.

[0157] Assay Media—Preparation of Complete DMEM/
F12: DMEM/F12 (Invitrogen, Cat. No. 11320) was supple-
mented with 5 mL of Pen/Strep (Invitrogen, Cat. No.
10378016), 5 mL of 200 mM glutamine (Invitrogen, Cat No.
25030-081), and 10 mL of HI-FBS was added per 500 mL
of media.

[0158] RSV culture: Human respiratory syncytial virus
(HRSV) strain Long (ATCC VR-26) was used for screening.
The RSV stock was prepared in HEp-2 cells using an initial
stock obtained from ATCC. Briefly, HEp-2 cells were grown
in two T-175 flasks to 50% confluence in Dulbecco’s Modi-
fied Eagle Medium: Nutrient Mixture F-12 (DMEM/F12),
pH 7.5 with 2.5 mM L-glutamine, 2% FBS and 125 U of
penicillin, 125 ug of streptomycin per ml. 0.2 mL of RSV
was added to 25 ml of CDMEM/F12. After three days
incubation at 37° C., 5% CO, and high humidity, the
supernatant was harvested and the cell debris pelleted by
centrifuging at 1,000 rpm for 5 minutes at 18° C. Trehalose
and FBS were added to a final concentration of 10% each
and the supernatant was aliquoted (1 ml per tube) and stored
at —=80° C. These virus stocks were titrated in HEp-2 cells
using an agarose overlay plaque method and the titer was 1.0
E7 pfu/ml.

[0159] Dose Response Compound Preparation: For dose
response screening, compounds or carrier control (DMSO)
were diluted to 3x in Complete DMEM/F12. Test com-
pounds were serially diluted 1:2 resulting in an 8 point dose
response dilution series. (final plate well concentration rang-
ing from 50 uM to 0.39 pM and a final DMSO concentration
of 0.25%). 39 pL of each dilution was dispensed to assay
plates (0.75% DMSO) in triplicate.

[0160] Control Drug: The positive control drug for this
assay, MPA was solubilized in DMSO.

Preparation of HEp-2 Cells: Cells were Harvested and
Resuspended to 267,000 Cells Per Ml in Complete DMEM/
F12.

[0161] Assay Set up: Forty five ul of HEp-2 cell suspen-
sion (12,000 cells/well) were plated in clear bottom black
well 96-well plates and the plates were incubated in an
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incubator at 37° C. in a humidified 5% CO, atmosphere. The
next day, 30 pl of drugging media (0.75% DMSO) were
added to the each wells and the plates were incubated at 37°
C. for an hour. Each well received 15 ul. of RSV diluted in
Complete DMEM/F12 media (40,000 pfu/mL, final 0.05
MOI). For the cell control wells, Complete DMEM/F12
media were added instead of virus solution. Drug plating
was conducted using a EVO100, 96 MAC (Tecan) and virus
was added using MicroFlo (Biotek). The assay plates were
incubated for five days at 37° C., 5% CO, and 90% relative
humidity.

[0162] Endpoint Read: The assay plates were equilibrated
to room temperature for 30 minutes and then an equal
volume of CellTiter-Glo reagent (Promega Inc.) was added
to each well. Plates were incubated for 10 min at room
temperature and luminescence was measured using a Syn-
ergy4 multi-label reader.

HEp2 Cytotoxicity Assay for VEEV Compounds

[0163] Cell Culture: HEp-2 cells (ATCC CCL-23, Ameri-
can Tissue Culture Type) were maintained as adherent cell
lines in DMEM with 2 mM L-glutamine and 10% fetal
bovine serum (FBS) at 37° C. in a humidified 5% CO,
atmosphere. Cells were passaged as needed and harvested
from flasks using 0.05% trypsin-EDTA.

[0164] Assay Media—Preparation of Complete DMEM/
F12: DMEM/F12 (Invitrogen, Cat. No. 11320) was supple-
mented with 5 ml of Pen/Strep (Invitrogen, Cat. No.
10378016), 5 mL of 200 mM glutamine (Invitrogen, Cat No.
25030-081), and 10 mL of HI-FBS was added per 500 mL
of media.

[0165] Dose Response Compound Preparation: For dose
response screening, compounds or carrier control (DMSO)
were diluted to 3x in Complete DMEM/F12. Test com-
pounds were serially diluted 1:2 resulting in an 8 point dose
response dilution series. (final plate well concentration rang-
ing from 50 uM to 0.39 pM and a final DMSO concentration
of 0.25%). 30 pL of each dilution was dispensed to assay
plates (0.75% DMSO) in triplicate.

[0166] Control Drug: The positive control drug for this
assay, MPA was solubilized in DMSO.

[0167] Preparation of HEp-2 cells: Cells were harvested
and resuspended to 267,000 cells per ml in Complete
DMEM/F12.

[0168] Assay Set up: Forty five ul of HEp-2 cell suspen-
sion (12,000 cells/well) were plated in clear bottom black
well 96-well plates and the plates were incubated in an
incubator at 37° C. in a humidified 5% CO, atmosphere. The
next day, 30 pul of drugging media (0.75% DMSO) were
added to the each wells and the plates were incubated at 37°
C. for an hour. Each well then received 15 pL of Complete
DMEM/F12 media. For the cell control wells, Complete
DMEM/F12 media were added instead of virus solution.
Drug plating was conducted using a EVO100, 96 MAC
(Tecan) and virus was added using MicroFlo (Biotek). The
assay plates were incubated for five days at 37° C., 5% CO,
and 90% relative humidity.

[0169] Endpoint Read: The assay plates were equilibrated
to room temperature for 30 minutes and then an equal
volume of CellTiter-Glo reagent (Promega Inc.) was added
to each well. Plates were incubated for 10 min at room
temperature and luminescence was measured using a Syn-
ergy4 multi-label reader.
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Cell-Based Secondary Assay for Compounds that Inhibit
VEEYV, TC-83 and Other Alphaviruses (Chikungunya Virus).
[0170] Cell Culture: Vero 76 cells obtained from ATCC
(CRL-1587) were cultured and maintained in MEM-E (In-
vitrogen, 10370-088) with 10% Hi-FBS (Invitrogen 16000),
1% Penicillin/Streptomycin/L-glutamine (Invitrogen 10378-
024) and 1% HEPES (Invitrogen 15630-080). The cells are
maintained at 37° C., 5.0% CO, to 100% confluence being
passaged 1:4 every 3-4 days. For cell plating, cells were
detached from flask bottom by using Trypsin-EDTA solution
and then re-suspended in a growth media. Cells were pas-
saged no more than ten times after being thawed.

[0171] Compound Dosing/Plating: No positive control.
The compounds were diluted in complete growth medium to
6x concentrated dosing solution which was dispensed into
96-well black clear-bottom tissue culture treated plates (25
uL volume).

[0172] Dose Response Compound Preparation: The com-
pounds were tested in a dose response format using a 1:2
serial dilution with the highest concentrations starting at 100
M and extending to 0.78 uM over a 8-dose 1:2 serial dilution
pattern. DMSO and compounds were diluted in assay media
to 4x and 25 pl. was dispensed to assay plates. The final
DMSO in the assay for all screening concentrations was
0.25%. Virus Addition: CHIKV stock was diluted in the
culture media to 100 TCID50s/25 pL, and 25 pl. were added
to each test well.

[0173] Cell Plating and virus addition: 6,000 cells/well
(120,000 cells/ml) were plated in 50 ul. using a Matrix
WellMate. All additions were done using a Matrix WellMate
housed in a class II Biosafety Cabinet within the BSL-2
laboratory. The plates were incubated overnight in an
actively humidified incubator with 5.0% CO, at 37° C. for
18 h and 95% humidity. Compounds (25 pl.) were added
after the cells had adhered to the plate, and CHIKV virus
was added immediately after compound addition. The plates
were incubated for 72 h in an actively humidified incubator
with 5.0% CO, at 37° C. for 72 h and 95% humidity, and
then endpoint reagent was added.

[0174] Endpoint Read: The assay plates were equilibrated
to room temperature for 30 minutes and then 100 pl. of
CellTiter-Glo reagent (Promega Inc.) was added to each
well. Plates were incubated for 10 min at room temperature
and luminescence was measured using a Perkin Elmer
Envision multi-label reader.

[0175] General Chemical Methods. Reagents or interme-
diates not described below were purchased from commercial
vendors. Purity of all final compounds was confirmed by
HPLC/MS analysis and determined to be 295%.

[0176] 'H and '*C NMR spectra were recorded on a
Varian Unity-Inova 400 MHz NMR Spectrometer (operating
at 400 and 101 MHz, respectively) or a Varian Unity-Inova
500 MHz NMR Spectrometer (operating at 500 and 126
MHz, respectively) or Bruker Ascend 400 MHz Spectrom-
eter (operating at 400 and 101 MHz, respectively) in CDCl,
(residual internal standard CHCIL;=d 7.26), DMSO-d, (re-
sidual internal standard CD;SOCD,H=48 2.50), or acetone-
dg (residual internal standard CD,COCD,H=6 2.05).
[0177] The chemical shifts (6) reported are given in parts
per million (ppm), and the coupling constants (J) are in hertz
(Hz). The spin multiplicities are reported as s=singlet,
brs=broad singlet, d=doublet, t=triplet, q=quartet,
p=pentuplet, dd=doublet of doublet, dt=doublet of triplet,
td=triplet of doublet, tt=triplet of triplet, and m=multiplet.
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[0178] The LC-MS analysis was performed on an Agilent
1290 Infinity II HPLC system with 1290 Infinity II Diode
Array Detector and an Agilent 6120 Quadrupole LC-MS
system. The analytical chromatography method utilized the
following parameters: Poroshell 120 EC-C18, 1.9 um col-
umn, UV detection wavelength=254 nm, Flow rate=1.0
ml/min, Gradient=5-100% LC-MS grade methanol over 4
min; The organic mobile phase and aqueous mobile phase
contained 0.1% LC-MS grade formic acid. The mass spec-
trometer utilized the following parameters: an Agilent mul-
timode source that simultaneously acquires ESI+/APCI+;
Final compounds were determined to be >95% purity by
UV-LCMS at 254 nm. The purity analysis was performed on
Waters Prep LC-150 HPLC system with Waters 2545 Binary
Gradient Module Pump, and Waters 2998 Photodiode Array
Detector. The analytical chromatography method utilized
the following parameters: XBridge® C18, 4.6x50 mm, 3.5
m column; UV detection wavelength=254 nm, Flow
rate=1.0 m[/min, Gradient=5-100% HPLC grade Methanol
over 10 min; The preparative chromatography method uti-
lized the following parameters: XBridge® Prep Cl18,
19%x150 mm, 5.0 m column; UV detection wavelength=254
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nm, Flow rate=15 ml./min, Gradient=5-100% HPLC grade
Methanol over 45 min; The organic mobile phase and
aqueous mobile phase contained 0.1% HPLC grade ammo-
nium chloride. Compound purity was also determined by
using an Agilent 1100 HPLC system with photodiode array
UV detection. The chromatographic method utilized either
of two methods: (option 1) an OD-H chiral column, 19
mmx150 mm, 5 pm column, UV detection wavelength=254
nm, Flow rate=1 mI/min, Injection volume 10 uL,, Run time
30 min, Isopropyl alcohol:Hexane=25:75, Isocratic; or (op-
tion 2) an (R,R)—Whelk—O1 chiral column, 4.6 mmx250
mm, 5 um column, UV detection wavelength=254 nm, Flow
rate=1 mI/min, Injection volume 20 ul, Run time 80 min,
Isopropy! alcohol: Hexane=99.5:0.5, Isocratic. High resolu-
tion mass spectra (HRMS) were obtained by the Analytical
Instrument Center at the UW-Madison School of Pharmacy
on an Electron Spray Injection (ESI) mass spectrometer.
Flash chromatography separations were carried out using a
Teledyne Isco CombiFlash Rf 200 purification system with
normal phase silica gel columns or reverse phase C-18
column. Microwave irradiated reactions were carried out
using an Anton Paar Monowave 300 (Microwave synthesis
reactor).

Scheme 1. General synthetic approach for quinazolinone compounds 2a-2nn and 3a-i, Examples 1-49
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Example 1: Synthesis of 6-nitro-3-phenyl-2-(pyrro-
lidin-2-yl) quinazolin-4 (3H)-one 2a)

[0179] Prepared according to Scheme 1.

2a

O,N

HN
6-nitro-3-phenyl-2-(pyrrolidin-2-yl)quinazolin-4(3 H)-one

[0180] Step 1. Synthesis of tert-butyl 2-(6-nitro-4-o0x0-3-
phenyl-3,4-dihydroquinazolin-2-yl)pyrrolidine-1-carboxy-
late (1a). 5-Nitroanthranilic acid (91.00 mg, 0.50 mmol) and
N-Boc-DL-proline (215.25 mg, 1.00 mmol) were dissolved
in dry pyridine (3 mL). Triphenyl phosphite (0.40 mL, 1.50
mmol) was added to the mixture and the reaction mixture
was heated at 100° C. with MWI for 20 min. Aniline (0.18
ml, 2.00 mmol) was added to the mixture, and the reaction
mixture was heated at 100° C. with MWI for 1 min. Pyridine
was removed in vacuo and the residue was diluted with
CH,Cl, (80 mL) and washed with 1N aqueous HCI (30 mL).
The organic layer was washed sequentially with H,O (30
mL) and brine (30 mL). The separated organic extract was
dried over anhydrous Na,SO,, filtered, and then the solvent
was evaporated under reduced pressure. The residue was
purified by flash chromatography (0% FEthyl acetate/
Hexane~50% Ethyl acetate/Hexane) to afford 1a (105.1 mg,
48.2%) as pale yellow solid. "H NMR (500 MHz, CDCl,) §
9.11 (dd, J=13.7, 2.6 Hz, 1H), 8.52 (ddd, J=23.3, 9.0, 2.6 Hz,
1H), 7.78 (dd, J=25.7, 9.0 Hz, 1H), 7.58-7.35 (m, 4H), 7.23
(t, J=6.9 Hz, 1H), 4.50 (ddd, J=37.1, 7.8, 4.3 Hz, 1H),
3.83-3.66 (m, 1H), 3.57-3.41 (m, 1H), 2.15-1.88 (m, 3H),
1.86-1.74 (m, 1H), 1.43 (s, 4H), 1.29 (s, SH). MS (ESI) m/z:
437 (M+1)*.

[0181] Step 2. Synthesis of 6-nitro-3-phenyl-2-(pyrroli-
din-2-yl) quinazolin-4 (3H)-one (2a). Under nitrogen, trif-
luoroacetic acid (2.53 mL, 34.4 mmol) was added to a
solution of 1a (0.75 g, 1.7 mmol) in dry CH,Cl, (30 mL) at
0° C. and stirred at rt for 12 h. The solvent was removed in
vacuo, and the residue was diluted with CH,Cl, (100 mL),
and washed sequentially with saturated solutions of Na,CO,
(30 mL) and brine (30 mL). The organic extract was dried
over anhydrous Na,SO,, filtered, and then the solvent was
evaporated under reduced pressure. The residue was purified
by flash chromatography (0% MeOH/CH,Cl,~5% MeOH/
CH,Cl,) to afford 2a (0.52 g, 90.0%) as pale yellow solid.
'H NMR (400 MHz, CDCl,) 8 9.11 (d, J=2.4 Hz, 1H), 8.55
(dd, J=9.0, 2.7 Hz, 1H), 7.83 (d, J=8.9 Hz, 1H), 7.64-7.52
(m, 3H), 7.35-7.28 (m, 2H), 3.85 (t, J=7.2 Hz, 1H), 3.31-3.
23 (m, 1H), 2.78 (dt, J=11.1, 6.9 Hz, 1H), 1.87-1.73 (m, 4H).
MS (ESD) m/z: 337.1 (M+1)*.
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Example 2: Synthesis of (R)-6-nitro-3-phenyl-2-
(pyrrolidin-2-yl) quinazolin-4 (3H)-one (2b)

[0182] Prepared as shown in Scheme 1.

2b

0N

(R)-6-nitro-3-phenyl-2-(pyrrolidin-2-yl)quinazolin-4(3H)-one

[0183] Step 1. Synthesis of tert-butyl (R)-2-(6-nitro-4-
0x0-3-phenyl-3,4-dihydroquinazolin-2-yl)  pyrrolidine-1-
carboxylate (1b). 1b (0.61 g) was prepared from 5-nitroan-
thranilic acid (0.55 g, 3.00 mmol), N-Boc-D-proline (1.3 g,
6.0 mmol), triphenyl phosphite (2.4 mL, 9.00 mmol) and
aniline (1.1 mL, 12.0 mmol) in the same manner as
described for 1a. Pale yellow solid. 'H NMR (400 MHz,
CDCl,) 8 9.08 (dd, J=12.8, 2.6 Hz, 1H), 8.51 (ddd, J=20.0,
9.0, 2.6 Hz, 1H), 7.78 (dd, ]=20.4, 9.0 Hz, 1H), 7.65-7.33
(m, 4H), 7.27-7.21 (m, 1H), 4.50 (ddd, J=28.3, 7.5, 4.5 Hz,
1H), 3.82-3.66 (m, 1H), 3.58-3.40 (m, 1H), 2.14-1.92 (m,
3H), 1.86-1.76 (m, 1H), 1.43 (s, 4H), 1.29 (s, SH). MS (ESI)
m/z: 437 (M+1)*.

[0184] Step 2. Synthesis of (R)-6-nitro-3-phenyl-2-(pyr-
rolidin-2-yl) quinazolin-4 (3H)-one (2b). 2b (0.20 g, 60.4%)
was prepared from 1b (0.43 g, 0.99 mmol) and trifluoro-
acetic acid (1.5 mL, 19.8 mmol) in the same manner as
described for 2a. Pale yellow solid. 'H NMR (500 MHz,
CDCL,) 8 9.11 (d, J=2.6 Hz, 1H), 8.55 (dd, J=9.0, 2.6 Hz,
1H), 7.81 (d, J=8.9 Hz, 1H), 7.62-7.51 (m, 3H), 7.35-7.28
(m, 2H), 3.85 (t, J=7.1 Hz, 1H), 3.31-3.24 (m, 1H), 2.88-2.
67 (m, 1H), 1.87-1.64 (m, 4H). MS (ESI) m/z: 337.1
M+1)*.

Example 3: Synthesis of (R)-6-nitro-3-phenyl-2-(1-
(tetrahydro-2H-pyran-4-yl) pyrrolidin-2-yl) quinazo-
lin-4 (3H)-one (3a)

[0185] Prepared by reduction amination of 2b as shown in
Scheme 1

3a

I /O
0N
’ N

(R)-6-nitro-3-phenyl-2-(1-(tetrahydro-2 H-pyran-4-yl)pyrrolidin-2-yl )quinazolin-4(3 H)-one
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Synthesis of (R)-6-nitro-3-phenyl-2-(1-(tetrahydro-
2H-pyran-4-yl) pyrrolidin-2-yl) quinazolin-4 (3H)-
one (3a)

[0186] Acetic acid (0.05 mL) was added to the solution of
2b (50.0 mg, 0.15 mmol) and tetrahydro-4H-pyran-4-one
(22.5 mg, 0.23 mmol) in MeOH (2 mL) and CH,Cl, (2 mL)
at rt. After stirring at rt for 1 h, the solution was cooled to
0° C., and sodium cyanoborohydride (14.2 mg, 0.23 mmol)
was added. After 10 min, the ice bath was removed, and the
reaction was allowed to stir for 12 h. Solvent was removed
in vacuo and the residue was diluted with CH,Cl, (20 mL),
and washed sequentially with saturated solutions of Na,CO,
(10 mL) and brine (10 mL). The separated organic extract
was dried over anhydrous Na,SO,, filtered, and the solvent
was evaporated under reduced pressure. The residue was
purified by flash chromatography (0% MeOH/CH,Cl, to
10% MeOH/CH,Cl,) to afford 3a (42.10 mg, 66.8%) as pale
yellow solid. '"H NMR (500 MHz, CDCI,) § 9.07 (d, J=2.6
Hz, 1H), 8.53 (dd, J=9.0, 2.6 Hz, 1H), 7.98 (d, J=9.0 Hz,
1H), 7.63-7.56 (m, 3H), 7.26-7.20 (m, 2H), 3.96-3.91 (m,
2H), 3.56 (dd, J=8.1, 5.7 Hz, 1H), 3.36-3.32 (m, 3H),
2.78-2.75 (m, 1H), 2.59 (dd, J=16.2, 8.2 Hz, 1H), 2.07-1.91
(m, 3H), 1.82-1.75 (m, 1H), 1.65 (d, J=10.9 Hz, 1H),

1.58-1.52 (m, 3H). MS (ESI) nv/z: 421.1 (M+1)*.

Example 4: Synthesis of (R)-2-(1-(1-methylpiperi-
din-4-yl) pyrrolidin-2-yl)-6-nitro-3-phenylquinazo-
lin-4 (3H)-one (3b)

[0187] Prepared by reduction amination of 2b as shown in

Scheme 1

| O
0N
: N

H;C
(R)-2-(1-(1-methylpiperidin-4-yl)pyrrolidin-2-y1)-6-nitro-3-phenylquinazolin-4(3H)-one

Synthesis of (R)-2-(1-(1-methylpiperidin-4-yl) pyr-
rolidin-2-yl)-6-nitro-3-phenylquinazolin-4 (3H)-one
(3b)

[0188] Acetic acid (0.05 mL) was added to the solution of
2b (50.0 mg, 0.15 mmol) and N-methyl-4-piperidone (25.5
mg, 0.23 mmol) in MeOH (2 mL) and CH,Cl, (2 mL). The
solution was stirred at rt for 1 h, then sodium cyanoboro-
hydride (14.2 mg, 0.23 mmol) was added to the reaction
mixture at 0° C. After 5 minutes, the ice bath was removed,
and the reaction was stirred at rt for 12 h. The solvent was
removed in vacuo, and the residue was diluted with CH,Cl,
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(20 mL). After washing sequentially with saturated solutions
0f Na,CO, (10 mL) and brine (10 mL), the separated organic
filtrate was dried over anhydrous Na,SO,, filtered, and then
the solvent was evaporated under reduced pressure. The
residue was purified by flash chromatography (0% MeOH/
CH,Cl1,~10% MeOH/CH,Cl,) to afford 3b (28.6 mg,
44.0%) as a pale yellow amorphous solid. "H NMR (500
MHz, CDCl,) 8 9.09 (d, J=2.1 Hz, 1H), 8.53 (dd, J=9.0, 2.0
Hz, 1H), 7.98 (d, J=9.0 Hz, 1H), 7.59 (dd, J=11.0, 5.7 Hz,
3H), 7.25 (dt, J=16.1, 6.0 Hz, 2H), 3.58-3.51 (m, 1H), 3.29
(dd, J=11.0, 5.1 Hz, 1H), 2.85 (d, J=11.0 Hz, 2H), 2.58-2.54
(m, 2H), 2.25 (s, 3H), 1.98-1.95 (m, SH), 1.79-1.72 (m, 2H),
1.65-1.52 (m, 3H). MS (ESI) nv/z: 434.2 (M+1)*.

Example 5: Synthesis of (S)-6-nitro-3-phenyl-2-
(pyrrolidin-2-yl) quinazolin-4 (3H)-one (2¢)

[0189] Prepared as shown in Scheme 1.

2c

ON

(S)-6-nitro-3-phenyl-2-(pyrrolidin-2-yl)quinazolin-4(3H)-one

[0190] Step 1. Synthesis of tert-butyl (S)-2-(6-nitro-4-
0x0-3-phenyl-3,4-dihydroquinazolin-2-yl)  pyrrolidine-1-
carboxylate (1c). 1c (0.76 g, 43.6%) was prepared from
S-nitroanthranilic acid (0.72 g, 4.00 mmol), N-Boc-L-pro-
line (1.7 g, 8.0 mmol), triphenyl phosphite (3.2 mL, 12.0
mmol) and aniline (1.5 mL, 16.00 mmol) in the same
manner as described for 1a. Pale yellow solid. "H NMR (500
MHz, CDCl,) 8 9.11 (dd, J=14.1, 2.6 Hz, 1H), 8.52 (ddd,
J=23.7, 9.0, 2.6 Hz, 1H), 7.78 (dd, ]=25.7, 9.0 Hz, 1H),
7.65-7.33 (m, 4H), 7.25-7.20 (m, 1H), 4.50 (ddd, J=37.1,
7.8, 43 Hz, 1H), 3.82-3.66 (m, 1H), 3.58-3.41 (m, 1H),
2.14-1.94 (m, 3H), 1.84-1.76 (m, 1H), 1.43 (s, 4H), 1.29 (s,
S5H). MS (ESI) m/z: 437 (M+1)*.

[0191] Step 2. Synthesis of (S)-6-nitro-3-phenyl-2-(pyrro-
lidin-2-yl) quinazolin-4 (3H)-one (2¢). 2¢ (0.40 g, 78.8%)
was prepared from lc (0.66 g, 1.51 mmol) and trifluoro-
acetic acid (2.26 mL, 30.26 mmol) in the same manner as
described for 2a. Pale yellow solid. "H NMR (500 MHz,
CDCl,) 9 9.11 (d, J=2.6 Hz, 1H), 8.55 (dd, J=9.0, 2.6 Hz,
1H), 7.83 (d, J=8.9 Hz, 1H), 7.65-7.52 (m, 3H), 7.35-7.28
(m, 2H), 3.86 (t, J=7.1 Hz, 1H), 3.31-3.24 (m, 1H), 2.88-2.
63 (m, 1H), 1.88-1.64 (m, 4H). MS (ESI) m/z: 337.2
(M+1)*.
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Example 6: Synthesis of (S)-6-nitro-3-phenyl-2-(1-
(tetrahydro-2H-pyran-4-yl)pyrrolidin-2-yl)quinazo-
lin-4 (3H)-one (3¢)

[0192] Prepared by reductive amination of 2¢ as shown in
Scheme 1

0N

O

(S)-6-nitro-3-phenyl-2-(1-(tetrahydro-2 H-pyran-4-yl)pyrrolidin-2-yl)
quinazolin-4(3H)-one

Synthesis of (S)-6-nitro-3-phenyl-2-(1-(tetrahydro-
2H-pyran-4-yl)pyrrolidin-2-yl)quinazolin-4 (3H)-
one (3¢)

[0193] Acetic acid (0.10 mL) was added to the solution of
2¢ (100.0 mg, 0.30 mmol) and tetrahydro-4H-pyran-4-one
(45.1 mg, 0.45 mmol) in MeOH (4 mL) and CH,Cl, (4 mL).
The solution was stirred at rt for 1 h. After cooling the
reaction to 0° C., sodium cyanoborohydride (28.28 mg, 0.45
mmol) was added and the reaction mixture was stirred at rt
for 12 h. The solvent was removed in vacuo, and the residue
was diluted with CH,Cl, (40 mL) and washed sequentially
with saturated solutions of Na,CO; (20 mL) and brine (20
mL). The separated organic extracts were dried over anhy-
drous Na,SO,, filtered, and then the solvent was evaporated
under reduced pressure. The residue was purified by flash
chromatography (0% MeOH/CH,C1,~10% MeOH/CH,Cl,)
to afford 3¢ (69.80 mg, 55.3%) as pale yellow solid. 'H
NMR (500 MHz, CDCl,) 8 9.08 (d, J=2.6 Hz, 1H), 8.56 (dd,
J=9.0, 2.6 Hz, 1H), 7.96 (d, J=9.0 Hz, 1H), 7.65-7.56 (m,
3H), 7.26-7.22 (m, 2H), 3.95-3.91 (m, 2H), 3.55 (dd, J=8.1,
5.7 Hz, 1H), 3.35-3.31 (m, 3H), 2.78-2.72 (m, 1H), 2.62 (dd,
J=16.2, 8.2 Hz, 1H), 2.08-1.91 (m, 3H), 1.85-1.75 (m, 1H),
1.66 (d, J=10.9 Hz, 1H), 1.56-1.52 (m, 3H). MS (ESI) m/z:
421.1 M+1)*.
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Example 7: Synthesis of (S)-2-(1-(1-methylpiperi-
din-4-yl)pyrrolidin-2-yl1)-6-nitro-3-phenylquinazo-
lin-4 (3H)-one (3d)

[0194] Prepared by reductive amination of 2¢ as shown in

Scheme 1

3d

05N,

N
Ve
H;C
(8)-2-(1-(1-methylpiperidin-4-yl)pyrrolidin-2-yl)-6-nitro-3-
phenylquinazolin-4(3H)-one

Synthesis of (S)-2-(1-(1-methylpiperidin-4-yl)pyrro-
lidin-2-y1)-6-nitro-3-phenylquinazolin-4 (3H)-one
Gd)

[0195] Acetic acid (0.05 mL) was added to the solution of
2¢ (50.0 mg, 0.15 mmol) and N-methyl-4-piperidone (25.5
mg, 0.23 mmol) in MeOH (2 mL) and CH,Cl, (2 mL). The
solution was stirred at rt for 1 h, before sodium cyanoboro-
hydride (14.16 mg, 0.23 mmol) was added to the reaction
mixture at 0° C. After stirring at rt overnight, the solvent was
removed in vacuo and the residue was diluted with CH,Cl,
(20 mL). After washing sequentially with saturated solutions
0fNa,CO; (10 mL) and brine (10 mL), the separated organic
extract was dried over anhydrous Na,SO,, filtered, and the
solvent was evaporated under reduced pressure. The residue
was purified by flash chromatography (0% MeOH/CH,Cl,
to 10% MeOH/CH,Cl,) to afford 3d (26.50 mg, 40.8%) as
a pale yellow amorphous solid. "H NMR (500 MHz, CDCl,)
3 9.06 (d, I=2.1 Hz, 1H), 8.55 (dd, J=9.0, 2.0 Hz, 1H), 7.95
(d, J=9.0 Hz, 1H), 7.56 (dd, J=11.0, 5.7 Hz, 3H), 7.25 (dt,
J=16.1, 6.0 Hz, 2H), 3.62-3.55 (m, 1H), 3.25 (dd, J=11.0, 5.1
Hz, 1H), 2.86 (d, J=11.0 Hz, 2H), 2.58-2.52 (m, 2H), 2.32
(s, 3H), 1.96-1.92 (m, 5H), 1.78-1.72 (m, 2H), 1.65-1.55 (m,
3H). MS (ESI) m/z: 434.2 (M+1)".

Example 8: Synthesis of 3-(4-methoxyphenyl)-6-
nitro-2-(pyrrolidin-2-yl) quinazolin-4 (3H)-one (2d)
[0196] Prepared as shown in Scheme 1

2d

OCH;

O,N.

HN
3-(4-methoxyphenyl)-6-nitro-2-(pyrrolidin-2-yl)quinazolin-4(3H)-one
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[0197] Step 1. Synthesis of tert-butyl 2-(3-(4-methoxy-
phenyl)-6-nitro-4-0x0-3,4-dihydroquinazolin-2-yl) pyrroli-
dine-1-carboxylate (1d). 1d (0.27 g) was prepared from
S-nitroanthranilic acid (0.54 g, 3.00 mmol), N-Boc-DL-
proline (1.3 g, 6.00 mmol), triphenyl phosphite (2.36 mL,
9.00 mmol) and 4-methoxyaniline (1.46 g, 12.00 mmol) in
the same manner as described for 1a. Pale yellow solid. 'H
NMR (500 MHz, CDCl,) & 9.10 (dd, J=13.3, 2.5 Hz, 1H),
8.51(ddd, J=23.0,9.0, 2.6 Hz, 1H), 7.77 (dd, J=24.7, 9.0 Hz,
1H), 7.51-7.20 (m, 1H), 7.14-7.03 (m, 3H), 4.66-4.43 (m,
1H), 3.89 (d, J=10.8 Hz, 3H), 3.80-3.67 (m, 1H), 3.59-3.37
(m, 1H), 2.09-1.82 (m, 4H), 1.43 (s, 4H), 1.27 (s, SH). MS
(ESI) m/z: 467 (M+1)™.

[0198] Step 2. Synthesis of 3-(4-methoxyphenyl)-6-nitro-
2-(pyrrolidin-2-yl)quinazolin-4 (3H)-one (2d)

[0199] Under nitrogen, trifluoroacetic acid (0.83 mlL,
11.20 mmol) was added to a solution of 1d (0.26 g, 0.56
mmol) in dry CH,Cl, (10 mL) at 0° C., and the resulting
reaction mixture was stirred at rt overnight. After removing
the solvent in vacuo, the residue was diluted with CH,Cl,
(100 mL), washed sequentially with saturated solutions of
Na,CO; (30 mL) and brine (30 mL), and the separated
organic extracts were dried over anhydrous Na,SO,, filtered,
and the solvent was evaporated under reduced pressure. The
residue was purified by flash chromatography (0% MeOH/
CH,Cl,~5% MeOH/CH,Cl,) to afford 2d (136.0 mg,
66.3%) as pale yellow solid. "H NMR (500 MHz, CDCl,) &
9.11 (d, J=2.6 Hz, 1H), 8.54 (dd, J=9.0, 2.6 Hz, 1H), 7.81 (d,
1=0.0 Hz, 1H), 7.24-7.15 (m, 2H), 7.10-7.01 (m, 2H),
3.94-3.85 (m, 4H), 3.35-3.22 (m, 1H), 2.79 (dt, J=11.0, 6.7
Hz, 1H), 1.84-1.69 (m, 4H). MS (ESI) m/z: 367.1 (M+1)™.

Example 9: Synthesis of (R)-3-(4-methoxyphenyl)-
6-nitro-2-(pyrrolidin-2-yl) quinazolin-4 (3H)-one
2e)

[0200] Prepared as shown in Scheme 1.

2e

OCH;

O,N

(R)-3-(4-methoxyphenyl)-6-nitro-2-(pyrrolidin-2-yl)quinazolin-4(3H)-one

[0201] Step 1. Synthesis of tert-butyl (R) 2-(3-(4-
methoxyphenyl)-6-nitro-4-oxo-3,4-dihydroquinazolin-2-yl)
pyrroli-dine-1-carboxylate (le). le (0.43 g) was prepared
from S-nitroanthranilic acid (0.36 g, 2.00 mmol), N-Boc-D-
proline (0.86 g, 4.00 mmol), triphenyl phosphite (1.60 mL,
6.00 mmol) and 4-methoxyaniline (0.98 g, 8.00 mmol) in the
same manner as described for la. Pale yellow solid. 'H
NMR (500 MHz, CDCl,) § 9.07 (dd, J=12.8, 2.6 Hz, 1H),
8.52 (ddd, 1=23.0, 9.0, 2.6 Hz, 1H), 7.77 (dd, J=24.6, 9.0 Hz,
1H), 7.54-7.21 (m, 1H), 7.16-7.03 (m, 3H), 4.66-4.43 (m,
1H), 3.89 (d, J=10.9 Hz, 3H), 3.80-3.66 (m, 1H), 3.58-3.36
(m, 1H), 2.09-1.84 (m, 4H), 1.44 (s, 4H), 1.28 (s, SH). MS
(ESD) nv/z: 467 (M+1)*.
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[0202] Step 2. Synthesis of (R)-3-(4-methoxyphenyl)-6-
nitro-2-(pyrrolidin-2-yl)quinazolin-4 (3H)-one (2e)

[0203] Under nitrogen, trifluoroacetic acid (1.26 mlL,
17.16 mmol) was added to a solution of le (0.40 g, 0.85
mmol) in dry CH,Cl, (15 mL) at 0° C. After stirring at rt
overnight, the solvent was removed in vacuo and the residue
was diluted with CH,Cl, (100 mL), and washed with satu-
rated solutions of Na,CO; (40 mL) and brine (40 mL). The
separated organic extracts were dried over anhydrous
Na,SO,, filtered, and then the solvent was evaporated under
reduced pressure. The residue was purified by flash chro-
matography (0% MeOH/CH,Cl,~5% MeOH/CH,CL,) to
afford 2e (0.20 g, 64.3%) as pale yellow solid. "HNMR (500
MHz, CDCl,) 8 9.11 (d, J=2.6 Hz, 1H), 8.56 (dd, J=9.0, 2.6
Hz, 1H), 7.81 (d, J=9.0 Hz, 1H), 7.23-7.15 (m, 2H), 7.09-
7.04 (m, 2H), 3.94-3.83 (m, 4H), 3.34-3.22 (m, 1H), 2.79
(dt, J=11.1, 6.8 Hz, 1H), 1.85-1.67 (m, 4H). MS (ESI) m/z:
367.1 (M+1)*.

Example 10: Synthesis of (R)-3-(4-methoxyphe-
nyl)-2-(1-methylpyrrolidin-2-yl)-6-nitroquinazolin-4
(3H)-one (3¢)

[0204] Prepared via reductive amination of 2e as shown in
Scheme 1

3e

oCH;

0N

(R)-3-(4-methoxyphenyl)-2-(1-methylpyrrolidin-2-yl)-6-nitroquinazolin-
4(3H)-one

Synthesis of (R)-3-(4-methoxyphenyl)-2-(1-meth-
ylpyrrolidin-2-yl)-6-nitroquinazolin-4 (3H)-one (3e)

[0205] Acetic acid (0.03 mL) was added to the solution of
2e (100.0 mg, 0.27 mmol) and formaldehyde 37% w/w
aqueous (44.63 mg, 0.55 mmol) in MeOH (3 mL) and
CH,Cl, (3 mL). After stirring at rt for 1 h, sodium cyano-
borohydride (25.80 mg, 0.41 mmol) was added to the
reaction mixture at 0° C. The ice bath was removed, and the
reaction was stirred at rt overnight. Solvent was removed in
vacuo, and the residue was diluted with CH,Cl, (10 mL) and
washed sequentially with saturated solutions of Na,CO; (10
mL) and brine (10 mL). The separated organic extracts were
dried over anhydrous Na,SO,, filtered, and the solvent was
evaporated under reduced pressure. The residue was purified
by flash chromatography (0% MeOH/CH,Cl,~5% MeOH/
CH,Cl,) to afford 3e (63.7 mg, 62.0%) as a pale yellow
amorphous solid. '"H NMR (500 MHz, CDC1,) § 9.11 (d,
J=2.6 Hz, 1H), 8.54 (dd, J]=9.0, 2.7 Hz, 1H), 8.05 (d, ]=9.0
Hz, 1H), 7.18-7.12 (m, 4H), 3.91 (s, 3H), 3.29-3.26 (m, 1H),
3.09-3.06 (m, 1H), 2.35 (s, 3H), 2.23-2.14 (m, 1H), 2.05-1.
85 (m, 3H), 1.68-1.64 (m, 1H). MS (ESI) m/z: 381.1
(M+1)*.



US 2022/0348558 Al

Example 11: Synthesis of (R)-3-(4-methoxyphe-
nyl)-6-nitro-2-(1-(oxetan-3-yl)pyrrolidin-2-yl) qui-
nazolin-4 (3H)-one (3f)

[0206] Prepared via reductive amination of 2e as shown in

Scheme 1

3f
OCH;

0N

(R)-3-(4-methoxyphenyl)-6-nitro-2-(1-(oxetan-3-yl)pyrrolidin-2-yl)
quinazolin-4(3H)-one

Synthesis of (R)-3-(4-methoxyphenyl)-6-nitro-2-(1-
(oxetan-3-yl) pyrrolidin-2-yl) quinazolin-4 (3H)-one
(3

[0207] Acetic acid (0.05 mL) was added to the solution of
2e (50.0 mg, 0.16 mmol) and tetrahydro-4H-pyran-4-one
(18.0 mg, 0.25 mmol) in MeOH (3 mL) and CH,Cl, (3 mL).
After stirring at rt for 1 h, sodium cyanoborohydride (15.7
mg, 0.25 mmol) was added to the reaction mixture at 0° C.
and stirred for 5 minutes. The ice bath was removed, and the
reaction was stirred at rt overnight. Solvent was removed in
vacuo, and the residue was diluted with CH,Cl, (20 mL).
After washing sequentially with saturated solutions of
Na,COj; (10 mL) and brine (10 mL), the separated organic
extract was dried over anhydrous Na,SO,, filtered, and the
solvent was evaporated under reduced pressure. The residue
was purified by flash chromatography (0% MeOH/
CH,C1,~5% MeOH/CH,CL,) to afford 3f (16.60 mg, 24.6%)
as a pale yellow amorphous solid. '"H NMR (500 MHz,
CDCly) 8 9.10 (d, J=2.6 Hz, 1H), 8.54 (dd, J=9.0, 2.7 Hz,
1H), 7.94 (d, J=9.0 Hz, 1H), 7.14-7.06 (m, 4H), 4.75 (1,
J=6.6 Hz, 1H), 4.64 (t,J=6.6 Hz, 1H), 4.53 (t, I=6.9 Hz, 2H),
4.06-3.98 (m, 1H), 3.90 (s, 3H), 3.55 (t, J=7.3 Hz, 1H),
3.42-333 (m, 1H), 2.65-2.62 (m, 1H), 2.08-1.96 (m, 2H),
1.86-1.75 (m, 1H). MS (ESI) nv/z: 423.1 (M+1)*.

Example 12: Synthesis of (S)-3-(4-methoxyphenyl)-

6-nitro-2-(pyrrolidin-2-yl) quinazolin-4 (3H)-one
(20

[0208] Prepared as shown in Scheme 1.
2f
OCH;,
(6]
O,N
N
H
Z

N

HN:

(8)-3-(4-methoxyphenyl)-6-nitro-2-(pyrrolidin-2-yl)quinazolin-4(3H)-one
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[0209] Step 1. Synthesis of tert-butyl (S) 2-(3-(4-methoxy-
phenyl)-6-nitro-4-0x0-3,4-dihydroquinazolin-2-yl) pyrroli-
dine-1-carboxylate (1f). 1f (0.32 g) was prepared from
S-nitroanthranilic acid (0.36 g, 2.00 mmol), N-Boc-L-pro-
line (0.86 g, 4.00 mmol), triphenyl phosphite (1.60 mL, 6.00
mmol) and 4-methoxyaniline (0.98 g, 8.00 mmol) in the
same manner as described for la. Pale yellow solid. 'H
NMR (500 MHz, CDCl,) 8 9.06 (dd, J=12.9, 2.6 Hz, 1H),
8.54 (ddd, J=22.8,9.0, 2.6 Hz, 1H), 7.76 (dd, J=24.6, 9.0 Hz,
1H), 7.55-7.22 (m, 1H), 7.16-7.04 (m, 3H), 4.68-4.42 (m,
1H), 3.89 (d, J=10.9 Hz, 3H), 3.84-3.66 (m, 1H), 3.56-3.36
(m, 1H), 2.09-1.86 (m, 4H), 1.43 (s, 4H), 1.26 (s, SH). MS
(ESI) m/z: 467 (M+1)*.

[0210] Step 2. Synthesis of (S)-3-(4-methoxyphenyl)-6-
nitro-2-(pyrrolidin-2-yl) quinazolin-4 (3H)-one (2f)

[0211] Under nitrogen, trifluoroacetic acid (0.82 mlL,
11.15 mmol) was added to a solution of 1f (0.26 g, 0.56
mmol) in dry CH,Cl, (10 mL) at 0° C. The solution was
stirred at rt overnight, and then the solvent was removed in
vacuo. The residue was diluted with CH,Cl, (100 mL),
washed sequentially with saturated solutions of Na,CO, (30
mL) and brine (30 mL), and the separated organic extract
was dried over anhydrous Na,SO,. Once filtered, the solvent
was evaporated under reduced pressure. The residue was
purified by flash chromatography (0% MeOH/CH,C1,~5%
MeOH/CH,Cl,) to afford 2f (0.12 g, 58.5%) as pale yellow
solid. "H NMR (500 MHz, CDCl,) § 9.11 (d, J=2.6 Hz, 1H),
8.54 (dd, J=9.0, 2.6 Hz, 1H), 7.81 (d, J=9.0 Hz, 1H),
7.23-7.16 (m, 2H), 7.09-7.04 (m, 2H), 3.93-3.87 (m, 4H),
3.31-3.23 (m, 1H), 2.79 (dt, J=11.2, 6.7 Hz, 1H), 1.85-1.67
(m, 4H). MS (BESD) mv/z: 367.1 (M+1)".

Example 13: Synthesis of (S)-3-(4-methoxyphenyl)-
2-(1-methylpyrrolidin-2-yl)-6-nitroquinazolin-4
(3H)-one (3g)

[0212] Prepared via reductive amination of 2f as shown in
Scheme 1

3g
OCH;

0N

(S)-3-(4-methoxyphenyl)-2-(1-methylpyrrolidin-2-yl)-6-nitroquinazolin-
4(3H)-one

Synthesis of (S)-3-(4-methoxyphenyl)-2-(1-meth-
ylpyrrolidin-2-yl)-6-nitroquinazolin-4 (3H)-one (3g)

[0213] Acetic acid (0.03 mL) was added to the solution of
2f (60.00 mg, 0.16 mmol) and formaldehyde 37% w/w
aqueous (26.60 mg, 0.32 mmol) in MeOH (3 mL) and
CH,CI, (3 mL). After stirring at rt for 1 h, sodium cyano-
borohydride (15.1 mg, 0.24 mmol) was added to the reaction
mixture at 0° C. The solution was stirred at rt overnight, and
then the solvent was removed in vacuo. The residue was
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diluted with CH,Cl, (10 mL), washed sequentially with
saturated solutions of Na,CO; (10 mL) and brine (50 mL),
and the separated organic extract was dried over anhydrous
Na,SO,. Once filtered, the solvent was evaporated under
reduced pressure. The residue was purified by flash chro-
matography (0% MeOH/CH,Cl,~5% MeOH/CH,Cl,) to
afford 3g (40.70 mg, 66.8%) as a pale yellow amorphous
solid. "H NMR (500 MHz, CDCl,) § 9.12 (d, J=2.6 Hz, 1H),
8.56 (dd, J=9.0, 2.7 Hz, 1H), 8.04 (d, J=9.0 Hz, 1H),
7.21-7.12 (m, 4H), 3.93 (s, 3H), 3.28-3.26 (m, 1H), 3.12-3.
06 (m, 1H), 2.36 (s, 3H), 2.24-2.14 (m, 1H), 2.06-1.85 (m,
3H), 1.66-1.64 (m, 1H). MS (ESI) m/z: 381.1 (M+1)*.

Example 14: Synthesis of (R)-3-(4-methoxyphe-
nyl)-4-oxo-2-(pyrrolidin-2-yl)-3,4-dihydroquinazo-
line-6-carbonitrile (2g)

[0214] Prepared as shown in Scheme 1.

2g
OCH;

NC

(R)-3-(4-methoxyphenyl)-4-oxo-2-(pyrrolidin-2-yl)-3,4-
dihydroquinazoline-6-carbonitrile

[0215] Step 1. Synthesis of tert-butyl (R)-2-(6-cyano-3-
(4-methoxyphenyl)-4-oxo-3,4-dihydroquinazolin-2-yl)pyr-
rolidine-1-carboxylate (1g). 1g (0.31 g) was prepared from
2-amino-5-cyanobenzoic acid (0.24 g, 1.50 mmol), N-Boc-
D-proline (0.65 g, 3.00 mmol), triphenyl phosphite (1.2 mL,
4.50 mmol) and 4-methoxyaniline (0.73 g, 6.00 mmol) in the
same manner as described for la. Pale yellow solid. 'H
NMR (500 MHz, CDCI3) § 8.57 (dd, J=13.1, 1.3 Hz, 1H),
7.91 (ddd, J=24.3, 8.5, 1.6 Hz, 1H), 7.73 (dd, ]=22.6, 8.5 Hz,
1H), 7.48-7.18 (m, 1H), 7.14-7.02 (m, 3H), 4.58-4.52 (m,
1H), 3.89 (d, J=10.8 Hz, 3H), 3.78-3.66 (m, 1H), 3.57-3.41
(m, 1H), 2.09-1.82 (m, 4H), 1.43 (s, 4H), 1.27 (s, SH). MS
(ESI) m/z: 447 (M+1)™.

[0216] Step 2. Synthesis of (R)-3-(4-methoxyphenyl)-4-
oxo0-2-(pyrrolidin-2-yl)-3,4-dihydroquinazoline-6-carboni-
trile (2g)

[0217] Under nitrogen, trifluoroacetic acid (0.49 mL, 6.72
mmol) was added to a solution of 1g (0.15 g, 0.34 mmol) in
dry CH,Cl, (10 mL) at 0° C. The solution was stirred at rt
overnight, and then the solvent was removed in vacuo. The
residue was diluted with CH,Cl, (100 mL), washed sequen-
tially with saturated solutions of Na,CO; (40 mL) and brine
(40 mL), and the separated organic extract was dried over
anhydrous Na,SO,. Once filtered, the solvent was evapo-
rated under reduced pressure. The residue was purified by
flash chromatography (0% MeOH/CH,Cl,~5% MeOH/
CH,Cl,) to afford 2g (65.60 mg, 56.5%) as pale yellow
solid. "H NMR (500 MHz, CDCl,) § 8.56 (d, J=1.8 Hz, 1H),
7.93 (dd, J=8.5, 1.9 Hz, 1H), 7.77 (d, J=8.5 Hz, 1H),
7.22-7.14 (m, 2H), 7.08-7.02 (m, 2H), 3.91-3.85 (m, 4H),
3.31-3.21 (m, 1H), 2.87 (s, 1H), 2.84-2.74 (m, 1H), 1.82-1.
69 (m, 4H). MS (ESI) m/z: 347.1 (M+1)*.
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Example 15: Synthesis of (S)-3-(4-methoxyphenyl)-
4-0x0-2-(pyrrolidin-2-yl)-3,4-dihydroquinazoline-6-
carbonitrile (2h)

[0218] Prepared as shown in Scheme 1.
2h
OCH;
0
NC
N
H
Z

N

HN

(S)-3-(4-methoxyphenyl)-4-oxo-2-(pyrrolidin-2-yl)-3,4-
dihydroquinazoline-6-carbonitrile

[0219] Step 1. Synthesis of tert-butyl (S)-2-(6-cyano-3-(4-
methoxyphenyl)-4-oxo-3,4-dihydroquinazolin-2-yl) pyrroli-
dine-1-carboxylate (1 h). 1 h (0.34 g) was prepared from
2-amino-5-cyanobenzoic acid (0.24 g, 1.50 mmol), N-Boc-
D-proline (0.65 g, 3.00 mmol), triphenyl phosphite (1.18
mL, 4.50 mmol) and 4-methoxyaniline (0.73 g, 6.00 mmol)
in the same manner as described for 1a. Pale yellow solid.
'H NMR (500 MHz, CDCl,) & 8.56 (dd, J=13.4, 1.3 Hz,
1H), 7.93 (ddd, J=24.1, 8.6, 1.6 Hz, 1H), 7.76 (dd, J=22.4,
8.6 Hz, 1H), 7.51-7.16 (m, 1H), 7.14-7.02 (m, 3H), 4.56-4.
52 (m, 1H), 3.88 (d, J=10.8 Hz, 3H), 3.81-3.68 (m, 1H),
3.57-3.46 (m, 1H), 2.09-1.82 (m, 4H), 1.43 (s, 4H), 1.27 (s,
5H). MS (ESI) m/z: 447 (M+1)*.

[0220] Step 2. Synthesis of (S)-3-(4-methoxyphenyl)-4-
0x0-2-(pyrrolidin-2-y1)-3,4-dihydroquinazoline-6-carboni-
trile. Under nitrogen, trifluoroacetic acid (0.49 mL, 6.72
mmol) was added to a solution of 2 h (0.15 g, 0.34 mmol)
in dry CH,Cl, (10 mL) at 0° C. The solution was stirred at
rt overnight, and then the solvent was removed in vacuo. The
residue was diluted with CH,Cl, (100 mL), washed sequen-
tially with saturated solutions of Na,CO; (40 mL) and brine
(40 mL), and the separated organic extract was dried over
anhydrous Na,SO,. Once filtered, the solvent was evapo-
rated under reduced pressure. The residue was purified by
flash chromatography (0% MeOH/CH,CI, to 5% MeOH/
CH,Cl,) to afford 2 h (72.60 mg, 62.5%) as pale yellow
solid. "H NMR (500 MHz, CDCl,) 8 8.56 (d, J=1.7 Hz, 1H),
7.93 (dd, J=8.5, 1.9 Hz, 1H), 7.76 (d, J=9.7 Hz, 1H),
7.24-7.16 (m, 2H), 7.10-7.02 (m, 2H), 3.95-3.86 (m, 4H),
3.31-3.14 (m, 1H), 2.83-2.74 (m, 1H), 1.84-1.63 (m, 4H).
MS (ESI) m/z: 347.1 (M+1)*.

Example 16: Synthesis of (R)-6,7,8-trifluoro-3-(4-
methoxyphenyl)-2-(pyrrolidin-2-yl)quinazolin-4
(3H)-one (21)

[0221] Prepared as shown in Scheme 1.
2i
OCH;
0
F.
F

(R)-6,7,8-trifluoro-3-(4-methoxyphenyl)-2-(pyrrolidin-2-yl)quinazolin-
4(3H)-one
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Synthesis of (R)-6,7,8-trifluoro-3-(4-methoxyphe-
nyl)-2-(pyrrolidin-2-yl)quinazolin-4 (3H)-one (21)

[0222] 2-Amino-3,4,5-trifluorobenzoic acid (191.1 mg,
1.00 mmol) and Boc-D-proline (430.50 mg, 2.00 mmol)
were dissolved in dry pyridine (6 mL). Triphenyl phosphite
(0.78 mL, 3.00 mmol) was added to the mixture and the
reaction mixture was heated at 100° C. with MWI for 40
min. 4-Methoxyaniline (0.49 g, 4.00 mmol) was added to the
mixture and the reaction mixture was heated at 100° C. with
MWTI for 1 min. Pyridine was removed in vacuo and the
residue was diluted with CH,Cl, (160 mL) and washed with
1IN aqueous HCI (60 mL). The organic layer was washed
with H,O (60 mL) and then brine (60 mL). After separating
the organic extract, it was dried over anhydrous Na,SO,,
filtered, then the solvent was evaporated under reduced
pressure. The residue was purified by flash chromatography
(0% ethyl acetate/hexane~30% ethyl acetate/hexane) to
remove most of impurities and pyridine to afford the crude
product (0.12 g) as a colorless oil.

[0223] Under nitrogen, trifluoroacetic acid (0.36 mL, 5.00
mmol) was added to a solution of the crude colorless oil
described above in dry CH,CI, (6 mL) at 0° C. The solution
was allowed to stir at rt overnight. Solvent was removed in
vacuo, and the residue was diluted with CH,Cl, (60 mL),
washed sequentially with saturated solutions of Na,CO; (30
ml) and brine (30 mL). The separated organic extract was
dried over anhydrous Na,SO,, filtered, and then the solvent
was evaporated under reduced pressure. The residue was
purified by flash chromatography (0% MeOH/CH,Cl,~5%
MeOH/CH,Cl,) to afford 2i (38.60 mg, 10.3%) as oft-white
solid. "H NMR (500 MHz, CDCl,) § 7.84 (t, J=8.1 Hz, 1H),
7.22-7.18 (m, 1H), 7.15 (d, J=9.7 Hz, 1H), 7.05 (d, J=8.8 Hz,
2H), 3.95-3.81 (m, 4H), 3.31-3.25 (m, 1H), 2.81-2.75 (m,
1H), 2.65 (brs, 1H), 1.86-1.68 (m, 4H). MS (ESI) m/z: 376.1
M+1)*.

Example 17: Synthesis of (R)-3-(3-azidophenyl)-6-
nitro-2-(pyrrolidin-2-yl) quinazolin-4 (3H)-one (2j)

[0224] Prepared according to Scheme 1.

2j

N3

0N

(R)-3-(3-azidophenyl)-6-nitro-2-(pyrrolidin-2-yl)quinazolin-4(3H)-one

[0225] Step 1. Synthesis of 3-azidoaniline. To a three-
necked flask was added 3-iodoaniline (1.00 g, 4.56 mmol),
sodium azide (0.60 g, 9.13 mmol), sodium ascorbate (45.56
mg, 0.23 mmol) and DMSO:H,O (4:1, 10 mL). The reaction
mixture was degassed and flushed with nitrogen for 5 min,
and under nitrogen gas atmosphere, copper iodide (86.85
mg, 0.45 mmol) was added into the reaction mixture,
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followed by addition of N, N'-dimethylethylenediamine
(60.00 mg, 0.68 mmol). The reaction mixture was stirred at
rt for 4 h. After reaction was complete, the reaction mixture
was treated with water (100 mL) and extracted with ethyl
acetate (3x100 mL). The combined organic layers were
sequentially washed with water (100 mL) and brine (100
mL). The separated organic extract was dried over anhy-
drous Na,SO,, filtered, and then the solvent was evaporated
under reduced pressure. The residue was purified by flash
chromatography (CH,Cl,) to afford 3-azidoaniline (0.41 g,
67.1%) as pale yellow solid. *H NMR (500 MHz, CDCl,) &
7.11 (t, J=8.0 Hz, 1H), 6.44 (dt, J=7.9, 2.3 Hz, 2H), 6.31 (1,
J=2.1 Hz, 1H), 3.69 (brs, 2H). MS (ESI) m/z: 135.1 (M+1)*.
[0226] Step 2. Synthesis of tert-butyl (R)-2-(3-(3-azid-
ophenyl)-6-nitro-4-oxo0-3,4-dihydroquinazolin-2-yl) pyrro-
lidine-1-carboxylate (1i). 5-Nitroanthranilic acid (91.1 mg,
0.5 mmol) and Boc-D-proline (215.25 mg, 1.00 mmol) were
dissolved in dry pyridine (3 mL). Triphenyl phosphite (0.39
ml, 1.50 mmol) was added to the mixture and the reaction
mixture was heated at 100° C. with MWI for 40 min. The
3-azidoaniline (268.48 mg, 2.00 mmol) was added, and the
reaction mixture was heated at 100° C. with MWI for 1 min.
Pyridine was removed in vacuo and the residue was diluted
with CH,Cl, (160 mL) and washed with 1IN aqueous HCI
(60 mL). The organic layer was washed with H,O (60 mL)
and brine (60 mL). The separated organic extract was dried
over anhydrous Na,SO,, filtered, and then the solvent was
evaporated under reduced pressure. The residue was purified
by flash chromatography (0% Ethyl acetate/CH,Cl,~5%
Ethyl acetate/CH,Cl,) to afford 1i (45.60 mg, 19.1%) as pale
yellow oil. "H NMR (500 MHz, CDCl;) § 9.12-9.06 (m,
1H), 8.52 (dd, J=25.0, 8.8 Hz, 1H), 7.84-7.72 (m, 1H),
7.65-7.51 (m, 1H), 7.45-7.21 (m, 1H), 7.22-7.11 (m, 1H),
7.05-6.86 (m, 1H), 4.56-4.48 (m, 1H), 3.81-3.66 (m, 1H),
3.61-3.41 (m, 1H), 2.19-1.79 (m, 4H), 1.42 (d, J=4.5 Hz,
4H), 1.28 (d, J=4.9 Hz, SH). MS (ESI) m/z: 478.1 (M+1)*.

[0227] Step 3. Synthesis of (R)-3-(3-azidophenyl)-6-nitro-
2-(pyrrolidin-2-yl) quinazolin-4 (3H)-one (2j)

[0228]
mmol) was added to a solution of 1i (40.00 mg, 0.08 mmol)
in dry CH,Cl, (3 mL) at 0° C. The solution was stirred at rt
overnight, and then the solvent was removed in vacuo. The
residue was diluted with CH,Cl, (30 mL), washed sequen-
tially with saturated solutions of Na,CO; (10 mL) and brine
(10 mL), and the separated organic extract was dried over
anhydrous Na,SO,. Once filtered, the solvent was evapo-
rated under reduced pressure. The residue was purified by
flash chromatography (0% MeOH/CH,Cl,~5% MeOH/
CH,Cl,) to afford 2j (13.60 mg, 45.0%) as pale yellow solid.
"H NMR (500 MHz, CDCl,) 8 9.14 (s, 1H), 8.60 (dd, J=8.9,
2.2 Hz, 1H), 7.87 (d, I=8.9 Hz, 1H), 7.62 (td, ]=8.0, 2.8 Hz,
1H), 7.27 (t, J=9.6 Hz, 1H), 7.12 (dd, J=27.9, 7.8 Hz, 1H),
7.05-6.96 (m, 1H), 3.90 (t, J=5.8 Hz, 1H), 3.36-3.31 (m,
1H), 2.88-2.81 (m, 1H), 2.63 (brs, 1H), 1.95-1.78 (m, 4H).
MS (ESI) m/z: 378.1 (M+1)".

Under nitrogen, trifluoroacetic acid (0.12 mL, 1.60
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Example 18: Synthesis of (S)-3-(4-methoxyphenyl)-
6-nitro-2-(pyrrolidin-3-yl) quinazolin-4 (3H)-one
(2k)

[0229] Prepared according to Scheme 1

2k

OCH;

O,N

(S)-3-(4-methoxyphenyl)-6-nitro-2-(pyrrolidin-3-yl)quinazolin-4(3H)-one

[0230] Step 1. Synthesis of tert-butyl (S)-3-(3-(4-
methoxyphenyl)-6-nitro-4-oxo-3,4-dihydroquinazolin-2-yl)
pyrro-lidine-1-carboxylate (1j). 1j (94.10 mg, 40.3 mmol)
was prepared from 5-nitroanthranilic acid (91.00 mg, 0.50
mmol), (S)—N-Boc-pyrrolidine-3-carboxylic acid (215.25
mg, 1.00 mmol), triphenyl phosphite (0.40 mL, 1.50 mmol)
and 4-methoxyaniline (246.3 mg, 2.0 mmol) in the same
manner as described for 1a. Pale yellow solid. "H NMR (400
MHz, CDCl,) 8 9.10 (d, J=3.0 Hz, 1H), 8.54 (dd, J=9.0, 2.6
Hz, 1H), 7.84-7.73 (m, 1H), 7.22-7.15 (m, 2H), 7.12-7.06
(m, 2H), 3.90 (s, 3H), 3.75-3.66 (m, 2H), 3.58-3.55 (m, 1H),
3.30-3.20 (m, 1H), 3.19-3.16 (m, 1H), 2.46-2.30 (m, 1H),
2.06-2.04 (m, 1H), 1.45 (s, 9H). MS (ESI) n/z: 467 (M+1)™.

[0231] Step 2. Synthesis of (S)-3-(4-methoxyphenyl)-6-
nitro-2-(pyrrolidin-3-yl) quinazolin-4 (3H)-one (2k)

[0232] Under nitrogen, trifluoroacetic acid (0.23 mL, 3.20
mmol) was added to a solution of 1j (72.60 mg, 0.16 mmol)
in dry CH,Cl, (3 mL) at 0° C. The solution was stirred at rt
overnight, and then the solvent was removed in vacuo. The
residue was diluted with CH,Cl, (40 mL), washed sequen-
tially with saturated solutions of Na,CO; (15 mL) and brine
(15 mL), and the separated organic extract was dried over
anhydrous Na,SO,. Once filtered, the solvent was evapo-
rated under reduced pressure. The residue was purified by
flash chromatography (0% MeOH/CH,Cl,~5% MeOH/
CH,Cl,) to afford 2k (21.60 mg, 36.9%) as pale yellow
solid. '"H NMR (400 MHz, CDCl,) § 9.08 (d, J=2.6 Hz, 1H),
8.52 (dd, J=9.0, 2.7 Hz, 1H), 7.79 (d, J=9.0 Hz, 1H),
7.20-7.13 (m, 2H), 7.10-7.04 (m, 2H), 3.88 (s, 3H), 3.55 (s,
1H), 3.43-3.38 (m, 1H), 3.33-3.24 (m, 1H), 3.13-3.06 (m,
1H), 3.01-2.96 (m, 1H), 2.94-2.88 (m, 1H), 2.23-2.09 (m,
1H), 2.06-1.96 (m, 1H). MS (ESI) nvz: 366.1 (M+1)*.

24

Nov. 3, 2022

Example 19: Synthesis of (R)-3-(4-methoxyphe-
nyl)-6-nitro-2-(pyrrolidin-3-yl)quinazolin-4 (3H)-
one (21)

[0233] Prepared according to Scheme 1.

0
O,N
N
o
P
N
NH

(R)-3-(4-methoxyphenyl)-6-nitro-2-(pyrrolidin-3-yl)quinazolin-4(3H)-one

21
OCH;

[0234] Step 1. of tert-butyl (R)-3-(3-(4-
methoxyphenyl)-6-nitro-4-oxo-3,4-dihydroquinazolin-2-yl)
pyrrolidine-1-carboxylate (1k). 1k (136.20 mg, 58.4 mmol)
was prepared from 5-nitroanthranilic acid (91.00 mg, 0.50
mmol), (R)—N-Boc-pyrrolidine-3-carboxylic acid (215.25
mg, 1.00 mmol), triphenyl phosphite (0.40 mL, 1.50 mmol)
and 4-methoxyaniline (246.32 mg, 2.00 mmol) in the same
manner as described for 1a. Pale yellow solid. "H NMR (400
MHz, CDCl,) 8 9.08 (d, J=2.9 Hz, 1H), 8.53 (dd, J=9.0, 2.6
Hz, 1H), 7.86-7.73 (m, 1H), 7.24-7.13 (m, 2H), 7.12-7.08
(m, 2H), 3.91 (s, 3H), 3.76-3.66 (m, 2H), 3.56-3.55 (m, 1H),
3.31-3.20 (m, 1H), 3.19-3.16 (m, 1H), 2.45-2.30 (m, 1H),
2.08-2.04 (m, 1H), 1.44 (s, 9H). MS (ESI) m/z: 467 (M+1)™.

[0235] Step 2. Synthesis of (R)-3-(4-methoxyphenyl)-6-
nitro-2-(pyrrolidin-3-yl) quinazolin-4 (3H)-one (21)

[0236] Under nitrogen, trifluoroacetic acid (0.16 mL, 2.30
mmol) was added to a solution of 1k (51.85 mg, 0.11 mmol)
in dry CH,Cl, (5 mL) at 0° C. Once addition was complete,
the ice bath was removed, and the reaction was stirred at rt
overnight. Solvent was removed in vacuo, the residue was
diluted with CH,Cl, (40 mL) and then washed sequentially
with saturated solutions of Na,CO; (1x20 mL) and brine
(1x20 mL). The separated organic extract was dried over
anhydrous Na,SO,, filtered, and then the solvent was evapo-
rated under reduced pressure. The residue was purified by
flash chromatography (0% MeOH/CH,Cl,~5% MeOH/
CH,Cl,) to afford 21 (20.68 mg, 51.3%) as pale yellow solid.
'H NMR (400 MHz, CDCl,) 8 9.07 (d, J=2.6 Hz, 1H), 8.51
(dd, J=9.0, 2.7 Hz, 1H), 7.78 (d, J=9.0 Hz, 1H), 7.20-7.13
(m, 2H), 7.10-7.04 (m, 2H), 3.89 (s, 3H), 3.46-3.36 (m, 1H),
3.43-3.38 (m, 1H), 3.33-3.24 (m, 1H), 3.13-3.06 (m, 1H),
3.01-2.96 (m, 1H), 2.94-2.88 (m, 1H), 2.23-2.09 (m, 1H),
2.06-1.96 (m, 1H). MS (ESI) m/z: 366.1 (M+1)*.

Synthesis
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Example 20: Synthesis of (R)-4-(6-nitro-4-ox0-2-
(pyrrolidin-2-yl)quinazolin-3 (4H)-yl)benzonitrile
(2m)

[0237] Prepared according to Scheme 1

2m

CN

0-N

(R)-4-(6-nitro-4-oxo-2-(pyrrolidin-2-yl)quinazolin-3(4H)-yl)benzonitrile

[0238] Step 1. 5-Nitroanthranilic acid (0.18 g, 1.00 mmol)
and N-Boc-D-proline (0.43 g, 2.00 mmol) were dissolved in
dry pyridine (6 mL). Triphenyl phosphite (0.80 mL, 3.00
mmol) was added to the mixture and the reaction mixture
was heated at 100° C. with MWI for 20 min. 4-Cyanoaniline
(0.46 g, 4.00 mmol) was added to the mixture and the
reaction mixture was heated at 100° C. with MWI for 1 min.
Pyridine was removed in vacuo and the residue was diluted
with CH,Cl, (100 mL) and washed with 1N aqueous HCl
(50 mL). The organic layer was washed with H,O (50 mL)
and brine (50 mL), dried over anhydrous Na,SO,, and
filtered, then the solvent was evaporated under reduced
pressure. The residue was purified by flash chromatography
(0% Ethyl acetate/Hexane to 50% Ethyl acetate/Hexane) to
remove most of impurities and pyridine to afford crude
product (0.29 g) as pale yellow solid. The crude N—BOC
intermediate was taken forward without further purification.

[0239] Step 2. Synthesis of (R)-4-(6-nitro-4-oxo-2-(pyrro-
lidin-2-yl)quinazolin-3 (4H)-yl)benzonitrile (2m)

[0240] Under nitrogen, trifluoroacetic acid (0.94 mlL,
12.66 mmol) was added to a solution of pale yellow solid
described above from step 1 in dry CH,Cl, (18 mL) at 0° C.
The solution was stirred at rt overnight, and then the solvent
was removed in vacuo. The residue was diluted with CH,Cl,
(100 mL), washed sequentially with saturated solutions of
Na,CO; (50 mL) and brine (50 mL), and the separated
organic extract was dried over anhydrous Na,SO,. Once
filtered, the solvent was evaporated under reduced pressure.
The residue was purified by flash chromatography (0%
MeOH/CH,C1,~5% MeOH/CH,Cl,) to afford 2m (131.95
mg, 36.5%) as pale yellow solid. '"H NMR (400 MHz,
CDCl,) 8 9.09 (d, ]=2.6 Hz, 1H), 8.58 (dd, J=9.0, 2.6 Hz,
1H), 7.93-7.89 (m, 2H), 7.85 (d, I=9.0 Hz, 1H), 7.53-7.42
(m, 2H), 3.79-3.75 (m, 1H), 3.30-3.22 (m, 1H), 2.81-2.78
(m, 1H), 1.88-1.70 (m, 4H). MS (ESI) nv/z: 362.1 (M+1)".
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Example 21: Synthesis of (R)-3-(6-nitro-4-oxo0-2-
(pyrrolidin-2-yl)quinazolin-3 (4H)-yl)benzonitrile
(2n)
[0241] Prepared according to Scheme 1.
2n
CN
(0]
O;N
(R)-3-(6-nitro-4-oxo-2-(pyrrolidin-2-yl)quinazolin-3(4 H)-yl)benzonitrile
[0242] 5-Nitroanthranilic acid (0.18 g, 1.00 mmol) and

N-Boc-D-proline (0.43 g, 2.00 mmol) were dissolved in dry
pyridine (6 mL). Triphenyl phosphite (0.80 mL, 3.00 mmol)
was added to the mixture and the reaction mixture was
heated at 100° C. with MWI for 20 min. 3-Cyanoaniline
(0.46 g, 4.00 mmol) was added to the mixture and the
reaction mixture was heated at 100° C. with MWI for 1 min.
Pyridine was removed in vacuo and the residue was diluted
with CH,Cl, (100 mL) and washed with 1N HCI aqueous
(50 mL). The organic layer was washed with H,O (50 mL)
and brine (50 mL). After separating the organic extract and
drying over anhydrous Na,SO,, the mixture was filtered,
and the solvent was evaporated under reduced pressure. The
residue was purified by flash chromatography (0% Ethyl
acetate/Hexane~50% Ethyl acetate/Hexane) to remove most
of impurities and pyridine to afford crude product (0.28 g)
as pale yellow solid. The crude N—BOC intermediate was
taken forward without further purification. Under nitrogen,
trifluoroacetic acid (0.89 mL, 12.20 mmol) was added to a
solution of pale yellow solid described above in dry CH,Cl,
(18 mL) at 0° C. The solution was stirred at rt overnight, and
then the solvent was removed in vacuo. The residue was
diluted with CH,Cl, (100 mL), washed sequentially with
saturated solutions of Na,CO; (50 mL) and brine (50 mL),
and the separated organic extract was dried over anhydrous
Na,SO,. Once filtered, the solvent was evaporated under
reduced pressure. The residue was purified by flash chro-
matography (0% MeOH/CH,Cl,~5% MeOH/CH,Cl,) to
afford 2n (76.66 mg, 21.1%) as pale yellow solid. "H NMR
(400 MHz, CDCl,) 8 9.08 (d, J=2.6 Hz, 1H), 8.57 (dd, J=9.0,
2.6 Hz, 1H), 7.89-7.86 (m, 2H), 7.76-7.72 (m, 1H), 7.61-7.
53 (m, 2H), 3.81-3.76 (m, 1H), 3.32-3.24 (m, 1H), 2.92-2.76
(m, 1H), 1.88-1.68 (m, 4H). MS (ESI) m/z: 362.1 (M+1)".
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Example 22: Synthesis of (R)-2-(6-nitro-4-ox0-2-
(pyrrolidin-2-yl)quinazolin-3 (4H)-yl)benzonitrile
(20)

[0243] Prepared according to Scheme 1.

20

NC

O,N

(R)-2-(6-nitro-4-oxo-2-(pyrrolidin-2-yl)quinazolin-3(4 H)-yl)benzonitrile

Synthesis of (R)-2-(6-nitro-4-0x0-2-(pyrrolidin-2-yl)
quinazolin-3 (4H)-yl)benzonitrile (20)

[0244] 5-Nitroanthranilic acid (0.18 g, 1.00 mmol) and
N-Boc-D-proline (0.43 g, 2.00 mmol) were dissolved in dry
pyridine (6 mL). Triphenyl phosphite (0.80 mL, 3.00 mmol)
was added to the mixture and the reaction mixture was
heated at 100° C. with MWI for 20 min. 2-Cyanoaniline
(0.46 g, 4.00 mmol) was added to the mixture and the
reaction mixture was heated at 100° C. with MWI for 1 min.
Pyridine was removed in vacuo and the residue was diluted
with CH,Cl, (100 mL) and then washed with 1N aqueous
HCI (50 mL). The organic layer was subsequently washed
with H,O (50 mL) and then brine (50 mL). The separated
organic extract was dried over anhydrous Na,SO,. Once
filtered, the solvent was evaporated under reduced pressure.
The residue was purified by flash chromatography (0% Ethyl
acetate/Hexane~50% Ethyl acetate/Hexane) to remove most
of impurities and pyridine to afford crude product (0.18 g)
as pale yellow solid. Under nitrogen, trifluoroacetic acid
(0.56 mL, 7.80 mmol) was added to a solution of pale yellow
solid described above in dry CH,Cl, (18 mL) at 0° C. The
solution was stirred at rt overnight, and then the solvent was
removed in vacuo. The residue was diluted with CH,Cl,
(100 mL), washed sequentially with saturated solutions of
Na,CO; (50 mL) and brine (50 mL), and the separated
organic extract was dried over anhydrous Na,SO,. Once
filtered, the solvent was evaporated under reduced pressure.
The residue was purified by flash chromatography (0%
MeOH/CH,Cl,~5% MeOH/CH,Cl,) to afford 20 (50.00
mg, 13.8%) as pale yellow solid. 'H NMR (400 MHz,
CDCl,) 8 9.14 (d, J=2.6 Hz, 1H), 8.60 (dd, J=9.0, 2.6 Hz,
1H), 7.94-7.92 (m, 1H), 7.87-7.83 (m, 2H), 7.77-7.69 (m,
1H), 7.53 (d, J=8.0 Hz, 1H), 3.88-3.77 (m, 1H), 3.30-3.18
(m, 1H), 2.86-2.82 (m, 1H), 1.99-1.61 (m, 4H). MS (ESI)
m/z: 362.1 (M+1)".
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Example 23: Synthesis of (R)-3-(4-chlorophenyl)-6-
nitro-2-(pyrrolidin-2-yl) quinazolin-4 (3H)-one (2p)

[0245] Prepared according to Scheme 1.

2p
al

0N

(R)-3-(4-chlorophenyl)-6-nitro-2-(pyrrolidin-2-yl)quinazolin-4(3 H)-one

[0246] Step 1. Synthesis of tert-butyl (R)-2-(3-(4-chloro-
phenyl)-6-nitro-4-0x0-3,4-dihydroquinazolin-2-yl) pyrroli-
dine-1-carboxylate (11). 11 (86.00 mg) was prepared from
S-nitroanthranilic acid (182.13 mg, 1.00 mmol), (R)—N-
Boc-pyrrolidine-3-carboxylic acid (430.00 mg, 2.00 mmol),
triphenyl phosphite (0.80 mL, 3.00 mmol) and 4-Chloroa-
niline (0.51 g, 4.00 mmol) in the same manner as described
for 1a. Pale yellow solid. H NMR (500 MHz, CDCl;) 6 9.09
(dd, J=13.7,2.6 Hz, 1H), 8.53 (ddd, J=24.1, 9.0, 2.6 Hz, 1H),
7.78 (dd, J=25.1, 9.0 Hz, 1H), 7.49-7.26 (m, 3H), 7.20-7.16
(m, 1H), 4.48-4.45 (m, 1H), 3.83-3.68 (m, 1H), 3.59-3.45
(m, 1H), 2.14-1.80 (m, 4H), 1.42 (s, SH), 1.28 (s, 4H). MS
(ESI) m/z: 471 (M+1)*.

[0247] Step 2. Synthesis of (R)-3-(4-chlorophenyl)-6-ni-
tro-2-(pyrrolidin-2-yl) quinazolin-4 (3H)-one (2p)

[0248] Under nitrogen, trifluoroacetic acid (0.19 mL, 2.60
mmol) was added to a solution of 11 (60.00 mg, 0.13 mmol)
in dry CH,Cl, (4.00 mL) at 0° C. The solution was stirred
at rt overnight, and then the solvent was removed in vacuo.
The residue was diluted with CH,Cl, (10 mL), washed
sequentially with saturated solutions of Na,CO; (10 mL)
and brine (30 mL), and the separated organic extract was
dried over anhydrous Na,SO.,,. Once filtered, the solvent was
evaporated under reduced pressure. The residue was purified
by flash chromatography (0% MeOH/CH,CIl, to 5% MeOH/
CH,Cl,) to afford 2p (25.60 mg, 53.1%) as pale yellow
solid. 'H NMR (500 MHz, CDCl;) § 9.09 (d, J=2.5 Hz, 1H),
8.55 (dd, J=9.0, 2.6 Hz, 1H), 7.83 (d, J=9.0 Hz, 1H), 7.56 (d,
1=8.6 Hz, 2H), 7.29-7.21 (m, 2H), 3.85-3.82 (m, 1H),
3.27-3.25 (m, 1H), 2.83-2.81 (m, 1H), 1.87-1.72 (m, 4H).
MS (ESI) m/z: 371.1 (M+1)*.

Example 24: Synthesis of (R)-3-(3-fluoro-4-
methoxyphenyl)-6-nitro-2-(pyrrolidin-2-yl) quinazo-
lin-4 (3H)-one (2q)

[0249] Prepared according to Scheme 1.

2q

OCH;

05N

(R)-3-(3-fluoro-4-methoxyphenyl)-6-nitro-2-(pyrrolidin-2-yl)quinazolin-4(3H)-one
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[0250] Step 1. Synthesis of tert-butyl (R) 2-(3-(3-fluoro-
4-methoxyphenyl)-6-nitro-4-0x0-3,4-dihydroquinazolin-2-
yl)pyrrolidine-1-carboxylate (1m). 1m (86.60 mg) was pre-
pared from S-nitroanthranilic acid (0.18 g, 1.00 mmol),
N-Boc-D-proline (0.43 g, 2.00 mmol), triphenyl phosphite
(0.80 mL, 3.00 mmol) and 3-fluoro-4-methoxyaniline (0.56
g, 4.00 mmol) in the same manner as described for 1a. Pale
yellow solid. '"H NMR (500 MHz, CDCIl,) & 9.10 (dd,
J=13.9, 2.5 Hz, 1H), 8.52 (ddd, J=23.5, 9.0, 2.5 Hz, 1H),
7.85-7.72 (m, 1H), 7.40-7.08 (m, 2H), 7.04-6.92 (m, 1H),
4.63-4.46 (m, 1H), 3.98 (dd, J=11.7, 3.0 Hz, 3H), 3.81-3.61
(m, 1H), 3.58-3.43 (m, 1H), 2.13-1.83 (m, 4H), 1.42 (d,
J=5.3 Hz, 5H), 1.28 (d, J=3.6 Hz, 4H). MS (ESI) m/z: 485
M+1)*.

[0251] Step 2. Synthesis of (R)-3-(3-fluoro-4-methoxy-
phenyl)-6-nitro-2-(pyrrolidin-2-yl) quinazolin-4 (3H)-one
(29)

[0252] Under nitrogen, trifluoroacetic acid (0.15 mL, 2.00
mmol) was added to a solution of 1m (50.00 mg, 0.10 mmol)
in dry CH,Cl, (3 mL) at 0° C. The solution was stirred at rt
overnight, and then the solvent was removed in vacuo. The
residue was diluted with CH,Cl, (20 mL), washed sequen-
tially with saturated solutions of Na,CO, (10 mL) and brine
(30 mL), and the separated organic extract was dried over
anhydrous Na,SO,. Once filtered, the solvent was evapo-
rated under reduced pressure. The residue was purified by
flash chromatography (0% MeOH/CH,CI, to 5% MeOH/
CH,Cl,) to afford 2q (19.80 mg, 51.5%) as pale yellow
solid. "H NMR (500 MHz, CDCl,) 8 9.09 (d, J=2.1 Hz, 1H),
8.55 (dd, J=8.9, 2.4 Hz, 1H), 7.82 (d, J=9.0 Hz, 1H),
7.17-6.99 (m, 3H), 3.99 (s, 3H), 3.94-3.83 (m, 1H), 3.33-3.
25 (m, 1H), 2.87-2.79 (m, 1H), 1.91-1.70 (m, 4H). MS (ESI)
m/z: 385.1 (M+1)".

Example 25: Synthesis of (R)-3-(2-fluoro-4-
methoxyphenyl)-6-nitro-2-(pyrrolidin-2-yl) quinazo-
lin-4 (3H)-one (2r)

[0253] Prepared according to Scheme 1.

2r

O,N

(R)-3-(3-fluoro-4-methoxyphenyl)-6-nitro-2-(pyrrolidin-2-yl)quinazolin-4(3H)-one

[0254] Step 1. Synthesis of tert-butyl (R) 2-(3-(2-fluoro-
4-methoxyphenyl)-6-nitro-4-o0xo0-3,4-dihydroquinazolin-2-
yl) pyrroli-dine-1-carboxylate (1n). 1n (116.36 mg) was
prepared from S-nitroanthranilic acid (0.18g, 1.00 mmol),
N-Boc-D-proline (0.43 g, 2.00 mmol), triphenyl phosphite
(0.80 mL, 3.00 mmol) and 2-fluoro-4-methoxyaniline (0.56
g, 4.00 mmol) in the same manner as described for la. Pale
yellow solid. "H NMR (500 MHz, CDCl,) 8 9.10-9.06 (m,
1H), 8.57-8.45 (m, 1H), 7.78 (dd, J=23.9, 8.9 Hz, 1H),
7.22-7.08 (m, 1H), 6.93-6.81 (m, 2H), 4.60-4.42 (m, 1H),
3.89 (d, J=10.7 Hz, 3H), 3.78-3.47 (m, 2H), 2.10-1.96 (m,
3H), 1.87-1.75 (m, 1H), 1.44 (s, 3H), 1.25 (s, 6H). MS (ESI)
m/z: 485 (M+1)*.
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[0255] Step 2. Synthesis of (R)-3-(2-fluoro-4-methoxy-
phenyl)-6-nitro-2-(pyrrolidin-2-yl) quinazolin-4 (3H)-one
(2r)

[0256] Under nitrogen, trifluoroacetic acid (0.23 mL, 3.20
mmol) was added to a solution of in (28.00 mg, 0.06 mmol)
in dry CH,Cl, (3 mL) at 0° C. The solution was stirred at rt
overnight, and then the solvent was removed in vacuo. The
residue was diluted with CH,Cl, (30 mL), washed sequen-
tially with saturated solutions of Na,CO; (10 mL) and brine
(10 mL), and the separated organic extract was dried over
anhydrous Na,SO,. Once filtered, the solvent was evapo-
rated under reduced pressure. The residue was purified by
flash chromatography (0% MeOH/CH,Cl1,~5% MeOH/
CH,Cl,) to afford 2r (14.28 mg, 61.9%) as a pale yellow
amorphous solid. "H NMR (400 MHz, CDCl;) § 9.11 (d,
J=2.6 Hz, 1H), 8.56 (dd, J=8.9, 2.6 Hz, 1H), 7.83 (d, ]=9.0
Hz, 1H), 7.19 (t, J=8.5 Hz, 1H), 6.91-6.82 (m, 2H), 3.90-
3.84 (m, 4H), 3.32-2.28 (m, 1H), 2.91-2.79 (m, 1H), 2.14
(brs, 1H), 1.87-1.70 (m, 4H). MS (ESI) m/z: 385 (M+1)".

Example 26: Synthesis of (R)-3-(2-methoxy-4-fluo-
rophenyl)-6-nitro-2-(pyrrolidin-2-yl) quinazolin-4
(3H)-one (2s)

[0257] Prepared according to Scheme 1.

2s

O,N

(R)-3-(4-fluoro-2-methoxyphenyl)-6-nitro-2-(pyrrolidin-2-yl)quinazolin-4(3 H)-one

[0258] Step 1. Synthesis of tert-butyl (R) 2-(3-(2-
methoxy-4-fluorophenyl)-6-nitro-4-0x0-3,4-dihydroqui-
nazolin-2-yl) pyrroli-dine-1-carboxylate (to). 5-Nitroanthra-
nilic acid (182.13 mg, 1.00 mmol) and N-Boc-D-proline
(280.00 mg, 1.30 mmol) were dissolved in dry pyridine (5
mL). Triphenyl phosphite (0.80 mL, 3.00 mmol) was added
to the mixture and the reaction mixture was heated at 100°
C. with MWI for 2x20 min. 2-methoxy-4-fluoroaniline
(169.36 mg, 1.20 mmol) was added to the mixture and the
reaction mixture was heated at 80° C. with MWI for 2x10
min. Pyridine was removed in vacuo and the residue was
diluted with CH,Cl, (60 mL) and washed with 1N aqueous
HCI (20 mL). The organic layer was subsequently washed
with H,O (20 mL) and then brine (20 mL). The separated
organic extract was dried over anhydrous Na,SO,. Once
filtered, the solvent was evaporated under reduced pressure.
The residue was purified by Waters LC-150 Prep system
(5% MeOH/H,0~70% MeOH/H,O) to afford to (60.00 mg,
12.4%) as off-white solid. "H NMR (500 MHz, CDCL,) §
9.04 (dd, J=11.9, 2.4 Hz, 1H), 8.45 (ddd, J=22.8,9.0, 2.5 Hz,
1H), 7.71 (dd, J=24.5, 9.0 Hz, 1H), 7.49-7.14 (m, 1H),
6.86-6.66 (m, 2H), 4.60-4.42 (m, 1H), 3.79-3.63 (m, 4H),
3.50-3.30 (m, 1H), 2.09-1.72 (m, 4H), 1.36 (s, 4H), 1.21 (s,
5H). MS (ESI) m/z: 485 (M+1)*.
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[0259] Step 2. Synthesis of (R)-3-(2-methoxy-4-fluoro-
phenyl)-6-nitro-2-(pyrrolidin-2-yl) quinazolin-4 (3H)-one
(2s)

[0260] Under nitrogen, trifluoroacetic acid (0.15 mL, 2.06
mmol) was added to a solution of to (50.00 mg, 0.10 mmol)
in dry CH,Cl, (3 mL) at 0° C. The solution was stirred at rt
overnight, and then the solvent was removed in vacuo. The
residue was diluted with CH,Cl, (20 mL), washed sequen-
tially with saturated solutions of Na,CO; (10 mL) and brine
(10 mL), and the separated organic extract was dried over
anhydrous Na,SO,. Once filtered, the solvent was evapo-
rated under reduced pressure. The residue was purified by
flash chromatography (0% MeOH/CH,Cl,~5% MeOH/
CH,Cl,) to afford 2s (22.60 mg, 58.8%) as a pale yellow
amorphous solid. 'H NMR (500 MHz, CDCl,) § 9.11 (d,
J=2.5 Hz, 1H), 8.55 (dd, J=8.9, 2.5 Hz, 1H), 7.82 (d, J=9.0
Hz, 1H), 7.25-7.23 (m, 1H), 6.86-6.82 (m, 2H), 3.97-3.90
(m, 1H), 3.80 (s, 3H), 3.28-3.26 (m, 1H), 2.88-2.79 (m, 1H),
1.82-1.71 (m, 3H), 1.61-1.54 (m, 1H). MS (ESI) m/z: 385.1
M+1)*.

Example 27: Synthesis of 2-(azetidin-2-yl)-6-nitro-
3-phenylquinazolin-4 (3H)-one (2t)

[0261] Prepared according to Scheme 1.

2t

05N

HN
2-(azetidin-2-yl)-6-nitro-3-phenylquinazolin-4(3 H)-one

[0262] Step 1. Synthesis of 1-(tert-butoxycarbonyl) azeti-
dine-2-carboxylic acid. To a solution of azetidine-2-carbox-
ylic acid (5.00 g, 49.50 mmol), di-tert-butyl dicarbonate
(13.50 g, 61.80 mmol) in ethanol (120.0 mL) was added the
solution of sodium hydroxide (2.08 g, 51.92 mmol) in H,O
(40.0 mL) at 0° C. After stirring the reaction mixture at rt for
8 hours, the pH of the mixture was adjusted to pH 2 with
1.0N HCI and extracted with ethyl acetate (2x200 mL). The
combined organic layers were washed with brine, separated
and dried over anhydrous sodium sulfate, then concentrated
under reduced pressure to afford 1-(tert-butoxycarbonyl)
azetidine-2-carboxylic acid (7.43 g, 74.6%) as off-white
solid. 'H NMR (500 MHz, CDCl,) § 4.82-4.78 (m, 1H),
3.92-3.88 (m, 2H), 2.62-2.58 (m, 1H), 2.42-2.38 (m, 1H),
1.45 (s, 9H). MS (ESI) m/z: 202.1 (M+1)™.

[0263] Step 2. Synthesis of tert-butyl 2-(6-nitro-4-oxo-3-
phenyl-3,4-dihydroquinazolin-2-yl) azetidine-1-carboxylate
(1p). 5-Nitroanthranilic acid (0.54 g, 3.00 mmol) and 1-(tert-
butoxycarbonyl) azetidine-2-carboxylic acid (1.20 g, 6.00
mmol) were dissolved in dry pyridine (12 mL). Triphenyl
phosphite (2.36 mL, 9.00 mmol) was added to the mixture
and the reaction mixture was heated at 100° C. with MWI for
2x20 min. Aniline (1.12 g, 12.00 mmol) was added to the
mixture and the reaction mixture was heated at 100° C. with
MWI for 1 min. Pyridine was removed in vacuo and the
residue was diluted with CH,Cl, (100 mL) and washed with
1IN aqueous HCI (40 mL). The organic layer was washed
with H,O (40 mL) and brine (40 mL), separated and dried
over anhydrous Na,SO,. After filtration, the solvent was

Nov. 3, 2022

evaporated under reduced pressure. The residue was purified
by flash chromatography (0% Ethyl acetate/Hexane~50%
Ethyl acetate/Hexane) to afford 1p (0.59 g, 46.6%) as pale
yellow solid. '"H NMR (500 MHz, CDCl,)  9.13 (d, I=2.4
Hz, 1H), 8.56 (dd, J=8.8, 1.9 Hz, 1H), 7.89 (d, J=9.0 Hz,
1H), 7.66-7.61 (m, 1H), 7.59-7.54 (m, 2H), 7.17-7.08 (m,
2H), 4.79-4.73 (m, 1H), 4.16 (d, J=5.0 Hz, 1H), 3.83 (dd,
J=14.1, 8.0 Hz, 1H), 2.24-2.18 (m, 2H), 1.37 (bs, 9H). MS
(ESI) m/z: 423 (M+1)*.

[0264] Step 3. Synthesis of 2-(azetidin-2-yl)-6-nitro-3-
phenylquinazolin-4 (3H)-one (2t). Under nitrogen, trifluo-
roacetic acid (1.75 mL, 23.68 mmol) was added to a solution
of 1p (0.50 g, 1.18 mmol) in dry CH,Cl, (16 mL) at 0° C.
The solution was stirred at rt overnight, and then the solvent
was removed in vacuo. The residue was diluted with CH,Cl,
(50 mL), washed sequentially with saturated solutions of
Na,CO; (20 mL) and brine (20 mL), and the separated
organic extract was dried over anhydrous Na,SO,. Once
filtered, the solvent was evaporated under reduced pressure.
The residue was purified by flash chromatography (0%
MeOH/CH,Cl,~5% MeOH/CH,Cl,) to afford 2t (275.00
mg, 72.2%) as pale yellow solid. 'H NMR (400 MHz,
CDCl,) 8 9.13 (d, J=2.6 Hz, 1H), 8.58 (dd, J=9.0, 2.7 Hz,
1H), 7.94 (d, J=9.0 Hz, 1H), 7.59-7.55 (m, 3H), 7.28-7.24
(m, 1H), 7.21-7.17 (m, 1H), 4.56 (dd, J=8.4, 6.6 Hz, 1H),
3.58-3.55 (m, 1H), 3.45 (td, J=8.0, 6.8 Hz, 1H), 2.56-2.52
(m, 1H), 2.31-2.22 (m, 1H). MS (ESI) m/z: 323.1 (M+1)".

Example 28: Synthesis of (R)-5,6-difluoro-3-(4-
methoxyphenyl)-2-(pyrrolidin-2-yl) quinazolin-4
(3H)-one (2u)

[0265] Prepared according to Scheme 1.

OCH;
F 0
F
N

(R)-5,6-difluoro-3-(4-methoxyphenyl)-2-(pyrrolidin-2-yl)quinazolin-4(3 H)-one

2u

Synthesis of (R)-5,6-difluoro-3-(4-methoxyphenyl)-
2-(pyrrolidin-2-yl) quinazolin-4 (3H)-one (2u)

[0266] To a solution of 5,6-difluoroanthranilic acid (0.26
g, 1.50 mmol) in dry pyridine (8 mL) was added N-Boc-D-
proline (0.65 g, 3.00 mmol). Triphenyl phosphite (1.18 mL,
4.50 mmol) was added and the reaction mixture was heated
at 100° C. with MWTI for 20 min. 4-Methoxyaniline (0.73 g,
6.00 mmol) was added to the mixture and the reaction
mixture was heated at 100° C. with MWI for 1 min. Pyridine
was removed in vacuo and the residue was diluted with
CH,Cl, (100 mL) and washed with 1N aqueous HCI (60
mL). The organic layer was subsequently washed with H,O
(60 mL) and then brine (60 mL). The separated organic
extract was dried over anhydrous Na,SO,. Once filtered, the
solvent was evaporated under reduced pressure. The residue
was purified by flash chromatography (0% Ethyl acetate/
Hexane to 50% Ethyl acetate/Hexane) to remove most of
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impurities and pyridine to afford crude product (0.65 g) as
off-white solid. Material was used without further purifica-
tion.

[0267] Under nitrogen, trifluoroacetic acid (2.08 mlL,
28.36 mmol) was added to a solution of off-white solid
described above in dry CH,Cl, (20 mL) at 0° C. The solution
was stirred at rt overnight, and then the solvent was removed
in vacuo. The residue was diluted with CH,Cl, (100 mL),
washed sequentially with saturated solutions of Na,CO, (50
mL) and brine (50 mL), and the separated organic extract
was dried over anhydrous Na,SO,. Once filtered, the solvent
was evaporated under reduced pressure. The residue was
purified by flash chromatography (0% MeOH/CH,Cl,~5%
MeOH/CH,Cl,) to afford 2u (0.24 g, 44.8%) as a pale
yellow amorphous solid. '"H NMR (400 MHz, CDCI3) §
7.56 (td, I=9.4, 7.7 Hz, 1H), 7.51-7.45 (m, 1H), 7.22-7.14
(m, 2H), 7.07-7.03 (m, 2H), 3.92-3.86 (m, 4H), 3.29-3.20
(m, 1H), 2.88-2.73 (m, 1H), 1.83-1.56 (m, 4H). MS (ESI)
m/z: 358.1 (M+1)".

Example 29: Synthesis of (S)-5,6-difluoro-3-(4-
methoxyphenyl)-2-(1-(tetrahydro-2H-pyran-4-yl)
pyrrolidin-2-yl) quinazolin-4 (3H)-one (3h)

[0268] Prepared by reductive amination of 2u as shown in

Scheme 1.

OCH;
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Example 30: Synthesis of (S)-5,6-difluoro-3-(4-

methoxyphenyl)-2-(pyrrolidin-2-yl) quinazolin-4
(3H)-one (2v)

Prepared according to Scheme 1.

OCH;
F 0
F.
N

H

[0270]

2v

N

HN
(S)-5,6-difluoro-3-(4-methoxyphenyl)-2-(pyrrolidin-2-yl)quinazolin-4(3 H)-one

[0271] To a solution of 5,6-difluoroanthranilic acid (0.26
g, 1.50 mmol) in dry pyridine (8 mL) was added N-Boc-L-
proline (0.65 g, 3.00 mmol). Triphenyl phosphite (1.18 mL,
4.50 mmol) was added, and the reaction mixture was heated
at 100° C. with MWI for 20 min. 4-Methoxyaniline (0.73 g,
6.00 mmol) was added to the mixture and the reaction
mixture was heated at 100° C. with MWI for 1 min. Pyridine
was removed in vacuo and the residue was diluted with
CH,Cl, (100 mL) and washed with 1N aqueous HCI (60
mL). The organic layer was washed with H,O (60 mL) and
brine (60 mL), dried over anhydrous Na,SO,, and filtered,

3h

(R)-5,6-difluoro-3-(4-methoxyphenyl)-2-(1-(tetrahydro-2 H-pyran-4-yl)pyrrolidin- 2-yl)quinazolin-4 (3 H)-one

Synthesis of (R)-5,6-difluoro-3-(4-methoxyphenyl)-
2-(1-(tetrahydro-2H-pyran-4-yl) pyrrolidin-2-yl)
quinazolin-4 (3H)-one (3h)

[0269] Acetic acid (0.05 mL) was added to the solution of
2u (53.60 mg, 0.15 mmol) and tetrahydro-4H-pyran-4-one
(22.53 mg, 0.23 mmol) in MeOH (2 mL) and CH,CI, (2
mL), stirred at rt for 1 h, then sodium cyanoborohydride
(14.16 mg, 0.23 mmol) was added to the reaction mixture at
0° C., then stirred at room temperature overnight, then the
solvent was removed in vacuo and the residue was diluted
with CH,Cl, (30 mL) and washed with saturated solutions of
Na,CO; (10 mL) and brine (10 mL), dried over anhydrous
Na,SO,, and filtered, then the solvent was evaporated under
reduced pressure. The residue was purified by flash chro-
matography (0% MeOH/CH,Cl,-10% MeOH/CH,CL,) to
afford 3 h (43.60 mg, 65.9%) as off-white solid. 'H NMR
(400 MHz, CDCl,) 8 7.68-7.62 (m, 1H), 7.56 (dd, J=17.2,
9.4 Hz, 1H), 7.12-7.06 (m, 4H), 3.97-3.87 (m, 5H), 3.53 (1,
J=6.5 Hz, 1H), 3.37-3.24 (m, 3H), 2.71 (s, 1H), 2.59-2.49
(m, 1H), 2.03-1.83 (m, 3H), 1.76-1.72 (m, 1H), 1.67-1.47
(m, 4H). MS (ESI) m/z: 442.1 (M+1)".

then the solvent was evaporated under reduced pressure. The
residue was purified by flash chromatography (0% Ethyl
acetate/Hexane~50% Ethyl acetate/Hexane) to remove most
of impurities and pyridine to afford crude N—BOC qui-
nazolinone (0.66 g) as off-white solid. Material was carried
forward without further purification.

[0272] Under nitrogen, trifluoroacetic acid (2.1 mL, 28.4
mmol) was added to a solution of off-white solid described
above in dry CH,Cl, (20 mL) at 0° C. The solution was
stirred at rt for 12 h, and then the solvent was removed in
vacuo. The residue was diluted with CH,Cl, (100 mL),
washed sequentially with saturated solutions of Na,COj; (50
mL) and brine (50 mL), and the separated organic extract
was dried over anhydrous Na,SO,. Once filtered, the solvent
was evaporated under reduced pressure. The residue was
purified by flash chromatography (0% MeOH/CH,Cl,~5%
MeOH/CH,Cl,) to afford 2v (0.22 g, 41.1%) as a pale
yellow amorphous solid. 'H NMR (400 MHz, CDCI3) §
7.55 (td, J=9.2, 7.5 Hz, 1H), 7.54-7.46 (m, 1H), 7.25-7.16
(m, 2H), 7.08-7.02 (m, 2H), 3.95-3.86 (m, 4H), 3.25-3.22
(m, 1H), 2.86-2.75 (m, 1H), 1.85-1.56 (m, 4H). MS (ESI)
m/z: 358.1 (M+1)*.
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Example 31: Synthesis of (S)-5,6-difluoro-3-(4-
methoxyphenyl)-2-(1-(tetrahydro-2H-pyran-4-yl)
pyrrolidin-2-yl) quinazolin-4 (3H)-one (31)

OCH;

[0273] Prepared by reductive amination of 2v as shown in
Scheme 1.
F 0
F
N
H
N
N
o]
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Synthesis of 3-(3-methoxyphenyl)-6-nitro-2-(pyrro-
lidin-2-yl)quinazolin-4 (3H)-one (2w)
[0277] To a solution of 5-nitroanthranilic acid (78.6 mg,

0.43 mmol) in dry pyridine (2 mL) was added Boc-DL-
proline (180.3 g, 0.84 mmol). After adding triphenyl phos-

3i

(5)-5,6-difluoro-3-(4-methoxyphenyl)-2-(1-(tetrahydro-2 H-pyran-4-yl)pyrrolidin-2-yl)quinazolin-4(3 H)-one

[0274] (S)-5,6-difluoro-3-(4-methoxyphenyl)-2-(1-(tetra-
hydro-2H-pyran-4-yl)pyrrolidin-2-yl)quinazolin-4 (3H)-one
Synthesis of (S)-5,6-difluoro-3-(4-methoxyphenyl)-2-(1-
(tetrahydro-2H-pyran-4-yl) pyrrolidin-2-yl) quinazolin-4
(3H)-one (31)

[0275] Acetic acid (0.05 mL) was added to the solution of
2v (53.60 mg, 0.15 mmol) and tetrahydro-4H-pyran-4-one
(22.53 mg, 0.23 mmol) in MeOH (2 mL) and CH,CI, (2
mL), stirred at room temperature for 1 h, then sodium
cyanoborohydride (14.16 mg, 0.23 mmol) was added to the
reaction mixture at 0° C. The solution was stirred at rt
overnight, and then the solvent was removed in vacuo. The
residue was diluted with CH,Cl, (30 mL), washed sequen-
tially with saturated solutions of Na,CO, (10 mL) and brine
(10 mL), and the separated organic extract was dried over
anhydrous Na,SO,. Once filtered, the solvent was evapo-
rated under reduced pressure. The residue was purified by
flash chromatography (0% MeOH/CH,C1,~10% MeOH/
CH,Cl,) to afford 3i (36.60 mg, 55.3%) as off-white solid.
'HNMR (500 MHz, CDCl,) 8 7.68-7.62 (m, 1H), 7.56 (dd,
J=17.3, 9.2 Hz, 1H), 7.12-7.05 (m, 4H), 3.98-3.87 (m, SH),
3.58-3.50 (m, 1H), 3.39-3.23 (m, 3H), 2.71 (s, 1H), 2.60-2.
51 (m, 1H), 2.03-1.86 (m, 3H), 1.78-1.72 (m, 1H), 1.68-1.48
(m, 4H). MS (ESI) m/z: 442.1 (M+1)*.

Example 32: Synthesis of 3-(3-methoxyphenyl)-6-
nitro-2-(pyrrolidin-2-yl)quinazolin-4 (3H)-one (2w)

[0276] Prepared as shown in Scheme 1.

2w

OCH;

0N

HN
3-(3-methoxyphenyl)-6-nitro-2-(pyrrolidin-2-yl)quinazolin-4(3H)-one

phite (378.5 mg, 1.2 mmol), the reaction mixture was heated
at 100° C. with MWTI for 20 min. After cooling, 3-methoxya-
niline (0.20 mL, 1.8 mmol) was added, and the reaction
mixture was heated at 100° C. with MWI for 1 min. Pyridine
was removed in vacuo, and the resulting residue was purified
by flash chromatography (0-40% EtOAc/Hexanes) to afford
N—BOC-quinazolinone (143 mg, 71.5%) as a yellow-or-
ange solid. This N-Boc-intermediate (143 mg, 0.31 mmol)
was dissolved in dry CH,Cl, (3 mL) and cooled to 0° C.
using an ice-water bath. Trifluoroacetic acid (1.2 mL, 15.6
mmol) was added, and the reaction mixture was allowed to
warm to rt. After stirring for 2 h, the reaction mixture was
diluted with CH,Cl, (5§ mL) and then washed with saturated
NaHCO; (8 mL). The aqueous phase was extracted with
CH,CI, (15 mL). The combined organic extracts were dried
over anhydrous MgSO,, and then filtered. The solvent was
removed in vacuo, and the residue was purified by flash
chromatography (0-10% MeOH/CH,Cl,) to afford 2w (65.5
mg, 57.7%) as an orange solid. 'H NMR (400 MHz, CDCl,)
8 8.90 (dd, J=10.4, 2.6 Hz, 1H), 8.42 (ddd, J=8.9, 2.6, 1.3
Hz, 1H), 7.75 (dd, J=8.9, 4.5 Hz, 1H), 7.57-7.43 (m, 1H),
7.11 (ddt, J=8.5, 3.1, 1.6 Hz, 1H), 7.06-6.98 (m, 1H),
6.85-6.78 (m, 1H), 4.78 (dt, J=23.9, 7.8 Hz, 1H), 3.85 (d,
J=13.1 Hz, 3H), 3.66-3.30 (m, 2H), 2.19-1.87 (m, 5H). MS
(ESD) m/z: 367.1 (M+1)*

Example 33: Synthesis of (R)-3-(4-methoxyphe-
nyl)-6-nitro-2-(piperidin-2-yl)quinazolin-4 (3H)-one
(%)

[0278] Prepared as shown in Scheme 1.

2x

OCH;

0N

(R)-3-(4-methoxyphenyl)-6-nitro-2-(piperidin-2-yl)quinazolin-4(3 H)-one
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Synthesis of (R)-3-(4-methoxyphenyl)-6-nitro-2-
(piperidin-2-yl)quinazolin-4 (3H)-one (2x)

[0279] To a solution of 5-nitroanthranilic acid (103.3 mg,
0.57 mmol) and Fmoc-D-pipecolic acid (260.3 g, 0.74
mmol) in dry pyridine (2 mL) was added triphenyl phosphite
(0.45 mL, 1.7 mmol). The reaction mixture was heated at
100° C. with MWI for 1 hr. After cooling, 4-methoxyaniline
(61.1 mg, 0.68 mmol) was added, and the reaction mixture
was heated at 60° C. with MWI for 30 min. Pyridine was
removed in vacuo, and the residue was purified by flash
chromatography (0-10% EtOAc/CH,Cl,) to afford
N-FMOC quinazolinone (87.4 mg, 38.5%) as a yellow solid.
The FMOC-intermediate (85 mg, 0.14 mmol) was sus-
pended in dry CH,CI, (7 mL). Piperidine (0.07 mL, 0.71
mmol) was added to the flask, and the reaction mixture
stirred at room temperature for 18 hrs. Upon completion, the
reaction mixture was diluted with CH,Cl, (5§ mL) and then
washed with saturated sodium bicarbonate (8 mL). The
organic layer was dried over anhydrous magnesium sulfate
and then filtered. The solvent was removed in vacuo. The
residue was purified by flash chromatography (0-10%
MeOH/CH,Cl,) to afford 2x (27.7 mg, 51.6%) as yellow
solid. "H NMR (400 MHz, CDCl,) § 9.10 (d, J=2.6 Hz, 1H),
8.53 (dd, J=9.0, 2.5 Hz, 1H), 7.83 (d, J=9.0 Hz, 1H),
7.28-7.24 (m, 1H), 7.16 (t, J=5.7 Hz, 1H), 7.19-7.04 (m,
3H), 3.90 (s, 3H), 3.47 (d, J=11.05 Hz, 1H), 3.17 (dd,
J=13.8, 3.6 Hz, 1H), 2.50 (td, J=13.1, 2.9 Hz, 1H), 2.02
(N—H, 1H), 1.82 (t, J=13.6 Hz, 2H), 1.59-1.31 (m, 3H). MS
(ESI) m/z: 381.1 (M+1)*

Example 34. Synthesis of (R)-7-fluoro-3-(4-
methoxyphenyl)-4-oxo-2-(pyrrolidin-2-y1)-3,4-dihy-
droquinazoline-6-carbonitrile (2y)

[0280] Prepared as shown in Scheme 1.

OCH;

NC

Nov. 3, 2022

(0% Ethyl acetate/Hexane~50% Ethyl acetate/Hexane) to
remove most of impurities and pyridine to afford crude
product (0.13 g) as pale yellow solid.

[0282] Under nitrogen, trifluoroacetic acid (0.86 mlL,
11.18 mmol) was added to a solution of pale yellow solid
described above in dry CH,Cl, (10 mL) at 0° C. After
stirring at rt for 12 h, solvent was removed in vacuo, and the
residue was diluted with CH,Cl, (60 mL). The organic layer
was washed sequentially with saturated solutions of Na,CO;
(30 mL) and brine (30 mL). The separated organic extract
was dried over anhydrous Na,SO,, filtered, and then the
solvent was evaporated under reduced pressure. The residue
was purified by flash chromatography (0% MeOH/CH,Cl,-
10% MeOH/CH,Cl,) to afford 2y (18.65 mg, 10.2%) as pale
yellow solid. "H NMR (500 MHz, CDCl;) 8 8.57 (d, J=6.9
Hz, 1H), 7.46 (d, J=9.7 Hz, 1H), 7.22-7.18 (m, 1H), 7.17-
7.14 (m, 1H), 7.06 (d, J=9.1 Hz, 2H), 3.92-3.85 (m, 4H),
3.28-3.24 (m, 1H), 2.84-2.78 (m, 1H), 1.85-1.67 (m, 4H).
MS (ESI) m/z: 365.1 (M+1)".

Example 35. Synthesis of (R)-6-nitro-2-(pyrrolidin-
2-yl)-3-(o-tolyl)quinazolin-4 (3H)-one (2z)

[0283] Prepared as shown in Scheme 1.
2z
OCHj3
0
NC
F

(R)-6-nitro-2-(pyrrolidin-2-yl)-3-( o-tolyl)quinazolin-4(3H)-one

2y

(R)-7-fluoro-3-(4-methoxyphenyl)-4-oxo-2-(pyrrolidin-2-yl)-3,4-dihydroquinazoline-6-carbonitrile

Synthesis of (R)-7-fluoro-3-(4-methoxyphenyl)-4-
oxo-2-(pyrrolidin-2-yl)-3,4-dihydroquinazoline-6-
carbonitrile (2y)

[0281] To a solution of 2-amino-5-cyano-4-fluorobenzoic
acid (90.00 mg, 0.50 mmol) in dry pyridine (4 mL) was
added N-Boc-D-proline (0.22 g, 1.00 mmol). Triphenyl
phosphite (0.40 ml, 1.50 mmol) was added and the reaction
mixture was heated at 100° C. with MWI for 20 min. After
cooling, 4-methoxyaniline (0.24 g, 2.00 mmol) was added,
and the reaction mixture was heated at 100° C. with MWI for
1 min. Pyridine was removed in vacuo, and the residue was
diluted with CH,Cl, (80 mL), washed sequentially with 1N
aqueous HCI (60 mL), H,O (40 mL) and brine (40 mL). The
separated organic extract was dried over anhydrous Na,SO,,
filtered, and the solvent was evaporated under reduced
pressure. The residue was purified by flash chromatography

Synthesis of (R)-6-nitro-2-(pyrrolidin-2-yl1)-3-(o-
tolyl)quinazolin-4 (3H)-one (2z)

[0284] To a microwave vial containing 5-nitroanthranilic
acid (91.0 mg, 0.5 mmol) and N-Boc-D-proline (0.22 g, 1.0
mmol) was added dry pyridine (5 mL). Triphenyl phosphite
(0.4 mL, 1.5 mmol) was added to the vial, and the reaction
mixture was heated at 100° C. with MWI for 20 min. After
cooling the vial, 2-methylaniline (0.21 mL, 2.0 mmol) was
added, and the reaction mixture was heated at 100° C. with
MWTI for 1 min. Pyridine was removed in vacuo, and the
residue was diluted with CH,Cl, (50 mL), and then the
organic layer was washed sequentially with 10% citric acid
(20 mL) and brine (50 mL). The separated organic extract
was dried over MgSO,, filtered, and concentrated in vacuo
under reduced pressure. The crude mixture was purified by
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flash chromatography (0% ethyl acetate/hexane to 50% ethyl
acetate/hexane) to afford N—BOC quinazolinone as a yel-
low solid. The solid (25.2 mg, 0.056 mmol) was dissolved
in dry CH,Cl, (1.5 mL), cooled to 0° C., and trifluoroacetic
acid (0.52 mL, 6.86 mmol) was added. After the addition
was complete, the reaction mixture was stirred at rt for 8 h.
Solvent was removed in vacuo under reduced pressure, and
CH,Cl, (10 mL) was added, followed by sequential washing
with saturated Na,CO, (5 mL) and brine (5 mL). The
separated organic extract was dried over anhydrous MgSO,,
filtered and concentrated in vacuo under reduced pressure.
The crude mixture was purified by flash chromatography
(0% MeOH/CH,C1,~5% MeOH/CH,Cl,) to afford 2z (12.3
mg, 63%) as a brown-reddish solid. 'H NMR (500 MHz,
chloroform-d § 9.07 (d, J=2.6 Hz, 1H), 8.49 (dd, J=9.0, 2.7
Hz, 1H), 7.77 (d, J=9.0 Hz, 1H), 7.48-7.27 (m, 3H), 7.10
(dd, J=7.6, 1.3 Hz, 1H), 3.53 (t, J=7.0 Hz, 1H), 3.23 (ddd,
J=11.4, 6.8, 4.8 Hz, 1H), 2.72 (dt, ]=10.9, 6.6 Hz, 1H), 2.06
(s, 3H), 1.82-1.57 (m, 4H). MS (ESI) m/z: 351.1 (M+1)".

Example 36. Synthesis of (R)-6-nitro-2-(pyrrolidin-
2-yl)-3-(m-tolyl)quinazolin-4 (3H)-one (2aa)

[0285] Prepared as shown in Scheme 1.

2aa

CH;

0N

(R)-6-nitro-2-(pyrrolidin-2-yl)-3-(m-tolyl)quinazolin-4(3H)-one

Synthesis of (R)-6-nitro-2-(pyrrolidin-2-y1)-3-(m-
tolyl)quinazolin-4 (3H)-one (2aa)

[0286] To a microwave vial containing S-nitroanthranilic
acid (91.0 mg, 0.5 mmol) and N-Boc-D-proline (0.22 g, 1.0
mmol) was added dry pyridine (§ mL). Triphenyl phosphite
(0.4 mL, 1.5 mmol) was added to the vial, and the reaction
mixture was heated at 100° C. with MWI for 20 min. After
cooling the vial, 3-methylaniline (0.21 mL, 2.0 mmol) was
added, and the reaction mixture was heated at 100° C. with
MWI for 1 min. Pyridine was removed in vacuo, and the
residue was diluted with CH,Cl, (50 mL), and then the
organic layer was washed sequentially with 10% citric acid
(20 mL) and brine (50 mL). The separated organic extract
was dried over MgSO,, filtered, and concentrated in vacuo
under reduced pressure. The crude mixture was purified by
flash chromatography (0% Ethyl acetate/hexane~50% ethyl
acetate/hexane) to afford N—BOC quinazolinone as a yel-
low solid. The solid (23.1 mg, 0.052 mmol) was dissolved
in dry CH,Cl, (1.5 mL), cooled to 0° C., and trifluoroacetic
acid (0.48 ml, 6.37 mmol) was added. After the addition
was complete, the reaction mixture was stirred at rt for 8 h.
Solvent was removed in vacuo under reduced pressure, and
CH,Cl, (10 mL) was added, followed by sequential washing
with saturated Na,CO; (5 mL) and brine (5 mL). The
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separated organic extract was dried over anhydrous MgSO,,
filtered and concentrated in vacuo under reduced pressure.
The crude mixture was purified by flash chromatography
(0% MeOH/CH,Cl,~5% MeOH/CH,Cl,) to afford 2aa (4.8
mg, 26%) as a brown-reddish amorphous solid. 'H NMR
(500 MHz, Chloroform-d) & 9.05 (d, J=2.6 Hz, 1H), 8.48
(dd, J=9.0,2.6 Hz, 1H), 7.75 (d, J=9.0 Hz, 1H), 7.39 (t, I=7.8
Hz, 1H), 7.29 (d, J=7.8 Hz, 1H), 7.04 (d, ]=7.9 Hz, 1H), 6.99
(d, J=6.7 Hz, 1H), 3.85 (td, J=7.2, 3.1 Hz, 1H), 3.28-3.14 (m,
1H), 2.77 (dt, J=12.9, 6.6 Hz, 1H), 2.37 (d, J=10.9 Hz, 3H),
1.81-1.60 (m, 4H). MS (ESI) m/z: 351.1 (M+1)*.

Example 37. Synthesis of (R)-6-nitro-2-(pyrrolidin-
2-y1)-3-(p-tolyl)quinazolin-4 (3H)-one (2bb)

[0287] Prepared as shown in Scheme 1.

2bb
CH;

0N

(R)-6-nitro-2-(pyrrolidin-2-yl)-3-(p-tolyl)quinazolin-4(3H)-one

Synthesis of (R)-6-nitro-2-(pyrrolidin-2-y1)-3-(p-
tolyl)quinazolin-4 (3H)-one (2bb)

[0288] To a microwave vial containing S-nitroanthranilic
acid (91.0 mg, 0.5 mmol) and N-Boc-D-proline (0.22 g, 1.0
mmol) was added dry pyridine (5 mL). Triphenyl phosphite
(0.4 mL, 1.5 mmol) was added to the vial, and the reaction
mixture was heated at 100° C. with MWI for 20 min. After
cooling the vial, 4-methylaniline (0.21 mL, 2.0 mmol) was
added, and the reaction mixture was heated at 100° C. with
MWTI for 1 min. Pyridine was removed in vacuo, and the
residue was diluted with CH,Cl, (50 mL), and then the
organic layer was washed sequentially with 10% citric acid
(20 mL) and brine (50 mL). The separated organic extract
was dried over MgSO,, filtered, and concentrated in vacuo
under reduced pressure. The crude mixture was purified by
flash chromatography (0% Ethy] acetate/Hexane~50% Ethyl
acetate/Hexane) to afford N—BOC-quinazolinone as a yel-
low solid. The solid (22.4 mg, 0.050 mmol) was dissolved
in dry CH,Cl, (1.5 mL), cooled to 0° C., and trifluoroacetic
acid (0.47 mL, 6.13 mmol) was added. After the addition
was complete, the reaction mixture was stirred at rt for 8 h.
Solvent was removed in vacuo under reduced pressure, and
CH,Cl, (10 mL) was added, followed by sequential washing
with saturated Na,CO; (5 mL) and brine (5 mL). The
separated organic extract was dried over anhydrous MgSO,,
filtered and concentrated in vacuo under reduced pressure.
The crude mixture was purified by flash chromatography
(0% MeOH/CH,CI, to 5% MeOH/CH,C,) to afford 2bb
(4.9 mg, 28%) as a brown-reddish oil. 'H NMR (500 MHz,
Chloroform-d) 6 9.05 (d, J=2.6 Hz, 1H), 8.48 (dd, J=9.0, 2.6
Hz, 1H), 7.75 (d, J=8.9 Hz, 1H), 7.31 (d, J=8.1 Hz, 2H), 7.09
(ddd, I=22.4, 8.9, 2.2 Hz, 2H), 3.84 (t, J=7.3 Hz, 1H), 3.21
(dt, J=10.6, 5.2 Hz, 1H), 2.75 (dd, J=11.2, 6.9 Hz, 1H), 2.40
(s, 3H), 1.81-1.58 (m, 4H). MS (ESI) m/z: 351.1 (M+1)*.
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Example 38. Synthesis of 3-(2-chlorophenyl)-6-
nitro-2-(pyrrolidin-2-yl) quinazolin-4 (3H)-one
(2cc). (2cc)

[0289] Prepared as shown in Scheme 1.
2cc

Cl

(6]

O,N
N
P
N

HN
3-(2-chlorophenyl)-6-nitro-2-(pyrrolidin-2-yl)quinazolin-4(3H)-one

Synthesis of 3-(2-chlorophenyl)-6-nitro-2-(pyrroli-
din-2-yl) quinazolin-4 (3H)-one (2cc)

[0290] To a microwave vial containing 5-nitroanthranilic
acid (91.0 mg, 0.5 mmol) and N-Boc-DL-proline (0.22 g,
1.0 mmol) was added dry pyridine (5 mL). Triphenyl
phosphite (0.4 mL, 1.5 mmol) was added to the vial, and the
reaction mixture was heated at 100° C. with MWI for 20
min. After cooling the vial, 2-chloroaniline (0.21 mL, 2.0
mmol) was added, and the reaction mixture was heated at
100° C. with MWI for 1 min. Pyridine was removed in
vacuo, and the residue was diluted with CH,Cl, (50 mL),
and then the organic layer was washed sequentially with
10% citric acid (20 mL) and brine (50 mL). The separated
organic extract was dried over MgSQO,, filtered, and con-
centrated in vacuo under reduced pressure. The crude mix-
ture was purified by flash chromatography (0% ethyl acetate/
hexane to 50% ethyl acetate/hexane) to afford the N—BOC
quinazolinone as a yellow solid. The solid (14.6 mg, 0.031
mmol) was dissolved in dry CH,Cl, (1.5 mL), cooled to 0°
C., and trifluoroacetic acid (0.05 mL, 0.62 mmol) was
added. After the addition was complete, the reaction mixture
was stirred at rt for 8 h. Solvent was removed in vacuo under
reduced pressure, and CH,Cl, (10 mL) was added, followed
by sequential washing with saturated Na,CO; (5 mL) and
brine (5 mL). The separated organic extract was dried over
anhydrous MgSO,, filtered and concentrated in vacuo under
reduced pressure. The crude mixture was purified by flash
chromatography (0% MeOH/CH,Cl,~5% MeOH/CH,Cl,)
to afford 2cc (3.0 mg, 26%) as a brown-reddish oil. "H NMR
(500 MHz, Chloroform-d) 8 9.08 (d, J=2.6 Hz, 1H), 8.51
(dd, J=9.0, 2.7 Hz, 1H), 7.78 (d, J=9.0 Hz, 1H), 7.58 (dd,
J=7.8,1.7 Hz, 1H), 7.45 (dtd, J=16.8, 7.5, 1.7 Hz, 3H), 7.36
(dd, J=7.5, 1.9 Hz, 1H), 3.81 (t, J=7.4 Hz, 1H), 3.22-3.12 (m,
1H), 2.77 (t, J=10.8, 6.6 Hz, 1H), 1.88-1.76 (m, 2H),
1.71-1.55 (m, 2H). MS (ESI) nvz: 371.1 (M+1)*.
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Example 39. Synthesis of 3-(3-chlorophenyl)-6-
nitro-2-(pyrrolidin-2-yl) quinazolin-4 (3H)-one
(2dd)
[0291] Prepared as shown in Scheme 1.
2dd
Cl
(6]
0N
N
)\O
N
HN
3-(3-chlorophenyl)-6-nitro-2-(pyrrolidin-2-yl)quinazolin-4(3 H)-one
Synthesis of 3-(3-chlorophenyl)-6-nitro-2-(pyrroli-
din-2-yl) quinazolin-4 (3H)-one (2dd)
[0292] To a microwave vial containing S-nitroanthranilic

acid (91.0 mg, 0.5 mmol) and N-Boc-D-proline (0.22 g, 1.0
mmol) was added dry pyridine (5 mL). Triphenyl phosphite
(0.4 mL, 1.5 mmol) was added to the vial, and the reaction
mixture was heated at 100° C. with MWI for 20 min. After
cooling the vial, 3-chloroaniline (0.21 mL, 2.0 mmol) was
added, and the reaction mixture was heated at 100° C. with
MWTI for 1 min. Pyridine was removed in vacuo, and the
residue was diluted with CH,Cl, (50 mL), and then the
organic layer was washed sequentially with 10% citric acid
(20 mL) and brine (50 mL). The separated organic extract
was dried over MgSO,, filtered, and concentrated in vacuo
under reduced pressure. The crude mixture was purified by
flash chromatography (0% Ethyl acetate/Hexane~50% Ethyl
acetate/Hexane) to afford N—BOC-quinazolinone as a yel-
low solid. The solid (34.9 mg, 0.074 mmol) was dissolved
in dry CH,Cl, (1.5 mL), cooled to 0° C., and trifluoroacetic
acid (0.11 mL, 0.48 mmol) was added. After the addition
was complete, the reaction mixture was stirred at rt for 8 h.
Solvent was removed in vacuo under reduced pressure, and
CH,CI, (10 mL)) was added, followed by sequential washing
with saturated Na,CO; (5 mL) and brine (5§ mL). The
separated organic extract was dried over anhydrous MgSO,,
filtered and concentrated in vacuo under reduced pressure.
The crude mixture was purified by flash chromatography
(0% MeOH/CH,Cl,~5% MeOH/CH,Cl,) to afford 2dd (4.1
mg, 15%) as a brown-reddish oil. 'H NMR (500 MHz,
Chloroform-d) 8 9.03 (d, J=2.6 Hz, 1H), 8.49 (dd, J=8.9, 2.7
Hz, 1H), 7.76 (d, 1=9.0 Hz, 1H), 7.51-7.41 (m, 3H), 7.28 (t,
J=2.0 Hz, 1H), 7.23 (t, J=2.0 Hz, 1H), 7.16 (dt, J=7.1, 1.8
Hz, 1H), 7.12 (dt, J=6.6, 2.1 Hz, 1H), 3.77 (dt, J=11.4, 7.1
Hz, 1H), 3.26-3.14 (m, 1H), 2.75 (dq, J=10.9, 6.9 Hz, 1H),
1.84-1.60 (m, 5H). MS (ESI) m/z: 371.1 (M+1)*.
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Example 40. Synthesis of 3-(3-fluorophenyl)-6-
nitro-2-(pyrrolidin-2-yl)quinazolin-4 (3H)-one (2ee)

[0293] Prepared as shown in Scheme 1.
2ee

O,N

HN.
3-(3-fluorophenyl)-6-nitro-2-(pyrrolidin-2-yl)quinazolin-4(3H)-one

Synthesis of 3-(3-fluorophenyl)-6-nitro-2-(pyrroli-
din-2-yl)quinazolin-4 (3H)-one (2ee)

[0294] To a solution of S5-nitroanthranilic acid (79.0 mg,
0.43 mmol) in dry pyridine (2 mL) was added Boc-DL-
proline (158.0 g, 0.73 mmol). After adding triphenyl phos-
phite (0.3 mL, 1.3 mmol), the reaction mixture was heated
at 100° C. with MWI for 20 min. After cooling, 3-fluoroa-
niline (0.16 mL, 1.7 mmol) was added, and the reaction
mixture was heated at 100° C. with MWI for 2 min. Pyridine
was removed in vacuo and the resulting residue was purified
by flash chromatography (0-5% EtOAc/CH,Cl,) to crudely
afford the N—BOC quinazolinone intermediate (141.1 mg)
[0295] Under nitrogen, this N-Boc-intermediate (141.1
mg, 0.31 mmol) was dissolved in dry CH,Cl, (4.5 mL).
Trifluoroacetic acid (2.9 mL) was added dropwise. After
stirring for 1 h, the reaction mixture was quenched with
saturated NaHCO; (10 mL). The organic layer was collected
and then the remaining aqueous layer was extracted with
CH,Cl, (15 mL). The organic extracts were combined and
dried over MgSO,. The solvent was removed in vacuo, and
the residue was purified by flash chromatography (0-3%
MeOH/CH,Cl,) to afford 3-(3-fluorophenyl)-6-nitro-2-(pyr-
rolidin-2-yl)quinazolin-4 (3H)-one (2ee) (30.7 mg, 28%) as
a brown solid. "H NMR (500 MHz, CDCl,) 8 8.96 (d, J=2.6
Hz, 1H), 8.48 (dt, J=9.0, 2.6 Hz, 1H), 7.76 (d, J=8.9 Hz, 1H),
7.55 (dtd, J=28.0, 8.2, 5.9 Hz, 1H), 7.30-7.20 (m, -2H),
7.05-6.95 (m, 1H), 4.67 (dt, J=39.1, 7.8 Hz, 1H), 3.56-3.29
(m, 4H), 2.12-1.84 (m, 4H). MS (ESI) m/z: 355.0 (M+1)*

Example 41. Synthesis of 3-(2-fluorophenyl)-6-
nitro-2-(pyrrolidin-2-yl)quinazolin-4 (3H)-one (21})

[0296] Prepared as shown in Scheme 1.

2ff

O,N

HN
3-(2-fluorophenyl)-6-nitro-2-(pyrrolidin-2-yl)quinazolin-4-(3 H)-one
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Synthesis of 3-(2-fluorophenyl)-6-nitro-2-(pyrroli-
din-2-yl)quinazolin-4 (3H)-one (2ff)

[0297] To a solution of 5-nitroanthranilic acid (152.1 mg,
0.84 mmol) in dry pyridine (4 mL) was added N-Boc-DL-
proline (354.0 mg, 1.6 mmol). After adding triphenyl phos-
phite (0.6 mL, 2.6 mmol), the reaction mixture was heated
at 100° C. with MWI for 20 min. After cooling, 2-fluoroa-
niline (0.32 mL, 3.3 mmol) was added, and the reaction
mixture was heated at 100° C. with MWI for 1 min. Pyridine
was removed in vacuo and the resulting residue was purified
by flash chromatography (25% EtOAc/Hexanes) to afford
the N—BOC quinazolinone intermediate (64.2 mg, 17%) as
a solid. This N-Boc-intermediate (64.2 mg, 0.17 mmol) was
dissolved in dry CH,Cl, (3 mL). Trifluoroacetic acid (0.3
ml) was added dropwise. After stirring for 2 h, the reaction
mixture was quenched with saturated NaHCO; (10 mL). The
aqueous phase was extracted with CH,Cl, (15 mL). The
organic extracts were combined and dried over anhydrous
MgSO, and then filtered. The solvent was removed in vacuo,
and the residue was purified by flash chromatography (0-3%
MeOH/CH,Cl,) to afford 3-(2-fluorophenyl)-6-nitro-2-(pyr-
rolidin-2-yl)quinazolin-4 (3H)-one (2ff) (35.6 mg, 55.5%) as
a yellow solid. "H NMR (500 MHz, CDCl5) 8 9.13 (d, ]=2.6
Hz, 1H), 8.58 (dd, J=9.0, 2.7 Hz, 1H), 7.85 (d, J=8.9 Hz,
1H), 7.61-7.54 (m, 1H), 7.41-7.31 (m, 3H), 3.95 (dd, J=8.1,
5.9 Hz, 1H), 3.25 (dt, 1=10.6, 6.1 Hz, 1H), 2.81 (dt, I=10.8,
6.5 Hz, 1H), 1.86-1.52 (m, 4H). MS (ESI) m/z: 355.0
M+1)*

Example 42. Synthesis of 3-(4-fluorophenyl)-6-
nitro-2-(pyrrolidin-2-yl)quinazolin-4 (3H)-one (2gg)

[0298] Prepared as shown in Scheme 1.

2gg

ON

HN

Synthesis of 3-(4-fluorophenyl)-6-nitro-2-(pyrroli-
din-2-yl)quinazolin-4 (3H)-one (2gg)

[0299] To a solution of 5-nitroanthranilic acid (105.1 mg,
0.58 mmol) in dry pyridine (2 mL) was added N-Boc-DL-
proline (154.9 g, 0.72 mmol). After adding triphenyl phos-
phite (0.45 mL, 1.7 mmol), the reaction mixture was heated
at 100° C. with MWI for 40 min. After cooling, 4-fluoroa-
niline (0.09 mL, 0.68 mmol) was added, and the reaction
mixture was heated at 60° C. with MWI for 3 min. The
reaction mixture was diluted in CH,Cl, and washed with
10% citric acid. The aqueous phase was washed with
CH,Cl, (20 mL) and dried over anhydrous MgSO, and the
resulting residue was purified by flash chromatography
(25% EtOAc/Hexanes) to afford the N—BOC quinazoli-
none intermediate (66.9 mg, 25%) as a solid. Under nitro-
gen, this N-Boc-intermediate (66.9 mg, 0.15 mmol) was
dissolved in anhydrous 1,4-dioxane (0.20 mL) and cooled to
0° C. using an ice-water bath. To this cooled solution, 4N
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HCl in dioxane (0.20 mL, 0.74 mmol) was added dropwise,
and the reaction mixture was allowed to warm to rt. After
stirring for 23 h, solvent was removed in vacuo. The residue
was diluted with EtOAc (5 mL) and then washed with
saturated Na,CO; (8 mL). The layers were separated, and
the aqueous phase was extracted with EtOAc (15 mL). The
combined organic extracts were dried over anhydrous
MgSO,, and then filtered. The solvent was removed in vacuo,
and the residue was purified by flash chromatography (5%
MeOH/CH,Cl,) to afford 3-(4-fluorophenyl)-6-nitro-2-(pyr-
rolidin-2-yl)quinazolin-4 (3H)-one (2gg) (28.3 mg, 53%) as
an orange solid. '"H NMR (500 MHz, CDCl;) 8 9.11 (d,
J=2.6 Hz, 1H), 8.56 (dd, J=9.0, 2.6 Hz, 1H), 7.83 (d, J=9.0
Hz, 1H), 7.30 (m, 4H), 3.85 (t, ]=7.2 Hz, 1H), 3.27 (ddd,
J=11.5, 8.0, 4.7 Hz, 1H), 2.81 (dt, ]=10.8, 6.8 Hz, 1H), 1.79
(m, 4H). MS (ESI) m/z: 355.0 (M+1)*

Example 43. Synthesis of (R)-3-(4-methoxyphe-
nyl)-7-methyl-6-nitro-2-(pyrrolidin-2-yl) quinazo-
lin-4 (3H)-one (2hh)

[0300] Prepared as shown in Scheme 1.
2hh
OCH;
(6]
05N
H;C

(R)-3-(4-methoxyphenyl)-7-methyl-6-nitro
-2-(pyrrolidin-2-yl)quinazolin-4(3H)-one

Synthesis of (R)-3-(4-methoxyphenyl)-7-methyl-6-
nitro-2-(pyrrolidin-2-yl) quinazolin-4 (3H)-one
(2hh)

[0301] To a 25 mL round bottom flask, 2-amino-4-amino
benzoic acid (1.51g, 10 mmmol) and acetic anhydride (2.9
ml, 30 mmol) were charged and heated at 137° C. for 2 hrs.
Then, the reaction mixture was poured into crushed ice and
stirred for 12 hrs. Finally, the reaction mixture was worked-
up by suction filtration, followed by a wash with methanol
and drying over magnesium sulfate to afford 2-acetylamido-
4-methyl-5-nitrobenzoic acid. 2-acetylamido-4-methyl-5-
nitrobenzoic acid (3.37g, 17.4 mmol) was dissolved in 42.3
mL of sulfuric acid and the reaction mixture was lowered to
0° C. Then, using addition funnel, 4.92 mL of fuming nitric
acid was added dropwise and the reaction mixture is stirred
for 12 hrs in ice bath. Finally, the reaction mixture is worked
up by pouring it over crushed ice, filtering, and vacuum
drying it overnight to afford 5-nitro-4-methylanthranilic
acid. To a microwave vial containing 5-nitro-3-methylan-
thranilic acid (98.0 g, 0.5 mmol) and N-Boc-D-proline
(0.140 g, 0.65 mmol) was added dry pyridine (1.5 mL).
Triphenyl phosphite (0.4 mL, 1.5 mmol) was added to the
vial, and the reaction mixture was heated at 100° C. with
MWI for 60 min. After cooling the vial, 4-methoxyaniline
(74 mg, 1.2 mmol) was added, and the reaction mixture was
heated at 60° C. with MWI for 30 min. Pyridine was
removed in vacuo, and the residue was diluted with CH,Cl,
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(50 mL), and then the organic layer was washed sequentially
with 10% citric acid (20 mL) and brine (50 mL). The
separated organic extract was dried over MgSQO,, filtered,
and concentrated in vacuo under reduced pressure. The
crude mixture was purified by flash chromatography (3%
Ethyl acetate/ DCM) to afford the N-Boc intermediate as a
yellow solid. The solid (0.119 g, 0.248 mmol) was dissolved
in dry dioxane (1.5 mL), cooled to 0° C., and 4 M HCl/
dioxane (0.31 mL, 1.24 mmol) was added. After the addition
was complete, the reaction mixture was stirred at rt for 8 h.
Solvent was removed in vacuo under reduced pressure, and
CH,C, (10 mL) was added, followed by sequential washing
with saturated Na,CO; (5 mL) and brine (5 mL). The
separated organic extract was dried over anhydrous MgSO,,
filtered and concentrated in vacuo under reduced pressure.
The crude mixture was purified by flash chromatography
(0% MeOH/CH,C1,~10% MeOH/CH,Cl,) to afford 2hh (59
mg, 62%) as a yellow solid. ‘H NMR (400 MHz, Chloro-
form-d) & 8.83 (s, 1H), 7.63 (s, 1H), 7.24-7.12 (m, 2H),
7.10-7.01 (m, 2H), 3.88 (s, 3H), 3.25 (ddd, J=11.0, 7.7, 3.7
Hz, 1H), 2.91-2.75 (m, 3H), 2.73 (s, 3H), 1.75 (qdd, J=12.3,
6.6, 3.4 Hz, 4H). MS (ESI) m/z: 381.2 (M+1)".

Example 44. Synthesis of (R)-6-nitro-2-(pyrrolidin-
2-y1)-3-(4-(trifluoromethoxy)phenyl)quinazolin-4
(3H)-one (2ii)

[0302] Prepared as shown in Scheme 1

2ii
OCF;

05N

Synthesis of (R)-6-nitro-2-(pyrrolidin-2-yl1)-3-(4-
(trifluoromethoxy)phenyl)quinazolin-4 (3H)-one
(2ii)

[0303] To a solution of 5-nitroanthranilic acid (102.8 mg,
0.56 mmol) in dry pyridine (2 mL) was added N-Boc-D-
proline (158.0 g, 0.73 mmol). After adding triphenyl phos-
phite (0.30 mL, 1.3 mmol), the reaction mixture was heated
at 100° C. with MWI for 40 min. After cooling, 4-trifluo-
romethoxyaniline (0.09 mL, 0.68 mmol) was added, and the
reaction mixture was heated at 60° C. with MWI for 15 min.
The reaction mixture was diluted with CH,Cl, and washed
with 10% citric acid (15 mL). The layers were separated and
the aqueous phase was washed with CH,Cl, (30 mL). The
organic extracts were combined, dried over anhydrous
MgSO,, and then filtered. Solvent was removed in vacuo
and the resulting residue was purified by flash chromatog-
raphy (5% EtOAc/CH,Cl,) to afford the N—BOC qui-
nazolinone intermediate (66.8 mg, 22.9%)

[0304] Under nitrogen, this N-Boc-intermediate (66.8 mg,
0.13 mmol) was dissolved in anhydrous 1,4-dioxane (0.20
mL) and cooled to 0° C. using an ice-water bath. To this
cooled solution, 4N HCI in dioxane (0.16 mL, 0.64 mmol)
was added dropwise, and the reaction mixture was allowed
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to warm to rt. After stirring for 15 h, the reaction mixture
was diluted with CH,Cl, (5§ mL) and then washed with
saturated NaHCO; (8 mL). The layers were separated, and
the aqueous phase was extracted with CH,Cl, (15 mL). The
organic extracts were combined, dried over anhydrous
MgSO,, and then filtered. The solvent was removed in
vacuo, and the residue was purified by flash chromatography
(2% MeOH/CH,Cl,) to afford (R)-6-nitro-2-(pyrrolidin-2-
y1)-3-(4-(trifluoromethoxy)phenyl)quinazolin-4 ~ (3H)-one
2ii (31.5 mg, 57.6%) as an orange solid. 'H NMR (500 MHz,
CDCL,) § 9.10 (d, 1=2.6 Hz, 1H), 8.56 (dd, 1=9.0, 2.7 Hz,
1H), 7.83 (d, J=8.9 Hz, 1H), 7.43 (d, J=8.6 Hz, 2H), 7.37
(dd, J=9.1, 2.5 Hz, 1H), 7.34-7.30 (m, 1H), 3.83 (t, J=6.9 Hz,
1H), 3.27 (ddd, J=10.8, 7.7, 4.1 Hz, 1H), 2.81 (dt, J=12.6,
6.2 Hz, 1H), 1.91-1.67 (m, 4H). MS (ESI) nv/z: 420.9
M+1)*

Example 45. Synthesis of (R)-6-nitro-2-(pyrrolidin-
2-y1)-3-(3-(trifluoromethoxy)phenyl)quinazolin-4
(3H)-one (2jj)

[0305] Prepared as shown in Scheme 1

2jj

OCF;

O,N

(R)-6-nitro-2-(pyrrolidin-2-yl)-3
-(3-(trifluoromethoxy)phenyl)quinazolin
-4(3H)-one

Synthesis of (R)-6-nitro-2-(pyrrolidin-2-y1)-3-(3-
(trifluvoromethoxy)phenyl)quinazolin-4 (3H)-one
@i

[0306] To a solution of 5-nitroanthranilic acid (102.8 mg,
0.56 mmol) in dry pyridine (2 mL) was added Boc-D-proline
(160.0 g, 0.74 mmol). After adding triphenyl phosphite (0.45
ml, 1.7 mmol), the reaction mixture was heated at 100° C.
with MWI for 40 min. After cooling, 3-trifluoromethoxya-
niline (0.09 mL, 0.68 mmol) was added, and the reaction
mixture was heated at 60° C. with MWI for 15 min. The
reaction mixture was diluted in CH,Cl, and washed with
10% citric acid. The aqueous phase was washed with
CH,Cl, (30 mL) and dried over anhydrous MgSO, and the
resulting residue was purified by flash chromatography (2%
EtOAc/CH,Cl,) to afford the N—BOC quinazolinone inter-
mediate (93.1 mg, 33.8%) as a solid. Under nitrogen, this
N-Boc-intermediate (93.1 mg, 0.18 mmol) was dissolved in
anhydrous CH,Cl, (0.20 mL) and cooled to 0° C. using an
ice-water bath. 4N HCI in dioxane (0.22 mL, 0.90 mmol)
was added dropwise, and the reaction mixture was allowed
to warm to rt. After stirring for 21 h, solvent was removed
in vacuo. The residue was diluted with EtOAc (5 mL) and
then washed with saturated Na,CO; (8 mL). The layers were
separated, and the aqueous phase was extracted with EtOAc
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(15 mL). The combined organic extracts were dried over
anhydrous MgSO, and then filtered. The solvent was
removed in vacuo, and the residue was purified by flash
chromatography (2% MeOH/CH,Cl,) to afford (R)-6-nitro-
2-(pyrrolidin-2-y1)-3-(3-(trifluoromethoxy )phenyl)quinazo-
lin-4 (3H)-one (2jj) (40.6 mg, 54%) as a yellow solid. 'H
NMR (400 MHz, CDCl,) 8 8.90 (dd, J=10.4, 2.6 Hz, 1H),
8.42 (ddd, J=8.9, 2.6, 1.3 Hz, 1H), 7.75 (dd, J=8.9, 4.5 Hz,
1H), 7.57-7.43 (m, 1H), 7.11 (ddt, J=8.5, 3.1, 1.6 Hz, 1H),
7.06-6.98 (m, 1H), 6.85-6.78 (m, 1H), 4.78 (dt, J=23.9, 7.8
Hz, 1H), 3.85 (d, J=13.1 Hz, 3H), 3.66-3.30 (m, 2H),
2.19-1.87 (m, SH). MS (ESI) n/z: 421.0 (M+1)*

Example 46. Synthesis of (S)-6-nitro-2-(pyrrolidin-
2-y1)-3-(4-(trifluoromethoxy)phenyl)quinazolin-4
(3H)-one (2kk)

[0307] Prepared as shown in Scheme 1
2kk
OCF;
(6]
0N
N
H
F

N

HN:

(S)-6-nitro-2-(pyrrolidin-2-yl)-3
-(4(trifluoromethoxy)phenyl)quinazolin
-4(3H)-one

Synthesis of (S)-6-nitro-2-(pyrrolidin-2-y1)-3-(4-
(trifluoromethoxy)phenyl)quinazolin-4 (3H)-one
(2Kkk)

[0308] To a solution of 5-nitroanthranilic acid (104.1 mg,
0.57 mmol) in dry pyridine (2 mL) was added Boc-L-proline
(160.8 g, 0.75 mmol). After adding triphenyl phosphite (0.45
mlL, 1.7 mmol), the reaction mixture was heated at 100° C.
with MWI for 1 h. After cooling, 4-trifluoromethoxyaniline
(0.09 mL, 0.68 mmol) was added, and the reaction mixture
was heated at 60° C. with MWI for 15 min. The reaction
mixture was diluted in CH,Cl, and washed with 10% citric
acid. The aqueous phase was washed with CH,Cl, (30 mL)
and dried over anhydrous MgSO, and the resulting residue
was purified by flash chromatography (15% EtOAc/
Hexanes) to afford the N—BOC quinazolinone intermediate
(112.4 mg, 37.9%) as a solid. Under nitrogen, this N-Boc-
intermediate (66.8 mg, 0.31 mmol) was dissolved in anhy-
drous 1,4-dioxane (0.30 mL) and cooled to 0° C. using an
ice-water bath. To this cooled solution, 4N HCI in dioxane
(0.27 mL, 1.08 mmol) was added dropwise, and the reaction
mixture was allowed to warm to rt. After stirring for 16 h,
solvent was removed in vacuo. The residue was diluted with
EtOAc (5 mL) and then washed with saturated Na,CO, (8
mL). The layers were separated, and the aqueous phase was
extracted with EtOAc (15 mL). The combined organic
extracts were dried over anhydrous MgSO, and then filtered.
The solvent was removed in vacuo, and the residue was
purified by flash chromatography (5% MeOH/CH,Cl,) to
afford (S)-6-nitro-2-(pyrrolidin-2-y1)-3-(4-(trifluo-
romethoxy)phenyl)quinazolin-4 (3H)-one (2kk) (28.3 mg,
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53%) as a gummy orange solid. 'H NMR (400 MHz, CDCl,)
8 9.07 (d, I=2.6 Hz, 1H), 8.54 (dd, J=8.9, 2.6 Hz, 1H), 7.82
(d, J=8.9 Hz, 1H), 7.42 (d, J=8.6 Hz, 2H), 7.40-7.35 (m, 1H),
7.32(dt,J=7.7,2.4 Hz, 1H), 3.82 (t, J=7.0 Hz, 1H), 3.27 (dt,
J=10.6, 5.3 Hz, 1H), 2.81 (dt, J=10.3, 6.3 Hz, 1H), 2.73-2.61
(b, N—H, 1H), 1.90-1.67 (m, 4H). MS (ESI) m/z: 421.0
M+1)*

Example 47. Synthesis of (R)-3-(4-methoxyphe-
nyl)-8-nitro-2-(pyrrolidin-2-yl)quinazolin-4 (3H)-
one (211)

[0309] Prepared as shown in Scheme 1

211
OCH;

NO,

(R)-3-(4-methoxyphenyl)
-8-nitro-2-(pyrrolidin-2-yl)quinazolin
-4(3H)-one

Synthesis of (R)-3-(4-methoxyphenyl)-8-nitro-2-
(pyrrolidin-2-yl)quinazolin-4 (3H)-one (211)
[0310] To a microwave vial containing 3-nitroanthranilic
acid (91.0 mg, 0.5 mmol) and N-Boc-D-proline (0.14 g, 0.65
mmol) was added dry pyridine (1.5 mL). Triphenyl phos-
phite (0.4 mL, 1.5 mmol) was added to the vial, and the
reaction mixture was heated at 100° C. with MWI for 80
min. After cooling the vial, 4-methoxyaniline (74.0 mg, 0.60
mmol) was added, and the reaction mixture was heated at
60° C. with MWI for 15 min. Pyridine was removed in
vacuo, and the residue was diluted with CH,Cl, (50 mL),
and then the organic layer was washed sequentially with
10% citric acid (20 mL) and brine (50 mL). The separated
organic extract was dried over MgSO,, filtered, and con-
centrated in vacuo under reduced pressure. The crude mix-
ture was purified by flash chromatography (0% Ethyl
acetate/DCM~3% Ethyl acetate/DCM) to afford N—BOC-
quinazolinone as a yellow solid. The solid (94.6 mg, 0.203
mmol) was dissolved in dry dioxane (1.5 mL), cooled to 0°
C., and 4 M HCl/dioxane (0.25 mL, 1.02 mmol) was added.
After the addition was complete, the reaction mixture was
stirred at rt for 8 h. Solvent was removed in vacuo under
reduced pressure, and CH,Cl, (10 mL) was added, followed
by sequential washing with saturated Na,CO; (5 mL) and
brine (5 mL). The separated organic extract was dried over
anhydrous MgSO,, filtered and concentrated in vacuo under
reduced pressure. The crude mixture was purified by flash
chromatography (0% MeOH/CH,C1,~10% MeOH/CH,Cl,)
to afford 211 (31.4 mg, 17%) as yellow solid. 'H NMR (500
MHz, Chloroform-d) § 8.46 (dd, J=8.0, 1.5 Hz, 1H), 8.11
(dd, J=7.9, 1.5 Hz, 1H), 7.53 (t,J=7.9 Hz, 1H), 7.24-7.18 (m,
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1H), 7.17-7.12 (m, 1H), 7.11-7.01 (m, 2H), 3.92 (t, ]=7.1 Hz,
1H), 3.89 (s, 3H), 3.24 (dt, J=12.0, 6.2 Hz, 1H), 2.86-2.73
(m, 2H), 1.88-1.65 (m, 4H). MS (ESI) m/z: 367.1 (M+1)*.

Example 48. Synthesis of (R)-3-(4-methoxyphe-
nyl)-7-nitro-2-(pyrrolidin-2-yl)quinazolin-4 (3H)-

one (2mm)
[0311] Prepared as shown in Scheme 1
2mm
OCH;
(@]
O,N

(R)-3-(4-methoxyphenyl)
-7-nitro-2-(pyrrolidin-2-yl)quinazolin
-4(3H)-one

Synthesis of (R)-3-(4-methoxyphenyl)-7-nitro-2-
(pyrrolidin-2-yl)quinazolin-4 (3H)-one (2 mm)

[0312] To a microwave vial containing 4-nitroanthranilic
acid (91.0 mg, 0.5 mmol) and N-Boc-D-proline (0.14 g, 0.65
mmol) was added dry pyridine (1.5 mL). Triphenyl phos-
phite (0.4 mL, 1.5 mmol) was added to the vial, and the
reaction mixture was heated at 100° C. with MWI for 80
min. After cooling the vial, 4-methoxyaniline (74.0 mg, 0.60
mmol) was added, and the reaction mixture was heated at
60° C. with MWI for 15 min. Pyridine was removed in
vacuo, and the residue was diluted with CH,Cl, (50 mL),
and then the organic layer was washed sequentially with
10% citric acid (20 mL) and brine (50 mL). The separated
organic extract was dried over MgSO,, filtered, and con-
centrated in vacuo under reduced pressure. The crude mix-
ture was purified by flash chromatography (0% Ethyl
acetate/DCM~3% Ethyl acetate/DCM) to afford the
N—BOC quinazolinone as a yellow solid. The solid (0.137
g, 0.294 mmol) was dissolved in dry dioxane (1.5 mL),
cooled to 0° C., and 4 M HCl/dioxane (0.37 mL, 1.47 mmol)
was added. After the addition was complete, the reaction
mixture was stirred at rt for 8 h. Solvent was removed in
vacuo under reduced pressure, and CH,Cl, (10 mL) was
added, followed by sequential washing with saturated
Na,CO; (5 mL) and brine (5 mL). The separated organic
extract was dried over anhydrous MgSO,, filtered and
concentrated in vacuo under reduced pressure. The crude
mixture was purified by flash chromatography (0% MeOH/
CH,Cl,-10% MeOH/CH,Cl,) to afford 2 mm (24.9 mg,
13%) as an off-yellow solid. 'H NMR (500 MHz, Chloro-
form-d) 6 8.54 (d, J=2.2 Hz, 1H), 8.42 (d, J=8.7 Hz, 1H),
8.22 (dd, J=8.7, 2.2 Hz, 1H), 7.24-7.20 (m, 1H), 7.19-7.14
(m, 1H), 7.12-7.04 (m, 2H), 3.91 (d, J=8.0 Hz, 2H), 3.89 (s,
3H), 3.33-3.23 (m, 1H), 2.85-2.76 (m, 1H), 1.87-1.68 (m,
4H). MS (ESI) nmv/z: 367.1 (M+1)".
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Example 49. Synthesis of (R)-3-(4-methoxyphe-
nyl)-5-nitro-2-(pyrrolidin-2-yl)quinazolin-4 (3H)-
one (2nn)

[0313] Prepared as shown in Scheme 1

2mn
OCH;

(R)-3-(4-methoxyphenyl)
-5-nitro-2-(pyrrolidin-2-yl)quinazolin
-4(3H)-one

Synthesis of (R)-3-(4-methoxyphenyl)-5-nitro-2-
(pyrrolidin-2-yl)quinazolin-4 (3H)-one (2nn)

[0314] To a microwave vial containing 6-nitroanthranilic
acid (91.0 mg, 0.5 mmol) and N-Boc-D-proline (0.14 g, 0.65
mmol) was added dry pyridine (1.5 mL). Triphenyl phos-
phite (0.4 mL, 1.5 mmol) was added to the vial, and the
reaction mixture was heated at 100° C. with MWI for 80
min. After cooling the vial, 4-methoxyaniline (74.0 mg, 0.60
mmol) was added, and the reaction mixture was heated at
60° C. with MWI for 15 min. Pyridine was removed in
vacuo, and the residue was diluted with CH,Cl, (50 mL),
and then the organic layer was washed sequentially with
10% citric acid (20 mL) and brine (50 mL). The separated
organic extract was dried over MgSO,, filtered, and con-
centrated in vacuo under reduced pressure. The crude mix-
ture was purified by flash chromatography (0% Ethyl
acetate/DCM~3% Ethyl acetate/DCM) to afford N—BOC
quinazolinone as a yellow solid. The solid (35.5 mg, 0.0761
mmol) was dissolved in dry dioxane (1.5 mL), cooled to 0°
C., and 4 M HCl/Dioxane (0.10 mL, 0.38 mmol) was added.
After the addition was complete, the reaction mixture was
stirred at rt for 8 h. Solvent was removed in vacuo under
reduced pressure, and CH,Cl, (10 mL) was added, followed
by sequential washing with saturated Na,CO; (5 mL) and
brine (5 mL). The separated organic extract was dried over
anhydrous MgSO,,, filtered and concentrated in vacuo under
reduced pressure. The crude mixture was purified by flash
chromatography (0% MeOH/CH,C1,~10% MeOH/CH,Cl,)
to afford 2nn (13.2 mg, 7%) as an off-yellow solid. "H NMR
(500 MHz, Chloroform-d) § 7.86 (dd, J=8.4, 1.2 Hz, 1H),
7.81 (t, J=7.9 Hz, 1H), 7.45 (dd, J=7.6, 1.2 Hz, 1H),
7.21-7.12 (m, 2H), 7.07-6.99 (m, 2H), 3.89 (t, J=7.3 Hz,
1H), 3.86 (s, 3H), 3.26 (dt, J=11.4, 5.8 Hz, 1H), 2.86-2.72
(m, 1H), 1.88-1.64 (m, 4H). MS (ESI) n/z: 367.1 (M+1)*.
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Scheme 2
General synthetic approach to quinazolinone
compounds 5a-5e, Examples 50-54
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Example 50. Synthesis of (R)-3-(4-methoxyphe-
nyl)-8-methyl-4-oxo0-2-(pyrrolidin-2-yl)-3,4-dihyd-
roquinazoline-6-carbonitrile (5a)

[0315] Prepared as shown in Scheme 2

Sa
OCH;

NC

CH;

(R)-3-(4-methoxyphenyl)
-8-methyl-4-oxo-2-(pyrrolidin-2-yl)
-3,4-dihydroquinazoline-6-carbonitrile
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[0316]
zoic acid
[0317] A mixture of 2-amino-3-methyl-benzoic acid (3.02
g, 20.00 mmol) and N-iodosuccinimide (4.75 g, 21.00
mmol) in DMF (50 mL) was heated at 75° C. for 4 h. After
cooling to room temperature, the mixture was poured into
ice/water/NH,C1 solution and the resulting precipitate was
collected by filtration. After washing the residue with water,
the resulting solid was dissolved with acetone, then dried
over with anhydrous Na,SO,, and filtered, then the solvent
was evaporated under reduced pressure to afford 2-amino-
5-iodo-3-methylbenzoic acid (4.15 g, 75.1%) as brown
solid. '"H NMR (400 MHz, DMSO-dy) 8 7.86 (d, J=1.8 Hz,
1H), 7.45 d, J=2.5 Hz, 1H), 2.05 (s, 3H). MS (ESI) m/z:
278.1 (M+1)*.

[0318] Step 2. Synthesis of 2-amino-5-cyano-3-methyl-
benzoic acid

[0319] A mixture of 2-amino-5-iodo-3-methylbenzoic
acid (2.21 g, 8.00 mmol) and copper cyanide (0.93 g, 10.40
mmol) in DMF (30 mL) was heated at 150° C. for 16 h. After
cooling to room temperature, and most of DMF was
removed by rotavapor, water (30 mL) was added to reaction
mixture, then followed by ethylenediamine (3 mL), and the
mixture was stirred for 1 h. The solids were removed by
filtration, then reaction mixture was adjusted to pH 5 with
concentrated hydrochloric acid, then extracted with ethyl
acetate (2x200 mlL) and water (30 mL). The combined
organic layer was dried over with anhydrous Na,SO,, and
filtered, then the solvent was evaporated under reduced
pressure to afford 2-amino-5-cyano-3-methylbenzoic acid
(0.65 g, 46.2%) as brown solid. 'H NMR (400 MHz,
DMSO-dy) 8 7.95 (d, J=1.8 Hz, 1H), 7.52 d, J=1.9 Hz, 1H),
7.28 (2H, brs), 2.12 (s, 3H). MS (ESI) m/z: 177.1 (M+1)™.
[0320] Step 3. Synthesis of tert-butyl (R)-2-(6-cyano-3-
(4-methoxyphenyl)-8-methyl-4-0x0-3,4-dihydroquinazolin-
2-yl) pyrrolidine-1-carboxylate (4a). 2-Amino-5-cyano-3-
methylbenzoic acid (116.00 mg, 0.66 mmol) and Boc-D-
proline (0.28 g, 1.32 mmol) were dissolved in dry pyridine
(3 mL). Triphenyl phosphite (0.51 mL, 1.95 mmol) was
added to the mixture and the reaction mixture was heated at
100° C. with MWI for 40 min. 4-methoxyaniline (0.32 g,
2.65 mmol) was added to the mixture and the reaction
mixture was heated at 100° C. with MWI for 10 min.
Pyridine was removed in vacuo and the residue was diluted
with CH,Cl, (100 mL) and washed with 1N aqueous HCl
(50 mL). The organic layer was subsequently washed with
H,O (50 mL) and then brine (50 mL). The separated organic
extract was dried over anhydrous Na,SO,,. Once filtered, the
solvent was evaporated under reduced pressure. The residue
was purified by flash chromatography (0% Ethyl acetate/
CH,C1,~5% Ethyl acetate/CH,Cl,) to afford 4a (116.85 mg,
38.5%) as off-white solid. '"H NMR (500 MHz, CDCl,) §
8.42 (dd, J=11.7, 1.4 Hz, 1H), 7.76 (d, J=21.8, 1H), 7.46-
7.15 (m, 1H), 7.15-7.01 (m, 3H), 4.55-4.45 (m, 1H), 3.88 (d,
J=11.1 Hz, 3H), 3.80-3.70 (m, 1H), 3.59-3.45 (m, 1H), 2.58
(s, 3H), 2.10-1.82 (m, 4H), 1.43 (s, 4H), 1.26 (d, J=4.3 Hz,
SH). MS (ESI) m/z: 461.2 (M+1)*.

[0321] Step 4. Synthesis of (R)-3-(4-methoxyphenyl)-8-
methyl-4-oxo-2-(pyrrolidin-2-yl1)-3,4-dihydroquinazoline-
6-carbonitrile (5a)

[0322] Under nitrogen, trifluoroacetic acid (0.19 mL, 2.60
mmol) was added to a solution of 4a (60.00 mg, 0.13 mmol)
in dry CH,Cl, (5§ mL) at 0° C. The solution was stirred at rt
overnight, and then the solvent was removed in vacuo. The

Step 1. Synthesis of 2-amino-5-iodo-3-methylben-

Nov. 3, 2022

residue was diluted with CH,Cl, (20 mL), washed sequen-
tially with saturated solutions of Na,CO; (10 mL) and brine
(10 mL), and the separated organic extract was dried over
anhydrous Na,SO,. Once filtered, the solvent was evapo-
rated under reduced pressure. The residue was purified by
flash chromatography (0% MeOH/CH,Cl,~5% MeOH/
CH,Cl,) to afford 5a (26.80 mg, 57.5%) as off-white solid.
'"H NMR (500 MHz, CDCl,) 8 8.42 (s, 1H), 7.78 (s, 1H),
7.23-7.13 (m, 2H), 7.06 (d, J=8.9 Hz, 2H), 3.91 (d, J=7.5 Hz,
1H), 3.88 (s, 3H), 3.30-3.24 (m, 1H), 2.96-2.89 (m, 1H),
2.85-2.80 (m, 1H), 2.64 (s, 3H), 1.85-1.75 (m, 4H). MS
(ESI) m/z: 361.1 (M+1)".

Example 51. Synthesis of (S)-3-(4-methoxyphenyl)-
8-methyl-4-ox0-2-(pyrrolidin-2-yl)-3,4-dihydroqui-
nazoline-6-carbonitrile (5b)

[0323] Prepared as shown in Scheme 2
5b
OCH;
(¢]
NC
N

H
N

CH; HN

(S)-3-(4-methoxyphenyl)-8-methyl-4-oxo-2-(pyrrolidin-2-yl)-3,4-
dihydroquinazoline-6-carbonitrile

[0324] Step 1. Synthesis of tert-butyl (S)-2-(6-cyano-3-(4-
methoxyphenyl)-8-methyl-4-ox0-3,4-dihydroquinazolin-2-
yDpyrrolidine-1-carboxylate ~ (4b).  2-amino-5-cyano-3-
methylbenzoic acid (176.18 mg, 1.00 mmol) and Boc-L-
proline (0.28 g, 1.30 mmol) were dissolved in dry pyridine
(4 mL). Triphenyl phosphite (0.79 mL, 3.00 mmol) was
added to the mixture and the reaction mixture was heated at
100° C. with MWI for 40 min. 4-methoxyaniline (148.00
mg, 1.20 mmol) was added to the mixture and the reaction
mixture was heated at 100° C. with MWI for 10 min.
Pyridine was removed in vacuo and the residue was diluted
with CH,Cl, (100 mL) and washed with 1N HCI aqueous
(60 mL). The organic layer was washed with H,O (60 mL)
and brine (60 mL), dried over anhydrous Na,SO,, and
filtered, then the solvent was evaporated under reduced
pressure. The residue was purified by flash chromatography
(0% Ethyl acetate/CH,Cl1,~10% Ethyl acetate/CH,Cl,) to
afford 4b (0.21 g, 45.6%) as off-white solid. "H NMR (400
MHz, CDCl;) 8 834 (dd, J=10.5, 1.3 Hz, 1H), 7.69 (d,
J=17.9 Hz, 1H), 7.41-7.12 (m, 1H), 7.08-6.93 (m, 4H),
4.51-4.46 (m, 1H), 3.81 (d, J=8.9 Hz, 3H), 3.72-3.66 (m,
1H), 3.52-3.31 (m, 1H), 2.51 (s, 3H), 2.04-1.75 (m, 4H),
1.36 (s, 4H), 1.19 (s, SH). MS (ESI) m/z: 461.2 (M+1)".
[0325] Step 2. Synthesis of (S)-3-(4-methoxyphenyl)-8-
methyl-4-oxo0-2-(pyrrolidin-2-yl)-3,4-dihydroquinazoline-
6-carbonitrile (5b)

[0326] Under nitrogen, trifluoroacetic acid (0.50 mL, 7.00
mmol) was added to a solution of 4b (160.00 mg, 0.35
mmol) in dry CH,Cl, (6 mL) at 0° C. The solution was
stirred at rt overnight, and then the solvent was removed in
vacuo. The residue was diluted with CH,Cl, (20 mL),
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washed sequentially with saturated solutions of Na,COj; (10
ml) and brine (10 mL), and the separated organic extract
was dried over anhydrous Na,SO,,. Once filtered, the solvent
was evaporated under reduced pressure. The residue was
purified by flash chromatography (0% MeOH/CH,C1,~5%
MeOH/CH,CL,) to afford 5b (74.33 mg, 58.9%) as off-white
solid. "H NMR (500 MHz, CDCl,) & 8.40 (s, 1H), 7.77 (s,
1H), 7.21-7.14 (m, 2H), 7.06 (d, J=8.8 Hz, 2H), 3.93-3.87
(m, 4H), 3.32-3.25 (m, 1H), 2.84-2.78 (m, 1H), 2.68-2.63
(m, 4H), 1.84-1.72 (m, 4H). MS (ESI) nv/z: 361.1 (M+1)".

Example 52. Synthesis of (R)-3-(3-fluoro-4-

methoxyphenyl)-8-methyl-4-oxo-2-(pyrrolidin-2-yl)-
3,4-dihydroquinazoline-6-carbonitrile (5c)

[0327] Prepared as shown in Scheme 2

5S¢

OCH;

NC

CH;

(R)-3-(3-fluoro-4-methoxyphenyl)-8-methyl-4-oxo-2-(pyrrolidin-2-yl)-3,4-
dihydroquinazoline-6-carbonitrile

[0328] Step 1. Synthesis of tert-butyl (R)-2-(6-cyano-3-
(3-fluoro-4-methoxyphenyl)-8-methyl-4-oxo-3,4-dihydro-
quinazolin-2-yl)pyrrolidine-1-carboxylate (4c). 2-amino-5-
cyano-3-methylbenzoic acid (88.09 mg, 0.50 mmol) and
Boc-D-proline (0.14 g, 0.65 mmol) were dissolved in dry
pyridine (3 mL). Triphenyl phosphite (0.40 mL, 1.50 mmol)
was added to the mixture and the reaction mixture was
heated at 100° C. with MWI for 40 min. 3-Fluoro-4-
methoxyaniline (84.7 mg, 0.60 mmol) was added to the
mixture and the reaction mixture was heated at 100° C. with
MWTI for 2x20 min. Pyridine was removed in vacuo and the
residue was diluted with CH,Cl, (60 mL) and washed with
IN aqueous HCI (20 mL). The organic layer was washed
with H,O (20 mL) and brine (20 mL), dried over anhydrous
Na,SO,, and filtered, then the solvent was evaporated under
reduced pressure. The residue was purified by flash chro-
matography (0% Ethyl acetate/Hexane~40% Ethyl acetate/
Hexane) to afford 4c (29.50 mg, 12.4%) as off-white solid.
'HNMR (500 MHz, CDCl,) 8 8.40 (d, J=13.7 Hz, 1H), 7.77
(d, J=23.8 Hz, 1H), 7.38-7.06 (m, 2H), 6.99 (dt, ]=19.2, 6.2
Hz, 1H), 4.65-4.46 (m, 1H), 3.98 (dd, J=11.8, 2.8 Hz, 3H),
3.83-3.67 (m, 1H), 3.59-3.44 (m, 1H), 2.58 (s, 3H), 2.16-1.
84 (m, 4H), 1.42 (d, J=4.8 Hz, 5H), 1.28 (t, J=8.6 Hz, 4H).
MS (ESI) m/z: 479.1 (M+1)*.

[0329] Step 2. Synthesis of (R)-3-(3-fluoro-4-methoxy-
phenyl)-8-methyl-4-oxo0-2-(pyrrolidin-2-y1)-3,4-dihydro-
quinazoline-6-carbonitrile (5¢)

[0330] Under nitrogen, trifluoroacetic acid (0.04 mL, 0.54
mmol) was added to a solution of 4c (26.00 mg, 0.054
mmol) in dry CH,Cl, (1 mL) y at 0° C. The solution was
stirred at rt overnight, and then the solvent was removed in
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vacuo. The residue was diluted with CH,Cl, (20 mL),
washed sequentially with saturated solutions of Na,CO; (10
mL) and brine (10 mL), and the separated organic extract
was dried over anhydrous Na,SO,. Once filtered, the solvent
was evaporated under reduced pressure. The residue was
purified by flash chromatography (0% MeOH/CH,Cl,~5%
MeOH/CH,CL,) to afford 5S¢ (7.10 mg, 34.8%) as pale
yellow solid. 'H NMR (500 MHz, CDCl,) 8 8.42 (s, 1H),
7.80 (s, 1H), 7.12 (t, J=8.2 Hz, 1H), 7.08-6.97 (m, 2H), 3.98
(s, 3H), 3.90 (dd, J=14.4, 7.0 Hz, 1H), 3.28 (dd, J=10.7, 5.0
Hz, 1H), 2.83 (dd, J=10.3, 4.0 Hz, 1H), 2.64 (s, 3H), 2.04 (s,
2H), 1.85-1.75 (m, 4H). MS (ESI) m/z: 379.1 (M+1)*.

Example 53. Synthesis of 2-((2R,4S)-4-fluoropyrro-
lidin-2-y1)-3-(4-methoxyphenyl)-8-methyl-4-ox0-3,
4-dihydroquinazoline-6-carbonitrile (5d)

[0331] Prepared as shown in Scheme 2.

5d

OCH;

NC

il F

CH;

2-((2R 48)-4-fluoropyrrolidin-2-yl)-3-(4-methoxyphenyl)-8-methyl-4-
ox0-3,4-dihydroquinazoline-6-carbonitrile

[0332] Step 1. Synthesis of (2R,4S)-1-(tert-butoxycarbo-
nyl)-4-fluoropyrrolidine-2-carboxylic acid. To a solution of
(2R ,48)-4-fluoropyrrolidine-2-carboxylic acid (0.50 g, 3.76
mmol), di-tert-butyl dicarbonate (1.23 g, 5.63 mmol) in mL
THE (5 ml) was added the solution of sodium hydroxide
(0.17 g, 4.23 mmol) in H,O (2.5 ml) at 0° C., then stirred at
rt for 8 hours. The mixture was then adjusted to pH 2 with
1.0N HCI and extracted with ethyl acetate (2x30 ml). The
combined organic layers were washed with brine and dried
over anhydrous Na,SO,, then concentrated under reduced
pressure to afford (2R,4S)-1-(tert-butoxycarbonyl)-4-fluoro-
pyrrolidine-2-carboxylic acid (0.86 g, 98.1%) as pale orange
oil. 'H NMR (400 MHz, CDCl;) § 5.31-5.18 (m, 1H),
4.51-438 (m, 1H), 3.95-3.88 (m, 1H), 3.65-3.56 (m, 1H),
2.74-2.53 (m, 1H), 2.47-2.07 (m, 1H), 1.49 (s, SH), 1.44 (s,
4H). MS (ESI) m/z: 234.1 (M+1)*.

[0333] Step 2. Synthesis of tert-butyl (2R,4S)-2-(6-cyano-
3-(4-methoxyphenyl)-8-methyl-4-0x0-3,4-dihydroquinazol-
in-2-yl)-4-fluoropyrrolidine-1-carboxylate (4d). 2-Amino-5-
cyano-3-methylbenzoic acid (44.05 mg, 0.25 mmol) and
(2R 48)-1-(tert-butoxycarbonyl)-4-fluoropyrrolidine-2-car-
boxylic acid (75.80 mg, 0.33 mmol) were dissolved in dry
pyridine. Triphenyl phosphite (0.19 mL, 0.75 mmol) was
added to the mixture and the reaction mixture was heated at
100° C. with MWT for 40 min. 4-methoxyaniline (36.96 mg,
0.30 mmol) was added to the mixture and the reaction
mixture was heated at 100° C. with MWI for 20 min.
Pyridine was removed in vacuo and the residue was diluted
with CH,Cl, (30 mL) and washed with 1N HCI aqueous (20
mL). The organic layer was washed with H,O (30 mL) and
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brine (30 mL), dried over anhydrous Na,SO,, and filtrated,
then the solvent was evaporated under reduced pressure. The
residue was purified by flash chromatography (0% Ethyl
acetate/Hexane to 30% Ethyl acetate/Hexane) to afford 4d
(56.65 mg, 47.5%) as colorless oil. '"H NMR (400 MHz,
CDCL,) 8 8.33 (dd, 1=12.6, 1.3 Hz, 1H), 7.69 (d, J=20.2 Hz,
1H), 7.45-7.16 (m, 1H), 7.06-6.86 (m, 3H), 5.24-5.12 (m,
1H), 4.68-4.45 (m, 1H), 3.86-3.75 (s, 5H), 2.49 (s, 3H),
2.28-2.05 (m, 2H), 1.35 (s, SH), 1.17 (s, 4H). MS (ESI) m/z:
479.1 M+1)*.

[0334] Step 3. Synthesis of 2-((2R,4S)-4-fluoropyrrolidin-
2-y1)-3-(4-methoxyphenyl)-8-methyl-4-oxo0-3,4-dihydro-
quinazoline-6-carbonitrile (5d)

[0335] Under nitrogen, trifluoroacetic acid (0.16 mL, 2.08
mmol) was added to a solution of 4d (50.00 mg, 0.10 mmol)
in dry CH,Cl, (2 mL) at 0° C. The solution was stirred at rt
overnight, and then the solvent was removed in vacuo. The
residue was diluted with CH,Cl, (30 mL), washed sequen-
tially with saturated solutions of Na,CO; (10 mL) and brine
(10 mL), and the separated organic extract was dried over
anhydrous Na,SO,. Once filtered, the solvent was evapo-
rated under reduced pressure. The residue was purified by
flash chromatography (0% MeOH/CH,Cl,~5% MeOH/
CH,Cl,) to afford 5d (26.40 mg, 69.8%) as pale yellow
solid. '"H NMR (400 MHz, CDCl,) § 8.35 (d, J=1.5 Hz, 1H),
7.71 (d, J=1.2 Hz, 1H), 7.21 (t, J=2.6 Hz, 1H), 7.09-7.05 (m,
1H), 7.03-6.98 (m, 2H), 5.23 (dt, ]=54.3, 4.1 Hz, 1H), 4.19
(t, J=7.6 Hz, 1H), 3.82 (s, 3H), 3.39-3.24 (m, 1H), 3.18-3.08
(m, 1H), 2.55 (s, 3H), 2.31-2.19 (m, 1H), 2.15-2.04 (m, 1H).
MS (ESI) m/z: 379.1 (M+1)*.

Example 54. Synthesis of 3-(3-fluoro-4-methoxy-
phenyl)-2-((2R ,4S)-4-fluoropyrrolidin-2-yl)-8-
methyl-4-oxo0-3,4-dihydroquinazoline-6-carbonitrile
(5¢)

[0336] Prepared as shown in Scheme 2.

Se

OCH;

NC

st F

CH;

3-(3-fluoro-4-methoxyphenyl)-2-((2R 4S)-4-fluoropyrrolidin-2-yl)-8-
methyl-4-ox0-3,4-dihydroquinazoline-6-carbonitrile

[0337] Step 1. Synthesis of tert-butyl (2R,4S)-2-(6-cyano-
3-(3-fluoro-4-methoxyphenyl)-8-methyl-4-oxo-3,4-dihyd-

roquinazol-in-2-yl)-4-fluoropyrrolidine-1-carboxylate (4e).
2-amino-5-cyano-3-methylbenzoic acid (35.24 mg, 0.20
mmol) and (2R,4S)-1-(tert-butoxycarbonyl)-4-fluoropyrro-
lidine-2-carboxylic acid 60.64 mg, 0.26 mmol) were dis-
solved in dry pyridine (3 mL). Triphenyl phosphite (0.16
mL, 0.60 mmol) was added to the mixture and the reaction
mixture was heated at 100° C. with MWI for 40 min.
3-Fluoro-4-methoxyaniline (33.88 mg, 0.24 mmol) was
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added to the mixture and the reaction mixture was heated at
100° C. with MWI for 20 min. Pyridine was removed in
vacuo and the residue was diluted with CH,Cl, (30 mL) and
washed with IN HCI aqueous (20 mL). The organic layer
was washed with H,O (30 mL) and brine (30 mL), dried
over anhydrous Na,SO,, and filtered, then the solvent was
evaporated under reduced pressure. The residue was purified
by flash chromatography (0% Ethyl acetate/CH,Cl,~ 30%
Ethyl acetate/CH,Cl,) to afford 4e (25.30 mg, 25.5%) as
pale yellow oil. 'H NMR (500 MHz, CDCl,) § 8.33 (d,
1=14.8 Hz, 1H), 7.70 (d, J=25.7 Hz, 1H), 7.38-7.01 (m, 2H),
6.92-6.81 (m, 1H), 5.17 (dd, J=52.7, 15.2 Hz, 1H), 4.65-4.58
(m, 1H), 3.98-3.69 (m, 5H), 2.49 (s, 3H), 2.36-2.10 (m, 2H),
134 (d, J=5.1 Hz, 5H), 1.17 (d, J=1.8 Hz, 4H). MS (ESD)
m/z: 497.1 (M+1)*.

[0338] Step 2. Synthesis of 3-(3-fluoro-4-methoxyphe-
nyl)-2-((2R,4S)-4-fluoropyrrolidin-2-yl)-8-methyl-4-oxo0-3,
4-dihydroquinazoline-6-carbonitrile (Se)

[0339] Under nitrogen, trifluoroacetic acid (0.07 mL, 1.00
mmol) was added to a solution of 4e (25.00 mg, 0.05 mmol)
in dry CH,Cl, (1 mL) at 0° C., then stirred at room
temperature overnight, then the solvent was removed in
vacuo and the residue was diluted with CH,Cl, (20 mL) and
washed with saturated solutions of Na,CO; (10 mL) and
brine (10 mL), dried over anhydrous Na,SO,, and filtered,
then the solvent was evaporated under reduced pressure. The
residue was purified by flash chromatography (0% MeOH/
CH,C1,~5% MeOH/CH,Cl,) to afford Se (11.18 mg, 56.0%)
as pale yellow solid. '"H NMR (400 MHz, CDCl,) 8 8.35 (s,
1H), 7.73 (s, 1H), 7.11-7.02 (m, 2H), 6.92 (dd, J=15.4, 5.5
Hz, 1H), 5.25 (dt, J=54.4, 3.8 Hz, 1H), 4.17 (q, J=7.5 Hz,
1H), 3.91 (s, 3H), 3.35-3.06 (m, 2H), 2.55 (s, 3H), 2.43-2.23
(m, 1H), 2.19-2.06 (m, 1H). MS (ESI) m/z: 397.1 (M+1)*.

Scheme 3
Synthetic approach to quinazolinone compounds
7a-1 and 8a-f, Examples 52-72
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Example 55. Synthesis of (R)-3-(4-methoxyphe-
nyl)-8-methyl-6-nitro-2-(pyrrolidin-2-yl) quinazo-
lin-4 (3H)-one (7a)

[0340] Prepared according to Scheme 3.

OCH;

O,N

CH;

(R)-3-(4-methoxyphenyl)-8-methyl-6-nitro-2-(pyrrolidin-2-
yl)quinazolin-4(3 H)-one

Ta
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[0341] Step 1. Synthesis of 2-acetoamido-3-methyl-ben-
zoic acid. Acetic anhydride (18.65 mL, 198.45 mmol) was
added to the 2-amino-3-methylbenzoic acid (10.00 g, 66.15
mmol), then the resulting suspension was heated to reflux for
2 h. After cooling to room temperature, the mixture was
poured into ice/water and the suspension was stirred for 2 h,
then the resulting precipitate was collected by filtration.
After washing the residue with water, the resulting solid was
dissolved with acetone, then dried over with anhydrous
Na,SO,, and filtered, then the solvent was evaporated under
reduced pressure to afford 2-acetoamido-3-methyl-benzoic
acid (11.96 g, 94.0%) as light brown solid. "H NMR (400
MHz, DMSO) 6 9.48 (brs, 1H), 7.59 (d, J=7.1 Hz, 1H), 7.42
(d, J=7.3 Hz, 1H), 7.22 (t, J=7.6 Hz, 1H), 2.20 (s, 3H), 2.01
(s, 3H). MS (ESI) m/z: 194.1 (M+1)*.

[0342] Step 2. Synthesis of 2-acetamido-3-methyl-5-ni-
trobenzoic acid. 2-acetoamido-3-methyl-benzoic acid (9.00
g, 46.64 mmol) was dissolved in concentrated H,SO, (120
mL), and the resulting mixture was cooled to 0° C. Fuming
HNO, (13.04 mL, 279.85 mmol) was slowly added, then the
mixture was stirred at 0° C. for 12 h. The mixture was
poured into ice/water and the suspension was stirred for 2 h,
then the resulting precipitate was collected by filtration.
After washing the residue with water, the resulting solid was
dissolved with acetone, then dried over with anhydrous
Na,SO,, and filtered, then the solvent was evaporated under
reduced pressure to afford 2-acetamido-3-methyl-5-ni-
trobenzoic acid (9.60 g, 86.6%) as off-white solid. 'H NMR
(400 MHz, DMSO) 8 9.97 (s, 1H), 8.31 (s, 2H), 2.35 (s, 3H),
2.07 (s, 3H). MS (ESI) m/z: 239.1 (M+1)*.

[0343] Step 3. Synthesis of 2-amino-3-methyl-5-nitroben-
zoic acid. 2-acetamido-3-methyl-5-nitrobenzoic acid (2.80
g, 11.76 mmol) was dissolved in concentrated HCI (60 mL),
and the solution was refluxed for 4 h. After cooling to room
temperature, the mixture was poured into ice/water and the
suspension was stirred for 2 h, then the resulting precipitate
was collected by filtration. After washing the residue with
water, the resulting solid was dissolved with acetone, then
dried over with anhydrous Na,SO,, and filtered, then the
solvent was evaporated under reduced pressure to afford
2-amino-3-methyl-5-nitrobenzoic acid (1.75 g, 75.6%) as
pale yellow solid. "H NMR (400 MHz, DMSO) 8 13.28 (brs,
1H), 8.53 (d, J=2.7 Hz, 1H), 8.02 (d, ]=2.4 Hz, 1H), 7.72
(brs, 2H), 2.20 (s, 3H). MS (ESI) m/z: 197.1 (M+1)*.
[0344] Step 4. Synthesis of tert-butyl (R)-2-(3-(4-
methoxyphenyl)-8-methyl-6-nitro-4-ox0-3,4-dihydroqui-
nazolin-2-yl) pyrrolidine-1-carboxylate (6a). 2-amino-3-
methyl-5-nitrobenzoic acid (392.00 mg, 2.00 mmol) and
Boc-D-proline (0.56 g, 2.60 mmol) were dissolved in dry
pyridine (6 mL). Triphenyl phosphite (1.58 mL., 6.00 mmol)
was added to the mixture and the reaction mixture was
heated at 100° C. with MWI for 40 min. 4-methoxyaniline
(295.58 mg, 2.40 mmol) was added to the mixture and the
reaction mixture was heated at 100° C. with MWI for 20
min. Pyridine was removed in vacuo and the residue was
diluted with CH,CI, (160 mL) and washed with IN HCI
aqueous (80 mL). The organic layer was washed with H,O
(80 mL) and brine (80 mL), dried over anhydrous Na,SO,,
and filtered, then the solvent was evaporated under reduced
pressure. The residue was purified by flash chromatography
(0% Ethyl acetate/Hexane~40% Ethyl acetate/Hexane) to
afford 6a (0.48 g, 50.0%) as pale yellow solid. "HNMR (500
MHz, CDCl,) 8 8.93 (dd, J=14.1, 2.3 Hz, 1H), 8.38 (dd,
J=20.7, 1.9 Hz, 1H), 7.48-7.18 (m, 1H), 7.18-7.03 (m, 3H),
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4.61-4.56 (m, 1H), 3.89 (d, J=11.2 Hz, 3H), 3.82-3.71 (m,
1H), 3.56-3.48 (m, 1H), 2.64 (s, 3H), 2.16-1.84 (m, 4H),
1.43 (s, 4H), 1.26 (s, 5SH). MS (ESI) m/z: 481.1 (M+1)*.
[0345] Step 5. Synthesis of (R)-3-(4-methoxyphenyl)-8-
methyl-6-nitro-2-(pyrrolidin-2-yl) quinazolin-4 (3H)-one
(72)

[0346] Under nitrogen, trifluoroacetic acid (1.40 mlL,
18.40 mmol) was added to a solution of 6a (0.44 g, 0.92
mmol) in dry CH,Cl, (30 mL) at 0° C., then stirred at room
temperature overnight, then the solvent was removed in
vacuo and the residue was diluted with CH,Cl, (40 mL) and
washed with saturated solutions of Na,CO; (20 mL) and
brine (20 mL), dried over anhydrous Na,SO,, and filtered,
then the solvent was evaporated under reduced pressure. The
residue was purified by flash chromatography (0% MeOH/
CH,C1,~5% MeOH/CH,Cl,) to afford 7a (0.15 g, 42.9%) as
pale yellow solid. '"H NMR (400 MHz, CDCl,) & 8.95 (d,
1=2.3 Hz, 1H), 8.40 (d, J=1.7 Hz, 1H), 7.23-7.15 (m, 2H),
7.07 (d, J=9.1 Hz, 2H), 3.94-3.85 (m, 4H), 3.29 (dd, J=11.0,
5.0 Hz, 1H), 2.82 (dt, I=13.6, 6.8 Hz, 1H), 2.70 (s, 3H),
1.87-1.70 (m, 4H). MS (ESI) nvz: 381.1 (M+1)*.

Example 56. Synthesis of (S)-3-(4-methoxyphenyl)-
8-methyl-6-nitro-2-(pyrrolidin-2-yl) quinazolin-4
(3H)-one (7b)

[0347] Prepared according to Scheme 3.

7b
OCH;

O,N

CH; HN

(8)-3-(4-methoxyphenyl)-8-methyl-6-nitro-2-(pyrrolidin-2-
yl)quinazolin-4(3 H)-one

[0348] Step 1. Synthesis of tert-butyl (S)-2-(3-(4-
methoxyphenyl)-8-methyl-6-nitro-4-oxo0-3,4-dihydroqui-

nazolin-2-yl) pyrrolidine-1-carboxylate (6b). 2-amino-3-
methyl-5-nitrobenzoic acid (156.93 mg, 0.80 mmol) and
Boc-L-proline (223.86 mg, 1.04 mmol) were dissolved in
dry pyridine (5 mL). Triphenyl phosphite (0.63 mL, 2.40
mmol) was added to the mixture and the reaction mixture
was heated at 100° C. with MWI for 40 min. 4-methoxya-
niline (118.23 mg, 0.96 mmol) was added to the mixture and
the reaction mixture was heated at 100° C. with MWI for 20
min. Pyridine was removed in vacuo and the residue was
diluted with CH,Cl, (100 mL) and washed with 1N HCI
aqueous (60 mL). The organic layer was washed with H,O
(60 mL) and brine (60 mL), dried over anhydrous Na,SO,,
and filtered, then the solvent was evaporated under reduced
pressure. The residue was purified by flash chromatography
(0% Ethyl acetate/Hexane~50% Ethyl acetate/Hexane) to
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afford 6b (0.18 g, 46.8%) as pale yellow solid. "H NMR (400
MHz, CDCl,) 8 8.92 (dd, J=12.0, 2.5 Hz, 1H), 8.37 (dd,
1=17.1, 2.1 Hz, 1H), 7.48-7.21 (m, 1H), 7.18-7.02 (m, 3H),
4.61-4.52 (m, 1H), 3.89 (d, J=8.8 Hz, 3H), 3.85-3.71 (m,
1H), 3.60-3.46 (m, 1H), 2.64 (s, 3H), 2.14-1.84 (m, 4H),
1.43 (s, 4H), 1.26 (s, SH). MS (ESI) m/z: 481.1 (M+1)".
[0349] Step 2. Synthesis of (S)-3-(4-methoxyphenyl)-8-
methyl-6-nitro-2-(pyrrolidin-2-yl) quinazolin-4 (3H)-one
(7b)

[0350] Under nitrogen, trifluoroacetic acid (0.55 mL, 7.50
mmol) was added to a solution of 6b (0.18 g, 0.37 mmol) in
dry CH,Cl, (10 mL) at 0° C., then stirred at room tempera-
ture overnight, then the solvent was removed in vacuo and
the residue was diluted with CH,Cl, (30 mL) and washed
with saturated solutions of Na,CO; (20 mL) and brine (20
mL), dried over anhydrous Na,SO,, and filtered, then the
solvent was evaporated under reduced pressure. The residue
was purified by flash chromatography (0% MeOH/
CH,Cl,~5% MeOH/CH,Cl,) to afford 7b (0.12 g, 85.2%) as
pale yellow solid. 'H NMR (400 MHz, CDCl,) & 8.95 (d,
1=2.6 Hz, 1H), 8.42 (d, J=1.6 Hz, 1H), 7.23-7.15 (m, 2H),
7.09-7.05 (m, 2H), 3.96-3.82 (m, 4H), 3.29 (dt, J=15.0, 6.1
Hz, 1H), 2.82 (dt, J=10.8, 6.7 Hz, 1H), 2.70 (s, 3H),
1.86-1.72 (m, 4H). MS (ESI) nvz: 381.1 (M+1)".

Example 57. Synthesis of (R)-3-(4-methoxyphe-
nyl)-8-methyl-2-(1-methylpyrrolidin-2-yl)-6-nitro-
quinazolin-4 (3H)-one (8a)

[0351] Prepared according to Scheme 3 via reductive
amination of 7a.

8a
OCH;

0N

CH;

(R)-3-(4-methoxyphenyl)-8-methyl-2-(1-methylpyrrolidin-2-yl)-6-
nitroquinazolin-4(3 H)-one

Synthesis of (R)-3-(4-methoxyphenyl)-8-methyl-2-
(1-methylpyrrolidin-2-yl)-6-nitroquinazolin-4 (3H)-
one (8a)

[0352] Acetic acid (0.02 mL) was added to the solution of
7a (76.10 mg, 0.20 mmol) and formaldehyde solution 37.0%
in H,O (32.43 mg, 0.40 mmol) in MeOH (2 mL) and CH,Cl,
(2 mL), stirred at room temperature for 1 h, then sodium
cyanoborohydride (18.85 mg, 0.30 mmol) was added to the
reaction mixture at 0° C., then stirred at room temperature
overnight, then the solvent was removed in vacuo and the
residue was diluted with CH,Cl, (30 mL) and washed with
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saturated solutions of Na,CO; (20 mL) and brine (20 mL),
dried over anhydrous Na,SO,, and filtered, then the solvent
was evaporated under reduced pressure. The residue was
purified by flash chromatography (0% MeOH/CH,Cl,~5%
MeOH/CH,Cl,) to afford 8a (46.40 mg, 58.8%) as a pale
yellow amorphous solid. "HNMR (500 MHz, CDCl,) 8 8.95
(d, J=2.4 Hz, 1H), 8.39 (d, J=1.9 Hz, 1H), 7.19 (dd, J=8.5,
2.4 Hz, 1H), 7.12-7.04 (m, 3H), 3.90 (s, 3H), 3.47 (dd, J=8.0,
4.9 Hz, 1H), 3.30-3.23 (m, 1H), 2.73 (s, 3H), 2.50 (dd,
J=16.0, 7.6 Hz, 1H), 2.34 (s, 3H), 2.09-2.00 (m, 2H),
1.98-1.94 (m Hz, 1H), 1.83-1.75 (m, 1H). MS (ESI) m/z:
395.1 (M+1)*.

Example 58. Synthesis of (S)-3-(4-methoxyphenyl)-
8-methyl-2-(1-methylpyrrolidin-2-yl)-6-nitroqui-
nazolin-4 (3H)-one (8b)

[0353] Prepared according to Scheme 3 via reductive
amination of 7b.

8b
OCH;

0N

CH3 N
H3C/

(S)-3-(4-methoxyphenyl)-8-methyl-2-(1-methylpyrrolidin-2-
yl)-6-nitroquinazolin-4(3 H)-one

Synthesis of (S)-3-(4-methoxyphenyl)-8-methyl-2-
(1-methylpyrrolidin-2-y1)-6-nitroquinazolin-4 (3H)-
one (8b)

[0354] Acetic acid (0.02 mL) was added to the solution of
7b (76.10 mg, 0.20 mmol) and formaldehyde solution 37.0%
in H,O (32.46 mg, 0.40 mmol) in MeOH (2 mL) and CH,Cl,
(2 mL), stirred at room temperature for 1 h, then sodium
cyanoborohydride (18.85 mg, 0.30 mmol) was added to the
reaction mixture at 0° C., then stirred at room temperature
overnight, then the solvent was removed in vacuo and the
residue was diluted with CH,Cl, (30 mL) and washed with
saturated solutions of Na,CO; (20 mL) and brine (20 mL),
dried over anhydrous Na,SO,, and filtered, then the solvent
was evaporated under reduced pressure. The residue was
purified by flash chromatography (0% MeOH/CH,C1,~5%
MeOH/CH,Cl,) to afford 8b (45.60 mg, 57.8%) as a pale
yellow amorphous solid. "HNMR (500 MHz, CDCl,) 8 8.95
(d, J=2.5 Hz, 1H), 8.40 (d, J=1.9 Hz, 1H), 7.19 (dd, J=8.5,
2.5Hz, 1H), 7.12-7.06 (m, 3H), 3.90 (s, 3H), 3.47 (dd, J=8.0,
4.9 Hz, 1H), 3.29-3.21 (m, 1H), 2.73 (s, 3H), 2.50 (dd,
J=16.0, 7.5 Hz, 1H), 2.34 (s, 3H), 2.03 (dt, J=9.7, 7.9 Hz,
2H), 1.98-1.94 (m, 1H), 1.85-1.75 (m, 1H). MS (ESI) m/z:
395.1 M+1)*.
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Example 59. Synthesis of (R)-3-(3-fluoro-4-
methoxyphenyl)-8-methyl-6-nitro-2-pyrrolidin-2-y1)
quinazolin-4 (3H)-one (7¢)

[0355] Prepared according to Scheme 3.

Te

OCHs

O,N

CH;

(R)-3-(3-fluoro-4-methoxypheny!l)-8-methyl-6-nitro-2-(pyrrolidin-2-
yl)quinazolin-4(3 H)-one

[0356] Step 1. Synthesis of tert-butyl (R)-2-(3-(3-fluoro-
4-methoxyphenyl)-8-methyl-6-nitro-4-oxo-3,4-dihydroqui-

nazolin-2-yl) pyrrolidine-1-carboxylate (6¢). 2-amino-3-
methyl-5-nitrobenzoic acid (98.08 mg, 0.50 mmol) and
Boc-D-proline (140.00 mg, 0.65 mmol) were dissolved in
dry pyridine (3 mL). Triphenyl phosphite (0.40 mL, 1.50
mmol) was added to the mixture and the reaction mixture
was heated at 100° C. with MWI for 40 min. 3-Fluoro-4-
methoxyaniline (84.68 mg, 0.60 mmol) was added to the
mixture and the reaction mixture was heated at 100° C. with
MWTI for 20 min. Pyridine was removed in vacuo and the
residue was diluted with CH,Cl, (60 mL) and washed with
IN HCI aqueous (20 mL). The organic layer was washed
with H,O (30 mL) and brine (30 mL), dried over anhydrous
Na,SO,, and filtered, then the solvent was evaporated under
reduced pressure. The residue was purified by flash chro-
matography (0% Ethyl acetate/CH,Cl,~5% Ethyl acetate/
CH,Cl,) to afford 6¢ (82.20 mg, 33.0%) as pale yellow solid.
'H NMR (500 MHz, CDCl,) & 8.89 (dd, J=16.5, 2.1 Hz,
1H), 8.36 (d, J=23.5 Hz, 1H), 7.40-7.08 (m, 2H), 7.11-6.96
(m, 1H), 4.67-4.48 (m, 1H), 3.98 (dd, J=11.8, 3.1 Hz, 3H),
3.82-3.63 (m, 1H), 3.58-3.51 (m, 1H), 2.63 (d, J=4.0 Hz,
3H), 2.19-1.82 (m, 4H), 1.43 (d, J=5.4 Hz, 5H), 1.27 (d,
J=2.1 Hz, 4H). MS (ESI) m/z: 499.1 (M+1)*.

[0357] Step 2. Synthesis of (R)-3-(3-fluoro-4-methoxy-
phenyl)-8-methyl-6-nitro-2-(pyrrolidin-2-yl)  quinazolin-4
(3H)-one (7¢)

[0358] Under nitrogen, trifluoroacetic acid (0.18 mL, 2.40
mmol) was added to a solution of 6¢ (60.00 mg, 0.12 mmol)
in dry CH,Cl, (2 mL) at 0° C., then stirred at room
temperature overnight, then the solvent was removed in
vacuo and the residue was diluted with CH,Cl, (20 mL) and
washed with saturated solutions of Na,CO; (10 mL) and
brine (10 mL), dried over anhydrous Na,SO,, and filtered,
then the solvent was evaporated under reduced pressure. The
residue was purified by flash chromatography (0% MeOH/
CH,Cl,~5% MeOH/CH,Cl,) to afford 7c (26.00 mg,
54.4%) as pale yellow solid. "H NMR (500 MHz, CDCl,) &
8.93 (d, J=2.2 Hz, 1H), 8.40 (d, J=1.7 Hz, 1H), 7.17-6.98 (m,
3H), 3.98 (s, 3H), 3.92 (dd, J=14.6, 7.0 Hz, 1H), 3.29 (dt,
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1=11.4, 5.9 Hz, 1H), 2.84 (td, J=11.0, 6.5 Hz, 1H), 2.30 (s,
2H), 2.71 (s, 3H), 1.88-1.75 (m, 4H). MS (ESI) m/z: 399.1
M+1)*.

Example 60. Synthesis of (R)-3-(4-chloro-3-fluoro-

phenyl)-8-methyl-6-nitro-2-(pyrrolidin-2-yl) qui-
nazolin-4 (3H)-one (7d)

[0359] Prepared according to Scheme 3.

7d

Cl

0N

CH;

(R)-3-(4-chloro-3-fluorophenyl)-8-methyl-6-nitro-2-(pyrrolidin-2-
yl)quinazolin-4(3 H)-one

[0360] Step 1. Synthesis of tert-butyl (R)-2-(3-(4-chloro-
3-fluorophenyl)-8-methyl-6-nitro-4-ox0-3,4-dihydroqui-
nazo-lin-2-yl) pyrrolidine-1-carboxylate (6d). 2-amino-3-
methyl-5-nitrobenzoic acid (78.65 mg, 0.40 mmol) and
Boc-D-proline (112.00 mg, 0.32 mmol) were dissolved in
dry pyridine (3 mL). Triphenyl phosphite (0.32 mL, 1.20
mmol) was added to the mixture and the reaction mixture
was heated at 100° C. with MWI for 40 min. 4-Chloro-3-
fluoroaniline (69.86 mg, 0.48 mmol) was added to the
mixture and the reaction mixture was heated at 100° C. with
MWI for 30 min. Pyridine was removed in vacuo and the
residue was diluted with CH,Cl, (60 mL) and washed with
1IN HCI aqueous (20 mL). The organic layer was washed
with H,O (30 mL) and brine (30 mL), dried over anhydrous
Na,SO,, and filtered, then the solvent was evaporated under
reduced pressure. The residue was purified by flash chro-
matography (0% Ethyl acetate/Hexane~40% Ethyl acetate/
Hexane) to afford 6d (38.80 mg, 19.3%) as pale yellow solid.
'"HNMR (400 MHz, CDCl,) 6 8.88 (d, J=11.3 Hz, 1H), 8.38
(d, J=18.1 Hz, 1H), 7.69-7.54 (m, 1H), 7.51-7.01 (m, 2H),
4.58-4.45 (m, 1H), 3.86-3.69 (m, 1H), 3.61-3.45 (m, 1H),
2.65 (d, J=3.4 Hz, 3H), 2.20-1.86 (m, 4H), 1.42 (d, J=1.9 Hz,
5H), 1.27 (d, J=4.8 Hz, 4H). MS (ESD) m/z: 503.1 (M+1)*.
[0361] Step 2. Synthesis of (R)-3-(4-chloro-3-fluorophe-
nyl)-8-methyl-6-nitro-2-(pyrrolidin-2-yl) quinazolin-4
(3H)-one (7d)

[0362] Under nitrogen, trifluoroacetic acid (0.088 mlL,
1.20 mmol) was added to a solution of 6d (30.00 mg, 0.06
mmol) in dry CH,Cl, (2 mL) at 0° C., then stirred at room
temperature overnight, then the solvent was removed in
vacuo and the residue was diluted with CH,Cl, (20 mL) and
washed with saturated solutions of Na,CO; (10 mL) and
brine (10 mL), dried over anhydrous Na,SO,, and filtered,
then the solvent was evaporated under reduced pressure. The
residue was purified by flash chromatography (0% MeOH/
CH,Cl,~5% MeOH/CH,Cl,) to afford 7d (19.68 mg,
81.4%) as pale yellow solid. 'H NMR (400 MHz, CDCl,) &
8.91 (d, J=2.3 Hz, 1H), 8.41 (d, J=1.7 Hz, 1H), 7.63 (t, J=8.1
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Hz, 1H), 7.21-7.05 (m, 2H), 3.89 (t, J=6.8 Hz, 1H), 3.31-
3.25 (m, 1H), 2.89-2.83 (m, 1H), 2.71 (d, J=8.6 Hz, 3H),
1.91-1.76 (m, 4H). MS (ESI) m/z: 403.1 (M+1)*.

Example 61. Synthesis of 2-((2R,4S)-4-fluoropyrro-
lidin-2-y1)-3-(4-methoxyphenyl)-8-methyl-6-nitro-
quinazolin-4 (3H)-one (7e)

[0363] Prepared according to Scheme 3.

Te

OCH;

O,N

ot F

CH;

2-((2R 48)-4-fluoropyrrolidin-2-yl)-3-(4-methoxyphenyl)-8-methyl-6-
nitroquinazolin-4(3 H)-one

[0364] Step 1. Synthesis of tert-butyl (2R,4S)-4-fluoro-2-
(3-(4-methoxypheny!)-8-methyl-6-nitro-4-oxo-3,4-dihydro-
quinazolin-2-yl) pyrrolidine-1-carboxylate (6e). 2-amino-3-
methyl-5-nitrobenzoic acid (49.04 mg, 0.25 mmol) and
(2R,48)-1-(tert-butoxycarbonyl)-4-fluoropyrrolidine-2-car-
boxylic acid (75.80 mg, 0.33 mmol) were dissolved in dry
pyridine (1.5 mL). Triphenyl phosphite (0.20 mL, 0.75
mmol) was added to the mixture and the reaction mixture
was heated at 100° C. with MWI for 40 min. 4-methoxya-
niline (36.95 mg, 0.30 mmol) was added to the mixture and
the reaction mixture was heated at 100° C. with MWI for
1x20 min. Pyridine was removed in vacuo and the residue
was diluted with CH,Cl, (30 mL) and washed with 1N HCI]
aqueous (20 mL). The organic layer was washed with H,O
(20 mL) and brine (20 mL), dried over anhydrous Na,SO,,
and filtered, then the solvent was evaporated under reduced
pressure. The residue was purified by flash chromatography
(0% Ethyl acetate/Hexane~25% Ethyl acetate/Hexane) to
afford Ge (49.30 mg, 39.6%) as pale yellow solid. '"H NMR
(500 MHz, CDCl,) 8 8.90 (dd, J=22.3, 2.3 Hz, 1H), 8.35 (dd,
J=27.0, 1.7 Hz, 1H), 7.51-7.21 (m, 1H), 7.15-7.02 (m, 3H),
5.25(dd, J=52.7,16.8 Hz, 1H), 4.72 (dt, ]=28.2,7.7 Hz, 1H),
4.04-3.73 (m, 5H), 2.60 (d, J=6.2 Hz, 3H), 2.45-2.17 (m,
2H), 1.42 (s, SH), 1.24 (s, 4H). MS (BSI) m/z: 499.1 (M+1)*.
[0365] Step 2. Synthesis of 2-((2R,4S)-4-fluoropyrrolidin-
2-y1)-3-(4-methoxyphenyl)-8-methyl-6-nitroquinazolin-4
(3H)-one (7e)

[0366] Under nitrogen, trifluoroacetic acid (0.13 mL, 1.80
mmol) was added to a solution of 6e (45.00 mg, 0.09 mmol)
in dry CH,Cl, (1.5 mL) at 0° C., then stirred at room
temperature overnight, then the solvent was removed in
vacuo and the residue was diluted with CH,Cl, (20 mL) and
washed with saturated solutions of Na,CO; (10 mL) and
brine (10 mL), dried over anhydrous Na,SO,, and filtered,
then the solvent was evaporated under reduced pressure. The
residue was purified by flash chromatography (0% MeOH/
CH,Cl1,~5% MeOH/CH,Cl,) to afford 7e (30.70 mg,
85.6%) as pale yellow solid: mp 183.06-185.34° C. '"H NMR
(500 MHz, CDCl,) § 8.93 (d, J=2.4 Hz, 1H), 8.38 (d, J=1.9
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Hz, 1H), 7.28 (dd, J=7.1, 3.9 Hz, 1H), 7.15 (dd, J=9.0, 2.4
Hz, 1H), 7.12-7.06 (m, 2H), 5.31 (dt, J=54.4, 3.9 Hz, 1H),
425 (t, J=7.7 Hz, 1H), 3.90 (s, 3H), 3.42-3.31 (m, 1H),
3.25-3.16 (m, 1H), 2.67 (s, 3H), 2.41-2.30 (m, 1H), 2.21-2.
15 (m, 1H). MS (BSD) m/z: 399.1 (M+1)".

Example 62. Synthesis of 2-((2R,4S)-4-fluoropyrro-
lidin-2-y1)-3-(3-fluoro-4-methoxyphenyl)-8-methyl-
6-nitroquinazolin-4 (3H)-one (7f)

[0367] Prepared according to Scheme 3.
7t
OCH;

OsN,

st F

CH;

3-(3-fluoro-4-methoxyphenyl)-2-((2R 4S)-4-fluoropyrrolidin-2-yl)-8-
methyl-6-nitroquinazolin-4(3 H)-one

[0368] Step 1. Synthesis of tert-butyl (2R,4S)-4-fluoro-2-
(3-(3-fluoro-4-methoxyphenyl)-8-methyl-6-nitro-4-oxo-3,
4-dihydroquinazolin-2-yl) pyrrolidine-1-carboxylate (61).
2-amino-3-methyl-5-nitrobenzoic acid (78.65 mg, 0.40
mmol) and (2R,4S)-1-(tert-butoxycarbonyl)-4-fluoropyrro-
lidine-2-carboxylic acid (121.28 mg, 0.52 mmol) were dis-
solved in dry pyridine (3 mL). Triphenyl phosphite (0.31
ml, 1.20 mmol) was added to the mixture and the reaction
mixture was heated at 100° C. with MWI for 40 min.
3-Fluoro-4-methoxyaniline (67.75 mg, 0.48 mmol) was
added to the mixture and the reaction mixture was heated at
100° C. with MWTI for 1x20 min. Pyridine was removed in
vacuo and the residue was diluted with CH,Cl, (40 mL) and
washed with 1IN HCI aqueous (20 mL). The organic layer
was washed with H,O (20 mL) and brine (20 mL), dried
over anhydrous Na,SO,, and filtered, then the solvent was
evaporated under reduced pressure. The residue was purified
by flash chromatography (0% Ethyl acetate/Hexane to 40%
Ethyl acetate/Hexane) to afford 6f (70.80 mg, 34.3%) as pale
yellow solid. 'H NMR (500 MHz, CDCl,) § 8.78 (d, J=23.0
Hz, 1H), 8.26 (d, J=28.5 Hz, 1H), 7.36-7.08 (m, 1H),
7.09-7.00 (m, 1H), 6.95-6.87 (m, 1H), 5.20 (dd, J=52.6, 18.6
Hz, 1H), 4.72-4.52 (m, 1H), 3.91 (dd, J=10.9, 5.2 Hz, 3H),
3.85-3.70 (m, 2H), 2.52 (d, J=7.9 Hz, 3H), 2.38-2.16 (m,
2H), 1.34 (d, J=6.0 Hz, SH), 1.17 (s, 4H). MS (ESI) m/z:
517.1 (M+1)*.

[0369] Step 2. Synthesis of 2-((2R,4S)-4-fluoropyrrolidin-
2-y1)-3-(3-fluoro-4-methoxypheny!)-8-methyl-6-nitroquin-
azolin-4 (3H)-one (71)

[0370] Under nitrogen, trifluoroacetic acid (0.18 mL, 2.40
mmol) was added to a solution of 6f (60.00 mg, 0.12 mmol)
in dry CH,Cl, (1.5 mL) at 0° C., then stirred at room
temperature overnight, then the solvent was removed in
vacuo and the residue was diluted with CH,Cl, (20 mL) and
washed with saturated solutions of Na,CO; (10 mL) and
brine (10 mL), dried over anhydrous Na,SO,, and filtered,
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then the solvent was evaporated under reduced pressure. The
residue was purified by flash chromatography (0% MeOH/
CH,Cl1,~5% MeOH/CH,Cl,) to afford 7 (23.70 mg, 47.4%)
as pale yellow solid. 'H NMR (400 MHz, CDCl,) § 8.85 (d,
J=2.5 Hz, 1H), 8.33 (d, J=2.3 Hz, 1H), 7.13-7.02 (m, 2H),
7.06-6.91 (m, 1H), 5.26 (dt, J=54.4, 3.9 Hz, 1H), 4.18 (dd,
J=13.3, 7.4 Hz, 1H), 3.92 (s, 3H), 3.35-3.22 (m, 1H),
3.18-3.11 (m, 1H), 2.60 (s, 3H), 2.41-2.32 (m, 1H), 2.19-2.
05 (m, 1H). MS (ESI) nv/z: 417.1 (M+1)*.

Example 63. Synthesis of 2-((2S,4R)-4-fluoropyrro-
lidin-2-y1)-3-(4-methoxyphenyl)-8-methyl-6-nitro-
quinazolin-4 (3H)-one (7g)

[0371] Prepared according to Scheme 3.
g
OCH;
@]
O,N.
N
H
N F
CH; HN

2-((2S,4R)-4-fluoropyrrolidin-2-yl)-3-(4-methoxyphenyl)-8-methyl-
6-nitroquinazolin-4(3 H)-one

[0372] Step 1. Synthesis of tert-butyl (2S,4R)-4-fluoro-2-
(3-(4-methoxypheny!)-8-methyl-6-nitro-4-oxo-3,4-dihydro-
quinazolin-2-yl) pyrrolidine-1-carboxylate (6g). 2-amino-3-
methyl-5-nitrobenzoic acid (78.48 mg, 0.40 mmol) and
(2S,4R)-1-(tert-butoxycarbonyl)-4-fluoropyrrolidine-2-car-
boxylic acid (121.28 mg, 0.52 mmol) were dissolved in dry
pyridine (2.5 mL). Triphenyl phosphite (0.34 mL, 1.20
mmol) was added to the mixture and the reaction mixture
was heated at 100° C. with MWI for 40 min. 4-methoxya-
niline (59.16 mg, 0.48 mmol) was added to the mixture and
the reaction mixture was heated at 100° C. with MWI for
1x20 min. Pyridine was removed in vacuo and the residue
was diluted with CH,Cl, (30 mL) and washed with 1N HCI
aqueous (20 mL). The organic layer was washed with H,O
(20 mL) and brine (20 mL), dried over anhydrous Na,SO,,
and filtered, then the solvent was evaporated under reduced
pressure. The residue was purified by flash chromatography
(0% Ethyl acetate/Hexane to 40% Ethyl acetate/Hexane) to
afford 6g (66.80 mg, 33.5%) as pale yellow solid. 'H NMR
(500 MHz, CDCl,) § 8.89 (dd, J=22.0, 2.5 Hz, 1H), 8.42-
830 (m, 1H), 7.51-7.18 (m, 1H), 7.14-7.01 (m, 3H), 5.37-
5.10 (m, 1H), 4.82-4.63 (m, 1H), 4.05-3.75 (m, 5H), 2.60 (d,
J=6.6 Hz, 3H), 2.44-2.17 (m, 2H), 1.42 (s, SH), 1.24 (s, 4H).
MS (ESI) nv/z: 499.1 (M+1)*.

[0373] Step 2. Synthesis of 2-((2S,4R)-4-fluoropyrrolidin-
2-y1)-3-(4-methoxyphenyl)-8-methyl-6-nitroquinazolin-4
(3H)-one (7g)

[0374] Under nitrogen, trifluoroacetic acid (0.15 mL, 2.00
mmol) was added to a solution of 6g (50.00 mg, 0.10 mmol)
in dry CH,Cl, (2 mL) at 0° C., then stirred at room
temperature overnight, then the solvent was removed in
vacuo and the residue was diluted with CH,Cl, (20 mL) and
washed with saturated solutions of Na,CO; (10 mL) and
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brine (10 mL), dried over anhydrous Na,SO,, and filtered,
then the solvent was evaporated under reduced pressure. The
residue was purified by flash chromatography (0% MeOH/
CH,Cl, to 5% MeOH/CH,Cl,) to afford 7g (35.40 mg,
88.1%) as pale yellow solid. "H NMR (400 MHz, CDCl,) &
8.93 (d, J=2.2 Hz, 1H), 8.38 (d, J=1.6 Hz, 1H), 7.29 (d, ]=3.1
Hz, 1H), 7.15 (dd, J=9.0, 2.3 Hz, 1H), 7.11-7.04 (m, 2H),
5.31(d, J=54.4 Hz, 1H), 4.25 (t, J=7.7 Hz, 1H), 3.90 (s, 3H),
3.41-3.32 (m, 1H), 3.25-3.11 (m, 1H), 2.67 (s, 3H), 2.41-2.
34 (m 1H), 2.25-2.10 (m, 1H). MS (ESI) m/z: 399.1 (M+1)*.

Example 64. Synthesis of 2-((2S,4R)-4-fluoropyrro-
lidin-2-y1)-3-(3-fluoro-4-methoxyphenyl)-8-methyl-
6-nitroquin-azolin-4 (3H)-one (7h)

[0375] Prepared according to Scheme 3.
7h
F
OCH;
(€]
O:N
N
H
N F
CH; HN

3-(3-fluoro-4-methoxyphenyl)-2-((2 S,4R)-4-fluoropyrrolidin-2-yl)-8-
methyl-6-nitroquinazolin-4(3 H)-one

[0376] Step 1. Synthesis of tert-butyl (2S,4R)-4-fluoro-2-
(3-(3-fluoro-4-methoxyphenyl)-8-methyl-6-nitro-4-oxo-3,
4-dihydroquinazolin-2-yl) pyrrolidine-1-carboxylate (6h).
2-amino-3-methyl-5-nitrobenzoic acid (78.65 mg, 0.40
mmol) and (2S,4R)-1-(tert-butoxycarbonyl)-4-fluoropyrro-
lidine-2-carboxylic acid (121.28 mg, 0.52 mmol) were dis-
solved in dry pyridine (2.5 mL). Triphenyl phosphite (0.31
ml, 1.20 mmol) was added to the mixture and the reaction
mixture was heated at 100° C. with MWI for 40 min.
3-Fluoro-4-methoxyaniline (67.75 mg, 0.48 mmol) was
added to the mixture and the reaction mixture was heated at
100° C. with MWTI for 1x20 min. Pyridine was removed in
vacuo and the residue was diluted with CH,Cl, (40 mL) and
washed with 1IN aqueous HCI (20 mL). The organic layer
was washed with H,O (20 mL) and brine (20 mL), dried
over anhydrous Na,SO,, and filtered, then the solvent was
evaporated under reduced pressure. The residue was purified
by flash chromatography (0% Ethyl acetate/Hexane 40%
Ethyl acetate/Hexane) to afford 6h (65.60 mg, 35.8%) as
pale yellow solid. '"H NMR (500 MHz, CDCl,) § 8.90 (dd,
J=19.6, 2.1 Hz, 1H), 8.43-8.32 (m, 1H), 7.38-7.11 (m, 2H),
7.08-6.91 (m, 1H), 5.41-5.16 (m, 1H), 4.79-4.61 (m, 1H),
4.04-3.76 (m, 5H), 2.61 (d, J=6.1 Hz, 3H), 2.45-2.17 (m,
2H), 1.41 (t, J=5.6 Hz, 5H), 1.24 (d, J=1.9 Hz, 4H). MS
(ESI) m/z: 517.1 (M+1)*.

[0377] Step 2. Synthesis of 2-((28,4R)-4-fluoropyrrolidin-
2-y1)-3-(3-fluoro-4-methoxyphenyl)-8-methyl-6-nitroquin-
azolin-4 (3H)-one (7h)

[0378] Under nitrogen, trifluoroacetic acid (0.15 mL, 2.00
mmol) was added to a solution of 6h (50.00 mg, 0.10 mmol)
in dry CH,Cl, (2 mL) at 0° C., then stirred at room
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temperature overnight, then the solvent was removed in
vacuo and the residue was diluted with CH,Cl, (20 mL) and
washed with saturated solutions of Na,CO; (10 mL) and
brine (10 mL), dried over anhydrous Na,SO,, and filtered,
then the solvent was evaporated under reduced pressure. The
residue was purified by flash chromatography (0% MeOH/
CH,Cl, to 5% MeOH/CH,Cl,) to afford 7h (36.20 mg,
86.9%) as pale yellow solid. "H NMR (400 MHz, CDCl,) &
891 (d, J=1.7 Hz, 1H), 8.39 (s, 1H), 7.20-7.10 (m, 2H),
7.05-6.93 (m, 1H), 5.34 (d, J=54.4 Hz, 1H), 4.25 (dd,
J=14.3, 7.2 Hz, 1H), 3.99 (s, 3H), 3.45-3.29 (m, 1H),
3.24-3.18 (m, 1H), 2.67 (s, 3H), 2.56-2.31 (m, 1H), 2.27-2.
10 (m, 1H). MS (ESD) m/z: 417.1 (M+1)*.

Example 65. Synthesis of (S)-3-(3-fluoro-4-

methoxyphenyl)-8-methyl-6-nitro-2-(pyrrolidin-3-yl)
quinazolin-4 (3H)-one (71)

[0379] Prepared according to Scheme 3.
7i

OCH;

O,N

CH;

(S)-3-(3-fluoro-4-methoxyphenyl)-8-methyl-6-nitro-2- (pyrrolidin-3-
yl)quinazolin-4(3 H)-one

[0380] Step 1. Synthesis of tert-butyl (S)-3-(3-(3-fluoro-
4-methoxyphenyl)-8-methyl-6-nitro-4-oxo-3,4-dihydro-
quin-azolin-2-yl) pyrrolidine-1-carboxylate (61). 2-amino-3-
methyl-5-nitrobenzoic acid (98.08 mg, 0.50 mmol) and
(S)—N-Boc-pyrrolidine-3-carboxylic acid (140.00 mg, 0.65
mmol) were dissolved in dry pyridine (3 mL). Triphenyl
phosphite (0.40 mL, 1.50 mmol) was added to the mixture
and the reaction mixture was heated at 110° C. with MWI for
40 min. 3-Fluoro-4-methoxyaniline (84.68 mg, 0.60 mmol)
was added to the mixture and the reaction mixture was
heated at 100° C. with MWI for 20 min. Pyridine was
removed in vacuo and the residue was diluted with CH,Cl,
(80 mL) and washed with 1N HCI aqueous (40 mL). The
organic layer was washed with H,O (30 mL) and brine (30
mL), dried over anhydrous Na,SO,, and filtered, then the
solvent was evaporated under reduced pressure. The residue
was purified by flash chromatography (0% Ethyl acetate/
Hexane~50% acetate/Hexane) to afford 61 (37.90 mg,
15.1%) as pale yellow solid. '"H NMR (400 MHz, CDCl,) §
8.89 (s, 1H), 8.38 (s, 1H), 7.18-6.96 (m, 3H), 3.99 (s, 3H),
3.81-3.48 (m, 3H), 3.38-3.12 (m, 2H), 2.67 (s, 3H), 2.45-2.
28 (m, 1H), 2.11-1.98 (m, 1H), 1.46 (s, 9H). MS (ESI) m/z:
499.1 M+1)*.

[0381] Step 2. Synthesis of (S)-3-(3-fluoro-4-methoxy-
phenyl)-8-methyl-6-nitro-2-(pyrrolidin-3-yl)  quinazolin-4
(3H)-one (7i) Under nitrogen, trifluoroacetic acid (0.10 mL,
1.40 mmol) was added to a solution of 6i (35.00 mg, 0.07
mmol) in dry CH,Cl, (1.5 mL) at 0° C., then stirred at room
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temperature overnight, then the solvent was removed in
vacuo and the residue was diluted with CH,Cl, (20 mL) and
washed with saturated solutions of Na,CO; (10 mL) and
brine (10 mL), dried over anhydrous Na,SO,, and filtered,
then the solvent was evaporated under reduced pressure. The
residue was purified by flash chromatography (0% MeOH/
CH,Cl,~5% MeOH/CH,Cl,) to afford 7i (15.40 mg, 55.1%)
as pale yellow amorphous solid. 'H NMR (500 MHz,
CDCl,) & 8.93 (d, J=2.5 Hz, 1H), 8.39 (d, J=1.9 Hz, 1H),
7.17-7.11 (m, 1H), 7.05-6.97 (m, 2H), 3.99 (s, 3H), 3.43-3.
34 (m, 1H), 3.31-3.25 (m, 1H), 3.12-3.05 (m, 1H), 3.03-2.98
(m, 1H), 2.96-2.87 (m, 1H), 2.66 (s, 3H), 2.24-2.11 (m, 3H),
2.01-1.95 (m, 1H). MS (ESI) nvz: 399.1 (M+1)*.

Example 66. Synthesis of (S)-3-(3-fluoro-4-

methoxyphenyl)-8-methyl-2-(1-methylpyrrolidin-3-
yl)-6-nitroquinazolin-4 (3H)-one (8c)

[0382] Prepared according to Scheme 3.

8c

OCH3

0N

CH;

(S)-3-(3-fluoro-4-methoxyphenyl)-8-methyl-2-(1-methylpyrrolidin-3-yl)-
6-nitroquinazolin-4(3H)-one

Synthesis of (S)-3-(3-fluoro-4-methoxyphenyl)-8-
methyl-2-(1-methylpyrrolidin-3-yl)-6-nitroquinazo-
lin-4 (3H)-one (8¢)

[0383] Acetic acid (0.01 mL) was added to the solution of
71 (14.00 mg, 0.035 mmol) and formaldehyde solution
37.0% in H,O (5.68 mg, 0.070 mmol) in MeOH (0.6 mL)
and CH,CI, (0.6 mL), stirred at room temperature for 1 h,
then sodium cyanoborohydride (3.45 mg, 0.055 mmol) was
added to the reaction mixture at 0° C., then stirred at room
temperature overnight, then the solvent was removed in
vacuo and the residue was diluted with CH,Cl, (30 mL) and
washed with saturated solutions of Na,CO; (20 mL) and
brine (20 mL), dried over anhydrous Na,SO,, and filtered,
then the solvent was evaporated under reduced pressure. The
residue was purified by flash chromatography (0% MeOH/
CH,Cl1,~5% MeOH/CH,CL,) to afford 8c (8.96 mg, 62.1%)
as pale yellow solid. 'H NMR (500 MHz, CDCl,) 8 8.93 (d,
J=2.5 Hz, 1H), 8.40 (d, J=2.0 Hz, 1H), 7.12 (t, ]=8.7 Hz,
1H), 7.05-6.95 (m, 2H), 3.98 (s, 3H), 3.31-3.24 (m, 1H),
2.89 (t, J=8.5 Hz, 1H), 2.86-2.81 (m, 2H), 2.71 (s, 3H),
2.58-2.51 (m, 1H), 2.39 (s, 3H), 2.34-2.26 (m, 1H), 1.95-1.
86 (m, 1H). MS (ESI) m/z: 413.1 (M+1)*.
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Example 67. Synthesis of (R)-3-(3-fluoro-4-
methoxyphenyl)-8-methyl-6-nitro-2-(pyrrolidin-3-yl)
quinazolin-4 (3H)-one (7))

[0384] Prepared according to Scheme 3.
7j
F
OCH;
(¢]
O,N
N
H
FZ

N

CH;3 NH

(R)-3-(3-fluoro-4-methoxyphenyl)-8-methyl-6-nitro-2-(pyrrolidin-3-yl)
quinazolin-4(3H)-one

[0385] Step 1. Synthesis of tert-butyl (R)-3-(3-(3-fluoro-
4-methoxyphenyl)-8-methyl-6-nitro-4-oxo0-3,4-dihydroqui-

nazolin-2-yl) pyrrolidine-1-carboxylate (6j). 2-amino-3-
methyl-5-nitrobenzoic acid (98.08 mg, 0.50 mmol) and
(R)—N-Boc-pyrrolidine-3-carboxylic acid (140.00 mg, 0.65
mmol) were dissolved in dry pyridine (3 mL). Triphenyl
phosphite (0.40 mL, 1.50 mmol) was added to the mixture
and the reaction mixture was heated at 110° C. with MWI for
40 min. 3-Fluoro-4-methoxyaniline (84.68 mg, 0.60 mmol)
was added to the mixture and the reaction mixture was
heated at 100° C. with MWI for 20 min. Pyridine was
removed in vacuo and the residue was diluted with CH,Cl,
(100 mL) and washed with 1N HCI aqueous (40 mL). The
organic layer was washed with H,O (30 mL) and brine (30
mL), dried over anhydrous Na,SO,, and filtered, then the
solvent was evaporated under reduced pressure. The residue
was purified by flash chromatography (0% Ethyl acetate/
Hexane~50% acetate/Hexane) to afford 6] (37.80 mg,
15.1%) as pale yellow solid. '"H NMR (400 MHz, CDCl,) §
8.88 (s, 1H), 8.36 (s, 1H), 7.21-6.96 (m, 3H), 3.98 (s, 3H),
3.85-3.48 (m, 3H), 3.42-3.11 (m, 2H), 2.65 (s, 3H), 2.45-2.
28 (m, 1H), 2.15-1.98 (m, 1H), 1.45 (s, 9H). MS (ESI) m/z:
499.1 (M+1)*.

[0386] Step 2. Synthesis of (R)-3-(3-fluoro-4-methoxy-
phenyl)-8-methyl-6-nitro-2-(pyrrolidin-3-yl)  quinazolin-4
(3H)-one (7j) Under nitrogen, trifluoroacetic acid (0.10 mL,
1.40 mmol) was added to a solution of 6j (35.00 mg, 0.07
mmol) in dry CH,Cl, (1.5 mL) at 0° C., then stirred at room
temperature overnight, then the solvent was removed in
vacuo and the residue was diluted with CH,Cl, (20 mL) and
washed with saturated solutions of Na,CO; (10 mL) and
brine (10 mL), dried over anhydrous Na,SO,, and filtered,
then the solvent was evaporated under reduced pressure. The
residue was purified by flash chromatography (0% MeOH/
CH,C1,~5% MeOH/CH,Cl,) to atford 7j (18.80 mg, 67.4%)
as pale yellow amorphous solid. ‘H NMR (500 MHz,
CDCl,) & 8.91 (d, J=2.5 Hz, 1H), 8.41 (d, J=1.8 Hz, 1H),
7.18-7.11 (m, 1H), 7.08-6.98 (m, 2H), 3.98 (s, 3H), 3.45-3.
34 (m, 1H), 3.34-3.25 (m, 1H), 3.15-3.04 (m, 1H), 3.06-2.98
(m, 1H), 2.96-2.85 (m, 1H), 2.65 (s, 3H), 2.25-2.11 (m, 3H),
2.06-1.95 (m, 1H). MS (ESI) m/z: 399.1 (M+1)*.
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Example 68. Synthesis of (R)-3-(3-fluoro-4-
methoxyphenyl)-8-methyl-2-(1-methylpyrrolidin-3-
yl)-6-nitroquinazolin-4 (3H)-one (8d)

[0387] Prepared according to Scheme 3.
8d
F
OCH;
0
O,N
N
H
P
N
CH; N
CH;

(R)-3-(3-fluoro-4-methoxyphenyl)-8-methyl-2-(1-methylpyrrolidin-3-yl)-
6-nitroquinazolin-4(3H)-one

Synthesis of (R)-3-(3-fluoro-4-methoxyphenyl)-8-
methyl-2-(1-methylpyrrolidin-3-yl)-6-nitroquinazo-
lin-4 (3H)-one (8d)

[0388] Acetic acid (0.01 mL) was added to the solution of
7j (15.00 mg, 0.038 mmol) and formaldehyde solution
37.0% in H,O (6.18 mg, 0.076 mmol) in MeOH (0.6 mL)
and CH,Cl, (0.6 mL), stirred at room temperature for 1 h,
then sodium cyanoborohydride (3.55 mg, 0.056 mmol) was
added to the reaction mixture at 0° C., then stirred at room
temperature overnight, then the solvent was removed in
vacuo and the residue was diluted with CH,Cl, (30 mL) and
washed with saturated solutions of Na,CO; (20 mL) and
brine (20 mL), dried over anhydrous Na,SO,, and filtered,
then the solvent was evaporated under reduced pressure. The
residue was purified by flash chromatography (0% MeOH/
CH,C1,~5% MeOH/CH,Cl,) to afford 8d (9.86 mg, 62.9%)
as pale yellow solid. 'H NMR (500 MHz, CDCl,) 8 8.93 (d,
J=2.6 Hz, 1H), 8.40 (d, J=1.9 Hz, 1H), 7.12 (t, J=8.7 Hz,
1H), 7.05-6.96 (m, 2H), 3.98 (s, 3H), 3.31-3.24 (m, 1H),
2.91-2.86 (m, 1H), 2.85-2.78 (m, 1H), 2.71 (s, 3H), 2.61-2.
55 (m, 1H), 2.39 (s, 3H), 2.34-2.26 (m, 2H), 1.96-1.88 m,

1H). MS (BSI) m/z: 413.1 (M+1)*.

Example 69. Synthesis of (S)-3-(3-fluoro-4-
methoxyphenyl)-8-methyl-6-nitro-2-(pyrrolidin-2-yl)
quinazolin-4 (3H)-one (7k)

[0389] Prepared according to Scheme 3.
Tk
F
OCHs
0
0N
N
H
F

N

CH; HN

(8)-3-(3-fluoro-4-methoxyphenyl)-8-methyl-6-nitro-2-(pyrrolidin-2-yl)
quinazolin-4(3H)-one
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[0390] Step 1. Synthesis of tert-butyl (S)-2-(3-(3-fluoro-
4-methoxyphenyl)-8-methyl-6-nitro-4-oxo0-3,4-dihydroqui-
nazolin-2-yl) pyrrolidine-1-carboxylate (6k). 2-amino-3-
methyl-5-nitrobenzoic acid (196.60 mg, 1.00 mmol) and
Boc-L-proline (280.00 mg, 1.30 mmol) were dissolved in
dry pyridine (5 mL). Triphenyl phosphite (0.79 mL, 3.00
mmol) was added to the mixture and the reaction mixture
was heated at 100° C. with MWI for 40 min. 3-Fluoro-4-
methoxyaniline (169.40 mg, 1.20 mmol) was added to the
mixture and the reaction mixture was heated at 100° C. with
MWTI for 30 min. Pyridine was removed in vacuo and the
residue was diluted with CH,Cl, (100 mL) and washed with
IN HCI aqueous (40 mL). The organic layer was washed
with H,O (60 mL) and brine (60 mL), dried over anhydrous
Na,SO,, and filtered, then the solvent was evaporated under
reduced pressure. The residue was purified by flash chro-
matography (0% Ethyl acetate/CH,Cl,~5% Ethyl acetate/
CH,Cl,) to afford 6k (0.18 g, 37.8%) as pale yellow solid.
'H NMR (500 MHz, CDCL,) & 8.86 (dd, J=16.6, 2.1 Hz,
1H), 8.35 (d, J=23.6 Hz, 1H), 7.41-7.06 (m, 2H), 7.11-6.95
(m, 1H), 4.68-4.51 (m, 1H), 3.96 (dd, J=11.6, 3.1 Hz, 3H),
3.824-3.61 (m, 1H), 3.58-3.51 (m, 1H), 2.65 (d, J=4.0 Hz,
3H), 2.21-1.82 (m, 4H), 1.43 (d, J=5.4 Hz, 5H), 1.28 (d,
J=2.1 Hz, 4H). MS (ESI) nv/z: 499.1 (M+1)*.
[0391] Step 2. Synthesis of (S)-3-(3-fluoro-4-methoxy-
phenyl)-8-methyl-6-nitro-2-(pyrrolidin-2-yl)  quinazolin-4
(3H)-one (7k)
[0392] Under nitrogen, trifluoroacetic acid (0.54 mL, 7.20
mmol) was added to a solution of 6k (0.18 g, 0.36 mmol) in
dry CH,Cl, (6 mL) at 0° C., then stirred at room temperature
overnight, then the solvent was removed in vacuo and the
residue was diluted with CH,Cl, (40 mL) and washed with
saturated solutions of Na,CO; (30 mL) and brine (30 mL),
dried over anhydrous Na,SO,, and filtered, then the solvent
was evaporated under reduced pressure. The residue was
purified by flash chromatography (0% MeOH/CH,C1,~5%
MeOH/CH,Cl,) to afford 7k (0.10 g, 69.7%) as pale yellow
solid. 'H NMR (500 MHz, CDCl,) § 8.91 (d, J=2.1 Hz, 1H),
8.41 (d, J=1.8 Hz, 1H), 7.18-6.96 (m, 3H), 3.98 (s, 3H), 3.91
(dd, J=14.8,7.1 Hz, 1H), 3.28 (dt, J=11.5, 6.1 Hz, 1H), 2.85
(td, J=11.0, 6.5 Hz, 1H), 2.31 (s, 2H), 2.71 (s, 3H), 1.88-1.71
(m, 4H). MS (ESD) nv/z: 399.1 (M+1)".
Example 70. Synthesis of (S)-3-(3-fluoro-4-
methoxyphenyl)-8-methyl-2-(1-methylpyrrolidin-2-
y1)-6-nitroquinazolin-4 (3H)-one (8e)

[0393] Prepared according to Scheme 3.
8e
F
OCH;
(6]
0N
N
H
Z
N
CH; N
H;C

(S)-3-(3-fluoro-4-methoxyphenyl)-8-methyl-2-(1-methylpyrrolidin-2-yl)-
6-nitroquinazolin-4(3H)-one
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Synthesis of (S)-3-(3-fluoro-4-methoxyphenyl)-8-
methyl-2-(1-methylpyrrolidin-2-y1)-6-nitroquinazol-
in-4 (3H)-one (8e)

[0394] Acetic acid (0.02 mL) was added to the solution of
7k (39.85 mg, 0.10 mmol) and formaldehyde solution 37.0%
in H,O (16.25 mg, 0.20 mmol) in MeOH (1.5 mL) and
CH,Cl, (1.5 mL), stirred at room temperature for 1 h, then
sodium cyanoborohydride (9.45 mg, 0.15 mmol) was added
to the reaction mixture at 0° C., then stirred at room
temperature overnight, then the solvent was removed in
vacuo and the residue was diluted with CH,Cl, (30 mL) and
washed with saturated solutions of Na,CO; (20 mL) and
brine (20 mL), dried over anhydrous Na,SO,, and filtered,
then the solvent was evaporated under reduced pressure. The
residue was purified by flash chromatography (0% MeOH/
CH,Cl,~5% MeOH/CH,Cl,) to afford 8e (25.50 mg,
61.8%) as pale yellow solid. "H NMR (500 MHz, CDCl,) §
8.94 (d, J=2.5 Hz, 1H), 8.40 (d, J=1.9 Hz, 1H), 7.16-7.11 (m,
1H), 7.08-7.02 (m, 1H), 7.00-6.92 (m, 1H), 3.99 (d, J=1.4
Hz, 3H), 3.51-3.45 (m, 1H), 3.28-3.16 (m, 1H), 2.72 (s, 3H),
2.56-2.49 (m, 1H), 2.34 (s, 3H), 2.08-1.82 (m, 4H). MS
(ESD) nv/z: 413.1 (M+1)*.

Example 71. Synthesis of (R)-3-(3-fluoro-4-

methoxyphenyl)-8-methyl-2-(1-methylpyrrolidin-2-
yl)-6-nitroquinazolin-4 (3H)-one (8f)

[0395] Prepared by reductive amination of 7c.

8f

OCH;

0N

CH;

/
H;C

(R)-3-(3-fluoro-4-methoxyphenyl)-8-methyl-2-(1-methylpyrrolidin-2-yl)-
6-nitroquinazolin-4(3H)-one

Synthesis of (R)-3-(3-fluoro-4-methoxyphenyl)-8-
methyl-2-(1-methylpyrrolidin-2-y1)-6-nitroquinazol-
in-4 (3H)-one (8f)

[0396] Acetic acid (0.02 mL) was added to the solution of
7¢ (39.85 mg, 0.10 mmol) and formaldehyde solution 37.0%
in H,O (16.25 mg, 0.20 mmol) in MeOH (1.5 mL) and
CH,CI, (1.5 mL), stirred at room temperature for 1 h, then
sodium cyanoborohydride (9.45 mg, 0.15 mmol) was added
to the reaction mixture at 0° C., then stirred at room
temperature overnight, then the solvent was removed in
vacuo and the residue was diluted with CH,Cl, (30 mL) and
washed with saturated solutions of Na,CO; (20 mL) and
brine (20 mL), dried over anhydrous Na,SO,, and filtered,
then the solvent was evaporated under reduced pressure. The
residue was purified by flash chromatography (0% MeOH/
CH,C1,~5% MeOH/CH,Cl,) to afford 8f(23.80 mg, 57.8%)
as pale yellow solid. "H NMR (500 MHz, CDCI,) 8 8.93 (d,
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J=2.5 Hz, 1H), 8.40 (d, J=3.2 Hz, 1H), 7.18-7.11 (m, 1H),
7.08-7.02 (m, 1H), 7.01-6.95 (m, 1H), 3.99 (d, J=1.4 Hz,
3H), 3.51-3.41 (m, 1H), 3.35-3.24 (m, 1H), 2.72 (s, 3H),
2.61-2.51 (m, 1H), 2.34 (s, 3H), 2.09-2.00 (m, 2H), 1.90-1.
75 (m, 2H). MS (ESI) m/z: 413.1 (M+1)*.

Example 72. Synthesis of (R)-3-(4-chlorophenyl)-6-
nitro-4-methyl-2-(pyrrolidin-2-yl) quinazolin-4
(3H)-one (71)

[0397] Prepared as shown in Scheme 3

71
Cl

O,N

CH,

(R)-3-(4-chlorophenyl)-8-methyl-6-nitro-2-(pyrrolidin-2-yl)quinazolin-
4(3H)-one

Synthesis of (R)-3-(4-chlorophenyl)-6-nitro-4-
methyl-2-(pyrrolidin-2-yl) quinazolin-4 (3H)-one
@)

[0398] To a microwave vial containing 5-nitro-3-methyl-
anthranilic acid (0.196 g, 1.0 mmol) and N-Boc-D-proline
(0.255 g, 1.3 mmol) was added dry pyridine (3 mL).
Triphenyl phosphite (0.8 mL, 3 mmol) was added to the vial,
and the reaction mixture was heated at 100° C. with MWI for
40 min. After cooling the vial, 4-chloroaniline (0.153 g, 1.2
mmol) was added, and the reaction mixture was heated at
60° C. with MWI for 14 min. Pyridine was removed in
vacuo, and the residue was diluted with CH,Cl, (50 mL),
and then the organic layer was washed sequentially with
10% citric acid (20 mL) and brine (50 mL). The separated
organic extract was dried over MgSQO,, filtered, and con-
centrated in vacuo under reduced pressure. The crude mix-
ture was purified by flash chromatography (3% Ethyl
acetate/DCM) to afford tert-butyl (R)-2-(6-nitro-4-methyl-
4-0x0-3-(4-chlorophenyl)-3,4-dihydroquinazolin-2-yl)pyr-
rolidine-1-carboxylate as a yellow solid. The solid (48.9 mg,
0.1 mmol) was dissolved in dry dioxane (1.0 mL), cooled to
0° C., and 4 M HCl/Dioxane (0.12 mL, 0.5 mmol) was
added. After the addition was complete, the reaction mixture
was stirred at rt for 8 h. Solvent was removed in vacuo under
reduced pressure, and CH,Cl, (10 mL) was added, followed
by sequential washing with saturated Na,CO; (5 mL) and
brine (5 mL). The separated organic extract was dried over
anhydrous MgSO,, filtered and concentrated in vacuo under
reduced pressure. The crude mixture was purified by flash
chromatography (0% MeOH/CH,C1,~5% MeOH/CH,Cl,)
to afford 71 (11 mg, 28%) as a yellow solid. 'H NMR (500
MHz, chloroform-d) 8 8.93 (d, J=2.6 Hz, 1H), 8.41 (d, ]=2.6
Hz, 1H), 7.64-7.47 (m, 2H), 7.29-7.25 (m, 2H), 7.22 (dd,
J=8.9,2.5 Hz, 1H), 3.88 (t, J=7.0 Hz, 1H), 3.28 (ddd, J=10.6,
7.3,4.6 Hz, 1H), 2.90-2.79 (m, 1H), 2.70 (s, 3H), 1.92-1.73
(m, 4H). MS (ESD) m/z: 385.1 (M+1)".
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Scheme 4. Procedure for making quinazolinone 10a, Example 73
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Example 73. Synthesis of (R)-5-fluoro-3-(4-
methoxyphenyl)-4-oxo-2-(pyrrolidin-2-y1)-3,4-dihy-
droquinazoline-6-carbonitrile (10a)

[0399]

10a
OCH;

NC

(R)-5-fluoro-3-(4-methoxyphenyl)-4-oxo-2-(pyrrolidin-2-yl)-3,4-
dihydroquinazoline-6-carbonitrile

[0400] Step 1. Synthesis of methyl 6-amino-2-fluoro-3-
iodobenzoate. A mixture of methyl-2-amino-6-fluorobenzo-
ate (286.00 mg, 1.69 mmol), silver sulfate (526.94 mg, 1.69
mmol) and iodine (428.94 mg, 1.69 mmol) in ethanol (15
ml) was stirred at room temperature for 4 h. The reaction
was filtered and concentrated under reduced pressure to
afford residue, then washed with NaHCOj solution (20 mL),
water (20 mL) and brine (20 mL), dried over anhydrous
Na,SO,, and filtered, and the solvent was evaporated under
reduced pressure. The residue was purified by flash chro-
matography (0% Ethyl acetate/Hexane 10% Ethyl acetate/
Hexane) to afford methyl 6-amino-2-fluoro-3-iodobenzoate
(0.27 g, 56.1%) as off-white solid: '"H NMR (500 MHz,
CDCl,) 8 7.47 (dd, J=8.8, 6.5 Hz, 1H), 6.29 (dd, J=8.8, 1.0
Hz, 1H), 5.75 (s, 2H), 3.91 (s, 3H). MS (ESI) m/z: 296.1
(M+1)*.

[0401] Step 2. Synthesis of methyl 6-amino-3-cyano-2-
fluorobenzoate. A mixture of methyl 6-amino-2-fluoro-3-
iodobenzoate (0.68 g, 2.30 mmol), copper cyanide (0.26 g,
3.00 mmol) in DMF (10 mL) was heated at 150° C. for 10
h. After cooling to room temperature, and most of DMF was
removed by rotavapor, water (40 mL) was added to reaction
mixture, then followed by ethylenediamine (4 mL), and the
mixture was stirred for 1 hour. The solids were removed by
filtration, then extracted with ethyl acetate (2x200 mL) and
water (50 mL). The combined organic layer was dried over
with anhydrous Na,SO,, and filtered, then the solvent was
evaporated under reduced pressure. The residue was purified
by flash chromatography (0% Ethyl acetate/Hexane~30%
Ethyl acetate/Hexane) to afford methyl 6-amino-3-cyano-2-
fluorobenzoate (0.26 g, 58.3%) as pale yellow solid: 'H
NMR (400 MHz, CDCl;) & 7.35 (dd, J=8.8, 6.6 Hz, 1H),
6.47 (dd, J=8.8, 1.0 Hz, 1H), 3.93 (s, 3H). MS (ESI) m/z:
195.1 (M+1)*.

[0402] Step 3. Synthesis of 6-amino-3-cyano-2-fluoroben-
zoic acid. At 0° C., lithium hydroxide (60.00 mg, 2.48
mmol) was added into the solution of methyl 6-amino-3-
cyano-2-fluorobenzoate (0.24 g, 1.24 mmol) in THE (6 mL)
and H,O (6 mL), then stirred at room temperature overnight.
The mixture was then adjusted to pH 2 with 1.0N HCI and
extracted with ethyl acetate (3x60 mL). The combined
organic layers were washed with brine (30 mL), separated,
and dried over anhydrous Na,SO,, Concentration under
reduced pressure afforded 6-amino-3-cyano-2-fluorobenzoic
acid (0.22 g, 97.6%) as pale yellow solid. 'H NMR (500
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MHz, Acetone-dy) 8 7.49 (dd, J=8.8, 7.0 Hz, 1H), 7.39 (s,
1H), 6.78 (d, J=8.9 Hz, 1H). MS (ESI) m/z: 181.1 (M+1)*.

[0403] Step 4. Synthesis of tert-butyl (R)-2-(6-cyano-5-
fluoro-3-(4-methoxyphenyl)-4-oxo-3,4-dihydroquinazolin-

2-yD)pyrrolidine-1-carboxylate (9a). 6-amino-3-cyano-2-
fluorobenzoic acid (45.00 mg, 0.25 mmol) and Boc-D-
proline (71.03 mg, 0.33 mmol) were dissolved in dry
pyridine (1.5 mL). Triphenyl phosphite (0.20 mL, 0.75
mmol) was added to the mixture and the reaction mixture
was heated at 100° C. with MWI for 40 min. 4-methoxya-
niline (36.95 mg, 0.30 mmol) was added to the mixture and
the reaction mixture was heated at 100° C. with MWI for 15
min. Pyridine was removed in vacuo and the residue was
diluted with CH,Cl, (40 mL) and washed with 1N HCI
aqueous (20 mL). The organic layer was washed with H,O
(20 mL) and brine (20 mL), dried over anhydrous Na,SO,,
and filtered, then the solvent was evaporated under reduced
pressure. The residue was purified by flash chromatography
(0% Ethyl acetate/Hexane~40% Ethyl acetate/Hexane) to
afford 9a (35.00 mg, 30.3%) as pale yellow solid. "H NMR
(500 MHz, CDCl,) § 7.59 (dd, J=23.1, 8.5 Hz, 1H), 7.51-
7.20 (m, 1H), 7.16-7.01 (m, 3H), 6.83 (dd, J=21.8, 8.5 Hz,
1H), 4.48 (ddd, J=36.8, 7.8, 4.1 Hz, 1H), 3.88 (d, 1=10.9 Hz,
3H), 3.75-3.63 (m, 1H), 3.57-3.41 (m, 1H), 2.13-1.78 (m,
4H), 1.42 (s, 4H), 1.31 (s, 5H). MS (ESI) nv/z: 465.1 (M+1)*.

[0404] Step 5. Synthesis of (R)-5-fluoro-3-(4-methoxy-
phenyl)-4-oxo0-2-(pyrrolidin-2-yl1)-3,4-dihydroquinazoline-
6-carbonitrile (10a)

[0405] Under nitrogen, trifluoroacetic acid (0.12 mL, 1.60
mmol) was added to a solution of 9a (35.00 mg, 0.08 mmol)
in dry CH,Cl, (3 mL) at 0° C., then stirred at room
temperature overnight, then the solvent was removed in
vacuo and the residue was diluted with CH,Cl, (20 mL) and
washed with saturated solutions of Na,CO; (10 mL) and
brine (10 mL), dried over anhydrous Na,SO,, and filtered,
then the solvent was evaporated under reduced pressure. The
residue was purified by flash chromatography (0% MeOH/
CH,C1,~5% MeOH/CH,Cl,) to afford 10a (13.60 mg,
46.6%) as pale yellow solid. 'H NMR (500 MHz, CDCl,) §
7.61 (d,1=8.4 Hz, 1H), 7.21 (d, I=7.9 Hz, 1H), 7.15 (d, J=7.9
Hz, 1H), 7.09-7.03 (m, 2H), 6.86 (d, ]=8.4 Hz, 1H), 3.94-
3.79 (m, 4H), 3.25 (d, J=4.4 Hz, 1H), 2.97 (s, 2H), 2.84-2.74
(m, 1H), 1.81-1.68 (m, 4H). MS (ESI) nv/z: 365.1 (M+1)*.

Scheme 5. Synthesis of quinazolinone compounds 14a-d,
Examples 74-77
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Example 74. Synthesis of (R)-3-(4-methoxyphe-
nyl)-4-o0x0-2-(pyrrolidin-2-yl)-8-(trifluoromethyl)-3,
4-dihydroquinazoline-6-carbonitrile (14a)
[0406] Prepared according to Scheme 5.
14a

OCH;,

NC

CF;

(R)-3-(4-methoxyphenyl)-4-oxo-2-(pyrrolidin-2-yl)-8-(trifluoromethyl)-
3,4-dihydroquinazoline-6-carbonitrile
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[0407] Step 1. Synthesis of 2-amino-5-iodo-3-(trifluorom-
ethyl)benzoic acid

[0408] A mixture of 2-amino-3-trifluoro-methylbenzoic
acid (4.10 g, 20.00 mmol) and N-iodosuccinimide (4.75 g,
21.00 mmol) in DMF (50 mL) was heated at 65° C. for 6 h.
After cooling to room temperature, the mixture was poured
into ice water, and the resulting precipitate was collected by
filtration. After washing the residue with water, the resulting
solid was dissolved with acetone, then dried over with
anhydrous Na,SO,, filtered, and then the solvent was evapo-
rated under reduced pressure to afford 2-amino-5-iodo-3-
(trifluoromethyl)benzoic acid (5.86 g, 88.6%) as brown
solid. "H NMR (500 MHz, acetone-dy) d 8.39 (d, J=1.8 Hz,
1H), 7.89 (d, J=1.5 Hz, 1H), 7.06 (s, 2H). MS (ESI) m/z:
332.1 (M+1)*.

[0409] Step 2. Synthesis of tert-butyl (R)-2-((4-iodo-2-
((4-methoxyphenyl) carbamoyl)-6-(trifluoromethyl)phenyl)
carbamoyl) pyrrolidine-1-carboxylate (1la). 2-amino-5-
iodo-3-(trifluoromethyl)benzoic acid (331.03 mg, 1.00
mmol) and Boc-D-proline (279.82 mg, 1.30 mmol) were
dissolved in dry pyridine (5 mL). Triphenyl phosphite (0.79
ml, 3.00 mmol) was added to the mixture and the reaction
mixture was heated at 100° C. with MWI for 40 min.
4-methoxyaniline (147.80 mg, 1.20 mmol) was added to the
mixture and the reaction mixture was heated at 100° C. with
MWTI for 20 min. Pyridine was removed in vacuo and the
residue was diluted with CH,Cl, (180 mL) and washed with
1IN HCI aqueous (40 mL). The organic layer was washed
with H,O (60 mL) and brine (60 mL), dried over anhydrous
Na,SO,, and filtered, then the solvent was evaporated under
reduced pressure. The residue was purified by flash chro-
matography (0% Ethyl acetate/Hexane~40% Ethyl acetate/
Hexane) to afford 11a (0.22 g, 34.5%) as off-white solid. ‘H
NMR (400 MHz, CDCl,) 8 9.18 (brs, 1H), 8.42 (s, 1H), 8.04
(brs, 1H), 7.90 (s, 1H), 7.38 (d, J=8.8 Hz, 2H), 6.78 (d, J=8.9
Hz, 2H), 4.41-4.25 (m, 1H), 3.73 (s, 3H), 3.36-3.16 (m, 2H),
2.29 (brs, 1H), 1.86-1.65 (m, 3H), 1.38 (s, 9H). MS (ESI)
m/z: 534.1 (M+1-Boc)*.

[0410] Step 3. Synthesis of tert-butyl (R)-2-(6-iodo-3-(4-
methoxyphenyl)-4-oxo0-8-(trifluoromethyl)-3,4-dihydroqui-

nazolin-2-yl) pyrrolidine-1-carboxylate (12a). 11a (200.00
mg, 0.32 mmol), triethylamine (0.66 mL, 4.75 mmol) and
trimethylchlorosilane (0.40 mL, 3.20 mmol) were dissolved
in dry acetonitrile (4 mL). The reaction mixture was heated
at 150° C. with MWI for 15 min. After cooling to room
temperature, the mixture was transferred to a larger flask and
slowly quenched with saturated aqueous NaHCO; (60 mL).
The resulting mixture was extracted with ethyl acetate (3x60
mL). The combined organic layers were washed with water
(50 mL) and brine (50 mL), dried over anhydrous Na,SO,,
and filtered, then the solvent was evaporated under reduced
pressure. The residue was purified by flash chromatography
(0% Ethyl acetate/Hexane 20% Ethyl acetate/Hexane) to
afford 12a (0.11 g, 55.8%) as pale yellow oil. "H NMR (400
MHz, CDCl,) & 8.68 (dd, J=10.1, 1.7 Hz, 1H), 8.21 (dd,
J=16.1, 1.4 Hz, 1H), 7.51-7.15 (m, 1H), 7.06-6.99 (m, 2H),
6.98-6.91 (m, 1H), 4.51-4.36 (m, 1H), 3.80 (d, J=9.1 Hz,
3H), 3.75-3.64 (m, 1H), 3.43-3.29 (m, 1H), 2.11-1.69 (m,
4H), 1.32 (s, 6H), 1.20 (s, 3H). MS (EST) m/z: 616.1 (M+1)™.
[0411] Step 4. Synthesis of tert-butyl (R)-2-(6-cyano-3-
(4-methoxyphenyl)-4-oxo-8-(trifluoromethyl)-3,4-dihydro-

quinazolin-2-yl) pyrrolidine-1-carboxylate (13a). A mixture
of 12a (82.40 mg, 0.13 mmol), copper cyanide (12.81 mg,
0.14 mmol) and tetrakis(triphenylphosphine) palladium (0)
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(8.09 mg, 0.0070 mmol) in DMF (1 mL) was degassed and
flushed with nitrogen. The mixture was heated at 100° C. for
4 h under nitrogen atmosphere. After cooling to room
temperature, the mixture was diluted with H,O (10 mL) and
extracted with ethyl acetate (2x20 mL). The combined
organic layers were washed with H,O (20 mL) and brine (20
mL), dried over anhydrous Na,SO,, and filtered, then the
solvent was evaporated under reduced pressure. The residue
was purified by flash chromatography (0% Ethyl acetate/
Hexane~40% FEthyl acetate/Hexane) to afford 13a (34.16
mg, 53.8%) as pale yellow oil. "H NMR (400 MHz, CDCl,)
d 8.67 (dd, J=10.1, 1.6 Hz, 1H), 8.16 (d, J=18.0 Hz, 1H),
7.44 (dd, J=8.7, 2.5 Hz, 1H), 7.07-6.94 (m, 3H), 4.55-4.41
(m, 1H), 3.82 (d, J=9.3 Hz, 3H), 3.76-3.65 (m, 1H), 3.48-
3.33 (m, 1H), 2.08-1.74 (m, 4H), 1.33 (s, 6H), 1.21 (s, 3H).
MS (ESI) m/z: 515.1 (M+1)".

[0412] Step 5. Synthesis of (R)-3-(4-methoxyphenyl)-4-
ox0-2-(pyrrolidin-2-y1)-8-(trifluoromethyl)-3,4-dihydroqui-
nazoline-6-carbonitrile (14a)

[0413] Under nitrogen, trifluoroacetic acid (0.09 mL, 1.20
mmol) was added to a solution of 13¢ (30.00 mg, 0.06
mmol) in dry CH,Cl, (1 mL) at 0° C., then stirred at room
temperature overnight, then the solvent was removed in
vacuo and the residue was diluted with CH,Cl, (10 mL) and
washed with saturated solutions of Na,CO; (10 mL) and
brine (10 mL), dried over anhydrous Na,SO,, and filtered,
then the solvent was evaporated under reduced pressure. The
residue was purified by flash chromatography (0% MeOH/
CH,Cl1,~5% MeOH/CH,Cl,) to afford 14a (16.10 mg,
64.8%) as off-white solid. 'H NMR (500 MHz, CDCl,) &
8.67 (d, J=1.4 Hz, 1H), 8.18 (s, 1H), 7.14 (d, J=7.9 Hz, 1H),
7.08 (d, I=7.6 Hz, 1H), 7.00 (d, =9.0 Hz, 2H), 3.89 (t, J=6.7
Hz, 1H), 3.82 (s, 3H), 3.23-3.13 (m, 1H), 2.80-2.73 (m, 1H),
222 (brs, 1H), 1.81-1.65 (m, 4H). MS (ESI) m/z: 415.1
(M+1)*.

Example 75. Synthesis of (S)-3-(4-methoxyphenyl)-
4-0x0-2-(pyrrolidin-2-yl)-8-(trifluoromethyl)-3,4-
dihydroquinazoline-6-carbonitrile (14b)

[0414] Prepared according to Scheme 5.
14b
OCH;3
(6]
NC
N
H
Va

N

CF; HN.

(S)-3-(4-methoxyphenyl)-4-oxo-2-(pyrrolidin-2-yl)-8-(trifluoromethyl)-
3,4-dihydroquinazoline-6-carbonitrile

[0415] Step 1. Synthesis of tert-butyl (S)-2-((4-iodo-2-((4-
methoxyphenyl) carbamoyl)-6-(trifluoromethyl)phenyl) car-
bamoyl) pyrrolidine-1-carboxylate (11b). 2-amino-5-iodo-
3-(trifluoromethyl)benzoic acid (496.55 mg, 1.50 mmol) and
Boc-L-proline (419.75 mg, 1.95 mmol) were dissolved in
dry pyridine (6 mL). Triphenyl phosphite (1.20 mL, 4.50
mmol) was added to the mixture and the reaction mixture
was heated at 100° C. with MWI for 40 min. 4-methoxya-
niline (221.68 mg, 1.80 mmol) was added to the mixture and
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the reaction mixture was heated at 100° C. with MWTI for 20
min. Pyridine was removed in vacuo and the residue was
diluted with CH,Cl, (160 mL) and washed with 1N HCI
aqueous (60 mL). The organic layer was washed with H,O
(80 mL) and brine (80 mL), dried over anhydrous Na,SO,,
and filtered, then the solvent was evaporated under reduced
pressure. The residue was purified by flash chromatography
(0% Ethyl acetate/Hexane~40% Ethyl acetate/Hexane) to
afford 11b (0.30 g, 31.6%) as off-white solid. "H NMR (400
MHz, CDCl;) 8 9.16 (brs, 1H), 8.41 (s, 1H), 8.05 (brs, 1H),
7.86 (s, 1H), 7.36 (d, J=8.8 Hz, 2H), 6.78 (d, J=8.9 Hz, 2H),
4.45-4.28 (m, 1H), 3.75 (s, 3H), 3.41-3.18 (m, 2H), 2.31
(brs, 1H), 1.86-1.61 (m, 3H), 1.39 (s, 9H). MS (ESI) m/z:
534.1 (M+1-Boc)".

[0416] Step 2. Synthesis of tert-butyl (S)-2-(6-i0odo-3-(4-
methoxyphenyl)-4-oxo-8-(trifluoromethyl)-3,4-dihydro-
quin-azolin-2-yl) pyrrolidine-1-carboxylate (12b). 11b (300.
00 mg, 0.46 mmol), triethylamine (0.96 mL, 6.90 mmol) and
trimethylchlorosilane (0.58 mL, 4.60 mmol) were dissolved
in dry acetonitrile (5 mL). The reaction mixture was heated
at 150° C. with MWI for 15 min. After cooling to room
temperature, the mixture was transferred to a larger flask and
slowly quenched with saturated aqueous NaHCO, (50 mL).
The resulting mixture was extracted with ethyl acetate (3x60
mL). The combined organic layers were washed with water
(50 mL) and brine (50 mL), dried over anhydrous Na,SO,,
and filtered, then the solvent was evaporated under reduced
pressure. The residue was purified by flash chromatography
(0% Ethyl acetate/Hexane 20% Ethyl acetate/Hexane) to
afford 12b (0.12 g, 43.5%) as off-white solid. "H NMR (400
MHz, CDCl;) & 8.69 (dd, J=9.8, 1.9 Hz, 1H), 8.21 (dd,
J=16.2, 1.6 Hz, 1H), 7.45-7.11 (m, 1H), 7.06-6.94 (m, 3H),
4.51-4.38 (m, 1H), 3.81 (d, J=9.2 Hz, 3H), 3.75-3.66 (m,
1H), 3.45-3.29 (m, 1H), 2.08-1.71 (m, 4H), 1.33 (s, 6H),
1.21 (s, 3H). MS (ESI) m/z: 616.1 (M+1)™.

[0417] Step 3. Synthesis of tert-butyl (S)-2-(6-cyano-3-(4-
methoxyphenyl)-4-oxo0-8-(trifluoromethyl)-3,4-dihydroqui-
nazolin-2-yl) pyrrolidine-1-carboxylate (13b). A mixture of
12b (98.60 mg, 0.16 mmol), Copper cyanide (16.12 mg, 0.18
mmol) and tetrakis(triphenylphosphine) palladium (0) (9.24
mg, 0.0080 mmol) in DMF (1.5 mL) was degassed and
flushed with nitrogen. The mixture was heated at 100° C. for
4 h under nitrogen atmosphere. After cooling to room
temperature, the mixture was diluted with H,O (10 mL) and
extracted with ethyl acetate (2x20 mL). The combined
organic layers were washed with H,O (20 mL) and brine (20
mL), dried over anhydrous Na,SO,, and filtered, then the
solvent was evaporated under reduced pressure. The residue
was purified by flash chromatography (0% Ethyl acetate/
Hexane~40% Ethyl acetate/Hexane) to afford 13b (52.80
mg, 64.1%) as colorless oil. '"H NMR (400 MHz, CDCl,) §
8.65 (dd, J=10.1, 1.8 Hz, 1H), 8.15 (d, J=18.0 Hz, 1H), 7.45
(dd, J=8.7, 2.5 Hz, 1H), 7.11-6.95 (m, 3H), 4.55-4.42 (m,
1H), 3.81 (d, J=9.3 Hz, 3H), 3.81-3.65 (m, 1H), 3.48-3.35
(m, 1H), 2.12-1.75 (m, 4H), 134 (s, 6H), 1.23 (s, 3H). MS
(ESD) nv/z: 515.1 (M+1)*.

[0418] Step 4. Synthesis of (S)-3-(4-methoxyphenyl)-4-
oxo-2-(pyrrolidin-2-yl)-8-(triftuoromethyl)-3,4-dihydroqui-
nazoline-6-carbonitrile (14b)

[0419] Under nitrogen, trifluoroacetic acid (0.14 mL, 1.80
mmol) was added to a solution of 13b (45.00 mg, 0.09
mmol) in dry CH,Cl, (1.5 mL) at 0° C., then stirred at room
temperature overnight, then the solvent was removed in
vacuo and the residue was diluted with CH,Cl, (10 mL) and
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washed with saturated solutions of Na,CO, (10 mL) and
brine (10 mL), dried over anhydrous Na,SO,, and filtered,
then the solvent was evaporated under reduced pressure. The
residue was purified by flash chromatography (0% MeOH/
CH,Cl,~5% MeOH/CH,Cl,) to afford 14b (26.06 mg,
69.8%) as off-white solid. 'H NMR (400 MHz, CDCl,) &
8.66 (d, J=1.8 Hz, 1H), 8.17 (d, J=1.4 Hz, 1H), 7.14 (d, I=7.8
Hz, 1H), 7.08 (dd, J=9.6, 1.9 Hz, 1H), 7.00 (d, J=9.1 Hz,
2H), 3.91-3.86 (m, 1H), 3.82 (s, 3H), 3.25-3.12 (m, 1H),
2.86-2.68 (m, 1H), 2.33 (brs, 1H), 1.81-1.68 (m, 4H). MS
(ESD) m/z: 415.1 (M+1)*.

Example 76. Synthesis of (R)-3-(3-fluoro-4-
methoxyphenyl)-4-oxo-2-(pyrrolidin-2-y1)-8-(trifluo-
romethyl)-3,4-dihydroquinazoline-6-carbonitrile
(14¢)

[0420] Prepared according to Scheme 5.

l4c
OCH;

NC

CF;

(R)-3-(3-fluoro-4-methoxyphenyl )-4-oxo-2-(pyrrolidin-2-yl)-8-
(trifluoromethyl)-3,4-dihydroquinazoline-6-carbonitrile

[0421] Step 1. Synthesis of tert-butyl (R)-2-((4-iodo-2-
((3-fluoro-4-methoxyphenyl) carbamoyl)-6-(trifluorom-
ethyl)phenyl) carbamoyl) pyrrolidine-1-carboxylate (tic).
2-amino-5-iodo-3-(trifluoromethyl)benzoic acid (496.55
mg, 1.50 mmol) and Boc-D-proline (419.75 mg, 1.95 mmol)
were dissolved in dry pyridine (6 mL). Triphenyl phosphite
(1.18 mL, 4.50 mmol) was added to the mixture and the
reaction mixture was heated at 100° C. with MWI for 40
min. 3-Fluoro-4-methoxyaniline (254.05 mg, 1.80 mmol)
was added to the mixture and the reaction mixture was
heated at 100° C. with MWI for 20 min. Pyridine was
removed in vacuo and the residue was diluted with CH,Cl,
(200 mL) and washed with 1N HCI aqueous (60 mL). The
organic layer was washed with H,O (80 mL) and brine (80
mL), dried over anhydrous Na,SO,, and filtered, then the
solvent was evaporated under reduced pressure. The residue
was purified by flash chromatography (0% Ethyl acetate/
Hexane to 40% Ethyl acetate/Hexane) to afford 11¢ (0.19 g,
19.5%) as pale yellow solid. "H NMR (400 MHz, CDCl5) §
9.25 (brs, 1H), 8.60 (s, 1H), 8.10 (s, 1H), 7.99 (s, 1H), 7.49
(dd, J=12.7, 1.9 Hz, 1H), 7.15 (d, J=8.7 Hz, 1H), 6.89 (t,
J=8.9 Hz, 1H), 4.46-4.38 (m, 1H), 3.88 (s, 3H), 3.36-3.24
(m, 2H), 2.38 (brs, 1H), 1.88-1.68 (m, 3H), 1.46 (s, 9H). MS
(ESI) m/z: 552.1 (M+1-Boc)*.

[0422] Step 2. Synthesis of tert-butyl (R)-2-(6-iodo-3-(3-
fluoro-4-methoxyphenyl)-4-oxo-8-(trifluoromethyl)-3,4-
dihy-droquinazolin-2-yl) pyrrolidine-1-carboxylate (12c).
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11c (0.28 g, 0.43 mmol), triethylamine (0.90 mL, 6.45
mmol) and trimethylchlorosilane (0.55 mL, 4.30 mmol)
were dissolved in dry acetonitrile (5 mL). The reaction
mixture was heated at 150° C. with MWI for 15 min. After
cooling to room temperature, the mixture was transferred to
a larger flask and slowly quenched with saturated aqueous
NaHCO; (80 mL). The resulting mixture was extracted with
ethyl acetate (3x60 mL). The combined organic layers were
washed with water (60 mL) and brine (60 mL), dried over
anhydrous Na,SO,, and filtered, then the solvent was evapo-
rated under reduced pressure. The residue was purified by
flash chromatography (0% Ethyl acetate/Hexane~20% Ethyl
acetate/Hexane) to afford 12¢ (80.10 mg, 29.4%) as pale
yellow oil. "H NMR (400 MHz, CDCl,) 8 8.75 (d, J=10.5
Hz, 1H), 8.30 (d, J=16.9 Hz, 1H), 7.45-7.11 (m, 2H), 6.95
(dd, J=13.7, 11.0 Hz, 1H), 4.60-4.44 (m, 1H), 4.01-3.94 (m,
3H), 3.85-3.72 (m, 1H), 3.51-3.36 (m, 1H), 2.11-1.72 (m,
4H), 1.40 (s, 6H), 1.28 (s, 3H). MS (ESI) m/z:634.1 (M+1)*.

[0423] Step 3. Synthesis of tert-butyl (R)-2-(6-cyano-3-
(3-fluoro-4-methoxyphenyl)-4-oxo-8-(trifluoromethyl)-3,4-
dih-ydroqu-inazolin-2-yl) pyrrolidine-1-carboxylate (13c).
A mixture of 12¢ (80.00 mg, 0.13 mmol), Copper cyanide
(12.54 mg, 0.14 mmol) and tetrakis(triphenylphosphine)
palladium (0) (6.93 mg, 0.0060 mmol) in DMF (1 mL) was
degassed and flushed with nitrogen. The mixture was heated
at 100° C. for 4 h under nitrogen atmosphere. After cooling
to room temperature, the mixture was diluted with H,O (10
ml) and extracted with ethyl acetate (2x20 mL). The
combined organic layers were washed with H,O (20 mL)
and brine (20 mL), dried over anhydrous Na,SO,, and
filtered, then the solvent was evaporated under reduced
pressure. The residue was purified by flash chromatography
(0% Ethyl acetate/Hexane~40% Ethyl acetate/Hexane) to
afford 13c (26.80 mg, 38.7%) as pale yellow oil. 'H NMR
(400 MHz, CDCl,) 6 8.73 (d, J=10.8 Hz, 1H), 8.23 (d,
J=18.6 Hz, 1H), 7.45-7.08 (m, 2H), 6.97 (dt, J=12.8, 6.4 Hz,
1H), 4.61-4.48 (m, 1H), 4.02-3.95 (m, 3H), 3.84-3.71 (m,
1H), 3.52-3.45 (m, 1H), 2.18-1.86 (m, 4H), 1.40 (d, J=3.8
Hz, 6H), 1.27 (d, J=11.8 Hz, 3H). MS (ESI) m/z: 533.1
(M+1)™.

[0424] Step 4. Synthesis of (R)-3-(3-fluoro-4-methoxy-
phenyl)-4-oxo0-2-(pyrrolidin-2-y1)-8-(trifluoromethyl)-3,4-
dihydroquinazoline-6-carbonitrile (14c)

[0425] Under nitrogen, trifluoroacetic acid (0.08 mL, 1.00
mmol) was added to a solution of 13c¢ (26.00 mg, 0.05
mmol) in dry CH,Cl, (1 mL) at 0° C., then stirred at room
temperature overnight, then the solvent was removed in
vacuo and the residue was diluted with CH,Cl, (10 mL) and
washed with saturated solutions of Na,CO; (10 mL) and
brine (10 mL), dried over anhydrous Na,SO,, and filtered,
then the solvent was evaporated under reduced pressure. The
residue was purified by flash chromatography (0% MeOH/
CH,C1,~5% MeOH/CH,Cl,) to afford 14c (13.80 mg,
63.8%) as off-white solid. '"H NMR (500 MHz, CDCl,) &
8.74 (d, J=1.6 Hz, 1H), 8.26 (s, 1H), 7.16-7.11 (m, 1H),
7.11-7.06 (m, 1H), 7.03-6.98 (m, 1H), 3.99-3.94 (m, 4H),
331-3.18 (m, 1H), 2.91-2.78 (m, 1H), 2.39 (brs, 1H),
1.92-1.78 (m, 4H). MS (ESI) nvz: 433.1 (M+1)".
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Example 77. Synthesis of (S)-3-(3-fluoro-4-
methoxyphenyl)-4-oxo-2-(pyrrolidin-2-y1)-8-(trifluo-
romethyl)-3,4-dihydroquinazoline-6-carbonitrile

(144d)
[0426] Prepared according to Scheme 5.
14d
F
OCH;
(6]
NC
N
H
P
N
CF3 HN:

(S)-3-(3-fluoro-4-methoxyphenyl)-4-oxo-2-(pyrrolidin-2-y1)-8-
(trifluoromethyl)-3,4-dihydroquinazoline-6-carbonitrile

[0427] Step 1. Synthesis of tert-butyl (S)-2-((4-iodo-2-((3-
fluoro-4-methoxyphenyl)  carbamoyl)-6-(trifluoromethyl)
phenyl) carbamoyl) pyrrolidine-1-carboxylate  (11d).
2-amino-5-iodo-3-(trifluoromethyl)benzoic acid (496.55
mg, 1.50 mmol) and Boc-L-proline (419.75 mg, 1.95 mmol)
were dissolved in dry pyridine (6 mL). Triphenyl phosphite
(1.18 mL, 4.50 mmol) was added to the mixture and the
reaction mixture was heated at 100° C. with MWI for 40
min. 3-Fluoro-4-methoxyaniline (254.05 mg, 1.80 mmol)
was added to the mixture and the reaction mixture was
heated at 100° C. with MWI for 20 min. Pyridine was
removed in vacuo and the residue was diluted with CH,Cl,
(200 mL) and washed with 1N HCI aqueous (60 mL). The
organic layer was washed with H,O (80 mL) and brine (80
mL), dried over anhydrous Na,SO,, and filtered, then the
solvent was evaporated under reduced pressure. The residue
was purified by flash chromatography (0% Ethyl acetate/
Hexane~40% Ethyl acetate/Hexane) to afford 11d (0.11 g,
11.3%) as pale yellow solid. "H NMR (400 MHz, CDCl;) §
9.24 (brs, 1H), 8.56 (s, 1H), 8.11 (s, 1H), 7.84 (s, 1H), 7.51
(dd, J=12.8, 1.8 Hz, 1H), 7.18 (d, J=8.8 Hz, 1H), 6.86 (t,
1=8.8 Hz, 1H), 4.51-4.38 (m, 1H), 3.86 (s, 3H), 3.38-3.25
(m, 2H), 2.41 (brs, 1H), 1.91-1.65 (m, 3H), 1.45 (s, 9H). MS
(ESI) m/z: 552.1 (M+1-Boc)*.

[0428] Step 2. Synthesis of tert-butyl (S)-2-(6-iodo-3-(3-
fluoro-4-methoxyphenyl)-4-oxo-8-(trifluoromethyl)-3,4-
dihy-droquinazolin-2-yl) pyrrolidine-1-carboxylate (12d).
11d (0.28 g, 0.43 mmol), triethylamine (0.90 mL, 6.45
mmol) and trimethylchlorosilane (0.55 mL, 4.30 mmol)
were dissolved in dry acetonitrile (5 mL). The reaction
mixture was heated at 150° C. with MWTI for 15 min. After
cooling to room temperature, the mixture was transferred to
a larger flask and slowly quenched with saturated aqueous
NaHCO; (80 mL). The resulting mixture was extracted with
ethyl acetate (3x60 mL). The combined organic layers were
washed with water (60 mL) and brine (60 mL), dried over
anhydrous Na,SO,, and filtered, then the solvent was evapo-
rated under reduced pressure. The residue was purified by
flash chromatography (0% Ethy] acetate/Hexane~20% Ethy]
acetate/Hexane) to afford 12d (82.60 mg, 30.3%) as pale
yellow oil. 'H NMR (400 MHz, CDCl;) 8 8.76 (d, J=10.4
Hz, 1H), 8.31 (d, J=16.6 Hz, 1H), 7.51-7.06 (m, 2H), 6.96
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(dd, J=13.8, 11.0 Hz, 1H), 4.61-4.45 (m, 1H), 4.01-3.95 (m,
3H), 3.86-3.71 (m, 1H), 3.53-3.35 (m, 1H), 2.11-1.76 (m,
4H), 1.41 (s, 6H), 1.31 (s, 3H). MS (ESI) mv/z: 634.1 (M+1)*.

[0429] Step 3. Synthesis of tert-butyl (S)-2-(6-cyano-3-(3-
fluoro-4-methoxyphenyl)-4-oxo-8-(trifluoromethyl)-3,4-di-
hydroquinazolin-2-yl) pyrrolidine-1-carboxylate (13d). A
mixture of 12d (80.00 mg, 0.13 mmol), copper cyanide
(12.54 mg, 0.14 mmol) and tetrakis (triphenylphosphine)
palladium (0) (6.93 mg, 0.0060 mmol) in DMF (1 mL) was
degassed and flushed with nitrogen. The mixture was heated
at 100° C. for 4 h under nitrogen atmosphere. After cooling
to room temperature, the mixture was diluted with H,O (10
ml) and extracted with ethyl acetate (2x20 mL). The
combined organic layers were washed with H,O (20 mL)
and brine (20 mL), dried over anhydrous Na,SO,, and
filtered, then the solvent was evaporated under reduced
pressure. The residue was purified by flash chromatography
(0% Ethyl acetate/Hexane~40% Ethyl acetate/Hexane) to
afford 13d (23.60 mg, 34.1%) as pale yellow oil. 'H NMR
(400 MHz, CDCl;) 6 8.75 (d, J=10.6 Hz, 1H), 8.24 (d,
J=18.6 Hz, 1H), 7.45-7.06 (m, 2H), 6.97 (dt, J=12.6, 6.5 Hz,
1H), 4.61-4.45 (m, 1H), 4.05-3.95 (m, 3H), 3.85-3.71 (m,
1H), 3.54-3.45 (m, 1H), 2.18-1.86 (m, 4H), 1.41 (d, J=3.8
Hz, 6H), 1.28 (d, J=11.8 Hz, 3H). MS (ESI) m/z: 533.1
(M+1)*.

[0430] Step 4. Synthesis of (S)-3-(3-fluoro-4-methoxy-
phenyl)-4-oxo-2-(pyrrolidin-2-yl)-8-(trifluoromethyl)-3,4-
dihydroquinazoline-6-carbonitrile (14d)

[0431] Under nitrogen, trifluoroacetic acid (0.06 mL, 0.80
mmol) was added to a solution of 13d (22.00 mg, 0.04
mmol) in dry CH,Cl, (1 mL) at 0° C., then stirred at room
temperature overnight, then the solvent was removed in
vacuo and the residue was diluted with CH,Cl, (10 mL) and
washed with saturated solutions of Na,CO; (10 mL) and
brine (10 mL), dried over anhydrous Na,SO,, and filtered,
then the solvent was evaporated under reduced pressure. The
residue was purified by flash chromatography (0% MeOH/
CH,Cl,~5% MeOH/CH,Cl,) to afford 14d (10.60 mg,
61.3%) as off-white solid. '"H NMR (500 MHz, CDCl,) &
8.75 (d, J=1.6 Hz, 1H), 8.26 (s, 1H), 7.18-7.08 (m, 1H),
7.12-7.05 (m, 1H), 7.06-6.98 (m, 1H), 3.98-3.91 (m, 4H),
331-3.16 (m, 1H), 2.91-2.76 (m, 1H), 2.38 (brs, 1H),
1.94-1.78 (m, 4H). MS (ESI) nv/z: 433.1 (M+1)*.

Scheme 6. Synthesis of quinazolinones 17a-b, Examples 78 and 79
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Example 78. Synthesis of (R)-8-fluoro-3-(4-
methoxyphenyl)-4-oxo-2-(pyrrolidin-2-yl)-3,4-dihy-
droquinazoline-6-carbonitrile (17a)

[0432] Prepared according to Scheme 6.

17a
OCH;

NC

(R)-8-fluoro-3-(4-methoxyphenyl)-4-oxo-2-(pyrrolidin-2-yl)-3,4-
dihydroquinazoline-6-carbonitrile

[0433]

zoic acid
[0434] A mixture of 2-amino-3-fluorobenzoic acid (1.55 g,
10.00 mmol) and N-iodosuccinimide (2.68 g, 12.00 mmol)
in DMF (25 mL) was stirred at room temperature for 4 h,
then the mixture was poured into ice water and the resulting
precipitate was collected by filtration. After washing the
residue with water, the resulting solid was dissolved with
acetone, then dried over with anhydrous Na,SO,, and fil-
tered, then the solvent was evaporated under reduced pres-

Step 1. Synthesis of 2-amino-3-fluoro-5-iodoben-
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sure to afford 2-amino-3-fluoro-5-iodobenzoic acid (1.86 g,
66.1%) as pale brown solid. *H NMR (400 MHz, DMSO-d,)
87.81 (s, 1H), 7.57 (dd, J=10.8, 1.8 Hz, 1H). MS (ESI) m/z:
282.1 (M+1)*.

[0435] Step 2. Synthesis of tert-butyl (R)-2-(8-fluoro-6-
i0do-3-(4-methoxyphenyl)-4-oxo0-3,4-dihydroquinazolin-2-
yl)-pyrrolidine-1-carboxylate (15a). 2-amino-3-fluoro-5-io-
dobenzoic acid (281.02 mg, 1.00 mmol) and Boc-D-proline
(280.00 mg, 1.30 mmol) were dissolved in dry pyridine (4
mL). Triphenyl phosphite (0.78 mL, 3.00 mmol) was added
to the mixture and the reaction mixture was heated at 100°
C. with MWI for 40 min. 4-methoxyaniline (148.00 mg,
1.20 mmol) was added to the mixture and the reaction
mixture was heated at 100° C. with MWI for 30 min.
Pyridine was removed in vacuo and the residue was diluted
with CH,Cl, (160 mL) and washed with 1N HCI aqueous
(100 mL). The organic layer was washed with H,O (100
mL) and brine (100 mL), dried over anhydrous Na,SO,, and
filtered, then the solvent was evaporated under reduced
pressure. The residue was purified by flash chromatography
(0% Ethyl acetate/Hexane~50% Ethyl acetate/Hexane) to
afford 15a (211.60 mg, 37.5%) as pale pink solid. 'H NMR
(500 MHz, CDCl,) 6 8.37 (d, J=13.0 Hz, 1H), 7.75 (ddd,
J=23.0, 8.9, 1.8 Hz, 1H), 7.48-7.21 (m, 1H), 7.16-7.01 (m,
3H), 4.51 (ddd, J=45.4,7.9, 3.9 Hz, 1H), 3.88 (d, J=10.8 Hz,
3H), 3.78-3.69 (m, 1H), 3.56-3.38 (m, 1H), 2.13-1.80 (m,
4H), 1.42 (s, SH), 1.28 (s, 4H). MS (ESI) m/z: 566.1 (M+1)*.
[0436] Step 3. Synthesis of tert-butyl (R)-2-(6-cyano-8-
fluoro-3-(4-methoxyphenyl)-4-oxo0-3,4-dihydroquinazolin-
2-yl) pyrrolidine-1-carboxylate (16a)

[0437] A mixture of 15a (100.00 mg, 0.18 mmol), Copper
cyanide (17.95 mg, 0.20 mmol) and tetrakis(triphenylphos-
phine) palladium (0) (10.40 mg, 0.0090 mmol) in DMF (2
ml) was degassed and flushed with nitrogen. The mixture
was heated at 100° C. for 4 h under nitrogen atmosphere.
After cooling to room temperature, the mixture was diluted
with H,O (20 mL) and extracted with ethyl acetate (2x40
mL). The combined organic layers were washed with H,O
(40 mL) and brine (40 mL), dried over anhydrous Na,SO,,
and filtered, then the solvent was evaporated under reduced
pressure. The residue was purified by flash chromatography
(0% Ethyl acetate/Hexane~40% Ethyl acetate/Hexane) to
afford 16a (51.86 mg, 62.1%) as colorless oil. 'H NMR (400
MHz, CDCl,) 8 8.35 (d, I=10.8 Hz, 1H), 7.64 (ddd, J=20.6,
9.0, 1.4 Hz, 1H), 7.48-7.18 (m, 1H), 7.14-7.01 (m, 3H),
4.61-4.56 (m, 1H), 3.89 (d, J=8.6 Hz, 3H), 3.76-3.68 (m,
1H), 3.61-3.41 (m, 1H), 2.16-1.81 (m, 4H), 1.42 (s, 6H),
1.29 (s, 3H). MS (ESI) m/z: 465.1 (M+1)*.

[0438] Step 4. Synthesis of (R)-8-fluoro-3-(4-methoxy-
phenyl)-4-oxo-2-(pyrrolidin-2-yl)-3,4-dihydroquinazoline-
6-carbonitrile (17a)

[0439] Under nitrogen, trifluoroacetic acid (0.16 mL, 2.20
mmol) was added to a solution of 16a (50.00 mg, 0.11
mmol) in dry CH,Cl, (2 mL) at 0° C., then stirred at room
temperature overnight, then the solvent was removed in
vacuo and the residue was diluted with CH,Cl, (30 mL) and
washed with saturated solutions of Na,CO; (10 mL) and
brine (10 mL), dried over anhydrous Na,SO,, and filtered,
then the solvent was evaporated under reduced pressure. The
residue was purified by flash chromatography (0% MeOH/
CH,CI, to 5% MeOH/CH,Cl,) to afford 17a (16.80 mg,
42.0%) as pale yellow solid. "H NMR (500 MHz, CDCl,) §
8.36 (s, 1H), 7.67 (dd, J=9.1, 1.7 Hz, 1H), 7.22-7.19 (m, 1H),
7.18-7.13 (m, 1H), 7.11-7.05 (m, 2H), 3.89 (s, 3H), 3.28 (dd,
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1=10.9, 4.9 Hz, 1H), 3.11-3.06 (m, 1H), 2.85-2.76 (m, 1H),
1.86-1.75 (m, 4H). MS (ESI) m/z: 365.1 (M+1)*.

Example 79. Synthesis of (S)-8-fluoro-3-(4-
methoxyphenyl)-4-oxo-2-(pyrrolidin-2-y1)-3,4-dihy-
droquinazoline-6-carbonitrile (17b)

[0440] Prepared according to Scheme 6.
17b
OCH;
(€]
NC
N
H
F

N

F HN;

(8)-8-fluoro-3-(4-methoxyphenyl)-4-oxo-2-(pyrrolidin-2-yl)-3 4-
dihydroquinazoline-6-carbonitrile

[0441] Step 1. Synthesis of tert-butyl (S)-2-(8-fluoro-6-
i0do-3-(4-methoxyphenyl)-4-o0x0-3,4-dihydroquinazolin-2-
yl)-pyrrolidine-1-carboxylate (15b). 2-amino-3-fluoro-5-io-
dobenzoic acid (281.02 mg, 1.00 mmol) and Boc-L-proline
(280.00, 1.30 mmol) were dissolved in dry pyridine (4 mL).
Triphenyl phosphite (0.78 mL, 3.00 mmol) was added to the
mixture and the reaction mixture was heated at 100° C. with
MWTI for 40 min. 4-methoxyaniline (148.00 mg, 1.20 mmol)
was added to the mixture and the reaction mixture was
heated at 100° C. with MWI for 30 min. Pyridine was
removed in vacuo and the residue was diluted with CH,Cl,
(160 mL) and washed with 1N HCI aqueous (100 mL). The
organic layer was washed with H,O (100 mL) and brine
(100 mL), dried over anhydrous Na,SO,, and filtered, then
the solvent was evaporated under reduced pressure. The
residue was purified by flash chromatography (0% Ethyl
acetate/Hexane~50% Ethyl acetate/Hexane) to afford 15b
(228.90 mg, 40.5%) as pale yellow solid. '"H NMR (500
MHz, CDCl,) § 8.36 (d, J=12.8 Hz, 1H), 7.76 (ddd, J=23.0,
8.8, 1.8 Hz, 1H), 7.48-7.18 (m, 1H), 7.16-7.01 (m, 3H), 4.48
(ddd, J=45.4, 7.9, 3.9 Hz, 1H), 3.86 (d, J=10.8 Hz, 3H),
3.81-3.69 (m, 1H), 3.56-3.38 (m, 1H), 2.13-1.80 (m, 4H),
1.42 (s, 5H), 1.28 (s, 4H). MS (ESI) m/z: 566.1 (M+1)*.
[0442] Step 2. Synthesis of tert-butyl (S)-2-(6-cyano-8-
fluoro-3-(4-methoxyphenyl)-4-oxo-3,4-dihydroquinazolin-
2-yl) pyrrolidine-1-carboxylate (16b)

[0443] A mixture of 15b (100.00 mg, 0.18 mmol), Copper
cyanide (17.95 mg, 0.20 mmol) and tetrakis(triphenylphos-
phine) palladium (0) (10.40 mg, 0.0090 mmol) in DMF (2
ml) was degassed and flushed with nitrogen. The mixture
was heated at 100° C. for 4 h under nitrogen atmosphere.
After cooling to room temperature, the mixture was diluted
with H,O (20 mL) and extracted with ethyl acetate (2x40
mL). The combined organic layers were washed with H,O
(40 mL) and brine (40 mL), dried over anhydrous Na,SO,,
and filtered, then the solvent was evaporated under reduced
pressure. The residue was purified by flash chromatography
(0% Ethyl acetate/Hexane~40% Ethyl acetate/Hexane) to
afford 16b (56.00 mg, 67.0%) as colorless oil. "H NMR (400
MHz, CDCl,) 8 8.36 (d, J=10.8 Hz, 1H), 7.65 (ddd, J=20.5,
9.0, 1.4 Hz, 1H), 7.51-7.18 (m, 1H), 7.15-7.01 (m, 3H),
4.65-4.56 (m, 1H), 3.91 (d, J=8.6 Hz, 3H), 3.76-3.68 (m,
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1H), 3.61-3.41 (m, 1H), 2.18-1.81 (m, 4H), 1.42 (s, 6H),
1.28 (s, 3H). MS (ESI) nvz: 465.1 (M+1)™.

[0444] Step 3. Synthesis of (S)-8-fluoro-3-(4-methoxy-
phenyl)-4-oxo-2-(pyrrolidin-2-yl)-3,4-dihydroquinazoline-
6-carbonitrile (17b)

[0445] Under nitrogen, trifluoroacetic acid (0.16 mL, 2.20
mmol) was added to a solution of 16b (50.00 mg, 0.11
mmol) in dry CH,Cl, (2 mL) at 0° C., then stirred at room
temperature overnight, then the solvent was removed in
vacuo and the residue was diluted with CH,Cl, (30 mL) and
washed with saturated solutions of Na,CO; (10 mL) and
brine (10 mL), dried over anhydrous Na,SO,, and filtered,
then the solvent was evaporated under reduced pressure. The
residue was purified by flash chromatography (0% MeOH/
CH,Cl, to 5% MeOH/CH,Cl,) to afford 17b (18.66 mg,
46.4%) as pale yellow solid. "H NMR (500 MHz, CDCL,) §
8.36 (s, 1H), 7.67 (dd, J=9.1, 1.7 Hz, 1H), 7.23-7.19 (m, 1H),
7.17-7.11 (m, 1H), 7.06 (d, J=9.1 Hz, 2H), 3.89 (s, 3H),
3.31-3.24 (m, 1H), 3.08-3.01 (s, 1H), 2.81-2.76 (m, 1H),
1.86-1.71 (m, 4H). MS (ESI) m/z: 365.1 (M+1)*.

Example 80. Synthesis of (R)-8-bromo-3-(4-

methoxyphenyl)-6-nitro-2-(pyrrolidin-2-yl) quinazo-
lin-4 (3H)-one (19a)

[0446]

0N

Br

Prepared according to Scheme 7.

OCH3
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19a

(R)-8-bromo-3-(4-methoxyphenyl)-6-nitro-2-(pyrrolidin-2-yl)quinazolin-

Scheme 7. Synthesis of quinazolinones 19a and 21a-o, Examples 80-95
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[0447] Step 1. Synthesis of methyl 2-amino-5-nitrobenzo-
ate. Under nitrogen, thionyl chloride (8.76 mL, 0.12 mol)
was added to a mixture of S-nitroanthranilic acid (5.46 g,
30.00 mmol) in dry methanol (100 mL) at 0° C., then heated
to reflux at room temperature overnight. After cooling down,
the reaction was treated with water (100 mL) and extracted
with ethyl acetate (3x100 mL). The combined organic layers
were washed with saturated NaHCO, solution (100 mL),
brine (100 mL), dried over anhydrous Na,SO,, and filtered,
then the solvent was evaporated under reduced pressure to
afford methyl 2-amino-5-nitrobenzoate (4.16 g, 70.6%) as
pale yellow solid. "H NMR (500 MHz, DMSO-d,) 8 8.61 (d,
J=2.8 Hz, 1H), 8.08 (dd, J=9.1 Hz, J=2.8 Hz, 1H), 7.82 (brs,
2H), 6.86 (d, J=9.1 Hz, 1H), 3.86 (s, 3H). MS (ESD) m/z:
197.1 (M+1)*.

[0448] Step 2. Synthesis of methyl 2-amino-3-bromo-5-
nitrobenzoate. Under nitrogen, Bromine (0.12 ml, 2.40
mmol) was added to a reaction mixture of methyl 2-amino-
S-nitrobenzoate (392.32 mg, 2.00 mmol) in glacial acetic
acid (3 mL) at room temperature, then stirred at room
temperature for 4 h, then the mixture was poured into ice
water and the resulting precipitate was collected by filtra-
tion. After washing the residue with water, the resulting solid
was dissolved with acetone, then dried over with anhydrous
Na,SO,, and filtered, then the solvent was evaporated under
reduced pressure to afford methyl 2-amino-3-bromo-5-ni-
trobenzoate (0.49 g, 89.1%) as pale yellow solid. "H NMR
(400 MHz, CDCl,) 6 8.83 (d, J=2.4 Hz, 1H), 8.49 (d, I=2.4
Hz, 1H), 3.95 (s, 3H). MS (ESD) m/z: 276.1 (M+1)*.

[0449] Step 3. Synthesis of 2-amino-3-bromo-5-nitroben-
zoic acid. At 0° C., lithium hydroxide (80.46 mg, 3.36
mmol) was added into the solution of methyl 2-amino-3-
bromo-5-nitrobenzoate (0.46 g, 1.68 mmol) in THF (8 mL)
and H,O (8 mL), then stirred at room temperature overnight.
The mixture was then adjusted to pH 2 with 1.0N HCI and
extracted with ethyl acetate (3x80 mL). The combined
organic layers were washed with brine (40 mL) and dried
over anhydrous Na,SO,, then concentrated under reduced
pressure to afford 2-amino-3-bromo-5-nitrobenzoic acid
(0.42 g, 95.8%) as pale yellow solid. 'H NMR (400 MHz,
DMSO) & 13.80 (s, 1H), 8.60 (d, J=2.6 Hz, 1H), 8.43 (d,
J=2.6 Hz, 1H). MS (ESI) nv/z: 262.1 (M+1)*.

[0450] Step 4. Synthesis of tert-butyl (R)-2-(8-bromo-3-
(4-methoxyphenyl)-6-nitro-4-oxo-3,4-dihydroquinazolin-2-
yl) pyrrolidine-1-carboxylate (18a). 2-amino-3-bromo-5-ni-
trobenzoic acid (65.26 mg, 0.25 mmol) and Boc-D-proline
(69.96 mg, 0.33 mmol) were dissolved in dry pyridine (2
mL). Triphenyl phosphite (0.20 mL, 0.75 mmol) was added
to the mixture and the reaction mixture was heated at 110°
C. with MWI for 40 min. 4-methoxyaniline (36.95 mg, 0.30
mmol) was added to the mixture and the reaction mixture
was heated at 100° C. with MWI for 20 min. Pyridine was
removed in vacuo and the residue was diluted with CH,Cl,
(60 mL) and washed with 1IN aqueous HCI (40 mL). The
organic layer was washed with H,O (40 mL) and brine (40
mL), dried over anhydrous Na,SO,, and filtered, then the
solvent was evaporated under reduced pressure. The residue
was purified by flash chromatography (0% Ethyl acetate/
Hexane to 40% Ethyl acetate/Hexane) to afford 18a (28.60
mg, 21.0%) as pale yellow solid. '"H NMR (400 MHz,
CDCly) 8 9.05 (dd, 1=9.6, 2.4 Hz, 1H), 8.81 (dd, J=15.5,2.4
Hz, 1H), 7.51-7.18 (m, 1H), 7.15-7.01 (m, 3H), 4.58-4.48
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(m, 1H), 3.95-3.82 (m, 4H), 3.60-3.41 (m, 1H), 2.30-1.81
(m, 4H), 1.43 (s, 5SH), 1.28 (s, 4H). MS (ESI) m/z: 545.1
M+1)*.

[0451] Step 5. Synthesis of (R)-8-bromo-3-(4-methoxy-
phenyl)-6-nitro-2-(pyrrolidin-2-yl) quinazolin-4 (3H)-one
(19a)

[0452] Under nitrogen, trifluoroacetic acid (0.04 mL, 0.60
mmol) was added to a solution of 18a (16.00 mg, 0.03
mmol) in dry CH,Cl, (1 mL) at 0° C., then stirred at room
temperature overnight, then the solvent was removed in
vacuo and the residue was diluted with CH,Cl, (10 mL) and
washed with saturated solutions of Na,CO; (10 mL) and
brine (10 mL), dried over anhydrous Na,SO,, and filtered,
then the solvent was evaporated under reduced pressure. The
residue was purified by flash chromatography (0% MeOH/
CH,Cl,~5% MeOH/CH,Cl,) to afford 19a (10.60 mg,
73.5%) as pale yellow solid. "H NMR (500 MHz, CDCl,) §
9.06 (d, J=2.5 Hz, 1H), 8.83 (d, J=2.5 Hz, 1H), 7.23-7.19 (m,
1H), 7.18-7.15 (m, 1H), 7.09 (s, 1H), 7.07 (d, J=1.3 Hz, 1H),
3.95 (t, J=7.1 Hz, 1H), 3.89 (s, 3H), 3.39-3.30 (m, 1H),
2.92-2.84 (m, 1H), 1.92-1.75 (m, 4H). MS (ESI) m/z: 445.1
M+1)*.

Example 81. Synthesis of (R)-3-(3-fluoro-4-
methoxyphenyl)-6-nitro-8-(pyridin-3-yl)-2-(pyrroli-
din-2-yl) quinazolin-4 (3H)-one (21a)

[0453] Prepared according to Scheme 7.

2la
OCH;

O,N

(R)-3-(3-fluoro-4-methoxyphenyl)-6-nitro-8-(pyridin-3-yl)-2-
(pyrrolidin-2-yl)quinazolin-4(3 H)-one

[0454] Step 1. Synthesis of tert-butyl (R)-2-(8-bromo-3-
(3-fluoro-4-methoxyphenyl)-6-nitro-4-oxo-3,4-dihydro-

quin-azolin-2-yl) pyrrolidine-1-carboxylate (18b). 2-amino-
3-bromo-5-nitrobenzoic acid (261.06 mg, 1.00 mmol) and
Boc-D-proline (280.00 mg, 1.30 mmol) were dissolved in
dry pyridine (5 mL). Triphenyl phosphite (0.79 mL, 3.00
mmol) was added to the mixture and the reaction mixture
was heated at 110° C. with MWI for 40 min. 3-Fluoro-4-
methoxyaniline (169.75 mg, 1.20 mmol) was added to the
mixture and the reaction mixture was heated at 100° C. with
MWTI for 30 min. Pyridine was removed in vacuo and the
residue was diluted with CH,Cl, (100 mL) and washed with
IN aqueous HCI (50 mL). The organic layer was washed
with H,O (50 mL) and brine (50 mL), dried over anhydrous
Na,SO,, and filtered, then the solvent was evaporated under
reduced pressure. The residue was purified by flash chro-
matography (0% Ethyl acetate/Hexane~40% Ethyl acetate/
Hexane) to afford 18b (0.14 g, 24.9%) as pale yellow solid.



US 2022/0348558 Al

'H NMR (400 MHz, CDCL,) & 9.06-9.00 (m, 1H), 8.81 (dd,
J=16.4, 1.9 Hz, 1H), 7.45-7.08 (m, 2H), 7.05-6.91 (m, 1H),
4.62-4.50 (m, 1H), 4.01-3.96 (m, 3H), 3.91-3.84 (m, 1H),
3.62-3.45 (m, 1H), 2.28-1.87 (m, 4H), 1.43 (d, J=4.2 Hz,
6H), 1.29 (d, J=1.6 Hz, 3H). MS (ESI) m/z: 563.1 (M+1)".
[0455] Step 2. Synthesis of (R)-3-(3-fluoro-4-methoxy-
phenyl)-6-nitro-8-(pyridin-3-yl)-2-(pyrrolidin-2-yl) qui-
nazolin-4 (3H)-one (21a)

[0456] A mixture of 18b (30.00 mg, 0.050 mmol), cesium
carbonate (32.58 mg, 0.10 mmol), pyridine-3-boronic acid
(9.26 mg, 0.075 mmol) and tetrakis(triphenylphosphine)
palladium (0) (6.00 mg, 0.005 mmol) in dioxane (1.5 mL)
and H,O (0.6 mL) was degassed and flushed with nitrogen.
The mixture was heated at 85° C. for 6 h under nitrogen
atmosphere. After cooling to room temperature, the mixture
was diluted with H,O (10 mL) and extracted with ethyl
acetate (2x20 mL). The combined organic layers were
washed with H,O (10 mL) and brine (10 mL), dried over
anhydrous Na,SO,, and filtered, then the solvent was evapo-
rated under reduced pressure to afford pale yellow oil. The
crude product was treated with a palladium scavenger at
elevated temperature to remove any residual metal from the
coupling reaction. The crude product was separated from the
scavenger by filtration and used in the next step.

[0457] Under nitrogen, trifluoroacetic acid (0.05 mL, 0.80
mmol) was added to a solution of pale yellow oil described
above in dry CH,Cl, (2 mL) at 0° C., then stirred at room
temperature overnight, then the solvent was removed in
vacuo and the residue was diluted with CH,Cl, (30 mL) and
washed with saturated solutions of Na,CO; (10 mL) and
brine (10 mL), dried over anhydrous Na,SO,, and filtered,
then the solvent was evaporated under reduced pressure. The
residue was purified by flash chromatography (0% MeOH/
CH,Cl,~5% MeOH/CH,Cl,) to afford 2la (6.20 mg,
26.9%) as pale yellow solid. "H NMR (500 MHz, CDCL,) §
9.16 (d, J=2.6 Hz, 1H), 8.92 (d, ]=2.2 Hz, 1H), 8.71 (d, J=4.2
Hz, 1H), 8.63 (d, J=2.6 Hz, 1H), 8.00-7.98 (m, 1H), 7.47
(dd, J=7.6, 5.1 Hz, 1H), 7.18-7.00 (m, 3H), 3.99 (d, J=0.7
Hz, 3H), 3.91 (dd, J=14.2, 7.9 Hz, 1H), 3.11-3.01 (m, 1H),
2.80-2.72 (m, 1H), 1.83-1.65 (m, 4H). MS (ESI) m/z: 462.1
M+1)™.

Example 82. Synthesis of (R)-3-(3-fluoro-4-
methoxyphenyl)-6-nitro-8-(pyridin-4-yl)-2-(pyrroli-
din-2-yl) quinazolin-4 (3H)-one (21b)
[0458] Prepared according to Scheme 7.

21b
OCH;

ON

N

(R)-3-(3-fluoro-4-methoxyphenyl)-6-nitro-8-(pyridin-4-yl)-2-
(pyrrolidin-2-yl)quinazolin-4(3 H)-one
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Synthesis of (R)-3-(3-fluoro-4-methoxyphenyl)-6-
nitro-8-(pyridin-4-y1)-2-(pyrrolidin-2-yl) quinazo-
lin-4 (3H)-one (21b)

[0459] A mixture of 18b (30.00 mg, 0.050 mmol), cesium
carbonate (32.58 mg, 0.10 mmol), pyridine-4-boronic acid
(9.26 mg, 0.075 mmol) and tetrakis(triphenylphosphine)
palladium (0) (6.00 mg, 0.005 mmol) in dioxane (1.5 mL)
and H,O (0.6 mL) was degassed and flushed with nitrogen.
The mixture was heated at 85° C. for 6 h under nitrogen
atmosphere. After cooling to room temperature, the mixture
was diluted with H,O (10 mL) and extracted with ethyl
acetate (2x20 mL). The combined organic layers were
washed with H,O (10 mL) and brine (10 mL), dried over
anhydrous Na,SO,, and filtered, then the solvent was evapo-
rated under reduced pressure to afford pale yellow oil. The
crude product was treated with a palladium scavenger at
elevated temperature to remove any residual metal from the
coupling reaction. The crude product was separated from the
scavenger by filtration and used in the next step.

[0460] Under nitrogen, trifluoroacetic acid (0.05 mL, 0.80
mmol) was added to a solution of pale yellow oil described
above in dry CH,Cl, (2 mL) at 0° C., then stirred at room
temperature overnight, then the solvent was removed in
vacuo and the residue was diluted with CH,Cl, (30 mL) and
washed with saturated solutions of Na,CO; (10 mL) and
brine (10 mL), dried over anhydrous Na,SO,, and filtered,
then the solvent was evaporated under reduced pressure. The
residue was purified by flash chromatography (0% MeOH/
CH,Cl,5% MeOH/CH,Cl,) to afford 21b (6.80 mg, 29.5%)
as pale yellow solid. "H NMR (400 MHz, CDCl,) $ 9.17 (d,
J=2.4 Hz, 1H), 8.78 (d, J=5.4 Hz, 2H), 8.63 (d, J=2.3 Hz,
1H), 7.60 (d, J=5.6 Hz, 2H), 7.18-6.96 (m, 3H), 3.99 (s, 3H),
3.96-3.86 (m, 1H), 3.08-3.01 (m, 1H), 2.81-2.75 (m, 1H),
2.40 (brs, 1H), 1.81-1.65 (m, 4H). MS (ESI) m/z: 462.1
(M+1)*.

Example 83. Synthesis of (S)-3-(3-fluoro-4-
methoxyphenyl)-6-nitro-8-(pyridin-3-yl)-2-(pyrroli-
din-2-yl) quinazolin-4 (3H)-one (21¢)

[0461] Prepared according to Scheme 7.
21c
F
OCH;3
(¢]
O,N
N
H
N
HN
=4 |
N N

(S)-3-(3-fluoro-4-methoxyphenyl)-6-nitro-8-(pyridin-3-yl)-2-
(pyrrolidin-2-yl)quinazolin-4(3 H)-one
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[0462] Step 1. Synthesis of tert-butyl (S)-2-(8-bromo-3-
(3-fluoro-4-methoxyphenyl)-6-nitro-4-0x0-3,4-dihydro-

quin-azolin-2-yl) pyrrolidine-1-carboxylate (18c). 2-amino-
3-bromo-5-nitrobenzoic acid (261.06 mg, 1.00 mmol) and
Boc-L-proline (280.00 mg, 1.30 mmol) were dissolved in
dry pyridine (5 mL). Triphenyl phosphite (0.79 mL, 3.00
mmol) was added to the mixture and the reaction mixture
was heated at 110° C. with MWI for 40 min. 3-Fluoro-4-
methoxyaniline (169.75 mg, 1.20 mmol) was added to the
mixture and the reaction mixture was heated at 100° C. with
MWTI for 30 min. Pyridine was removed in vacuo and the
residue was diluted with CH,Cl, (100 mL) and washed with
1IN HCI aqueous (50 mL). The organic layer was washed
with H,O (50 mL) and brine (50 mL), dried over anhydrous
Na,SO,, and filtered, then the solvent was evaporated under
reduced pressure. The residue was purified by flash chro-
matography (0% Ethyl acetate/Hexane~40% Ethyl acetate/
Hexane) to afford 18c (0.15 g, 26.7%) as pale yellow solid.
'H NMR (400 MHz, CDCl,) 8 9.05-9.88 (m, 1H), 8.81 (dd,
1=16.5, 1.9 Hz, 1H), 7.45-7.08 (m, 2H), 7.06-6.88 (m, 1H),
4.61-4.48 (m, 1H), 4.01-3.95 (m, 3H), 3.91-3.85 (m, 1H),
3.61-3.45 (m, 1H), 2.31-1.86 (m, 4H), 1.43 (d, J=4.2 Hz,
6H), 1.28 (d, J=1.6 Hz, 3H). MS (ESI) m/z: 563.1 (M+1)*.

[0463] Step 2. Synthesis of (S)-3-(3-fluoro-4-methoxy-
phenyl)-6-nitro-8-(pyridin-3-yl)-2-(pyrrolidin-2-y1) qui-
nazolin-4 (3H)-one (21c¢)

[0464] A mixture of 18c (30.00 mg, 0.050 mmol), cesium
carbonate (32.58 mg, 0.10 mmol), pyridine-3-boronic acid
(9.26 mg, 0.075 mmol) and tetrakis(triphenylphosphine)
palladium (0) (6.00 mg, 0.005 mmol) in dioxane (1.5 mL)
and H,O (0.6 mL) was degassed and flushed with nitrogen.
The mixture was heated at 85° C. for 6 h under nitrogen
atmosphere. After cooling to room temperature, the mixture
was diluted with H,O (10 mL) and extracted with ethyl
acetate (2x20 mL). The combined organic layers were
washed with H,O (10 mL) and brine (10 mL), dried over
anhydrous Na,SO,, and filtered, then the solvent was evapo-
rated under reduced pressure to afford pale yellow oil. The
crude product was treated with a palladium scavenger at
elevated temperature to remove any residual metal from the
coupling reaction. The crude product was separated from the
scavenger by filtration and used in the next step.

[0465] Under nitrogen, trifluoroacetic acid (0.05 mL, 0.80
mmol) was added to a solution of pale yellow oil described
above in dry CH,Cl, (2 mL) at 0° C., then stirred at room
temperature overnight, then the solvent was removed in
vacuo and the residue was diluted with CH,Cl, (30 mL) and
washed with saturated solutions of Na,CO; (10 mL) and
brine (10 mL), dried over anhydrous Na,SO,, and filtered,
then the solvent was evaporated under reduced pressure. The
residue was purified by flash chromatography (0% MeOH/
CH,Cl1,~5% MeOH/CH,Cl,) to afford 21c (9.60 mg,
41.6%) as pale yellow solid. "H NMR (500 MHz, CDCL,) §
9.16 (d, J=2.6 Hz, 1H), 8.92 (d, J=2.2 Hz, 1H), 8.73-8.70 (m,
1H), 8.63 (dd, J=2.6, 0.6 Hz, 1H), 7.99 (d, J=7.9 Hz, 1H),
7.48-7.45 (m, 1H), 7.16-7.00 (m, 3H), 3.99 (d, J=0.7 Hz,
3H), 3.98-3.86 (m, 1H), 3.08-3.01 (m, 1H), 2.81-2.75 (m,
1H), 1.86-1.65 (m, 4H). MS (ESI) nvz: 462.1 (M+1)*.
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Example 84. Synthesis of (S)-3-(3-fluoro-4-
methoxyphenyl)-6-nitro-8-(pyridin-4-y1)-2-(pyrroli-
din-2-yl) quinazolin-4 (3H)-one (21d)

[0466] Prepared according to Scheme 7.
21d
F
OCH;
(6]
O,N
N
H
N
HN.
Z
x
N

(8)-3-(3-fluoro-4-methoxyphenyl)-6-nitro-8-(pyridin-4-yl)-2-
(pyrrolidin-2-yl)quinazolin-4(3 H)-one

Synthesis of (S)-3-(3-fluoro-4-methoxyphenyl)-6-
nitro-8-(pyridin-4-yl)-2-(pyrrolidin-2-yl) quinazo-
lin-4 (3H)-one (21d)

[0467] A mixture of 18c (30.00 mg, 0.050 mmol), cesium
carbonate (32.58 mg, 0.10 mmol), pyridine-4-boronic acid
(9.26 mg, 0.075 mmol) and tetrakis(triphenylphosphine)
palladium (0) (6.00 mg, 0.005 mmol) in dioxane (1.5 mL)
and H,O (0.6 mL) was degassed and flushed with nitrogen.
The mixture was heated at 85° C. for 6 h under nitrogen
atmosphere. After cooling to room temperature, the mixture
was diluted with H,O (10 mL) and extracted with ethyl
acetate (2x20 mL). The combined organic layers were
washed with H,O (10 mL) and brine (10 mL), dried over
anhydrous Na,SO,, and filtered, then the solvent was evapo-
rated under reduced pressure to afford pale yellow oil. The
crude product was treated with a palladium scavenger at
elevated temperature to remove any residual metal from the
coupling reaction. The crude product was separated from the
scavenger by filtration and used in the next step. Under
nitrogen, trifluoroacetic acid (0.05 mL, 0.80 mmol) was
added to a solution of pale yellow oil described above in dry
CH,Cl, (2 mL) at 0° C., then stirred at room temperature
overnight, then the solvent was removed in vacuo and the
residue was diluted with CH,Cl, (30 mL) and washed with
saturated solutions of Na,CO; (10 mL) and brine (10 mL),
dried over anhydrous Na,SO,, and filtered, then the solvent
was evaporated under reduced pressure. The residue was
purified by flash chromatography (0% MeOH/CH,Cl,~5%
MeOH/CH,Cl,) to afford 21d (11.50 mg, 49.8%) as pale
yellow solid. '"H NMR (400 MHz, CDCl,) 8 9.16 (d, 1=2.4
Hz, 1H), 8.76 (d, J=5.4 Hz, 2H), 8.61 (d, ]=2.3 Hz, 1H), 7.61
(d, 1=5.6 Hz, 2H), 7.21-6.96 (m, 3H), 3.98 (s, 3H), 3.96-3.85
(m, 1H), 3.11-3.01 (m, 1H), 2.81-2.75 (m, 1H), 2.41 (brs,
1H), 1.81-1.65 (m, 4H). MS (ESI) mvz: 462.1 (M+1)*.
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Example 85. Synthesis of (R)-3-(4-methoxyphe-
nyl)-6-nitro-8-(pyridin-3-y1)-2-(pyrrolidin-2-yl) qui-
nazolin-4 (3H)-one (21e)

[0468] Prepared according to Scheme 7.

2le

OCHj

O:N

N N

(R)-3-(4-methoxyphenyl)-6-nitro-8-(pyridin-3-yl)-2-(pyrrolidin-2-yl)
quinazolin-4(3 H)-one

[0469] Step 1. Synthesis of tert-butyl (R)-2-(3-(4-
methoxyphenyl)-6-nitro-4-oxo-8-(pyridin-3-yl)-3,4-dihyd-
roquinazol-in-2-yl) pyrrolidine-1-carboxylate (20a)

[0470] A mixture of 18a (20.00 mg, 0.036 mmol), cesium
carbonate (23.49 mg, 0.072 mmol), pyridine-3-boronic acid
(6.76 mg, 0.055 mmol) and tetrakis(triphenylphosphine)
palladium (0) (4.16 mg, 0.0036 mmol) in dioxane (1 mL)
and H,O (0.5 mL) was degassed and flushed with nitrogen.
The mixture was heated at 85° C. for 6 h under nitrogen
atmosphere. After cooling to room temperature, the mixture
was diluted with H,O (10 mL) and extracted with ethyl
acetate (2x20 mL). The combined organic layers were
washed with H,O (10 mL) and brine (10 mL), dried over
anhydrous Na,SO,, and filtered, then the solvent was evapo-
rated under reduced pressure. The residue was purified by
flash chromatography (0% MeOH/CH,Cl,~ 5% MeOH/
CH,Cl,) to afford 20a (16.86 mg, 86.2%) as pale yellow
solid. The crude product was treated with a palladium
scavenger at elevated temperature to remove any residual
metal from the coupling reaction. The crude product was
separated from the scavenger by filtration and used in the
next step. 'H NMR (500 MHz, CDCl;) § 9.16 (dd, J=8.9, 2.6
Hz, 1H), 8.86 (d, J=44.7 Hz, 1H), 8.70 (d, J=3.5 Hz, 1H),
8.63 (dd, J=24.5, 2.6 Hz, 1H), 8.07 (dd, ]=28.9, 7.9 Hz, 1H),
7.71-7.64 (m, 1H), 7.52-7.38 (m, 2H), 7.16-7.10 (m, 1H),
7.15-7.06 (m, 1H), 4.56-4.45 (m, 1H), 3.89 (d, J=10.9 Hz,
2H), 3.70 (s, 1H), 3.45-3.32 (m, 2H), 2.00-1.70 (m, 4H),
1.33 (s, 5SH), 1.28 (s, 4H). MS (ESI) nvz: 544.1 (M+1)™.
[0471] Step 2. Synthesis of (R)-3-(4-methoxyphenyl)-6-
nitro-8-(pyridin-3-y1)-2-(pyrrolidin-2-yl) quinazolin-4 (3H)-
one (21e)

[0472] Under nitrogen, trifluoroacetic acid (0.04 mL, 0.60
mmol) was added to a solution of 20a (16.00 mg, 0.03
mmol) in dry CH,Cl, (1 mL) at 0° C., then stirred at room
temperature overnight, then the solvent was removed in
vacuo and the residue was diluted with CH,Cl, (10 mL) and
washed with saturated solutions of Na,CO; (10 mL) and
brine (10 mL), dried over anhydrous Na,SO,, and filtered,
then the solvent was evaporated under reduced pressure. The
residue was purified by flash chromatography (0% MeOH/
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CH,Cl,~5% MeOH/CH,Cl,) to afford 2le (6.20 mg,
46.6%) as pale yellow solid. 'H NMR (500 MHz, CDCl,) 8
9.17 (d, J=2.7 Hz, 1H), 8.93 (d, J=1.7 Hz, 1H), 8.71 (dd,
J=4.8, 1.6 Hz, 1H), 8.62 (d, J=2.7 Hz, 1H), 8.08-7.96 (m,
1H), 7.50-7.44 (m, 1H), 7.25-7.20 (m, 1H), 7.20-7.16 (m,
1H), 7.08 (d, J=9.1 Hz, 2H), 3.97-3.91 (m, 1H), 3.90 (s, 3H),
3.11-3.03 (m, 1H), 2.78-2.68 (m, 1H), 2.09 (brs, 1H),
1.81-1.68 (m, 4H). MS (ESI) nv/z: 444.1 (M+1)".

Example 86. Synthesis of 2-((2R,4S)-4-fluoropyrro-
lidin-2-yl1)-3-(4-methoxyphenyl)-6-nitro-8-(pyridin-
3-yl) quinazolin-4 (3H)-one (211)

[0473] Prepared according to Scheme 7.
21fF
OCH;
(6]
0,N
4..‘\\\F

S

N N

2-((2R,48)-4-fluoropyrrolidin-2-yl)-3-(4-methoxyphenyl)-6-nitro-8-
(pyridin-3-yl)quinazolin-4(3 H)-one

[0474] Step 1. Synthesis of tert-butyl (2R,4S)-2-(8-bromo-
3-(4-methoxyphenyl)-6-nitro-4-oxo-3,4-dihydroquinazolin-
2-yl)-4-fluoropyrrolidine-1-carboxylate (18d). 2-amino-3-
bromo-5-nitrobenzoic acid (65.26 mg, 0.25 mmol) and
(2R 48)-1-(tert-butoxycarbonyl)-4-fluoropyrrolidine-2-car-
boxylic acid (75.80 mg, 0.33 mmol) were dissolved in dry
pyridine (2 mL). Triphenyl phosphite (0.20 mL, 0.75 mmol)
was added to the mixture and the reaction mixture was
heated at 100° C. with MWI for 40 min. 4-methoxyaniline
(36.95 mg, 0.30 mmol) was added to the mixture and the
reaction mixture was heated at 120° C. with MWI for 1x30
min. Pyridine was removed in vacuo and the residue was
diluted with CH,Cl, (40 mL) and washed with 1IN HCI
aqueous (30 mL). The organic layer was washed with H,O
(30 mL) and brine (30 mL), dried over anhydrous Na,SO,,
and filtered, then the solvent was evaporated under reduced
pressure. The residue was purified by flash chromatography
(0% Ethyl acetate/Hexane~40% Ethyl acetate/Hexane) to
afford 18d (19.80 mg, 14.1%) as pale yellow solid. 'H NMR
(400 MHz, CDCl;) 8 9.04 (dd, J=11.9, 2.4 Hz, 1H), 8.81 (dd,
J=17.7, 2.4 Hz, 1H), 7.56-7.21 (m, 1H), 7.181-7.05 (m, 3H),
5.28 (dd, J=52.9, 24.0 Hz, 1H), 4.81-4.68 (m, 1H), 4.06-3.84
(m, 5H), 2.48-2.18 (m, 2H), 1.42 (s, 6H), 1.26 (s, 3H). MS
(ESI) m/z: 563.1 (M+1)*.

[0475] Step 2. Synthesis of 2-((2R,4S)-4-fluoropyrrolidin-
2-y1)-3-(4-methoxyphenyl)-6-nitro-8-(pyridin-3-yl) quinaz-
olin-4 (3H)-one (211)

[0476] A mixture of 18d (19.80 mg, 0.035 mmol), cesium
carbonate (22.86 mg, 0.07 mmol), pyridine-3-boronic acid
(6.80 mg, 0.055 mmol) and tetrakis(triphenylphosphine)
palladium (0) (4.00 mg, 0.0035 mmol) in dioxane (1.5 mL)
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and H,O (0.6 mL) was degassed and flushed with nitrogen.
The mixture was heated at 85° C. for 6 h under nitrogen
atmosphere. After cooling to room temperature, the mixture
was diluted with H,O (10 mL) and extracted with ethyl
acetate (2x20 mL). The combined organic layers were
washed with H,O (10 mL) and brine (10 mL), dried over
anhydrous Na,SO,, and filtered, then the solvent was evapo-
rated under reduced pressure to afford pale yellow oil. The
crude product was treated with a palladium scavenger at
elevated temperature to remove any residual metal from the
coupling reaction. The crude product was separated from the
scavenger by filtration and used in the next step.

[0477] Under nitrogen, trifluoroacetic acid (0.04 mL, 0.50
mmol) was added to a solution of pale yellow oil described
above in dry CH,Cl, (2 mL) at 0° C., then stirred at room
temperature overnight, then the solvent was removed in
vacuo and the residue was diluted with CH,Cl, (30 mL) and
washed with saturated solutions of Na,CO; (10 mL) and
brine (10 mL), dried over anhydrous Na,SO,, and filtered,
then the solvent was evaporated under reduced pressure. The
residue was purified by flash chromatography (0% MeOH/
CH,C1,~5% MeOH/CH,Cl,) to afford 21£ (6.60 mg, 40.9%)
as pale yellow amorphous solid. 'H NMR (500 MHz,
CDCl,) & 9.17 (d, J=2.6 Hz, 1H), 8.91 (d, J=2.1 Hz, 1H),
8.70 (dd, J=4.8, 1.5 Hz, 1H), 8.62 (d, J=2.6 Hz, 1H),
7.98-7.94 (m, 1H), 7.46 (dd, J=7.9, 4.9 Hz, 1H), 7.33-7.29
(m, 1H), 7.18-7.14 (m, 1H), 7.11-7.06 (m, 2H), 5.18 (d,
J=54.7 Hz, 1H), 4.23 (t, J=7.6 Hz, 1H), 3.90 (s, 3H),
3.11-3.08 (m, 1H), 3.06-3.04 (m, 1H), 2.25-2.12 (m, 2H).
MS (ESI) m/z: 462.1 (M+1)*.

Example 87. Synthesis of (R)-3-(4-methoxyphe-
nyl)-6-nitro-8-(pyrimidin-5-yl)-2-(pyrrolidin-2-yl)
quinazolin-4 (3H)-one (21g)

[0478] Prepared according to Scheme 7.

21g

OCHj

0N

(R)-3-(4-methoxyphenyl)-6-nitro-8-(pyridin-5-yl)-2-(pyrrolidin-2-yl)
quinazolin-4(3 H)-one

Synthesis of (R)-3-(4-methoxyphenyl)-6-nitro-8-
(pyrimidin-5-yl)-2-(pyrrolidin-2-yl) quinazolin-4
(3H)-one (21g)

[0479] A mixture of 18a (40.00 mg, 0.075 mmol), cesium
carbonate (48.86 mg, 0.15 mmol), 5-pyrimidinylboronic
acid (13.65 mg, 0.11 mmol) and tetrakis(triphenylphos-
phine) palladium (0) (8.66 mg, 0.0075 mmol) in dioxane
(2.5 mL) and H,O (1 mL) was degassed and flushed with
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nitrogen. The mixture was heated at 85° C. for 6 h under
nitrogen atmosphere. After cooling to room temperature, the
mixture was diluted with H,O (10 mL) and extracted with
ethyl acetate (2x30 mL). The combined organic layers were
washed with H,O (10 mL) and brine (10 mL), dried over
anhydrous Na,SO,, and filtered, then the solvent was evapo-
rated under reduced pressure to afford pale yellow oil, which
was used for the following reaction without further purifi-
cation. The crude product was treated with a palladium
scavenger at elevated temperature to remove any residual
metal from the coupling reaction. The crude product was
separated from the scavenger by filtration and used in the
next step.

[0480] Under nitrogen, trifluoroacetic acid (0.05 mL, 0.80
mmol) was added to a solution of pale yellow oil described
above in dry CH,Cl, (1.5 mL) at 0° C., then stirred at room
temperature overnight, then the solvent was removed in
vacuo and the residue was diluted with CH,Cl, (30 mL) and
washed with saturated solutions of Na,CO; (10 mL) and
brine (10 mL), dried over anhydrous Na,SO,, and filtered,
then the solvent was evaporated under reduced pressure. The
residue was purified by flash chromatography (0% MeOH/
CH,Cl,~5% MeOH/CH,Cl,) to afford 21g (8.60 mg,
25.8%) as pale yellow solid. 'H NMR (500 MHz, CDCl,) §
9.31 (s, 1H), 9.19 (d, J=2.4 Hz, 1H), 9.09 (s, 2H), 8.64 (d,
J=2.4 Hz, 1H), 7.28-7.25 (m, 1H), 7.18-7.16 (m, 1H), 7.08
(d, J=8.8 Hz, 2H), 4.02-3.97 (m, 1H), 3.90 (s, 3H), 3.15-3.08
(m, 1H), 2.86-2.78 (m, 1H), 2.16 (brs, 1H), 1.86-1.68 (m,
4H). MS (ESI) m/z: 445.1 (M+1)".

Example 88. Synthesis of (R)-3-(3-fluoro-4-
methoxyphenyl)-6-nitro-8-(pyrimidin-5-y1)-2-(pyrro-
lidin-2-yl) quinazol-in-4 (3H)-one (21h)

[0481] Prepared according to Scheme 7.
21h
F
OCH3
o]
0N
=4 |
N\/N

(R)-3-(3-fluoro-4-methoxypheny!)-6-nitro-8-(pyrimidin-5-yl)-2-
(pyrrolidin-2-yl)quinazolin-4(3 H)-one

Synthesis of (R)-3-(3-fluoro-4-methoxyphenyl)-6-
nitro-8-(pyrimidin-5-yl)-2-(pyrrolidin-2-yl) quinazo-
lin-4 (3H)-one (21h)

[0482] A mixture of 18b (42.25 mg, 0.075 mmol), cesium
carbonate (48.86 mg, 0.15 mmol), 5-pyrimidinylboronic
acid (13.65 mg, 0.11 mmol) and tetrakis(triphenylphos-
phine) palladium (0) (8.66 mg, 0.0075 mmol) in dioxane
(2.5 mL) and H,O (1 mL) was degassed and flushed with
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nitrogen. The mixture was heated at 85° C. for 6 h under
nitrogen atmosphere. After cooling to room temperature, the
mixture was diluted with H,O (10 mL) and extracted with
ethyl acetate (2x20 mL). The combined organic layers were
washed with H,O (10 mL) and brine (10 mL), dried over
anhydrous Na,SO,, and filtered, then the solvent was evapo-
rated under reduced pressure to afford pale yellow oil. The
crude product was treated with a palladium scavenger at
elevated temperature to remove any residual metal from the
coupling reaction. The crude product was separated from the
scavenger by filtration and used in the next step.

[0483] Under nitrogen, trifluoroacetic acid (0.05 mL, 0.80
mmol) was added to a solution of pale yellow oil described
above in dry CH,Cl, (1.5 mL) at 0° C., then stirred at room
temperature overnight, then the solvent was removed in
vacuo and the residue was diluted with CH,Cl, (40 mL) and
washed with saturated solutions of Na,CO; (10 mL) and
brine (10 mL), dried over anhydrous Na,SO,, and filtered,
then the solvent was evaporated under reduced pressure. The
residue was purified by flash chromatography (0% MeOH/
CH,Cl1,~5% MeOH/CH,Cl,) to afford 21 h (9.60 mg,
27.8%) as pale yellow solid. "H NMR (500 MHz, CDC,) §
9.32 (s, 1H), 9.20 (d, J=2.6 Hz, 1H), 9.08 (s, 2H), 8.65 (d,
J=2.6 Hz, 1H), 7.18-7.08 (m, 2H), 7.06-7.01 (m, 1H),
4.10-3.86 (m, 4H), 3.11-3.06 (m, 1H), 2.85-2.75 (m, 1H),
1.88-1.65 (m, 4H). MS (ESI) n/z: 463.1 (M+1)".

Example 89. Synthesis of (R)-3-(3-fluoro-4-

methoxyphenyl)-8-(6-fluoropyridin-3-yl)-6-nitro-2-
(pyrrolidin-2-yl) quinazolin-4 (3H)-one (211)

[0484] Prepared according to Scheme 7.

21i

OCH3

0N

\

/

o]

(R)-3-(3-fluoro-4-methoxypheny!)-8-(6-fluoropyridin-3-yl)-6-nitro-2-
(pyrrolidin-2-yl)quinazolin-4(3 H)-one

Synthesis of (R)-3-(3-fluoro-4-methoxyphenyl)-8-
(6-fluoropyridin-3-yl)-6-nitro-2-(pyrrolidin-2-yl)
quinazolin-4 (3H)-one (21i)

[0485] A mixture of 18b (42.25 mg, 0.075 mmol), cesium
carbonate (48.86 mg, 0.15 mmol), 2-fluoropyridine-5-bo-
ronic acid (15.50 mg, 0.11 mmol) and tetrakis(tri-phe-
nylphosphine) palladium (0) (8.66 mg, 0.0075 mmol) in
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dioxane (3 mL) and H,O (1 mL) was degassed and flushed
with nitrogen. The mixture was heated at 85° C. for 6 h
under nitrogen atmosphere. After cooling to room tempera-
ture, the mixture was diluted with H,O (10 mL) and
extracted with ethyl acetate (2x20 mL). The combined
organic layers were washed with H,O (10 mL) and brine (10
mL), dried over anhydrous Na,SO,, and filtered, then the
solvent was evaporated under reduced pressure to afford
pale yellow oil. The crude product was treated with a
palladium scavenger at elevated temperature to remove any
residual metal from the coupling reaction. The crude product
was separated from the scavenger by filtration and used in
the next step.

[0486] Under nitrogen, trifluoroacetic acid (0.05 mL, 0.80
mmol) was added to a solution of pale yellow oil described
above in dry CH,Cl, (2 mL) at 0° C., then stirred at room
temperature overnight, then the solvent was removed in
vacuo and the residue was diluted with CH,Cl, (40 mL) and
washed with saturated solutions of Na,CO; (10 mL) and
brine (10 mL), dried over anhydrous Na,SO,, and filtered,
then the solvent was evaporated under reduced pressure. The
residue was purified by flash chromatography (0% MeOH/
CH,C1,~5% MeOH/CH,Cl,) to afford 21i (10.91 mg,
30.5%) as pale yellow solid. "H NMR (500 MHz, CDCl,) §
9.15(d, J=2.6 Hz, 1H), 8.61 (d, J=2.6 Hz, 1H), 8.54 (d, I=2.0
Hz, 1H), 8.12 (td, J=7.7, 1.9 Hz, 1H), 7.13-6.98 (m, 4H),
3.99 (s, 3H), 3.96-3.86 (m, 1H), 3.11-3.06 (m, 1H), 2.81-2.
75 (m, 1H), 2.31 (brs, 1H), 1.86-1.65 (m, 4H). MS (ESI)
m/z: 480.1 (M+1)*.

Example 90. Synthesis of (R)-3-(3-fluoro-4-

methoxyphenyl)-8-(2-fluoropyridin-4-yl)-6-nitro-2-
(pyrrolidin-2-yl) quinazolin-4 (3H)-one (21;)

[0487] Prepared according to Scheme 7.

21j

OCH3

0N

F N

(R)-3-(3-fluoro-4-methoxyphenyl)-8-(2-fluoropyridin-4-yl)-6-nitro-2-
(pyrrolidin-2-yl)quinazolin-4(3 H)-one

Synthesis of (R)-3-(3-fluoro-4-methoxyphenyl)-8-
(2-fluoropyridin-4-yl)-6-nitro-2-(pyrrolidin-2-y1)
quinazolin-4 (3H)-one (21j)

[0488] A mixture of 18b (42.25 mg, 0.075 mmol), cesium
carbonate (48.86 mg, 0.15 mmol), 2-fluoropyridine-4-bo-
ronic acid (15.50 mg, 0.11 mmol) and tetrakis(tri-phe-
nylphosphine) palladium (0) (8.66 mg, 0.0075 mmol) in
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dioxane (3 mL) and H,O (1 mL) was degassed and flushed
with nitrogen. The mixture was heated at 85° C. for 6 h
under nitrogen atmosphere. After cooling to room tempera-
ture, the mixture was diluted with H,O (10 mL) and
extracted with ethyl acetate (2x20 mL). The combined
organic layers were washed with H,O (10 mL) and brine (10
mlL), dried over anhydrous Na,SO,, and filtered, then the
solvent was evaporated under reduced pressure to afford
pale yellow oil. The crude product was treated with a
palladium scavenger at elevated temperature to remove any
residual metal from the coupling reaction. The crude product
was separated from the scavenger by filtration and used in
the next step.

[0489] Under nitrogen, trifluoroacetic acid (0.05 mL, 0.80
mmol) was added to a solution of pale yellow oil described
above in dry CH,Cl, (2 mL) at 0° C., then stirred at room
temperature overnight, then the solvent was removed in
vacuo and the residue was diluted with CH,Cl, (40 mL) and
washed with saturated solutions of Na,CO; (10 mL) and
brine (10 mL), dried over anhydrous Na,SO,, and filtered,
then the solvent was evaporated under reduced pressure. The
residue was purified by flash chromatography (0% MeOH/
CH,Cl,~5% MeOH/CH,Cl,) to afford 21j (11.16 mg,
31.1%) as pale yellow solid. "H NMR (500 MHz, CDC,) §
9.19(d, J=2.6 Hz, 1H), 8.64 (d, J=2.6 Hz, 1H), 8.38 (d, J=5.1
Hz, 1H), 7.49 (d, J=5.2 Hz, 1H), 7.29 (s, 1H), 7.18-7.11 (m,
1H), 7.10-7.06 (m, 1H), 7.05-7.01 (m, 1H), 4.02-3.91 (m,
4H), 3.13-3.03 (m, 1H), 2.81-2.75 (m, 1H), 2.21 (brs, 1H),
1.86-1.68 (m, 4H). MS (ESI) m/z: 480.1 (M+1)*.

Example 91. Synthesis of (R)-3-(3-fluoro-4-
methoxyphenyl)-6-nitro-2-(pyrrolidin-2-y1)-8-(6-
(trifluoromethyl)pyridin-3-yl) quinazolin-4 (3H)-one
(21k)

[0490] Prepared according to Scheme 7.

21k
OCH3

05N

(R)-3-(3-fluoro-4-methoxyphenyl)-6-nitro-2-(pyrrolidin-2-yl)-8-(6-
(trifluoromethyl)pyridin-3-yl)quinazolin-4(3 H)-one

Synthesis of (R)-3-(3-fluoro-4-methoxyphenyl)-6-
nitro-2-(pyrrolidin-2-y1)-8-(6-(triftuoromethyl)pyri-
din-3-yl) quinazolin-4 (3H)-one (21k)

[0491] A mixture of 18b (42.25 mg, 0.075 mmol), cesium
carbonate (48.86 mg, 0.15 mmol), 2-trifluoromethyl-5-pyri-
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dineboric acid (21.00 mg, 0.11 mmol) and tetrakis(triph-
enylphosphine) palladium (0) (8.66 mg, 0.0075 mmol) in
dioxane (3 mL) and H,O (1 mL) was degassed and flushed
with nitrogen. The mixture was heated at 85° C. for 6 h
under nitrogen atmosphere. After cooling to room tempera-
ture, the mixture was diluted with H,O (10 mL) and
extracted with ethyl acetate (2x20 mL). The combined
organic layers were washed with H,O (10 mL) and brine (10
mL), dried over anhydrous Na,SO,, and filtered, then the
solvent was evaporated under reduced pressure to afford
pale yellow oil. The crude product was treated with a
palladium scavenger at elevated temperature to remove any
residual metal from the coupling reaction. The crude product
was separated from the scavenger by filtration and used in
the next step.

[0492] Under nitrogen, trifluoroacetic acid (0.05 mL, 0.80
mmol) was added to a solution of pale yellow oil described
above in dry CH,Cl, (2 mL) at 0° C., then stirred at room
temperature overnight, then the solvent was removed in
vacuo and the residue was diluted with CH,Cl, (40 mL) and
washed with saturated solutions of Na,CO; (10 mL) and
brine (10 mL), dried over anhydrous Na,SO,, and filtered,
then the solvent was evaporated under reduced pressure. The
residue was purified by flash chromatography (0% MeOH/
CH,Cl,~5% MeOH/CH,Cl,) to afford 21k (7.25 mg,
18.3%) as pale yellow solid. '"H NMR (500 MHz, CDCl,) §
9.19 (d, 1=2.6 Hz, 1H), 9.04 (s, 1H), 8.65 (d, J=2.5 Hz, 1H),
8.18 (dd, J=8.0, 1.5 Hz, 1H), 7.86 (d, J=8.1 Hz, 1H),
7.18-7.01 (m, 4H), 4.06-3.86 (m, 4H), 3.08-3.01 (m, 1H),
2.81-2.75 (m, 1H), 2.18 (s, 2H), 1.88-1.65 (m, 4H). MS
(ESI) m/z: 530.1 (M+1)".

Example 92. Synthesis of (R)-3-(3-fluoro-4-
methoxyphenyl)-8-(6-methylpyridin-3-y1)-6-nitro-2-
(pyrrolidin-2-yl) quinazolin-4 (3H)-one (211)

[0493] Prepared according to Scheme 7.

211

OCH;

0N

AN

CH;

(R)-3-(3-fluoro-4-methoxyphenyl)-8-(6-methylpyridin-3-yl)-6-nitro-2-
(pyrrolidin-2-yl)quinazolin-4(3H)-one

Synthesis of (R)-3-(3-fluoro-4-methoxyphenyl)-8-
(6-methylpyridin-3-yl)-6-nitro-2-(pyrrolidin-2-yl)
quinazolin-4 (3H)-one (211)

[0494] A mixture of 18b (42.25 mg, 0.075 mmol), cesium
carbonate (48.86 mg, 0.15 mmol), 6-methylpyridine-3-bo-
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ronic acid (15.06 mg, 0.11 mmol) and tetrakis(triph-
enylphosphine) palladium (0) (8.66 mg, 0.0075 mmol) in
dioxane (3 mL) and H,O (1 mL) was degassed and flushed
with nitrogen. The mixture was heated at 85° C. for 6 h
under nitrogen atmosphere. After cooling to room tempera-
ture, the mixture was diluted with H,O (10 mL) and
extracted with ethyl acetate (2x20 mL). The combined
organic layers were washed with H,O (10 mL) and brine (10
mL), dried over anhydrous Na,SO,, and filtered, then the
solvent was evaporated under reduced pressure to afford
pale yellow oil. The crude product was treated with a
palladium scavenger at elevated temperature to remove any
residual metal from the coupling reaction. The crude product
was separated from the scavenger by filtration and used in
the next step.

[0495] Under nitrogen, trifluoroacetic acid (0.05 mL, 0.80
mmol) was added to a solution of pale yellow oil described
above in dry CH,Cl, (2 mL) at 0° C., then stirred at room
temperature overnight, then the solvent was removed in
vacuo and the residue was diluted with CH,Cl, (40 mL) and
washed with saturated solutions of Na,CO; (10 mL) and
brine (10 mL), dried over anhydrous Na,SO,, and filtered,
then the solvent was evaporated under reduced pressure. The
residue was purified by flash chromatography (0% MeOH/
CH,C1,~5% MeOH/CH,C,) to afford 211 (7.28 mg, 20.5%)
as pale yellow solid. "H NMR (500 MHz, CDCl,) 8 9.13 (d,
1=2.6 Hz, 1H), 8.80 (d, J=2.1 Hz, 1H), 8.60 (d, J=2.6 Hz,
1H), 7.89 (dd, J=8.0, 2.3 Hz, 1H), 7.32 (d, J=8.0 Hz, 1H),
7.16-7.11 (m, 1H), 7.08-7.01 (m, 2H), 3.99 (d, J=0.9 Hz,
3H), 3.94-3.86 (m, 1H), 3.13-3.05 (m, 1H), 2.81-2.75 (m,
1H), 2.69-2.65 (m, 3H), 1.81-1.68 (m, 4H). MS (ESI) m/z:
476.1 (M+1)*.

Example 93. Synthesis of (R)-3-(3-fluoro-4-
methoxyphenyl)-8-(5-fluoropyridin-3-yl)-6-nitro-2-
(pyrrolidin-2-yl) quinazolin-4 (3H)-one (21m)

[0496] Prepared according to Scheme 7.

21lm

OCH;

0N

(R)-3-(3-fluoro-4-methoxypheny!)-8-(5-fluoropyridin-3-yl)-6-nitro-2-
(pyrrolidin-2-yl)quinazolin-4(3 H)-one
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Synthesis of (R)-3-(3-fluoro-4-methoxyphenyl)-8-
(5-fluoropyridin-3-y1)-6-nitro-2-(pyrrolidin-2-yl)
quinazolin-4 (3H)-one (21m)

[0497] A mixture of 18b (42.25 mg, 0.075 mmol), cesium
carbonate (48.86 mg, 0.15 mmol), 5-fluoropyridin-3-ylbo-
ronic acid (15.50 mg, 0.11 mmol) and tetrakis(triph-
enylphosphine) palladium (0) (8.66 mg, 0.0075 mmol) in
dioxane (3 mL) and H,O (1 mL) was degassed and flushed
with nitrogen. The mixture was heated at 85° C. for 6 h
under nitrogen atmosphere. After cooling to room tempera-
ture, the mixture was diluted with H,O (10 mL) and
extracted with ethyl acetate (2x20 mL). The combined
organic layers were washed with H,O (10 mL) and brine (10
mL), dried over anhydrous Na,SO,, and filtered, then the
solvent was evaporated under reduced pressure to afford
pale yellow oil. The crude product was treated with a
palladium scavenger at elevated temperature to remove any
residual metal from the coupling reaction. The crude product
was separated from the scavenger by filtration and used in
the next step.

[0498] Under nitrogen, trifluoroacetic acid (0.05 mL, 0.80
mmol) was added to a solution of pale yellow oil described
above in dry CH,Cl, (2 mL) at 0° C., then stirred at room
temperature overnight, then the solvent was removed in
vacuo and the residue was diluted with CH,Cl, (40 mL) and
washed with saturated solutions of Na,CO; (10 mL) and
brine (10 mL), dried over anhydrous Na,SO,, and filtered,
then the solvent was evaporated under reduced pressure. The
residue was purified by flash chromatography (0% MeOH/
CH,Cl1,~5% MeOH/CH,CL,) to afford 21m (14.10 mg,
39.2%) as pale yellow solid. "H NMR (500 MHz, CDCl;) §
9.17 (d, J=2.6 Hz, 1H), 8.73 (s, 1H), 8.65 (d, J=2.6 Hz, 1H),
8.58 (d, J=2.6 Hz, 1H), 7.82-7.75 (m, 1H), 7.18-7.11 (m,
1H), 7.10-7.06 (m, 1H), 7.05-7.01 (m, 1H), 3.99 (s, 3H),
3.93 (dd, J=13.8, 6.5 Hz, 1H), 3.11-3.05 (m, 1H), 2.81-2.75
(m, 1H), 2.18 (brs, 1H), 1.85-1.75 (m, 4H). MS (ESI) m/z:
480.1 (M+1)*.

Example 94. Synthesis of (R)-3-(3-fluoro-4-
methoxyphenyl)-8-(5-cyanopyridin-3-yl)-6-nitro-2-
(pyrrolidin-2-yl) quinazolin-4 (3H)-one (21n)

[0499] Prepared according to Scheme 7.
21n
F
OCH;
(@]
O,N
7 |
N

N

(R)-5-(3-(3-fluoro-4-methoxyphenyl)-6-nitro-4-oxo-2-(pyrrolidin-2-yl)-
3 ,4-dihydroquinazolin-8-yl)nicotinonitrile
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Synthesis of (R)-3-(3-fluoro-4-methoxyphenyl)-8-
(5-cyanopyridin-3-yl)-6-nitro-2-(pyrrolidin-2-y1)
quinazolin-4 (3H)-one (21n)

[0500] A mixture of 18b (42.25 mg, 0.075 mmol), cesium
carbonate (48.86 mg, 0.15 mmol), S-cyanopyridine-3-bo-
ronic acid (16.28 mg, 0.11 mmol) and tetrakis(tri-phe-
nylphosphine) palladium (0) (8.66 mg, 0.0075 mmol) in
dioxane (3 mL) and H,O (1 mL) was degassed and flushed
with nitrogen. The mixture was heated at 85° C. for 6 h
under nitrogen atmosphere. After cooling to room tempera-
ture, the mixture was diluted with H,O (10 mL) and
extracted with ethyl acetate (2x20 mL). The combined
organic layers were washed with H,O (10 mL) and brine (10
mL), dried over anhydrous Na,SO,, and filtered, then the
solvent was evaporated under reduced pressure to afford
pale yellow oil. The crude product was treated with a
palladium scavenger at elevated temperature to remove any
residual metal from the coupling reaction. The crude product
was separated from the scavenger by filtration and used in
the next step.

[0501] Under nitrogen, trifluoroacetic acid (0.06 mL, 0.86
mmol) was added to a solution of pale yellow oil described
above in dry CH,Cl, (2 mL) at 0° C., then stirred at room
temperature overnight, then the solvent was removed in
vacuo and the residue was diluted with CH,Cl, (40 mL) and
washed with saturated solutions of Na,CO; (10 mL) and
brine (10 mL), dried over anhydrous Na,SO,, and filtered,
then the solvent was evaporated under reduced pressure. The
residue was purified by flash chromatography (0% MeOH/
CH,C1,~5% MeOH/CH,Cl,) to afford 21n (13.60 mg,
37.5%) as pale yellow solid. 'H NMR (500 MHz, CDCl,) &
9.19(d, J=2.6 Hz, 1H), 9.11 (d, J=2.2 Hz, 1H), 8.98 (d, J=1.8
Hz, 1H), 8.65 (d, J=2.6 Hz, 1H), 8.37 (t, J=1.9 Hz, 1H),
7.18-7.11 (m, 1H), 7.12-7.07 (m, 1H), 7.06-7.01 (m, 1H),
4.00-3.93 (m, 4H), 3.08-3.04 (m, 1H), 2.86-2.82 (m, 1H),
2.06 (s, 1H), 1.86-1.71 (m, 4H). MS (ESI) m/z: 487.1
(M+1)*.

Example 95. Synthesis of (R)-8-cyclopropyl-3-(4-
methoxyphenyl)-6-nitro-2-(pyrrolidin-2-yl) quinazo-
lin-4 (3H)-one (210)

[0502] Prepared according to Scheme 7.

2lo
OCH;

O,N

(R)-8-cyclopropyl-3-(4-methoxyphenyl)-6-nitro-2-(pyrrolidin-2-
yl)quinazolin-4(3 H)-one
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Synthesis of tert-butyl (R)-2-(8-cyclopropyl-3-(4-
methoxyphenyl)-6-nitro-4-oxo-3,4-dihydroquinazo-
lin-2-yl) pyrrolidine-1-carboxylate (20b)

[0503] A mixture of 18a (20.00 mg, 0.036 mmol), cesium
carbonate (23.49 mg, 0.072 mmol), cyclopropylboronic acid
(4.75 mg, 0.055 mmol) and tetrakis(triphenylphosphine)
palladium (0) (4.16 mg, 0.0036 mmol) in dioxane (1 mL)
and H,O (0.5 mL) was degassed and flushed with nitrogen.
The mixture was heated at 85° C. for 6 h under nitrogen
atmosphere. After cooling to room temperature, the mixture
was diluted with H,O (10 mL) and extracted with ethyl
acetate (2x20 mL). The combined organic layers were
washed with H,O (10 mL) and brine (10 mL), dried over
anhydrous Na,SO,, and filtered, then the solvent was evapo-
rated under reduced pressure. The residue was purified by
flash chromatography (0% Ethyl acetate/Hexane~5% Ethyl
acetate/Hexane) to afford 20b (10.40 mg, 57.1%) as pale
yellow oil. '"H NMR (400 MHz, CDCl,) & 8.90 (dd, J=5.9,
2.5 Hz, 1H), 7.98 (s, 1H), 7.49-7.16 (m, 1H), 7.18-7.02 (m,
4H), 4.65-4.56 (m, 1H), 3.89 (d, J=9.0 Hz, 3H), 3.80-3.67
(m, 1H), 3.56-3.48 (m, 1H), 2.93-2.80 (m, 1H), 2.14-1.80
(m, 3H), 1.42 (s, 3H), 1.27 (d, J=11.6 Hz, 6H), 1.28-1.14 (m,

2H), 0.96-0.85 (m, 3H). MS (ESI) n/z: 507.1 (M+1)".

Synthesis of (R)-8-cyclopropyl-3-(4-methoxyphe-
nyl)-6-nitro-2-(pyrrolidin-2-yl) quinazolin-4 (3H)-
one (210)

[0504] Under nitrogen, trifluoroacetic acid (0.02 mL, 0.32
mmol) was added to a solution of 20b (8.00 mg, 0.016
mmol) in dry CH,Cl, (0.5 mL) at 0° C., then stirred at room
temperature overnight, then the solvent was removed in
vacuo and the residue was diluted with CH,Cl, (10 mL) and
washed with saturated solutions of Na,CO; (10 mL) and
brine (10 mL), dried over anhydrous Na,SO,, and filtered,
then the solvent was evaporated under reduced pressure. The
residue was purified by flash chromatography (0% MeOH/
CH,Cl1,~5% MeOH/CH,Cl,) to afford 2lo (3.80 mg,
58.4%) as pale yellow amorphous solid. "H NMR (500
MHz, CDCl,) & 8.90 (d, J=2.6 Hz, 1H), 7.98 (d, J=2.6 Hz,
1H), 7.24-7.20 (m, 1H), 7.19-7.15 (m, 1H), 7.07 (d, J=9.1
Hz, 2H), 3.96 (t, J=7.0 Hz, 1H), 3.89 (s, 3H), 3.31-3.25 (m,
1H), 2.96-2.88 (m, 1H), 2.86-2.81 (m, 1H), 2.01 (brs, 1H),
1.84-1.73 (m, 4H), 1.28-1.21 (m, 2H), 0.95-0.90 (m, 2H).
MS (ESI) m/z: 407.1 (M+1)".
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Scheme 8a. Synthesis of quinazolinones 23a-b, 24, 25a-1, 26a-b and 27a, Examples 96-115
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Example 96. Synthesis of (R)-8-bromo-3-(3-fluoro-
4-methoxyphenyl)-4-oxo-2-(pyrrolidin-2-yl1)-3,4-
dihydroquinazoline-6-carbonitrile (23a)

[0505] Prepared according to Scheme 8a.

23a

OCH;

NC

(R)-8-bromo-3-(3-fluoro-4-methoxyphenyl)-4-oxo-2-(pyrrolidin-2-yl)-
3,4-dihydroquinazoline-6-carbonitrile

Synthesis of methyl 2-amino-5-bromobenzoate

[0506] Under nitrogen, thionyl chloride (8.80 mL, 120.00
mmol) was added to a mixture of 2-amino-5-bromobenzoic
acid (6.48 g, 30.00 mmol) in dry methanol (100 mL) at 0°
C., then heated to reflux at room temperature for 36 h. After
cooling down, the reaction was treated with water (100 mL)
and extracted with ethyl acetate (3x100 mL). The combined
organic layers were washed with saturated NaHCO; solution
(100 mL), brine (100 mL), dried over anhydrous Na,SO,,
and filtered, then the solvent was evaporated under reduced
pressure. The residue was purified by flash chromatography
(0% Ethyl acetate/Hexane to 20% Ethyl acetate/Hexane) to
afford methyl 2-amino-5-bromobenzoate (5.76 g, 83.4%) as
off-white solid. '"H NMR (400 MHz, CDCl5) § 7.96 (d, ]=2.3
Hz, 1H), 7.32 (dd, J=8.8, 2.4 Hz, 1H), 6.55 (d, J=8.8 Hz,
1H), 5.75 (s, 2H), 3.87 (s, 3H). MS (ESI) m/z: 231.1 (M+1)*.

Synthesis of methyl 2-amino-5-cyanobenzoate

[0507] A mixture of methyl 2-amino-5-bromobenzoate
(5.00 g, 21.70 mmol), copper cyanide (2.35 g, 26.00 mmol)
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in 1-methyl-2-pyrrolidinone (30 ml) was heated at 165° C.
for 4 h. After cooling to room temperature, the reaction
mixture was poured into a mixture of FeCl; (15.00 g, 92.48
mmol) and concentrated hydrochloric acid (4 mL) in water
(30 mL), then stirred at 60° C. for 1 hour. After cooling
down, the reaction mixture was extracted with ethyl acetate
(3%x100 mL). The combined organic layers were washed
with water (100 mL), 1N sodium hydroxide solution (100
mL), brine (100 mL), dried over anhydrous Na,SO,, and
filtered, then the solvent was evaporated under reduced
pressure. The residue was purified by flash chromatography
(0% ethyl acetate/hexane to 50% ethyl acetate/hexane) to
afford methyl 2-amino-5-cyanobenzoate (2.65 g, 69.5%) as
pale yellow solid. 'H NMR (400 MHz, CDCl,) & 8.19 (d,
J=1.6 Hz, 1H), 7.45 (dd, J=8.6, 1.7 Hz, 1H), 6.68 (d, J=8.7
Hz, 1H), 6.31 (s, 2H), 3.90 (s, 3H). MS (ESI) m/z: 177.1
M+1)™.

Synthesis of methyl
2-amino-3-bromo-5-cyanobenzoate

[0508] Under nitrogen, Bromine (0.75 mL, 14.29 mmol)
was added to a reaction mixture of methyl 2-amino-5-
cyanobenzoate (2.45 g, 13.91 mmol) in glacial acetic acid
(30 mL) at room temperature, then stirred at room tempera-
ture for 4 h, then the mixture was poured into ice water and
the resulting precipitate was collected by filtration. After
washing the residue with water, the resulting solid was
dissolved with acetone, then dried over with anhydrous
Na,SO,, and filtered, then the solvent was evaporated under
reduced pressure to afford methyl 2-amino-3-bromo-5-cya-
nobenzoate (3.16 g, 89.1%) as pale yellow solid. "H NMR
(400 MHz, acetone-d,) 8 8.18 (d, J=1.7 Hz, 1H), 8.00 (d,
J=1.7 Hz, 1H), 3.92 (s, 3H). MS (ESI) m/z: 256.1 (M+1)*.

Synthesis of 2-amino-3-bromo-5-cyanobenzoic Acid

[0509] At 0° C., lithium hydroxide (0.60 g, 24.80 mmol)
was added into the solution of methyl 2-amino-3-bromo-5-
cyanobenzoate (3.16 g, 12.40 mmol) in THF (60 mL) and
H,O (60 mL), then stirred at room temperature overnight.
The mixture was then adjusted to pH 2 with 1.0N HCI and
extracted with ethyl acetate (3x100 mL). The combined
organic layers were washed with brine (100 mL) and dried
over anhydrous Na,SO,, then concentrated under reduced
pressure to afford 2-amino-3-bromo-5-cyanobenzoic acid
(2.46 g, 82.3%) as pale yellow solid. 'H NMR (400 MHz,
Acetone-dg) 8 8.23 (d, J=1.8 Hz, 1H), 8.01 (d, J=1.9 Hz,
1H), 7.43 (s, 2H). MS (ESI) n/z: 242.1 (M+1)*.

Synthesis of tert-butyl (R)-2-(8-bromo-6-cyano-3-
(3-fluoro-4-methoxyphenyl)-4-oxo-3,4-dihydroqui-
nazolin-2-yl) pyrrolidine-1-carboxylate (22a)

[0510] 2-amino-3-bromo-5-cyanobenzoic acid (0.16 g,
0.66 mmol) and Boc-D-proline (185.12 mg, 0.86 mmol)
were dissolved in dry pyridine (4 mL). Triphenyl phosphite
(0.52 mL, 1.98 mmol) was added to the mixture and the
reaction mixture was heated at 110° C. with MWI for 40
min. 3-Fluoro-4-methoxyaniline (112.92 mg, 0.80 mmol)
was added to the mixture and the reaction mixture was
heated at 110° C. with MWI for 40 min. Pyridine was
removed in vacuo and the residue was diluted with CH,Cl,
(100 mL) and washed with 1N HCI aqueous (50 mL). The
organic layer was washed with H,O (50 mL) and brine (50
mL), dried over anhydrous Na,SO,, and filtered, then the
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solvent was evaporated under reduced pressure. The residue
was purified by flash chromatography (0% ethyl acetate/
Hexane to 40% ethyl acetate/hexane) to afford 22a (0.10 g,
28.6%) as pale yellow solid. "H NMR (400 MHz, CDCl,) §
8.53-8.48 (m, 1H), 8.23-8.16 (m, 1H), 7.41-7.16 (m, 1H),
7.15-7.05 (m, 1H), 6.98-6.91 (m, 1H), 4.62-4.49 (m, 1H),
4.01-3.95 (m, 3H), 3.90-3.79 (m, 1H), 3.60-3.44 (m, 1H),
2.28-1.84 (m, 4H), 1.42 (d, J=3.9 Hz, 6H), 1.29 (d, J=2.1 Hz,
3H). MS (ESI) m/z: 544.1 (M+1)*.

Synthesis of (R)-8-bromo-3-(3-fluoro-4-methoxy-
phenyl)-4-oxo-2-(pyrrolidin-2-yl)-3,4-dihydroqui-
nazoline-6-carbonitrile (23a)

[0511] Under nitrogen, trifluoroacetic acid (0.12 mL, 1.50
mmol) was added to a solution of 22a (40.00 mg, 0.075
mmol) in dry CH,Cl, (4 mL) at 0° C., then stirred at room
temperature overnight, then the solvent was removed in
vacuo and the residue was diluted with CH,Cl, (30 mL) and
washed with saturated solutions of Na,CO; (10 mL) and
brine (10 mL), dried over anhydrous Na,SO,, and filtered,
then the solvent was evaporated under reduced pressure. The
residue was purified by flash chromatography (0% MeOH/
CH,Cl, to 5% MeOH/CH,Cl,) to afford 23a (28.60 mg,
86.0%) as pale yellow solid. *H NMR (500 MHz, CDCl,) &
8.42 (s, 1H), 8.16 (s, 1H), 7.10-6.86 (m, 3H), 3.97-3.81 (m,
4H), 3.31-3.18 (m, 1H), 2.98 (brs, 1H), 2.81-2.78 (m, 1H),
1.86-1.68 (m, 4H). MS (ESI) nv/z: 443.1 (M+1)*.

Example 97. Synthesis of (S)-8-bromo-3-(3-fluoro-
4-methoxyphenyl)-4-oxo-2-(pyrrolidin-2-y1)-3,4-
dihydroquinazoline-6-carbonitrile (23b)

[0512] Prepared according to Scheme 8a.
23b
F
OCH;
O
NC
N

H
N

Br HN

(S)-8-bromo-3-(3-fluoro-4-methoxyphenyl )-4-oxo-2-(pyrrolidin-2-yl)-3,4-
dihydroquinazoline-6-carbonitrile

Synthesis of tert-butyl (S)-2-(8-bromo-6-cyano-3-
(3-fluoro-4-methoxyphenyl)-4-oxo-3,4-dihydroquin-
azolin-2-yl) pyrrolidine-1-carboxylate (22b)

[0513] 2-amino-3-bromo-5-cyanobenzoic acid (0.16 g,
0.66 mmol) and Boc-L-proline (185.12 mg, 0.86 mmol)
were dissolved in dry pyridine (4 mL). Triphenyl phosphite
(0.52 mL, 1.98 mmol) was added to the mixture and the
reaction mixture was heated at 110° C. with MWI for 40
min. 3-Fluoro-4-methoxyaniline (112.92 mg, 0.80 mmol)
was added to the mixture and the reaction mixture was
heated at 110° C. with MWI for 40 min. Pyridine was
removed in vacuo and the residue was diluted with CH,Cl,
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(100 mL) and washed with 1N HCI aqueous (50 mL). The
organic layer was washed with H,O (50 mL) and brine (50
mL), dried over anhydrous Na,SO,, and filtered, then the
solvent was evaporated under reduced pressure. The residue
was purified by flash chromatography (0% ethyl acetate/
hexane to 40% ethyl acetate/hexane) to afford 22b (0.12 g,
33.5%) as pale yellow solid. "H NMR (400 MHz, CDCl,) §
8.56-8.48 (m, 1H), 8.24-8.16 (m, 1H), 7.41-7.16 (m, 1H),
7.15-7.06 (m, 1H), 6.96-6.88 (m, 1H), 4.62-4.48 (m, 1H),
4.01-3.95 (m, 3H), 3.91-3.79 (m, 1H), 3.65-3.45 (m, 1H),
2.28-1.85 (m, 4H), 1.42 (d, J=3.9 Hz, 611), 1.28 (d, 1=2.1 Hz,
3H). MS (ESI) m/z: 544.1 (M+1)*.

Synthesis of (S)-8-bromo-3-(3-fluoro-4-methoxy-
phenyl)-4-ox0-2-(pyrrolidin-2-yl)-3,4-dihydroqui-
nazoline-6-carbonitrile (23b)

[0514] Under nitrogen, trifluoroacetic acid (0.12 mL, 1.50
mmol) was added to a solution of 22b (40.00 mg, 0.075
mmol) in dry CH,Cl, (4 mL) at 0° C., then stirred at room
temperature overnight, then the solvent was removed in
vacuo and the residue was diluted with CH,Cl, (30 mL) and
washed with saturated solutions of Na,CO; (10 mL) and
brine (10 mL), dried over anhydrous Na,SO,, and filtered,
then the solvent was evaporated under reduced pressure. The
residue was purified by flash chromatography (0% MeOH/
CH,Cl1,~5% MeOH/CH,Cl,) to afford 23b (20.50 mg,
61.6%) as a pale yellow amorphous solid. "H NMR (500
MHz, CDCl,) 6 8.41 (s, 1H), 8.16 (s, 1H), 7.11-6.86 (m,
3H), 3.98-3.81 (m, 4H), 3.35-3.18 (m, 1H), 2.96 (brs, 1H),
2.81-2.78 (m, 1H), 1.91-1.68 (m, 4H). MS (ESI) m/z: 443.1

M+1)*.

Example 98. Synthesis of (R)-3-(3-fluoro-4-
methoxyphenyl)-8-(1-methyl-1H-imidazol-4-y1)-2-
(1-methylpyrrolidin-2-yl)-4-ox0-3,4-dihydroqui-
nazoline-6-carbonitrile (24)

[0515] Prepared according to Scheme 8a.

24

OCH;

HiC

(R)-3-(3-fluoro-4-methoxyphenyl)-8-(1-methyl-1 H-imidazol-4-yl)-2-(1-
methylpyrrolidin-2-yl)-4-oxo-3,4-dihydroquinazoline-6-carbonitrile

Synthesis of tert-butyl (R)-2-(6-cyano-3-(3-fluoro-
4-methoxyphenyl)-4-oxo-8-(4,4,5,5-tetramethyl-1,3,
2-dioxaborolan-2-y1)-3,4-dihydroquinazolin-2-yl)
pyrrolidine-1-carboxylate
[0516] A solution of tert-butyl (R)-2-(8-bromo-6-cyano-

3-(3-fluoro-4-methoxyphenyl)-4-oxo0-3,4-dihydroquinazo-
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lin-2-yl) pyrrolidine-1-carboxylate 22a (100 mg, 0.18
mmol), B,Pin, (70 mg, 0.27 mmol) and KOAc (54 mg, 0.55
mmol) in dioxane (5 mL) was degassed with argon for 10
min. Pd(dppf)Cl,-DCM (CAS: 95464-05-4) (15 mg, 0.018
mmol) was added, and the resulting reaction mixture was
heated at 100° C. for 20 h. The reaction mixture was cooled
to rt, diluted with EtOAc (4 mL) and brine solution (4 mL)
was added. After separating the organic phase, the aqueous
layer was further extracted with CH,Cl, (2x3 mL). Com-
bined organic layers were dried over Na,SO, and concen-
trated under reduced pressure. The crude material was
purified using column chromatography where the desired
boronate ester intermediate (tert-butyl (R)-2-(6-cyano-3-(3-
fluoro-4-methoxyphenyl)-4-oxo-8-(4,4,5,5-tetramethyl-1,3,
2-dioxaborolan-2-y1)-3,4-dihydroquinazolin-2-yl)pyrroli-
dine-1-carboxylate) was obtained as brown colored oil (93
mg, 85%) which was carried forward to the next step.

Synthesis of tert-butyl (R)-2-(6-cyano-3-(3-fluoro-
4-methoxyphenyl)-8-(1-methyl-11H-imidazol-4-yl)-
4-0x0-3,4-dihydroquinazolin-2-yl)pyrrolidine-1-
carboxylate

[0517] A solution of the crude boronate ester (90 mg, 0.15
mmol), 4-iodo-1-methyl-1H-imidazole (CAS: 71759-87-0)
(64 mg, 0.30 mmol) and K,CO; (84 mg, 0.60 mmol) in 5:1
dioxane/H,O (4.8 mL) was degassed with argon for 10
minutes. PdCl,dppf (CAS: 72287-26-4) (12 mg, 0.015
mmol) was added in one portion and reaction heated at 100°
C. for 16 h. The reaction was diluted with EtOAc (4 mL) and
H,O (1 mL), the phases were separated, and the aqueous
layer was extracted with EtOAc (2x3 mL). Combined
organic layers were dried over anhydrous Na,SO,, filtered,
and the filtrate was concentrated in vacuo and purified by
column chromatography (MPLC). After concentration of
isolated product (confirmed by 'H NMR), the product (30
mg) was dissolved in anhydrous CH,Cl, (3 mL) and added
with palladium scavenger—SilaMetS-DMT (100 mg) and
heated to 45° C. for 5 h. The reaction mixture was cooled
down, contents were filtered through celite (1 g) using
sintered funnel and washed with CH,Cl, (2x3 mL). The
obtained filtrate was concentrated in vacuo to obtain solid
compound. This palladium scavenging process was repeated
for three times following the same procedure to obtain
tert-butyl (R)-2-(6-cyano-3-(3-fluoro-4-methoxyphenyl)-8-
(1-methyl-1H-imidazol-4-y1)-4-0x0-3,4-dihydroquinazolin-
2-yl)pyrrolidine-1-carboxylate as white solid (28 mg, 37%).
'H NMR (400 MHz, CDCl,) 8 8.89-8.77 (m, 1H), 8.45-8.36
(m, 1H), 8.24-8.15 (m, 1H), 7.58-7.46 (m, 1H), 7.20-7.10
(m, 1H), 7.10-6.96 (m, 2H), 4.73-4.57 (m, 1H), 3.98 (dd,
J=8.5, 1.2 Hz, 3H), 3.82 (d, J=2.8 Hz, 3H), 3.79-3.69 (m,
1H), 3.70-3.56 (m, 1H), 2.14-1.78 (m, 7H), 1.42 (d, J=3.0
Hz, 3H), 1.26 (d, J=14.5 Hz, 21H). MS (ESI) m/z: 545
M+1)*.

Synthesis of (R)-3-(3-fluoro-4-methoxyphenyl)-8-
(1-methyl-1H-imidazol-4-y1)-2-(1-methylpyrrolidin-
2-yl)-4-0x0-3,4-dihydroquinazoline-6-carbonitrile
@4

[0518] To a stirred solution of tert-butyl (R)-2-(6-cyano-
3-(3-fluoro-4-methoxyphenyl)-8-(1-methyl-1H-imidazol-4-
y1)-4-0x0-3,4-dihydroquinazolin-2-yl)pyrrolidine-1-car-

boxylate (28 mg, 0.05 mmol) in CH,Cl, (3 mlL),
trifluoroacetic acid (0.1 mL) was added at 0° C. and the
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reaction mixture was stirred for 20 h at rt. The resulting
mixture was concentrated in vacuo, and the residue was
dissolved in 5 mL of CH,Cl, then basified with saturated
aqueous Na,CO, solution till the pH=10. The phases were
separated, and the aqueous layer was further extracted with
CH,Cl, (3x5 mL). The combined organic layer was dried
over anhydrous Na,SO,, filtered, and concentrated in vacuo
to give a crude material. Without purification, water (1 mL),
HCOOH (98%, 0.5 mL) and HCHO (37% aqueous solution,
0.1 mL) were added to the crude material obtained above.
Then the resulting mixture was heated to 95° C. After 5 h,
the reaction mixture was cooled and made alkaline using 1N
NaOH solution and saturated aqueous Na,CO; solution,
followed by extraction with 10% MeOH/CH,Cl, (2x5 mL).
The combined organic layer was dried over anhydrous
Na,SO,, filtered, concentrated in vacuo and purified by
reverse phase column chromatography using a C18 column
to afford (R)-3-(3-fluoro-4-methoxyphenyl)-8-(1-methyl-
1H-imidazol-4-y1)-2-(1-methylpyrrolidin-2-y1)-4-ox0-3,4-
dihydroquinazoline-6-carbonitrile 24 (6 mg, 26% yield). 'H
NMR (400 MHz, CDCl,) 6 8.80 (d, J=2.1 Hz, 1H), 8.64 (dd,
J=3.5, 1.3 Hz, 1H), 8.29 (d, J=2.1 Hz, 1H), 7.45 (d, J=1.3
Hz, 1H), 7.06 (td, J=8.6, 5.9 Hz, 1H), 6.94 (tdd, J=11.1, 5.2,
2.5 Hz, 2H), 3.92 (d, J=1.3 Hz, 3H), 3.71 (s, 3H), 3.11 (ddd,
J=15.0,11.5, 7.1 Hz, 2H), 2.30 (d, J=3.4 Hz, 3H), 2.28-2.17
(m, 1H), 1.94-1.76 (m, 3H), 1.68 (s, 1H). MS (ESI) m/z:
459.1 (M+1)*.

Example 99. Synthesis of (R)-3-(3-fluoro-4-
methoxyphenyl)-8-(6-fluoropyridin-3-yl)-4-oxo-2-
(pyrrolidin-2-y1)-3,4-dihydroquinazoline-6-carboni-

trile (25a)
[0519] Prepared according to Scheme 8a.
25a
F
OCH;
@]
NC
7 |
N N
F
@

(R)-3-(3-fluoro-4-methoxyphenyl)-8-(6-fluoropyridin-3-yl)-4-oxo-2-
(pyrrolidin-2-yl)-3,4-dihydroquinazoline-6-carbonitrile

@ indicates text missing or illegible when filed

Synthesis of (R)-3-(3-fluoro-4-methoxyphenyl)-8-
(6-fluoropyridin-3-yl)-4-oxo-2-(pyrrolidin-2-y1)-3,4-
dihydroquinazoline-6-carbonitrile (25a)

[0520] A mixture of 22a (40.75 mg, 0.075 mmol), cesium
carbonate (48.86 mg, 0.15 mmol), 2-fluoropyridine-5-bo-
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ronic acid (15.50 mg, 0.11 mmol) and tetrakis(tri-phe-
nylphosphine) palladium (0) (8.66 mg, 0.0075 mmol) in
dioxane (3 mL) and H,O (1 mL) was degassed and flushed
with nitrogen. The mixture was heated at 85° C. for 6 h
under nitrogen atmosphere. After cooling to room tempera-
ture, the mixture was diluted with H,O (10 mL) and
extracted with ethyl acetate (2x20 mL). The combined
organic layers were washed with H,O (10 mL) and brine (10
mL), dried over anhydrous Na,SO,, and filtered, then the
solvent was evaporated under reduced pressure to afford
pale yellow oil. The crude product was treated with a
palladium scavenger at elevated temperature to remove any
residual metal from the coupling reaction. The crude product
was separated from the scavenger by filtration and used in
the next step.

[0521] Under nitrogen, trifluoroacetic acid (0.05 mL, 0.80
mmol) was added to a solution of pale yellow oil described
above in dry CH,Cl, (2 mL) at 0° C., then stirred at room
temperature overnight, then the solvent was removed in
vacuo and the residue was diluted with CH,Cl, (40 mL) and
washed with saturated solutions of Na,CO; (10 mL) and
brine (10 mL), dried over anhydrous Na,SO,, and filtered,
then the solvent was evaporated under reduced pressure. The
residue was purified by flash chromatography (0% MeOH/
CH,Cl, to 5% MeOH/CH,Cl,) to afford 25a (8.65 mg,
25.1%) as pale yellow solid. 'H NMR (500 MHz, CDCl,) 8
8.63 (d, J=1.9 Hz, 1H), 8.48 (d, J=2.1 Hz, 1H), 8.07 (td,
J=8.1, 2.4 Hz, 1H), 7.99 (d, J=1.8 Hz, 1H), 7.16-7.12 (m,
1H), 7.11-7.09 (m, 1H), 7.08-7.04 (m, 1H), 7.03-6.98 (m,
1H), 3.98 (s, 4H), 3.90 (dd, J=13.9, 7.4 Hz, 1H), 3.10-3.04
(m, 1H), 2.81-2.75 (m, 1H), 2.05 (brs, 1H), 1.85-1.65 (m,
4H). MS (ESI) m/z: 460.1 (M+1)".

Example 100. Synthesis of (R)-3-(3-fluoro-4-
methoxyphenyl)-4-oxo0-2-(pyrrolidin-2-y1)-8-(6-(trif-
luoromethyl)pyridin-3-yl)-3,4-dihydroquinazoline-6-

carbonitrile (25b)

[0522] Prepared according to Scheme 8a.
25b
F
OCH;
(6]
NC
y
AN
CF;
@

(R)-3-(3-fluoro-4-methoxyphenyl )-4-oxo-2-(pyrrolidin-2-yl)-8-(6-
(trifluoromethy!)pyridin-3-yl)-3,4-dihydroquinazoline-6-carbonitrile

@ indicates text missing or illegible when filed
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Synthesis of (R)-3-(3-fluoro-4-methoxyphenyl)-4-
oxo-2-(pyrrolidin-2-y1)-8-(6-(trifluoromethyl)pyri-
din-3-y1)-3,4-dihydroquinazoline-6-carbonitrile
(25b)

[0523] A mixture of 22a (40.75 mg, 0.075 mmol), cesium
carbonate (48.86 mg, 0.15 mmol), 2-trifluoromethyl-5-pyri-
dineboric acid (21.00 mg, 0.11 mmol) and tetrakis(triph-
enylphosphine) palladium (0) (8.66 mg, 0.0075 mmol) in
dioxane (3 mL) and H,O (1 mL) was degassed and flushed
with nitrogen. The mixture was heated at 85° C. for 6 h
under nitrogen atmosphere. After cooling to room tempera-
ture, the mixture was diluted with H,O (10 mL) and
extracted with ethyl acetate (2x20 ml). The combined
organic layers were washed with H,O (10 mL) and brine (10
mL), dried over anhydrous Na,SO,, and filtered, then the
solvent was evaporated under reduced pressure to afford
pale yellow oil. The crude product was treated with a
palladium scavenger at elevated temperature to remove any
residual metal from the coupling reaction. The crude product
was separated from the scavenger by filtration and used in

the next step.

[0524] Under nitrogen, trifluoroacetic acid (0.05 mL, 0.80
mmol) was added to a solution of pale yellow oil described
above in dry CH,Cl, (2 mL) at 0° C., then stirred at room
temperature overnight, then the solvent was removed in
vacuo and the residue was diluted with CH,Cl, (40 mL) and
washed with saturated solutions of Na,CO; (10 mL) and
brine (10 mL), dried over anhydrous Na,SO,, and filtered,
then the solvent was evaporated under reduced pressure. The
residue was purified by flash chromatography (0% MeOH/
CH,CI, to 5% MeOH/CH,Cl,) to afford 25b (10.65 mg,
27.8%) as pale yellow solid. '"H NMR (500 MHz, CDCl,) 8
8.99 (d, J=1.5 Hz, 1H), 8.67 (d, J=1.9 Hz, 1H), 8.14 (dd,
J=8.1, 1.9 Hz, 1H), 8.01 (dd, J=1.9, 0.9 Hz, 1H), 7.83 (d,
J=10.6 Hz, 1H), 7.16-7.11 (m, 1H), 7.10-7.05 (m, 1H),
7.04-6.98 (m, 1H), 3.98 (s, 3H), 3.95-3.88 (m, 1H), 3.08-3.
01 (m, 1H), 2.81-2.75 (m, 1H), 2.06 (brs, 1H), 1.85-1.68 (m,
4H). MS (ESI) m/z: 510.1 (M+1)*.

Example 101. Synthesis of 3-(3-fluoro-4-methoxy-
phenyl)-8-(6-methylpyridin-3-yl)-4-oxo-2-(pyrroli-
din-2-yl)-3,4-dihydroquinazoline-6-carbonitrile
(25¢)

[0525] Prepared according to Scheme 8a.

25¢
F
OCH;3
O
NC
N
N
HN
= |
\ N
CH;

3-(3-fluoro-4-methoxyphenyl)-8-(6-methylpyridin-3-yl)-4-oxo-2-
(pyrrolidin-2-yl)-3,4-dihydroquinazoline-6-carbonitrile
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Synthesis of (3-fluoro-4-methoxyphenyl)-8-(6-meth-
ylpyridin-3-yl)-4-oxo-2-(pyrrolidin-2-y1)-3,4-dihyd-
roquinazoline-6-carbonitrile (25¢)

[0526] A mixture of 22a (40.75 mg, 0.075 mmol), cesium
carbonate (48.86 mg, 0.15 mmol), 6-methylpyridine-3-bo-
ronic acid (15.06 mg, 0.11 mmol) and tetrakis(triph-
enylphosphine) palladium (0) (8.66 mg, 0.0075 mmol) in
dioxane (3 mL) and H,O (1 mL) was degassed and flushed
with nitrogen. The mixture was heated at 85° C. for 6 h
under nitrogen atmosphere. After cooling to room tempera-
ture, the mixture was diluted with H,O (10 mL) and
extracted with ethyl acetate (2x20 mL). The combined
organic layers were washed with H,O (10 mL) and brine (10
mL), dried over anhydrous Na,SO,, and filtered, then the
solvent was evaporated under reduced pressure to afford
pale yellow oil. The crude product was treated with a
palladium scavenger in triplicate at elevated temperature to
remove any residual metal from the coupling reaction. The
crude product was separated from the scavenger by filtration

and used in the next step.

[0527] Under nitrogen, trifluoroacetic acid (0.05 mL, 0.80
mmol) was added to a solution of pale yellow oil described
above in dry CH,Cl, (2 mL) at 0° C., then stirred at room
temperature overnight, then the solvent was removed in
vacuo and the residue was diluted with CH,Cl, (40 mL) and
washed with saturated solutions of Na,CO; (10 mL) and
brine (10 mL), dried over anhydrous Na,SO,, and filtered,
then the solvent was evaporated under reduced pressure. The
residue was purified by flash chromatography (0% MeOH/
CH,C1,~5% MeOH/CH,Cl,) to afford 25c¢ (8.96 mg,
26.3%) as white solid. 'H NMR (500 MHz, CDCl,) § 8.75
(d, J=2.0 Hz, 1H), 8.60 (d, J=1.9 Hz, 1H), 7.98 (d, J=1.2 Hz,
1H), 7.84 (dt, J=13.0, 6.5 Hz, 1H), 7.30 (d, J=8.0 Hz, 1H),
7.16-7.11 (m, 1H), 7.10-7.06 (m, 1H), 7.05-6.98 (m, 1H),
3.98 (s, 3H), 3.91-3.86 (m, 1H), 3.11-3.05 (m, 1H), 2.78-2.
75 (m, 1H), 2.67 (s, 3H), 2.01 (brs, 1H), 1.81-1.68 (m, 4H).
MS (ESI) m/z: 456.1 (M+1)*. Assessment of % ee showed
a scalemic mixture. Isomers were separated by chiral HPLC
and characterized as individual compounds.

Example 102. Synthesis of (R)-3-(3-fluoro-4-
methoxyphenyl)-8-(6-methylpyridin-3-yl)-4-oxo-2-
(pyrrolidin-2-yl)-3,4-dihydroquinazoline-6-carboni-

trile (25d)

[0528] Prepared according to Scheme 8a.

25d

OCH;

NC

=
X

Y=

CH;

(R)-3-(3-fluoro-4-methoxyphenyl)-8-(6-methylpyridin-3-yl)-4-oxo-2-
(pyrrolidin-2-yl)-3,4-dihydroquinazoline-6-carbonitrile
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[0529] (R)-3-(3-fluoro-4-methoxyphenyl)-8-(6-meth-
ylpyridin-3-yl)-4-oxo-2-(pyrrolidin-2-yl)-3,4-dihydroqui-
nazoline-6-carbonitrile (25d). Compound 25c, obtained as a
scalemic mixture of enantiomers, was subjected to prepara-
tive chiral HPLC (Regispak 5 micron 25 cmx21.1 mm
column, 90:10 hexanes:isopropanol, 10 mL/min flow rate,
r.t.=20.5 for S-25e and 23 min for R-25d). 11 mg (0.024
mmol) of (S)-25e and 9 mg (0.020 mmol) of (R)-25d were
obtained separately. e.e. of both enantiomers >99% (Regis-
pak 5 micron 25 cmx4.6 mm column, 70:30 hexanes:
isopropanol, 1 ml/min flow rate, r.t.=9 min for S-25e and
11.3 min for R-25d). 'H NMR (400 MHz, CDCl,) 8 8.74 (d,
J=2.2 Hz, 1H), 8.65-8.58 (m, 1H), 7.98 (t, J=1.9 Hz, 1H),
7.83 (dt, J=8.0, 2.7 Hz, 1H), 7.31 (d, J=8.0 Hz, 1H),
7.18-7.06 (m, 2H), 7.05-6.98 (m, 1H), 4.07 (t, J=7.1 Hz,
1H), 3.98 (s, 3H), 3.11 (dt, J=9.2, 5.6 Hz, 1H), 2.84 (t,
J=13.2, 6.4 Hz, 1H), 2.67 (s, 3H), 2.37 (brs, 1H), 1.85-1.73
(m, 4H). MS (ESI) m/z: 456.2 (M+1)*.

Example 103. Synthesis of (S)-3-(3-fluoro-4-
methoxyphenyl)-8-(6-methylpyridin-3-yl)-4-oxo-2-
(pyrrolidin-2-yl)-3,4-dihydroquinazoline-6-carboni-

trile (25e)
[0530] Prepared according to Scheme 8a.
25e
F
OCH3
O
NC
N
H
N
HN:
7z |
\ N
CH;

(S)-3-(3-fluoro-4-methoxyphenyl)-8-(6-methylpyridin-3-yl)-4-oxo-2-
(pyrrolidin-2-yl)-3,4-dihydroquinazoline-6-carbonitrile

[0531] (S)-3-(3-fluoro-4-methoxyphenyl)-8-(6-meth-
ylpyridin-3-yl)-4-oxo-2-(pyrrolidin-2-yl)-3,4-dihydroqui-
nazoline-6-carbonitrile (25¢). Compound 25¢, obtained as a
scalemic mixture of enantiomers, was subjected to prepara-
tive chiral HPLC (Regispak 5 micron 25 cmx21.1 mm
column, 90:10 hexanes:isopropanol, 10 mL/min flow rate,
r.t.=20.5 for S-25¢ and 23 min for R-25d). 11 mg (0.024
mmol) of (S)-25¢ and 9 mg (0.020 mmol) of (R)-25d
obtained. e.e. of both enantiomers >99% (Regispak 5 micron
25 cmx4.6 mm column, 70:30 hexanes:isopropanol, 1
mL/min flow rate, r.t.=9 min for S-25e and 11.3 min for
R-25d). '"H NMR (400 MHz, CDCl,) § 8.74 (d, J=2.2 Hz,
1H), 8.65-8.58 (m, 1H), 7.98 (t, J=1.9 Hz, 1H), 7.83 (dt,
J=8.0, 2.7 Hz, 1H), 7.31 (d, J=8.0 Hz, 1H), 7.18-7.06 (m,
2H), 7.05-6.98 (m, 1H), 4.07 (t, J=7.1 Hz, 1H), 3.98 (s, 3H),
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3.11 (dt, J=9.2, 5.6 Hz, 1H), 2.84 (it, J=13.2, 6.4 Hz, 1H),
2.67 (s, 3H), 2.37 (brs, 1H), 1.85-1.73 (m, 4H). MS (ESI)
m/z: 456.2 (M+1)*.

Example 104. Synthesis of (R)-3-(3-fluoro-4-
methoxyphenyl)-8-(2-fluoropyridin-4-yl)-4-oxo-2-
(pyrrolidin-2-yl)-3,4-dihydroquinazoline-6-carboni-

trile (251)
[0532] Prepared according to Scheme 8a.
25
F
OCH;
(€]
NC

F
X

F N

@

(R)-3-(3-fluoro-4-methoxyphenyl )-8-(2-fluoropyridin-4-yl)-4-oxo-2-
(pyrrolidin-2-yl)-3,4-dihydroquinazoline-6-carbonitrile

@ indicates text missing or illegible when filed

Synthesis of (R)-3-(3-fluoro-4-methoxyphenyl)-8-
(2-fluoropyridin-4-yl)-4-oxo-2-(pyrrolidin-2-y1)-3,4-
dihydroquinazoline-6-carbonitrile (251)

[0533] A mixture of 22a (40.75 mg, 0.075 mmol), Cesium
carbonate (48.86 mg, 0.15 mmol), 2-fluoropyridine-4-bo-
ronic acid (15.50 mg, 0.11 mmol) and tetrakis(tri-phe-
nylphosphine) palladium (0) (8.66 mg, 0.0075 mmol) in
dioxane (3 mL) and H,O (1 mL) was degassed and flushed
with nitrogen. The mixture was heated at 85° C. for 6 h
under nitrogen atmosphere. After cooling to room tempera-
ture, the mixture was diluted with H,O (10 mL) and
extracted with ethyl acetate (2x20 mL). The combined
organic layers were washed with H,O (10 mL) and brine (10
mL), dried over anhydrous Na,SO,, and filtered, then the
solvent was evaporated under reduced pressure to afford
pale yellow oil. The crude product was treated with a
palladium scavenger at elevated temperature to remove any
residual metal from the coupling reaction. The crude product
was separated from the scavenger by filtration and used in
the next step.

[0534] Under nitrogen, trifluoroacetic acid (0.05 mL, 0.80
mmol) was added to a solution of pale yellow oil described
above in dry CH,Cl, (2 mL) at 0° C., then stirred at room
temperature overnight, then the solvent was removed in
vacuo and the residue was diluted with CH,Cl, (40 mL) and
washed with saturated solutions of Na,CO; (10 mL) and
brine (10 mL), dried over anhydrous Na,SO,, and filtered,
then the solvent was evaporated under reduced pressure. The
residue was purified by flash chromatography (0% MeOH/
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CH,Cl1,~5% MeOH/CH,Cl,) to afford 25f (10.56 mg,
30.6%) as pale yellow solid. 'H NMR (500 MHz, CDCl,) §
8.66 (d, J=1.8 Hz, 1H), 8.36 (d, J=5.2 Hz, 1H), 8.02 (d, J=1.7
Hz, 1H), 7.44 (d, J=5.1 Hz, 1H), 7.24 (s, 1H), 7.16-7.11 (m,
1H), 7.10-7.06 (m, 1H), 7.05-6.98 (m, 1H), 3.98 (s, 3H),
3.91 (dd, I=13.8, 7.5 Hz, 1H), 3.13-3.01 (m, 1H), 2.81-2.75
(m, 1H), 2.18 (brs, 1H), 1.85-1.70 (m, 4H). MS (ESI) m/z:
460.1 (M+1)*.

Example 105. Synthesis of (R)-3-(3-fluoro-4-
methoxyphenyl)-4-oxo0-8-(pyrimidin-5-y1)-2-(pyrro-
lidin-2-y1)-3,4-dihydroquinazoline-6-carbonitrile
(25g)

[0535] Prepared according to Scheme 8a.
25g
F
OCH;
(0]
NC
7 |
N\/N

(R)-3-(3-fluoro-4-methoxyphenyl)-4-oxo-8-(pyrimidin-5-yl)-
2-(pyrrolidin-2-yl)-3,4-dihydroquinazoline-6-carbonitrile

Synthesis of (R)-3-(3-fluoro-4-methoxyphenyl)-4-
ox0-8-(pyrimidin-5-y1)-2-(pyrrolidin-2-y1)-3,4-dihy-
droquinazoline-6-carbonitrile (25g)

[0536] A mixture of 22a (40.75 mg, 0.075 mmol), Cesium
carbonate (48.86 mg, 0.15 mmol), 5-pyrimidinylboronic
acid (13.65 mg, 0.11 mmol) and tetrakis(tri-phenylphos-
phine) palladium (0) (8.66 mg, 0.0075 mmol) in dioxane
(2.5 mL) and H,O (1 mL) was degassed and flushed with
nitrogen. The mixture was heated at 85° C. for 6 h under
nitrogen atmosphere. After cooling to room temperature, the
mixture was diluted with H,O (10 mL) and extracted with
ethyl acetate (2x20 mL). The combined organic layers were
washed with H,O (10 mL) and brine (10 mL), dried over
anhydrous Na,SO,, and filtered, then the solvent was evapo-
rated under reduced pressure to afford pale yellow oil. The
crude product was treated with a palladium scavenger at
elevated temperature to remove any residual metal from the
coupling reaction. The crude product was separated from the
scavenger by filtration and used in the next step.

[0537] Under nitrogen, trifluoroacetic acid (0.06 mL, 0.92
mmol) was added to a solution of pale yellow oil described
above in dry CH,Cl, (3 mL) at 0° C., then stirred at room
temperature overnight, then the solvent was removed in
vacuo and the residue was diluted with CH,Cl, (40 mL) and
washed with saturated solutions of Na,CO; (10 mL) and
brine (10 mL), dried over anhydrous Na,SO,, and filtered,
then the solvent was evaporated under reduced pressure. The
residue was purified by flash chromatography (0% MeOH/
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CH,Cl,~5% MeOH/CH,Cl,) to afford 25g (10.65 mg,
32.1%) as pale yellow amorphous solid. "H NMR (500
MHz, CDCl5) & 9.30 (s, 1H), 9.03 (s, 2H), 8.67 (d, J=1.9 Hz,
1H), 8.02 (d, J=1.4 Hz, 1H), 7.18-6.96 (m, 3H), 3.98 (s, 3H),
3.91 (dd, J=13.4, 6.5 Hz, 1H), 3.11-3.03 (m, 1H), 2.81-2.75
(m, 1H), 2.08 (brs, 1H), 1.86-1.68 (m, 4H). MS (ESD) m/z:
4431 (M+1)".

Example 106. Synthesis of (R)-3-(3-fluoro-4-
methoxyphenyl)-8-(5-fluoropyridin-3-yl)-4-oxo0-2-
(pyrrolidin-2-yl)-3,4-dihydroquinazoline-6-carboni-

trile (25 h)

[0538] Prepared according to Scheme 8a.

25h

OCH;

NC

(R)-3-(3-fluoro-4-methoxyphenyl)-8-(5-fluoropyridin-3-yl)-4-oxo-2-
(pyrrolidin-2-yl)-3 4-dihydroquinazoline-6-carbonitrile

Synthesis of (R)-3-(3-fluoro-4-methoxyphenyl)-8-
(5-fluoropyridin-3-yl)-4-oxo-2-(pyrrolidin-2-y1)-3,4-
dihydroquinazoline-6-carbonitrile (25h)

[0539] A mixture of 22a (40.75 mg, 0.075 mmol), cesium
carbonate (48.86 mg, 0.15 mmol), 5-fluoropyridin-3-ylbo-
ronic acid (15.50 mg, 0.11 mmol) and tetrakis(triph-
enylphosphine) palladium (0) (8.66 mg, 0.0075 mmol) in
dioxane (3 mL) and H,O (1 mL) was degassed and flushed
with nitrogen. The mixture was heated at 85° C. for 6 h
under nitrogen atmosphere. After cooling to room tempera-
ture, the mixture was diluted with H,O (10 mL) and
extracted with ethyl acetate (2x20 mL). The combined
organic layers were washed with H,O (10 mL) and brine (10
mL), dried over anhydrous Na,SO,, and filtered, then the
solvent was evaporated under reduced pressure to afford
pale yellow oil. The crude product was treated with a
palladium scavenger at elevated temperature to remove any
residual metal from the coupling reaction. The crude product
was separated from the scavenger by filtration and used in
the next step.

[0540] Under nitrogen, trifluoroacetic acid (0.05 mL, 0.80
mmol) was added to a solution of pale yellow oil described
above in dry CH,Cl, (2 mL) at 0° C., then stirred at room
temperature overnight, then the solvent was removed in
vacuo and the residue was diluted with CH,Cl, (40 mL) and
washed with saturated solutions of Na,CO, (10 mL) and
brine (10 mL), dried over anhydrous Na,SO,, and filtered,
then the solvent was evaporated under reduced pressure. The
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residue was purified by flash chromatography (0% MeOH/
CH,C1,~5% MeOH/CH,Cl,) to afford 25 h (9.65 mg,
28.1%) as pale yellow solid. '"H NMR (500 MHz, CDCl;) §
8.68 (s, 1H), 8.64 (d, J=1.9 Hz, 1H), 8.58 (d, J=2.6 Hz, 1H),
8.05-8.01 (m, 1H), 7.78-7.71 (m, 1H), 7.16-7.11 (m, 1H),
7.10-7.05 (m, 1H), 7.05-6.98 (m, 1H), 3.98 (s, 3H), 3.98-3.
92 (m, 1H), 3.12-3.06 (m, 1H), 2.84-2.76 (m, 1H), 2.18 (brs,
1H), 1.86-1.68 (m, 4H). MS (ESI) mvz: 460.1 (M+1)*.

Example 107. Synthesis of (R)-3-(3-fluoro-4-

methoxyphenyl)-4-oxo-8-(pyridin-3-yl)-2-(pyrroli-
din-2-yl)-3,4-dihydroquinazoline-6-carbonitrile (251)

[0541] Prepared according to Scheme 8a.

251

OCH;

NC

N N

(R)-3-(3-fluoro-4-methoxyphenyl)-4-oxo-8-(pyridin-3-yl)-2-(pyrrolidin-2-
yl)-3,4-dihydroquinazoline-6-carbonitrile

Synthesis of (R)-3-(3-fluoro-4-methoxyphenyl)-4-
o0x0-8-(pyridin-3-yl)-2-(pyrrolidin-2-yl)-3,4-dihydro-
quinazoline-6-carbonitrile (251)

[0542] A mixture of 22a (30.00 mg, 0.055 mmol), cesium
carbonate (35.86 mg, 0.11 mmol), pyridine-3-boronic acid
(10.36 mg, 0.084 mmol) and tetrakis(triphenylphosphine)
palladium (0) (6.96 mg, 0.006 mmol) in dioxane (1.6 mL)
and H,O (0.8 mL) was degassed and flushed with nitrogen.
The mixture was heated at 85° C. for 6 h under nitrogen
atmosphere. After cooling to room temperature, the mixture
was diluted with H,O (10 mL) and extracted with ethyl
acetate (2x20 mL). The combined organic layers were
washed with H,O (10 mL) and brine (10 mL), dried over
anhydrous Na,SO,, and filtered, then the solvent was evapo-
rated under reduced pressure to afford pale yellow oil. The
crude product was treated with a palladium scavenger x3 at
elevated temperature to remove any residual metal from the
coupling reaction. The crude product was separated from the
scavenger by filtration and used in the next step.

[0543] Under nitrogen, trifluoroacetic acid (0.04 mL, 0.50
mmol) was added to a solution of pale yellow oil described
above in dry CH,Cl, (2 mL) at 0° C., then stirred at room
temperature overnight, then the solvent was removed in
vacuo and the residue was diluted with CH,Cl, (30 mL) and
washed with saturated solutions of Na,CO; (10 mL) and
brine (10 mL), dried over anhydrous Na,SO,, and filtered,
then the solvent was evaporated under reduced pressure. The
residue was purified by flash chromatography (0% MeOH/
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CH,C1,~5% MeOH/CH,CL,) to afford 25i (6.16 mg, 25.4%)
as pale yellow solid. 'H NMR (500 MHz, CDCl,) & 8.87 (s,
1H), 8.70 (d, J=4.4 Hz, 1H), 8.63 (s, 1H), 8.00 (d, J=0.8 Hz,
1H), 7.94 (d, J=7.8 Hz, 1H), 7.45 (dd, J=7.7, 4.9 Hz, 1H),
7.15-7.01 (m, 3H), 3.98 (s, 3H), 3.95-3.85 (m, 1H), 3.08-3.
01 (m, 1H), 2.81-2.68 (m, 1H), 1.86-1.61 (m, 4H). MS (ESI)
m/z: 442.1 (M+1)*.

Example 108. Synthesis of (S)-3-(3-fluoro-4-
methoxyphenyl)-4-ox0-8-(pyridin-3-yl)-2-(pyrroli-
din-2-yl)-3,4-dihydroquinazoline-6-carbonitrile (25))

[0544] Prepared according to Scheme 8a.

25j

OCH;

NC

“
\N

(S)-3-(3-fluoro-4-methoxyphenyl )-4-oxo-8-(pyridin-3-yl)-2-(pyrrolidin-2-
yl)-3,4-dihydroquinazoline-6-carbonitrile

Synthesis of (S)-3-(3-fluoro-4-methoxyphenyl)-4-
ox0-8-(pyridin-3-yl)-2-(pyrrolidin-2-y1)-3,4-dihydro-
quinazoline-6-carbonitrile (25j)

[0545] A mixture of 22b (30.00 mg, 0.055 mmol), cesium
carbonate (35.86 mg, 0.11 mmol), pyridine-3-boronic acid
(1036 mg, 0.084 mmol) and tetrakis(triphenylphosphine)
palladium (0) (6.96 mg, 0.006 mmol) in dioxane (1.6 mL)
and H,O (0.8 mL) was degassed and flushed with nitrogen.
The mixture was heated at 85° C. for 6 h under nitrogen
atmosphere. After cooling to room temperature, the mixture
was diluted with H,O (10 mL) and extracted with ethyl
acetate (2x20 mL). The combined organic layers were
washed with H,O (10 mL) and brine (10 mL), dried over
anhydrous Na,SO,, and filtered, then the solvent was evapo-
rated under reduced pressure to afford pale yellow oil. The
crude product was treated with a palladium scavenger at
elevated temperature to remove any residual metal from the
coupling reaction. The crude product was separated from the
scavenger by filtration and used in the next step.

[0546] Under nitrogen, trifluoroacetic acid (0.04 mL, 0.50
mmol) was added to a solution of pale yellow oil described
above in dry CH,Cl, (2 mL) at 0° C., then stirred at room
temperature overnight, then the solvent was removed in
vacuo and the residue was diluted with CH,Cl, (30 mL) and
washed with saturated solutions of Na,CO; (10 mL) and
brine (10 mL), dried over anhydrous Na,SO,, and filtered,
then the solvent was evaporated under reduced pressure. The
residue was purified by flash chromatography (0% MeOH/
CH,Cl,_5% MeOH/CH,Cl,) to afford 25j (4.68 mg, 19.5%)
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as pale yellow solid. "H NMR (500 MHz, CDCl,) & 8.88 (s,
1H), 8.71 (d, J=4.5 Hz, 1H), 8.65 (s, 1H), 8.01 (d, J=0.8 Hz,
1H), 7.95 (d, J=7.8 Hz, 1H), 7.45 (dd, J=7.7, 4.9 Hz, 1H),
7.16-7.01 (m, 3H), 3.98 (s, 3H), 3.96-3.85 (m, 1H), 3.11-3.
01 (m, 1H), 2.28-2.68 (m, 1H), 1.86-1.61 (m, 4H). MS (ESI)
m/z: 442.1 (M+1)*.

Example 109. Synthesis of (R)-3-(3-fluoro-4-
methoxyphenyl)-4-oxo-8-(pyridin-4-yl)-2-(pyrroli-
din-2-yl)-3,4-dihydroquinazoline-6-carbonitrile
(25k)

[0547] Prepared according to Scheme 8a.

25k

OCH;

NC

(R)-3-(3-fluoro-4-methoxyphenyl)-4-oxo-8-(pyridin-4-yl)-2-(pyrrolidin-2-
yl)-3,4-dihydroquinazoline-6-carbonitrile

Synthesis of (R)-3-(3-fluoro-4-methoxyphenyl)-4-
0x0-8-(pyridin-4-yl)-2-(pyrrolidin-2-yl)-3,4-dihydro-
quinazoline-6-carbonitrile (25k)

[0548] A mixture of 22a (30.00 mg, 0.055 mmol), cesium
carbonate (35.86 mg, 0.11 mmol), pyridine-4-boronic acid
(1036 mg, 0.084 mmol) and tetrakis(triphenylphosphine)
palladium (0) (6.96 mg, 0.006 mmol) in dioxane (1.6 mL)
and H,O (0.8 mL) was degassed and flushed with nitrogen.
The mixture was heated at 85° C. for 6 h under nitrogen
atmosphere. After cooling to room temperature, the mixture
was diluted with H,O (10 mL) and extracted with ethyl
acetate (2x20 mL). The combined organic layers were
washed with H,O (10 mL) and brine (10 mL), dried over
anhydrous Na,SO,, and filtered, then the solvent was evapo-
rated under reduced pressure to afford pale yellow oil. The
crude product was treated with a palladium scavenger at
elevated temperature to remove any residual metal from the
coupling reaction. The crude product was separated from the
scavenger by filtration and used in the next step.

[0549] Under nitrogen, trifluoroacetic acid (0.04 mL, 0.50
mmol) was added to a solution of pale yellow oil described
above in dry CH,Cl, (2 mL) at 0° C., then stirred at room
temperature overnight, then the solvent was removed in
vacuo and the residue was diluted with CH,Cl, (30 mL) and
washed with saturated solutions of Na,CO; (10 mL) and
brine (10 mL), dried over anhydrous Na,SO,, and filtered,
then the solvent was evaporated under reduced pressure. The
residue was purified by flash chromatography (0% MeOH/
CH,Cl1,~5% MeOH/CH,Cl,) to afford 25k (6.86 mg,
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28.2%) as pale yellow solid. "H NMR (400 MHz, CDCl,) §
8.76 (d, J=5.3 Hz, 2H), 8.65 (s, 1H), 8.01 (s, 1H), 7.54 (d,
J=5.4 Hz, 2H), 7.18-6.96 (m, 3H), 4.05-3.83 (m, 4H),
3.08-3.01 (m, 1H), 2.81-2.68 (m, 1H), 2.52 (brs, 1H),
1.85-1.61 (m, 4H). MS (ESI) n/z: 442.1 (M+1)".

Example 110. Synthesis of (S)-3-(3-fluoro-4-
methoxyphenyl)-4-oxo-8-(pyridin-4-yl)-2-(pyrroli-
din-2-yl)-3,4-dihydroquinazoline-6-carbonitrile (251)

[0550] Prepared according to Scheme 8a.

0
NC
N
H
N
HN
Z |
X
N

@

(S)-3-(3-fluoro-4-methoxyphenyl )-4-oxo-8-(pyridin-4-yl)-2-(pyrrolidin-2-
yl)-3,4-dihydroquinazoline- 6-carbonitrile

251

OCH;

@ indicates text missing or illegible when filed

Synthesis of (S)-3-(3-fluoro-4-methoxyphenyl)-4-
ox0-8-(pyridin-4-yl)-2-(pyrrolidin-2-y1)-3,4-dihydro-
quinazoline-6-carbonitrile (251)

[0551] A mixture of 22b (30.00 mg, 0.055 mmol), cesium
carbonate (35.86 mg, 0.11 mmol), Pyridine-4-boronic acid
(1036 mg, 0.084 mmol) and tetrakis(triphenylphosphine)
palladium (0) (6.96 mg, 0.006 mmol) in dioxane (1.6 mL)
and H,O (0.8 mL) was degassed and flushed with nitrogen.
The mixture was heated at 85° C. for 6 h under nitrogen
atmosphere. After cooling to room temperature, the mixture
was diluted with H,O (10 mL) and extracted with ethyl
acetate (2x20 mL). The combined organic layers were
washed with H,O (10 mL) and brine (10 mL), dried over
anhydrous Na,SO,, and filtered, then the solvent was evapo-
rated under reduced pressure to afford pale yellow oil. The
crude product was treated with a palladium scavenger x3 at
elevated temperature to remove any residual metal from the
coupling reaction. The crude product was separated from the
scavenger by filtration and used in the next step.

[0552] Under nitrogen, trifluoroacetic acid (0.04 mL, 0.50
mmol) was added to a solution of pale yellow oil described
above in dry CH,Cl, (2 mL) at 0° C., then stirred at room
temperature overnight, then the solvent was removed in
vacuo and the residue was diluted with CH,Cl, (30 mL) and
washed with saturated solutions of Na,CO; (10 mL) and
brine (10 mL), dried over anhydrous Na,SO,, and filtered,
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then the solvent was evaporated under reduced pressure. The
residue was purified by flash chromatography (0% MeOH/
CH,Cl,-5% MeOH/CH,Cl,) to atford 251 (6.16 mg, 25.4%)
as pale yellow solid. 'H NMR (400 MHz, CDCl,) 8 8.75 (d,
J=5.4 Hz, 2H), 8.65 (s, 1H), 8.01 (s, 1H), 7.56 (d, J=5.4 Hz,
2H), 7.21-6.96 (m, 3H), 4.06-3.83 (m, 4H), 3.08-3.01 (m,
1H), 2.81-2.65 (m, 1H), 2.51 (brs, 1H), 1.86-1.61 (m, 4H).
MS (ESD) m/z: 442.1 (M+1)*.

Example 111. Synthesis of 3-(3-fluoro-4-methoxy-
phenyl)-8-(6-methylpyridin-3-yl)-2-(1-methylpyrro-
lidin-2-yl)-4-0x0-3,4-dihydroquinazoline-6-carboni-

trile (25m)
[0553] Prepared as shown in Scheme 8a.
25m
F
OCH;
(0]
NC
N
P
N
N
Z | H3C/
N N
CH;
@

@ indicates text missing or illegible when filed

[0554] A solution of 25¢ in H,O (1 mL) was subjected to
sequential addition of HCHO (37% aqueous) (0.1 mL) and
HCOOH (0.5 mL). The resulting reaction mixture was
heated to 95° C. for 6 h. The reaction was cooled to rt and
basified with 1IN NaOH until pH~10. A white precipitate
crashed out which was extracted with CH,Cl, (3x3 mL).
The combined organic layer was dried over anhydrous
Na,SO,, filtered, concentrated in vacuo to give a crude
material which was subjected to column chromatography to
afford 3-(3-fluoro-4-methoxyphenyl)-8-(6-methylpyridin-3-
y1)-2-(1-methylpyrrolidin-2-y1)-4-oxo-3,4-dihydroquinazo-
line-6-carbonitrile 25m. as white solid (18 mg, 59%). ‘H
NMR (400 MHz, CDCl,) § 8.77 (d, J=2.3 Hz, 11H), 8.60 (d,
J=2.0 Hz, 11H), 7.97 (d, J=1.9 Hz, 1H), 7.89 (dd, J=8.0, 2.4
Hz, 1H), 7.28 (d, J=8.1 Hz, 1H), 7.19-7.06 (m, 2H), 7.01-
6.89 (m, 1H), 3.98 (d, J=1.3 Hz, 3H), 3.59-3.46 (m, 1H),
2.98-2.86 (m, 1H), 2.65 (s, 3H), 2.44 (dtd, J=9.2, 7.2, 5.2 Hz,
1H), 2.20 (d, J=1.6 Hz, 3H), 2.09-1.89 (m, 2H), 1.88-1.71
(m, 2H). MS (ESI) m/z: 470.1 (M+1)*.
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Example 112. Synthesis of 3-(3-fluoro-4-methoxy-
phenyl)-2-((2R,48)-4-fluoropyrrolidin-2-yl1)-8-(6-
methylpyridin-3-yl)-4-0x0-3,4-dihydroquinazoline-
6-carbonitrile (25n)

[0555] Prepared as shown in Scheme 8a

25n

OCH;

wnn F

CH;

3-3(fluoro-4-methoxyphenyl)-2-((2R 4S)-4-fluoropyrrolidin-2-yl)-8-(6-
methylpyridin-3-yl)-4-oxo-3,4-dihydroquinazoline-6-carbonitrile

[0556] Step 1. Synthesis of tert-butyl (2R,4S)-2-(8-bromo-
6-cyano-3-(3-fluoro-4-methoxyphenyl)-4-oxo-3,4-dihydro-
quinazolin-2-yl)-4-fluoropyrrolidine-1-carboxylate  (22c¢).
2-amino-3-bromo-5-cyanobenzoic acid (0.35 g, 1.46 mmol)
and (2R,4S)-1-(tert-butoxycarbonyl)-4-fluoropyrrolidine-2-
carboxylic acid (442 mg, 1.90 mmol) were dissolved in dry
pyridine (5 mL). Triphenyl phosphite (1.15 mL, 4.38 mmol)
was added to the mixture and the reaction mixture was
heated at 110° C. with MWI for 90 min. 3-Fluoro-4-
methoxyaniline (247 mg, 1.75 mmol) was added to the
mixture and the reaction mixture was heated at 100° C. with
MWTI for 30 min. Pyridine was removed in vacuo and the
residue was diluted with CH,Cl, (100 mL) and washed with
IN HCI aqueous (50 mL). The organic layer was washed
with H,O (50 mL) and brine (50 mL), dried over anhydrous
Na,SO,, and filtered, then the solvent was evaporated under
reduced pressure. The residue was purified by flash chro-
matography (0% solvent A (ethyl acetate:CH,Cl,=5:1)/
hexane to 20% solvent A (ethyl acetate: CH,Cl,=5:1)/
hexane) to afford 22¢ (0.35 g) as pale yellow solid. "H NMR
(400 MHz, CDCl;, a mixture of rotamers caused by -Boc
group) & 8.58-8.39 (m, 1H), 8.28-8.10 (m, 1H), 7.45-7.27
(m, 1H), 7.25-6.83 (m, 4H), 5.39-5.12 (m, 1H), 4.83-4.64
(m, 1H), 4.20-3.76 (m, 5H), 2.47-2.15 (m, 2H), 1.48-1.25
(m, 9H).

[0557] Step 2. Synthesis of 3-(3-fluoro-4-methoxyphe-
nyl)-2-((2R,4S)-4-fluoropyrrolidin-2-y1)-8-(6-methylpyri-
din-3-yl)-4-0x0-3,4-dihydroquinazoline-6-carbonitrile
(25n). A mixture of 22c¢ (350 mg, 0.72 mmol), cesium
carbonate (468 mg, 1.44 mmol), 6-methylpyridine-3-bo-
ronic acid (108 mg, 0.79 mmol) and tetrakis(triphenylphos-
phine) palladium (0) (83 mg, 0.072 mmol) in dioxane (5 mL)
and H,O (1 mL) was degassed and flushed with nitrogen.
The mixture was heated at 85° C. for 5 h under nitrogen
atmosphere. After cooling to room temperature, the mixture
was diluted with H,O (10 mL) and extracted with ethyl
acetate (2x20 mL). The combined organic layers were
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washed with H,O (10 mL) and brine (10 mL), dried over
anhydrous Na,SO,, and filtered, then the solvent was evapo-
rated under reduced pressure to afford pale yellow oil. The
crude product was treated with a palladium scavenger in
triplicate at elevated temperature to remove any residual
metal from the coupling reaction. The crude product was
separated from the scavenger by filtration and used in the
next step. Under nitrogen, a solution of HCI in 1,4-dioxane
(3 mL, 4N) was added to a solution of pale yellow oil
described above in dry 1,4-dioxane (3 mL) at 0° C., then
stirred at room temperature overnight, then the solvent was
removed in vacuo and the residue was diluted with CH,Cl,
(40 mL) and washed with saturated solutions of Na,CO; (10
mL) and brine (10 mL), dried over anhydrous Na,SO,, and
filtered, then the solvent was evaporated under reduced
pressure. The residue was purified by flash chromatography
(70% solvent A (ethyl acetate:MeOH:TEA=100:2:1)/
hexane) to afford 25n (30 mg) as white solid. 'H NMR (400
MHz, CDCl,) & 8.74 (d, J=2.3 Hz, 1H), 8.61 (d, J=2.0 Hz,
1H), 7.97 (dd, J=2.0, 0.7 Hz, 1H), 7.80 (dd, J=8.0, 2.4 Hz,
1H), 7.30 (d, J=8.0 Hz, 1H), 7.22-7.09 (m, 2H), 7.05-6.95
(m, 1H), 5.20 (m, 1H), 4.24-4.17 (m, 1H), 3.99 (s, 3H),
3.14-3.04 (m, 2H), 2.66 (s, 3H), 2.34-2.11 (m, 2H). MS
(ESD) nv/z: 474.1 (M+1)*.

Example 113. Synthesis of (R)-3-(3-fluoro-4-
methoxyphenyl)-8-morpholino-4-ox0-2-(pyrrolidin-
2-y1)-3,4-dihydroquinazoline-6-carbonitrile (26a)

[0558] Prepared as shown in Scheme 8a

26a

OCH;

{Nj
O
(R)-3-(3-fluoro-4-methoxyphenyl)-8-morpholino-4-oxo-2-
(pyrrolidin-2-yl)-3,4-dihydroquinazoline-6-carbonitrile

[0559] Step 1. Tris(dibenzylideneacetone)dipalladium (0),
Pd,dba, (14 mg, 0.014 mmol) was added to a stirred,
degassed, anhydrous solution of BINAP (10 mg, 0.014
mmol), NaOtBu (22 mg, 0.22 mmol), 22a (80 mg, 0.14
mmol) and morpholine (20 (L, 0.22 mmol), in toluene (2
mL). The reaction mixture was stirred at 100° C. for 16 h
under argon. The solution was cooled, diluted with EtOAc
(3 mL) and washed with saturated aqueous NH,C1 solution
(5§ mL), and the aqueous phase was extracted with CH,Cl,
(2x3 mL). The combined organic layers were washed with
saturated brine (5 mL), dried over anhydrous Na,SO, and
concentrated to give crude material which was purified by
column chromatography to afford desired Boc-protected
intermediate,  tert-butyl  (R)-2-(6-cyano-3-(3-fluoro-4-
methoxyphenyl)-8-morpholino-4-oxo-3,4-dihydroquinazo-
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lin-2-yl)pyrrolidine-1-carboxylate, as yellow solid (43 mg,
54%). MS (ESI) m/z: 550 (M+1)*.

[0560] Step 2. To a solution of tert-butyl (R)-2-(6-cyano-
3-(3-fluoro-4-methoxyphenyl)-8-morpholino-4-oxo-3,4-di-
hydroquinazolin-2-yl)pyrrolidine-1-carboxylate (43 mg) in
anhydrous CH,Cl, (3 mL) was added palladium scaven-
ger—SilaMetS-DMT (100 mg), and the mixture was heated
to 45° C. for 5 h. The reaction mixture was cooled down,
contents were filtered through celite (1 g) using a cintered
funnel and the collected material was washed with CH,Cl,
(2x3 mL). The filtrate was concentrated in vacuo to obtain
solid compound. This palladium scavenging process was
repeated three times following the same procedure to obtain
Boc-protected intermediate as light-yellow solid (40 mg)
which was re-dissolved in anhydrous CH,Cl, (3 mL). Tri-
fluoroacetic acid (0.1 mL) was added at 0° C. The reaction
was stirred for 20 h at rt. The resulting mixture was
concentrated in vacuo, and the residue was dissolved in 5
mL of CH,Cl, then basified with saturated aqueous Na,CO;
solution until the pH=10. The phases were separated, and the
aqueous layer was further extracted with CH,Cl, (3x5 mL).
The combined organic layer was dried over anhydrous
Na,SO,, concentrated in vacuo to give a crude material
which was purified using column chromatography to afford
(R)-3-(3-fluoro-4-methoxyphenyl)-8-morpholino-4-oxo-2-
(pyrrolidin-2-yl)-3,4-dihydroquinazoline-6-carbonitrile
(26a). "H NMR (400 MHz, CDCL,) 8 8.17 (d, 1=1.8 Hz, 1H),
732 (dd, J=1.7, 0.9 Hz, 1H), 7.16-6.96 (m, 3H), 3.97 (d,
J=6.0 Hz, 8H), 3.37 (dtt, J=15.9, 11.8, 4.2 Hz, 4H), 3.19 (dd,
J=10.8, 5.6 Hz, 1H), 2.86 (d, J=10.3 Hz, 1H), 2.49 (s, 1H),
1.89-1.70 (m, 4H). MS (ESI) nv/z: 450.1 (M+1)*.

Example 114. 3-(3-fluoro-4-methoxypheny!)-8-(4-
morpholinopiperidine-1-yl)-4-oxo-2-(pyrrolidin-2-
y1)-3,4-dihydroquinazoline-6-carbonitrile (26b)

[0561] Prepared as shown in Scheme 8a
26b
F
OMe
(6]
NC
N
Z
N
N HN

iNj
(6}
3-(3-fluoro-4-methoxyphenyl)-8-(4-

morpholinopiperidin-1-yl)-4-oxo-2-(pyrrolidin-2-
yl)-3,4-dihydroquinazoline-6-carbonitrile
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Synthesis of 3-(3-fluoro-4-methoxyphenyl)-8-(4-
morpholinopiperidin-1-yl)-4-oxo-2-(pyrrolidin-2-yl)-
3,4-dihydroquinazoline-6-carbonitrile (26b)

[0562] A mixture of 22d (400 mg, 0.74 mmol), t-BuONa
(106 mg, 1.11 mmol), 4-(piperidin-4-yl)morpholine (188
mg, 1.11 mmol), rac-BINAP (46 mg, 0.074 mmol) and
tris(dibenzylideneacetone)dipalladium (0) (68 mg, 0.074
mmol) in anhydrous toluene (10 mL) was degassed and
flushed with nitrogen. The mixture was heated at 100° C. for
16 h under nitrogen atmosphere. After cooling to room
temperature, the mixture was concentrated to remove
dioxane, and diluted with H,O (50 mL) and extracted with
DCM (3x60 mL). The combined organic layers were
washed with brine (150 mL), dried over anhydrous Na,SO,,
and filtered, then the solvent was evaporated under reduced
pressure to afford a pale-yellow oil. The crude product was
purified with flash chromatography (0-3.5% MeOH/DCM)
to give the product, which was treated with a palladium
scavenger (SiliaMetS DMT, 25 mg), stirred at 40° C. for 8
h and at rt for 16 h, and filtered through Celite pad to remove
any residual metal from the coupling reaction. Repeating
this procedure of removing Pd for three times. After con-
centration, the corresponding coupling product (70 mg, Y
%=15%) was obtained as a yellow solid. "H NMR (400
MHz, Chloroform-d, a mixture of rotamers caused by -Boc
group and atropisomers caused by —F atom) § 8.28-8.09
(m, 1H), 7.45-7.27 (m, 1H), 7.24-7.01 (m, 2H), 7.01-6.88
(m, 1H), 4.59-4.45 (m, 1H), 4.40-4.22 (m, 1H), 4.03-3.92
(m, 3H), 3.83-3.73 (m, 4H), 3.72-3.61 (m, 1H), 3.57-3.46
(m, 1H), 2.99-2.82 (m, 1H), 2.71-2.54 (m, 4H), 2.44-2.27
(m, 1H), 2.28-1.47 (m, 10H), 1.49-1.23 (m, 9H).

[0563] Trifluoroacetic acid (0.36 mL, 4.75 mmol) was
added to a solution of the corresponding coupling product
(100 mg, 0.16 mmol) in DCM (10 mL) at 0° C., then stirred
at room temperature overnight, then the solvent was diluted
with DCM (100 mL) and washed with saturated solutions of
Na,CO; (3x100 mL) and brine (100 mL), dried over anhy-
drous Na,SO,, and filtered, then the solvent was evaporated
under reduced pressure. The residue was purified by flash
chromatography (0% to 8.5% MeOH/DCM) to afford 26b
(31 mg, 37%) as a yellow solid. '"H NMR (400 MHz,
Chloroform-d, a mixture of two atropisomers (=1:1 ratio)
caused by —F atom) 8 8.14 (s, 1H), 7.33 (s, 1H), 7.14-6.97
(m, 3H), 4.03-3.85 (m, 6H), 3.77 (s, 4H), 3.27-3.16 (m, 1H),
2.90-2.76 (m, 3H), 2.63 (s, 4H), 2.44-2.34 (m, 1H), 2.10-2.
02 (m, 2H), 1.86-1.74 (m, 6H). MS (ESI) m/z: 533.0
(M+1)*.

Example 115. Synthesis of (R)-3-(3-fluoro-4-
methoxyphenyl)-8-(furan-3-yl)-2-(1-methylpyrroli-
din-2-yl)-4-ox0-3,4-dihydroquinazoline-6-carboni-

trile (27a)

[0564] Prepared as shown in Scheme 8a.

27a

OCH;

(R)-3-(3-fluoro-4-methoxyphenyl)-8-(furan-3-yl)-2-
(1-methylpyrrolidin-2-yl)-4-oxo-3,4-dihydroquinazoline-6-carbonitrile
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[0565] Step 1. Synthesis of (R)-8-bromo-3-(3-fluoro-4-
methoxyphenyl)-2-(1-methylpyrrolidin-2-yl)-4-oxo-3,4-di-

hydroquinazoline-6-carbonitrile. A solution of 23a in H,O (1
mlL) was subjected to sequential addition of HCHO (37%
aq., 0.1 mL) and HCOOH (0.5 mL). The resulting reaction
mixture was heated to 95° C. for 6 h. The reaction was
cooled to rt and basified with IN NaOH until pH-10. A white
precipitate crashed out which was extracted with CH,Cl,
(3x3 mL). The combined organic layer was dried over
anhydrous Na,SO,, filtered, concentrated in vacuo to give a
crude material which was subjected to column chromatog-
raphy to afford (R)-8-bromo-3-(3-fluoro-4-methoxyphenyl)-
2-(1-methylpyrrolidin-2-yl)-4-ox0-3,4-dihydroquinazoline-

6-carbonitrile. MS (ESI) m/z: 457.0 (M+1)*.

[0566] Step 2. Synthesis of (R)-3-(3-fluoro-4-methoxy-
phenyl)-8-(furan-3-yl)-2-(1-methylpyrrolidin-2-yl)-4-oxo-
3,4-dihydroquinazoline-6-carbonitrile 27a.

[0567] Tetrakis(triphenylphosphine)palladium (0),
Pd(PPh;), (10 mg, 0.008 mmol) was added to a stirred,
degassed, anhydrous solution of (R)-8-bromo-3-(3-fluoro-
4-methoxyphenyl)-2-(1-methylpyrrolidin-2-yl)-4-oxo0-3,4-
dihydroquinazoline-6-carbonitrile (40 mg, 0.08 mmol),
Cs,CO; (57 mg, 0.17 mmol) and furan-3-ylboronic acid (15
mg, 0.13 mmol) in 1,4-dioxane/H,O (2:1, 4 mL). The
reaction mixture was heated to 85° C. for 10 h and then
diluted with EtOAc/H,O (1:1, 8 ml), followed by separation
of organic and aqueous phases. The aqueous phase was
again extracted with EtOAc (2x4 mL). Combined organic
layers were dried over anhydrous Na,SO,, concentrated in
vacuo and purified by column chromatography (MPLC) to
obtain desired (R)-3-(3-fluoro-4-methoxyphenyl)-8-(furan-
3-yl)-2-(1-methylpyrrolidin-2-yl)-4-ox0-3,4-dihydroqui-
nazoline-6-carbonitrile as yellow solid (21 mg). The product
(21 mg) was dissolved in anhydrous CH,Cl, (3 mL) and
combined with palladium scavenger—SilaMetS-DMT (60
mg) and heated to 45° C. for 5 h. The reaction mixture was
filtered through celite (1 g) using sintered funnel and washed
with CH,Cl, (2x3 mL) to obtain a clear colorless solution.
This filtrate was concentrated in vacuo to obtain desired
compound, (R)-3-(3-fluoro-4-methoxyphenyl)-8-(furan-3-
y1)-2-(1-methylpyrrolidin-2-y1)-4-ox0-3,4-dihydroquinazo-
line-6-carbonitrile 27a as white solid (16 mg). "H NMR (400
MHz, CDCL,) 8 9.10 (t, ]=2.2 Hz, 1H), 8.41 (d, J=1.9 Hz,
1H), 8.08 (d, J=1.9 Hz, 1H), 7.54 (t, J=1.8 Hz, 1H), 7.13 (q,
J=8.8 Hz, 1H), 7.07-6.96 (m, 2H), 6.93 (d, J=2.0 Hz, 1H),
3.99(d, J=1.6 Hz, 3H), 3.19 (qd, J=8.6, 5.5 Hz, 2H), 2.33 (d,
J=1.5 Hz, 3H), 2.30-2.20 (m, 1H), 2.02-1.85 (m, 3H),
1.80-1.67 (m, 1H). MS (ESI) nv/z: 445.1 (M+1)".

Scheme 8b. Synthesis of quinazolinones 250-25mmm, Examples 116-166
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Br

Scheme 8a
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-continued
NC Ar
N/ 1. R? boronic acid, cat.
)\ 2. SilaMetSThiol
N/ [ 3. acid (H3PO; or 4N
—R! HCI or 1N HCI/EtOAc
Br N ) or TFA) then
/ basicification
BOC
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N 7~
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Example 116. Synthesis of 3-(3-fluoro-4-methoxy-

phenyl)-2-((2S,4R)-4-hydroxypyrrolidin-2-y1)-8-(6-

methylpyridin-3-yl)-4-oxo0-3,4-dihydroquinazoline-
6-carbonitrile (250)

[0568] Prepared as shown in Scheme 8b

250

OMe

OH

CH;

3-(3-fluoro-4-methoxyphenyl)-2-((2S,4R)-4-hydroxypyrrolidin-2-yl)-
8-(6-methylpyridin-3-yl)-4-oxo-3,4-dihydroquinazoline-6-carbonitrile

Synthesis of tert-butyl (2S,4R)-2-(8-bromo-6-
cyano-3-(3-fluoro-4-methoxyphenyl)-4-oxo-3,4-
dihydroquinazolin-2-yl)-4-((tert-butyldimethylsilyl)
oxy)pyrrolidine-1-carboxylate (22¢)

[0569] 2-amino-3-bromo-5-cyanobenzoic acid (500 mg,
2.08 mmol) and (2S,4R)-1-(tert-butoxycarbonyl)-4-((tert-
butyldimethylsilyl)oxy )pyrrolidine-2-carboxylic acid (935
mg, 2.71 mmol) were dissolved in dry pyridine (8 mL).
triphenyl phosphite (1.64 mL, 6.25 mmol) was added to the
mixture and the reaction mixture was heated at 130° C. with
MWTI for 30 min. 3-Fluoro-4-methoxyaniline (353 mg, 2.50
mmol) was added to the mixture and the reaction mixture
was heated at 100° C. with MWI for 30 min. Pyridine was
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removed in vacuo and the residue was diluted with CH,Cl,
(100 mL) and washed with 1N HCI aqueous (100 mL). The
organic layer was washed with H,O (50 mL) and brine (50
mL), dried over anhydrous Na,SO,, and filtered, then the
solvent was evaporated under reduced pressure. The residue
was purified by flash chromatography (0% to 13% A (DCM:
ethyl acetate=1:4)/Hexane)) yielded 22e (500 mg, 71%) as
yellow solid. "H NMR (400 MHz, Chloroform-d, a mixture
of rotamers caused by -Boc group and atropisomers caused
by —F atom) 8 8.80-8.63 (m, 2H), 8.14-7.93 (m, 2H),
7.52-734 (m, 2H), 7.32-7.12 (m, 2H), 7.05-6.92 (m, 1H),
4.70-4.49 (m, 1H), 4.48-4.29 (m, 1H), 4.11-3.95 (m, 3H),
3.68-3.53 (m, 1H), 3.39-3.21 (m, 1H), 2.78-2.62 (m, 3H),
2.14-1.90 (m, 2H), 1.44-1.43 (m, 4H), 1.36-1.32 (m, 5H),
0.86-0.73 (m, 9H), 0.07--0.05 (m, 6H).

Synthesis of 3-(3-fluoro-4-methoxyphenyl)-2-((2S,

4R)-4-hydroxypyrrolidin-2-y1)-8-(6-methylpyridin-

3-yl)-4-0x0-3,4-dihydroquinazoline-6-carbonitrile
(250)

[0570] A mixture of 22e (480 mg, 0.71 mmol), cesium
carbonate (465 mg, 1.43 mmol), 2-methylpyridine-5-bo-
ronic acid (108 mg, 0.79 mmol) and tetrakis(tri-phenylphos-
phine) palladium (0) (83 mg, 0.071 mmol) in 1,4-dioxane
(10 mL) and H,O (2 mL) was degassed and flushed with
nitrogen. The mixture was heated at 85° C. for 16 h under
nitrogen atmosphere. After cooling to room temperature, the
mixture was concentrated to remove dioxane, and diluted
with H,O (50 mL) and extracted with DCM (3x50 mL). The
combined organic layers were washed with brine (100 mL),
dried over anhydrous Na,SO,, and filtered, then the solvent
was evaporated under reduced pressure to afford a pale-
yellow oil. The crude product was purified with flash chro-
matography (0% to 30% A (DCM:ethyl acetate=1:4)/
Hexane) to give the product, which was treated with a
palladium scavenger (SiliaMetS Thiol, 90 mg), stirred at 40°
C. for 8 h and at rt for 16 h, and filtered through Celite pad
to remove any residual metal from the coupling reaction.
Repeating this procedure of removing Pd for three times
(Adding new palladium scavenger and being stirred for 24
h for three times). After concentration, the corresponding
coupling product (270 mg, 55%) was obtained as a yellow
solid. 'H NMR (400 MHz, Chloroform-d, a mixture of
rotamers caused by -Boc group and atropisomers caused by
—F atom) § 8.80-8.63 (m, 2H), 8.14-7.93 (m, 2H), 7.52-7.
34 (m, 2H), 7.32-7.12 (m, 2H), 7.05-6.92 (m, 1H), 4.70-4.49
(m, 1H), 4.48-4.29 (m, 1H), 4.11-3.95 (m, 3H), 3.68-3.53
(m, 1H), 3.39-3.21 (m, 1H), 2.78-2.62 (m, 3H), 2.14-1.90
(m, 2H), 1.44-1.43 (m, 4H), 1.36-1.32 (m, 5H), 0.86-0.73
(m, 9H), 0.07--0.05 (m, 6H).

[0571] A solution of H,PO, in water (1.5 mL, W %=84%)
was added to a solution of the corresponding coupling
product (200 mg, 0.29 mmol) in THE (5 mL) at 0° C., then
stirred at room temperature overnight, then the solvent was
diluted with CH,Cl, (50 mL) and washed with saturated
solutions of Na,CO; (3x50 mL) and brine (50 mL), dried
over anhydrous Na,SO,, and filtered, then the solvent was
evaporated under reduced pressure. The residue was purified
by flash reverse phase (C-18) chromatography (0-30%
CH;CN/H,0) yielded 250 (60 mg, 44%) as pale-yellow
solid. "H NMR (400 MHz, Chloroform-d, a mixture of two
atropisomers (=~1:1 ratio) caused by —F atom) & 8.75 (d,
J=2.3 Hz, 1H), 8.61 (d, J=2.0 Hz, 1H), 7.97 (d, J=2.0 Hz,
1H), 7.82 (dd, J=8.0, 2.3 Hz, 1H), 7.30 (d, J=8.0 Hz, 1H),
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7.19-7.05 (m, 2H), 7.03-6.96 (m, 1H), 4.44 (s, 1H), 4.20 (q,
J=7.3 Hz, 1H), 3.98 (s, 3H), 3.17-3.09 (m, 1H), 2.81 (d,
J=11.8 Hz, 1H), 2.66 (s, 3H), 2.18-2.07 (m, 1H), 1.83 (d,
J=8.2 Hz, 1H). MS (ESI) m/z: 472.1 (M+1)*.

Example 117. Synthesis of (R)-3-(3-fluoro-4-
methoxyphenyl)-8-(6-methylpyridin-3-yl)-4-oxo-2-
(pyrrolidin-2-ylmethyl)-3,4-dihydroquinazoline-6-

carbonitrile (25p)

[0572] Prepared as shown in Scheme 8b.

25p

OMe

CH;

(R)-3-(3-fluoro-4-methoxyphenyl)-8- (6-methylpyridin-3-yl)-4-oxo-2-
(pyrrolidin-2-ylmethyl)-3,4-dihydroquinazoline-6-carbonitrile

Synthesis of tert-butyl (R)-2-((8-bromo-6-cyano-3-

(3-fluoro-4-methoxyphenyl)-4-oxo-3,4-dihydroqui-

nazolin-2-yl)methyl)pyrrolidine-1-carboxylate (22f)
[0573] The procedure of 22e was followed using 2-amino-
3-bromo-5-cyanobenzoic acid (200 mg, 0.83 mmol), (R)-2-
(1-(tert-butoxycarbonyl)pyrrolidin-2-yl)acetic acid (249
mg, 1.08 mmol), triphenyl phosphite (0.66 mL, 2.50 mmol)
and 3-Fluoro-4-methoxyaniline (141 mg, 1.00 mmol), and
pyridine (8 mL). Purification by flash chromatography (0%
to 15% A (DCM:ethyl acetate=1:5)/Hexane)) yielded 22f
(170 mg, 36%) as pale yellow solid. *"H NMR (400 MHz,
Chloroform-d, a mixture of rotamers caused by -Boc group
and atropisomers caused by —F atom) d 8.51 (s, 1H), 8.18
(s, 1H), 7.42-7.30 (m, 1H), 7.17-7.09 (m, 1H), 7.06-6.93 (m,
1H), 4.33 (s, 1H), 3.98 (d, J=1.7 Hz, 3H), 3.50-3.20 (m, 2H),
3.06-2.85 (m, 1H), 2.47-2.08 (m, 2H), 1.88 (s, 2H), 1.77-1.
64 (m, 1H), 1.33-1.08 (m, 9H).

Synthesis of (R)-3-(3-fluoro-4-methoxyphenyl)-8-

(6-methylpyridin-3-yl)-4-oxo-2-(pyrrolidin-2-ylm-

ethyl)-3,4-dihydroquinazoline-6-carbonitrile (25p)
[0574] A mixture of 22f (320 mg, 0.58 mmol), cesium
carbonate (375 mg, 1.15 mmol), 2-methylpyridine-5-bo-
ronic acid (87 mg, 0.63 mmol), tetrakis(tri-phenylphos-
phine) palladium (0) (66 mg, 0.058 mmol) in 1,4-dioxane
(10 mL) and H,O (2 mL) was degassed and flushed with
nitrogen. The mixture was heated at 85° C. for 16 h under
nitrogen atmosphere. After cooling to room temperature, the
mixture was concentrated to remove dioxane, and diluted
with H,O (50 mL) and extracted with DCM (3x50 mL). The
combined organic layers were washed with brine (100 mL),
dried over anhydrous Na,SO,, and filtered, then the solvent
was evaporated under reduced pressure to afford a pale-
yellow oil. The crude product was purified with flash chro-
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matography (20% to 40% A (DCM:ethyl acetate=1:4)/
Hexane) to give the product, which was treated with a
palladium scavenger (SiliaMetS Thiol, 50 mg), stirred at 40°
C. for 8 h and at rt for 16 h, and filtered through Celite pad
to remove any residual metal from the coupling reaction.
Repeating this procedure of removing Pd for three times
(Adding new palladium scavenger and being stirred for 24
h for three times). After concentration, the corresponding
coupling product (160 mg, 49%) was obtained as a yellow
solid. "H NMR (400 MHz, Chloroform-d, a mixture of
rotamers caused by -Boc group and atropisomers caused by
—F atom) 6 8.83-8.54 (m, 2H), 8.01-7.81 (m, 2H), 7.72-7.
62 (m, 2H), 7.58-7.50 (m, 1H), 7.50-7.42 (m, 2H), 7.43-7.27
(m, 2H), 7.17-6.96 (m, 2H), 4.28-4.11 (m, 1H), 4.02-3.91
(m, 3H), 3.38-3.18 (m, 2H), 2.98-2.72 (m, 1H), 2.66 (s, 3H),
2.46-2.19 (m, 1H), 1.98-1.75 (m, 4H), 1.31-1.21 (m, 9H).

[0575] A solution of HCI in 1,4-dioxane (2 mL, 4N, 12
mmol) was added to a solution of the corresponding cou-
pling product (160 mg, 0.28 mmol) in 1,4-dioxane (3 mL) at
0° C., then stirred at room temperature overnight, then the
reaction mixture was then adjusted to pH 11 with saturated
solutions of Na,CO, and concentrated to remove 1,4-di-
oxane. The resulting residual was diluted with water (50
mlL) and extracted with DCM (3x50 mL). The combined
organic layers were washed with brine (100 mL), dried over
anhydrous Na,SO,, and filtered, then the solvent was evapo-
rated under reduced pressure. The residue was purified by
flash chromatography (0-2% MeOH/DCM) to afford 25p (65
mg, 50%) as a pale-yellow solid. '"H NMR (400 MHz,
DMSO-d;, a mixture of two atropisomers (=1:1 ratio)
caused by —F atom) 8 8.90 (s, 1H), 8.74 (d, J=2.2 Hz, 1H),
8.57 (d, J=1.9 Hz, 1H), 8.38 (d, J=1.9 Hz, 1H), 8.03 (dd,
J=8.2, 2.2 Hz, 1H), 7.56-7.24 (m, 4H), 3.94 (s, 3H), 3.85-
371 (m, 1H), 3.04 (t, I=7.3 Hz, 2H), 3.00-2.87 (m, 1H),
2.79-2.66 (m, 1H), 2.57 (s, 3H), 2.06-1.94 (m, 1H), 1.86-1.
69 (m, 2H), 1.59-1.47 (m, 1H). MS (ESI) m/z: 470.0
(M+1)*.

Example 118. Synthesis of (R)-3-(3,5-difluoro-4-
methoxyphenyl)-4-oxo-2-(pyrrolidin-2-y1)-8-(6-(trif-
luoromethyl)pyridin-3-yl)-3,4-dihydroquinazoline-6-

carbonitrile (25q)

[0576] Prepared as shown in Scheme 8b

25q

OMe

CF3

(R)-3-(3,5-difluoro-4-methoxyphenyl)-4-oxo-2-(pyrrolidin-2-yl)-8-
(6-(trifluoromethyl)pyridin-3-yl)-3,4-dihydroquinazoline-6-carbonitrile
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Synthesis of tert-butyl (R)-2-(8-bromo-6-cyano-3-
(3,5-difluoro-4-methoxyphenyl)-4-oxo-3,4-dihydro-
quinazolin-2-yl)pyrrolidine-1-carboxylate (22g)

[0577] The procedure of 22e was followed using 2-amino-
3-bromo-5-cyanobenzoic acid (400 mg, 1.67 mmol), Boc-
D-proline (466 mg, 2.17 mmol), triphenyl phosphite (1.30
ml, 5.01 mmol) and 3,5-difluoro-4-methoxyaniline (319
mg, 2.00 mmol), and pyridine (8 mL). Purification by flash
chromatography (0% to 12% A (DCM:ethyl acetate=1:4)/
Hexane)) yielded 22g (540 mg, 58%) as yellow solid. 'H
NMR (400 MHz, Chloroform-d, a mixture of rotamers
caused by -Boc group) & 8.55-8.45 (m, 1H), 8.27-8.13 (m,
1H), 7.26-7.19 (m, 1H), 6.88-6.73 (m, 1H), 4.57-4.45 (m,
1H), 4.17-4.06 (m, 3H), 3.98-3.77 (m, 1H), 3.63-3.41 (m,
1H), 2.32-2.03 (m, 2H), 1.96-1.85 (m, 2H), 1.45-1.26 (m,
10H).

Synthesis of (R)-3-(3,5-difluoro-4-methoxyphenyl)-
4-0x0-2-(pyrrolidin-2-y1)-8-(6-(trifluoromethyl)pyri-
din-3-yl)-3,4-dihydroquinazoline-6-carbonitrile
(259)

[0578] A mixture of 22g (230 mg, 0.41 mmol), cesium
carbonate (268 mg, 0.82 mmol), (6-(trifluoromethyl)pyri-
din-3-yl)boronic acid (62 mg, 0.45 mmol) and tetrakis(tri-
phenylphosphine) palladium (0) (10 mg, 0.0082 mmol) in
1,4-dioxane (10 mL) and H,O (2 mL) was degassed and
flushed with nitrogen. The mixture was heated at 85° C. for
16 h under nitrogen atmosphere. After cooling to room
temperature, the mixture was concentrated to remove
dioxane, and diluted with H,O (50 mL) and extracted with
DCM (3x50 mL). The combined organic layers were
washed with brine (100 mL), dried over anhydrous Na,SO,,
and filtered, then the solvent was evaporated under reduced
pressure to afford a pale-yellow oil. The crude product was
purified with flash chromatography (0% to 20% A (DCM:
ethyl acetate=1:4)/Hexane) to give the N-Boc protected
coupled product, which was treated with a palladium scav-
enger (SiliaMetS Thiol, 60 mg), stirred at 40° C. for 8 h and
at rt for 16 h, and filtered through Celite pad to remove any
residual metal from the coupling reaction. Repeating this
procedure of removing Pd for three times (Adding new
palladium scavenger and being stirred for 24 h for three
times). After concentration, the corresponding coupled prod-
uct (190 mg, 74%) was obtained as a yellow solid. "H NMR
(400 MHz, Chloroform-d, a mixture of rotamers caused by
-Boc group) 6 8.97-8.82 (m, 1H), 8.68-8.62 (m, 1H), 8.30-
8.09 (m, 1H), 8.09-8.00 (m, 1H), 7.91-7.76 (m, 1H), 7.24-
6.94 (m, 1H), 6.89-6.76 (m, 1H), 4.59-4.43 (m, 1H), 4.18-
4.05 (m, 3H), 3.45-3.28 (m, 2H), 2.08-1.80 (m, 4H), 1.34-
1.30 (m, 9H). A solution of HCl in 1,4-dioxane (2 mL, 4N,
12 mmol) was added to a solution of the corresponding
coupling product (190 mg, 0.30 mmol) in 1,4-dioxane (3
mL) at 0° C., then stirred at room temperature overnight,
then the reaction mixture was then adjusted to pH 11 with
saturated solutions of Na,CO, and concentrated to remove
1,4-dioxane. The resulting residual was diluted with water
(50 mL) and extracted with DCM (3x50 mL). The combined
organic layers were washed with brine (100 mL), dried over
anhydrous Na,SO,, and filtered, then the solvent was evapo-
rated under reduced pressure. The residue was purified by
flash chromatography (0-10% MeOH/DCM) to afford 25q
(83 mg, 52%) as a pale-yellow solid. "H NMR (400 MHz,
Chloroform-d) 6 8.98 (s, 1H), 8.65 (s, 1H), 8.13 (d, J=8.1
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Hz, 1H), 8.03 (s, 1H), 7.85 (d, J=8.2 Hz, 1H), 6.92 (dd,
J=31.7, 103 Hz, 2H), 4.12 (s, 3H), 3.97-3.82 (m, 1H),
3.09-2.97 (m, 1H), 2.82-2.71 (m, 1H), 2.20 (s, 1), 1.88-1.
71 (m, 4H). MS (BSI) m/z: 527.9 (M+1)*.

Example 119. Synthesis of (R)-3-(3,5-difluoro-4-
methoxyphenyl)-8-(6-methylpyridin-3-yl)-4-oxo-2-
(pyrrolidin-2-yl)-3,4-dihydroquinazoline-6-carboni-

trile (25r)
[0579] Prepared as shown in Scheme 8b
25r
F

OMe

(0]

NC

F

CH;

(R)-3-(3,5-difluoro-4-methoxyphenyl)-8-(6-methylpyridin-3-yl)-4-
oxo-2-(pyrrolidin-2-yl)-3,4-dihydroquinazoline-6-carbonitrile

Synthesis of (R)-3-(3,5-difluoro-4-methoxyphenyl)-
8-(6-methylpyridin-3-yl)-4-oxo-2-(pyrrolidin-2-yl)-
3,4-dihydroquinazoline-6-carbonitrile (25r)

[0580] A mixture of 22g (300 mg, 0.54 mmol), cesium
carbonate (350 mg, 1.07 mmol), 2-methylpyridine-5-bo-
ronic acid (81 mg, 0.59 mmol) and tetrakis(tri-phenylphos-
phine) palladium (0) (13 mg, 0.011 mmol) in 1,4-dioxane
(10 mL) and H,O (2 mL) was degassed and flushed with
nitrogen. The mixture was heated at 85° C. for 16 h under
nitrogen atmosphere. After cooling to room temperature, the
mixture was concentrated to remove dioxane, and diluted
with H,O (50 mL) and extracted with DCM (3x50 mL). The
combined organic layers were washed with brine (100 mL),
dried over anhydrous Na,SO,, and filtered, then the solvent
was evaporated under reduced pressure to afford a pale-
yellow oil. The crude product was purified with flash chro-
matography (0% to 30% A (DCM:ethyl acetate=1:4)/
Hexane) to give the product, which was treated with a
palladium scavenger (SiliaMetS Thiol, 50 mg), stirred at 40°
C. for 8 h and at rt for 16 h, and filtered through Celite pad
to remove any residual metal from the coupling reaction.
Repeating this procedure of removing Pd for three times
(Adding new palladium scavenger and being stirred for 24
h for three times). After concentration, the corresponding
coupling product (160 mg, 52%) was obtained as a yellow
solid. 'H NMR (400 MHz, Chloroform-d, a mixture of
rotamers caused by -Boc group) 8 8.66-8.47 (m, 2H),
7.98-7.77 (m, 2H), 7.64-7.54 (m, 4H), 7.51-7.35 (m, 6H),
7.19-7.10 (m, 1H), 6.93-6.69 (m, 1H), 4.49-4.35 (m, 1H),
4.12-3.97 (m, 3H), 3.44-3.19 (m, 2H), 2.65-2.44 (m, 3H),
2.01-1.84 (m, 2H), 1.84-1.71 (m, 2H), 1.27-1.20 (m, 9H).
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[0581] A solution of HCI in EtOAc (3 mL, 1N, 3 mmol)
was added to a solution of the corresponding coupling
product (160 mg, 0.28 mmol) in EtOAc (3 mL) at 0° C., then
stirred at room temperature overnight, then the reaction
mixture was then adjusted to pH 11 with saturated solutions
of Na,CO; and concentrated to remove EtOAc. The result-
ing residual was diluted with water (50 mL) and extracted
with DCM (3x50 mL). The combined organic layers were
washed with brine (100 mL), dried over anhydrous Na,SO,,
and filtered, then the solvent was evaporated under reduced
pressure. The residue was purified by flash chromatography
(0-5% MeOH/DCM) to afford 25r (70 mg, 53%) as a
pale-yellow solid. 'H NMR (400 MHz, Chloroform-d) §
8.74 (s, 1H), 8.59 (s, 1H), 7.99 (s, 1H), 7.84 (d, J=8.0 Hz,
1H), 7.30 (d, J=8.1 Hz, 1H), 6.91 (dd, J=26.8, 10.3 Hz, 2H),
4.12 (s, 3H), 4.00-3.76 (m, 1H), 3.21-2.96 (m, 1H), 2.87-2.
72 (m, 1H), 2.67 (s, 3H), 2.19 (s, 1H), 1.92-1.64 (m, 4H).
MS (ESI) n/z: 474.1 (M+1)*.

Example 120. Synthesis of 3-(3-fluoro-4-methoxy-
phenyl)-2-((4R)-4-methoxypyrrolidin-2-y1)-8-(6-
methylpyridin-3-yl)-4-oxo-3,4-dihydroquinazoline-
6-carbonitrile (25s)

[0582] Prepared as shown in Scheme 8b

25s

OMe

OMe

CH;

3-(3-fluoro-4-methoxyphenyl)-2-((4R)-4-methoxypyrrolidin-2-yl)-8-
(6-methylpyridin-3-yl)-4-oxo-3,4-dihydroquinazoline-6-carbonitrile

Synthesis of tert-butyl (4R)-2-(8-bromo-6-cyano-3-

(3-fluoro-4-methoxyphenyl)-4-ox0-3,4-dihydroqui-

nazolin-2-yl)-4-methoxypyrrolidine-1-carboxylate
(22h)

[0583] The procedure of 22e was followed using 2-amino-
3-bromo-5-cyanobenzoic acid (500 mg, 2.08 mmol), (28,
4R)-1-(tert-butoxycarbonyl)-4-methoxypyrrolidine-2-car-

boxylic acid (663 mg, 2.71 mmol), triphenyl phosphite (1.64
ml, 6.24 mmol) and 3-Fluoro-4-methoxyaniline (352 mg,
2.50 mmol), and pyridine (8 mL). Purification by flash
chromatography (0% to 30% A (DCM:ethyl acetate=1:4)/
Hexane)) yielded 22 h (620 mg, 52%) as a pale-yellow solid.
'H NMR (400 MHz, Chloroform-d, a mixture of two
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diastereomers) 8 8.54-8.45 (m, 1H), 8.25-8.14 (m, 1H),
7.42-7.28 (m, 1H), 7.20-7.05 (m, 2H), 7.02-6.89 (m, 1H),
4.71-4.42 (m, 1H), 4.20-4.01 (m, 1H), 4.01-3.94 (m, 3H),
3.93-3.66 (m, 2H), 3.37-3.21 (m, 3H), 2.34-1.87 (m, 2H),
1.45-1.25 (m, 9H).

Synthesis of 3-(3-fluoro-4-methoxyphenyl)-2-((4R)-
4-methoxypyrrolidin-2-yl)-8-(6-methylpyridin-3-yl)-
4-0x0-3,4-dihydroquinazoline-6-carbonitrile (25s)
[0584] A mixture of 22h (560 mg, 0.98 mmol), cesium
carbonate (638 mg, 1.96 mmol), 2-methylpyridine-5-bo-
ronic acid (148 mg, 1.08 mmol) and tetrakis(tri-phenylphos-
phine) palladium (0) (23 mg, 0.020 mmol) in 1,4-dioxane
(10 mL) and H,O (2 mL) was degassed and flushed with
nitrogen. The mixture was heated at 85° C. for 16 h under
nitrogen atmosphere. After cooling to room temperature, the
mixture was concentrated to remove dioxane, and diluted
with H,O (50 mL) and extracted with DCM (3x50 mL). The
combined organic layers were washed with brine (100 mL),
dried over anhydrous Na,SO,, and filtered, then the solvent
was evaporated under reduced pressure to afford a pale-
yellow oil. The crude product was purified with flash chro-
matography (0% to 70% A (DCM:ethyl acetate=1:4)/
Hexane) to give the product, which was treated with a
palladium scavenger (SiliaMetS Thiol, 110 mg), stirred at
40° C. for 8 h and at rt for 16 h, and filtered through Celite
pad to remove any residual metal from the coupling reaction.
Repeating this procedure of removing Pd for three times
(Adding new palladium scavenger and being stirred for 24
h for three times). After concentration, the corresponding
coupling product (340 mg, 59%) was obtained as a yellow
solid. 'H NMR (400 MHz, Chloroform-d, a mixture of
rotamers caused by -Boc group and atropisomers caused by
—F atom) § 8.76-8.56 (m, 2H), 8.06-7.85 (m, 2H), 7.69-7.
51 (m, 1H), 7.51-7.36 (m, 1H), 7.36-7.27 (m, 1H), 7.19-6.89
(m, 2H), 4.67-4.45 (m, 1H), 4.07-3.94 (m, 3H), 3.93-3.71
(m, 1H), 3.50-3.37 (m, 1H), 3.28-3.08 (m, 3H), 2.72-2.55

(m, 3H), 2.24-1.87 (m, 2H), 1.35-1.22 (m, 9H).

[0585] A solution of HCl in EtOAc (10 mL, 1N, 10 mmol)
was added to a solution of the corresponding coupling
product (350 mg, 0.60 mmol) in EtOAc (3 mL) at 0° C., then
stirred at room temperature overnight, then the reaction
mixture was then adjusted to pH 11 with saturated solutions
of Na,CO, and concentrated to remove EtOAc. The result-
ing residual was diluted with water (50 mL) and extracted
with DCM (3x50 mL). The combined organic layers were
washed with brine (100 mL), dried over anhydrous Na,SO,,
and filtered, then the solvent was evaporated under reduced
pressure. The residue was purified by flash chromatography
(0-4% MeOH/DCM) to afford 25s (140 mg, 48%) as a
pale-yellow solid. 'H NMR (400 MHz, Chloroform-d, a
mixture of two diastereomers) 8 8.79-8.71 (m, 1H), 8.62-8.
56 (m, 1H), 8.01-7.81 (m, 2H), 7.32-7.27 (m, 1H), 7.16-6.97
(m, 3H), 4.10 (1, J=7.5 Hz, 1H), 3.94-3.84 (m, 1H), 3.24-3.
18 (m, 3H), 3.10-2.96 (m, 1H), 2.92-2.82 (m, 1H), 2.71-2.64
(m, 3H), 2.18-2.03 (m, 1H), 1.96-1.89 (m, 1H). MS (ESI)
m/z: 486.0 (M+1)*.
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Example 121. Synthesis of (R)-3-(3-fluoro-4-
methoxyphenyl)-8-(6-methylpyridin-3-yl)-4-oxo-2-
(5-oxopyrrolidin-2-yl)-3,4-dihydroquinazoline-6-
carbonitrile (25t)

[0586] Prepared as shown in Scheme 8b.

OMe

CH;

(R)-3-(3-fluoro-4-methoxyphenyl)-8-(6-methylpyridin-3-yl)-4-oxo-2-
(5-oxopyrrolidin-2-yl)-3,4-dihydroquinazoline-6-carbonitrile

Synthesis of tert-butyl (R)-2-(8-bromo-6-cyano-3-
(3-fluoro-4-methoxyphenyl)-4-ox0-3,4-dihydroqui-
nazolin-2-yl)-5-oxopyrrolidine-1-carboxylate (221)

[0587] The procedure of 22e was followed using 2-amino-
3-bromo-5-cyanobenzoic acid (400 mg, 1.67 mmol), (R)-1-
(tert-butoxycarbonyl)-5-oxopyrrolidine-2-carboxylic  acid
(496 mg, 2.17 mmol), triphenyl phosphite (1.31 mL, 5.01
mmol) and 3-Fluoro-4-methoxyaniline (282 mg, 2.00
mmol), and pyridine (8 mL). Purification by flash chroma-
tography (0% to 30% A (DCM:ethyl acetate=1:1)/Hexane))
yielded 22i (500 mg, 71%) as pale yellow solid. "H NMR
(400 MHz, Chloroform-d, a mixture of rotamers caused by
-Boc group and atropisomers caused by —F atom) d 8.54-
8.47 (m, 1H), 8.24-8.16 (m, 1H), 7.25-6.97 (m, 5H), 4.94-
4.82 (m, 1H), 4.05-3.93 (m, 3H), 2.98-2.82 (m, 1H), 2.55-
2.41 (m, 1H), 2.19-2.05 (m, 1H), 2.02-1.88 (m, 1H), 1.48-
1.45 (m, 9H).

Synthesis of (R)-3-(3-fluoro-4-methoxyphenyl)-8-
(6-methylpyridin-3-yl)-4-oxo-2-(5-oxopyrrolidin-2-
y1)-3,4-dihydroquinazoline-6-carbonitrile (25t)

[0588] A mixture of 22i (510 mg, 0.92 mmol), cesium
carbonate (597 mg, 1.83 mmol), 2-methylpyridine-5-bo-
ronic acid (138 mg, 1.01 mmol) and tetrakis(tri-phenylphos-
phine) palladium (0) (79 mg, 0.069 mmol) in 1,4-dioxane
(10 mL) and H,O (2 mL) was degassed and flushed with
nitrogen. The mixture was heated at 85° C. for 16 h under
nitrogen atmosphere. After cooling to room temperature, the
mixture was concentrated to remove dioxane, and diluted
with H,O (50 mL) and extracted with DCM (3x50 mL). The
combined organic layers were washed with brine (100 mL),
dried over anhydrous Na,SO,, and filtered, then the solvent
was evaporated under reduced pressure to afford a pale-
yellow oil. The crude product was purified with flash chro-
matography (0% to 95% A (DCM:ethyl acetate=1:4)/
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Hexane) to give the product, which was treated with a
palladium scavenger (SiliaMetS Thiol, 70 mg), stirred at 40°
C. for 8 h and at rt for 16 h, and filtered through Celite pad
to remove any residual metal from the coupling reaction.
Repeating this procedure of removing Pd for three times
(Adding new palladium scavenger and being stirred for 24
h for three times). After concentration, the corresponding
coupling product (220 mg, 42%) was obtained as a yellow
solid. '"H NMR (400 MHz, Chloroform-d, a mixture of
rotamers caused by -Boc group and atropisomers caused by
—F atom) 8 8.61 (d, I=1.9 He, 1H), 8.52 (d, J=2.3 Hz, 1H),
8.03 (d, J=1.9 Hz, 1H), 7.97-7.87 (m, 1H), 7.29 (d, J=8.1 Hz,
2H), 7.26-7.19 (m, 1H), 7.19-7.11 (m, 1H), 7.07-6.98 (m,
1H), 4.97-4.79 (m, 1H), 4.01-3.95 (m, 4H), 2.65 (s, 3H),
2.59-2.44 (m, 1H), 2.44-2.28 (m, 1H), 2.09-2.01 (m, 1H),
1.95-1.86 (m, 1H), 1.41-1.35 (m, 9H). A solution of HCI in
EtOAc (8 mL, 1IN, 8 mmol) was added to a solution of the
corresponding coupling product (220 mg, 0.39 mmol) in
EtOAc (3 mL) at 0° C., then stirred at room temperature
overnight, then the reaction mixture was then adjusted to pH
11 with saturated solutions of Na,CO; and concentrated to
remove EtOAc. The resulting residual was diluted with
water (50 mL) and extracted with DCM (3x50 mL). The
combined organic layers were washed with brine (100 mL),
dried over anhydrous Na,SO,, and filtered, then the solvent
was evaporated under reduced pressure. The residue was
purified by flash chromatography (0-7% MeOH/DCM) to
afford 25t (120 mg, 66%) as a pale-yellow solid. 'H NMR
(400 MHz, Chloroform-d, a mixture of two atropisomers
(=1:1 ratio) caused by —F atom) 3 8.65 (s, 1H), 8.56 (s, 1H),
7.98 (s, 1H), 7.94-7.80 (m, 1H), 7.28 (s, 1H), 7.22-6.95 (m,
3H), 6.30 (s, 1H), 4.67-4.41 (m, 1H), 3.99 (s, 3H), 2.61 (s,
3H), 2.42-2.05 (m, 4H). MS (ESI) m/z: 470.0 (M+1)".

Example 122. Synthesis of 3-(3-fluoro-4-methoxy-

phenyl)-2-((2R,4S)-4-hydroxypyrrolidin-2-y1)-8-(6-

methylpyridin-3-yl)-4-oxo0-3,4-dihydroquinazoline-
6-carbonitrile (25u)

[0589] Prepared as shown in Scheme 8b

25u

OMe

~amQH

CH;

3-(3-fluoro-4-methoxyphenyl)-2-((2R 4S)-4-hydroxypyrrolidin-2-yl)-8-
(6-methylpyridin-3-yl)-4-oxo-3,4-dihydroquinazoline-6-carbonitrile
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Synthesis of tert-butyl (2R,4S)-2-(8-bromo-6-
cyano-3-(3-fluoro-4-methoxyphenyl)-4-oxo-3,4-
dihydroquinazolin-2-yl)-4-((tert-butyldimethylsilyl)
oxy)pyrrolidine-1-carboxylate (22j)

[0590] The procedure of 22e was followed using 2-amino-
3-bromo-5-cyanobenzoic acid (1.00 g, 4.17 mmol), (2R,4S)-
1-(tert-butoxycarbonyl)-4-((tert-butyldimethylsilyl)oxy)
pyrrolidine-2-carboxylic acid (2.00 g, 5.41 mmol), triphenyl
phosphite (3.50 ml, 12.51 mmol) and 3-Fluoro-4-
methoxyaniline (0.71 g, 5.00 mmol), and pyridine (8 mL).
Purification by flash chromatography (0% to 13% A (DCM:
ethyl acetate=1:4)/Hexane)) yielded 22j (1.26 g, 45%) as a
pink solid. "H NMR (400 MHz, Chloroform-d, a mixture of
rotamers caused by -Boc group and atropisomers caused by
—F atom) § 8.55-8.45 (m, 1H), 8.25-8.14 (m, 1H), 7.47-7.
34 (m, 1H), 7.26-7.05 (m, 7H), 7.04-6.86 (m, 2H), 4.78-4.54
(m, 2H), 4.01-3.94 (m, 3H), 3.94-3.82 (m, 2H), 3.48-3.28
(m, 2H), 2.17-1.88 (m, 3H), 1.42-1.40 (m, 6H), 1.27-1.23
(m, 3H), 0.88 (s, 4H), 0.84-0.80 (m, 9H), 0.14--0.06 (m,
12H).

Synthesis of 3-(3-fluoro-4-methoxyphenyl)-2-((2R,
4S)-4-hydroxypyrrolidin-2-y1)-8-(6-methylpyridin-3-
y1)-4-0x0-3,4-dihydroquinazoline-6-carbonitrile
(25u)

[0591] A mixture of 22j (640 mg, 0.95 mmol), cesium
carbonate (620 mg, 1.90 mmol), 2-methylpyridine-5-bo-
ronic acid (170 mg, 1.24 mmol) and tetrakis(tri-phenylphos-
phine) palladium (0) (83 mg, 0.071 mmol) in 1,4-dioxane
(10 mL) and H,O (2 mL) was degassed and flushed with
nitrogen. The mixture was heated at 85° C. for 16 h under
nitrogen atmosphere. After cooling to room temperature, the
mixture was concentrated to remove dioxane, and diluted
with H,O (50 mL) and extracted with DCM (3x50 mL). The
combined organic layers were washed with brine (100 mL),
dried over anhydrous Na,SO,, and filtered, then the solvent
was evaporated under reduced pressure to afford a pale-
yellow oil. The crude product was purified with flash chro-
matography (0% to 50% A (DCM:ethyl acetate=1:4)/
Hexane) to give the product, which was treated with a
palladium scavenger (SiliaMetS Thiol, 90 mg), stirred at 40°
C. for 8 h and at rt for 16 h, and filtered through Celite pad
to remove any residual metal from the coupling reaction.
Repeating this procedure of removing Pd for three times
(Adding new palladium scavenger and being stirred for 24
h for three times). After concentration, the corresponding
coupling product (300 mg, 46%) was obtained as a yellow
solid. 'H NMR (400 MHz, Chloroform-d, a mixture of
rotamers caused by -Boc group and atropisomers caused by
—F atom) § 8.72-8.56 (m, 2H), 8.05-7.85 (m, 2H), 7.45-7.
29 (m, 1H), 7.26-7.04 (m, 2H), 6.97-6.89 (m, 1H), 4.64-4.45
(m, 1H), 4.33 (dt, J=20.6, 4.9 Hz, 1H), 4.02-3.91 (m, 3H),
3.63-3.47 (m, 1H), 3.33-3.14 (m, 1H), 2.65 (d, J=6.8 Hz,
3H), 2.05-1.83 (m, 2H), 1.44-1.24 (m, 9H), 0.85-0.68 (m,
9H), -0.02--0.19 (m, 6H).

[0592] A solution of HCI in EtOAc (15 mL, 1N, 15 mmol)
was added to a solution of the corresponding coupling
product (230 mg, 0.34 mmol) in EtOAc (5 mL) at 0° C., then
stirred at room temperature overnight, then the reaction
mixture was then adjusted to pH 11 with saturated solutions
of Na,CO; and concentrated to remove EtOAc. The result-
ing residual was diluted with water (50 mL) and extracted
with DCM (3x50 mL). The combined organic layers were
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washed with brine (100 mL), dried over anhydrous Na,SO,,
and filtered, then the solvent was evaporated under reduced
pressure. The residue was purified by flash chromatography
(0-6% MeOH/DCM) to yield 25u (100 mg, 63%) as a white
solid. "H NMR (400 MHz, Chloroform-d, a mixture of two
atropisomers (=~1:1 ratio) caused by —F atom) 8 8.75 (d,
J=2.3 Hz, 1H), 8.60 (d, J=2.0 Hz, 1H), 7.97 (d, J=1.9 Hz,
1H), 7.82 (dd, J=8.0, 2.3 Hz, 1H), 7.30 (d, J=8.0 Hz, 1H),
7.18-7.07 (m, 2H), 7.04-6.94 (m, 1H), 4.44 (s, 1H), 4.20 (q,
J=7.3 Hz, 1H), 3.98 (s, 3H), 3.17-3.04 (m, 1H), 2.86-2.75
(m, 1H), 2.66 (s, 3H), 2.23-2.06 (m, 1H), 1.87-1.82 (m, 1H).
MS (ESI) m/z: 472.1 (M+1)*.

Example 123. Synthesis of 3-(3-fluoro-4-methoxy-
phenyl)-4-oxo-2-(pyrrolidin-2-yl)-8-(quinolin-3-y1)-
3,4-dihydroquinazoline-6-carbonitrile (25v)

[0593]

Prepared as shown in Scheme 8b

25v

3-(3-fluoro-4-methoxyphenyl)-4-oxo-2-(pyrrolidin-2-yl)-8-
(quinolin-3-yl)-3,4-dihydroquinazoline-6-carbonitrile

Synthesis of 3-(3-fluoro-4-methoxyphenyl)-4-oxo-2-
(pyrrolidin-2-y1)-8-(quinolin-3-y1)-3,4-dihydroqui-
nazoline-6-carbonitrile (25v)

[0594] A mixture of 22d (500 mg, 0.92 mmol), cesium
carbonate (601 mg, 1.84 mmol), quinolin-3-ylboronic acid
(207 mg, 1.20 mmol) and tetrakis(tri-phenylphosphine) pal-
ladium (0) (80 mg, 0.069 mmol) in 1,4-dioxane (10 mL) and
H,O (2 mL) was degassed and flushed with nitrogen. The
mixture was heated at 85° C. for 16 h under nitrogen
atmosphere. After cooling to room temperature, the mixture
was concentrated to remove dioxane, and diluted with H,O
(50 mL) and extracted with DCM (3x50 mL). The combined
organic layers were washed with brine (100 mL), dried over
anhydrous Na,SO,, and filtered, then the solvent was evapo-
rated under reduced pressure to afford a pale-yellow oil. The
crude product was purified with flash chromatography (0%
to 50% A (DCM:ethyl acetate=1:4)/Hexane) to give the
product, which was treated with a palladium scavenger
(SiliaMetS Thiol, 150 mg), stirred at 40° C. for 8 h and at
rt for 16 h, and filtered through Celite pad to remove any
residual metal from the coupling reaction. Repeating this
procedure of removing Pd for three times (Adding new
palladium scavenger and being stirred for 24 h for three
times). After concentration, the corresponding coupling
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product (460 mg, 84%) was obtained as a yellow solid. 'H
NMR (400 MHz, Chloroform-d, a mixture of rotamers
caused by -Boc group and atropisomers caused by —F
aton) & 9.34-9.04 (m, 1H), 8.76-8.62 (m, 1H), 8.51-8.37 (m,
1H), 8.33-8.05 (m, 3H), 8.01-7.89 (m, 1H), 7.84-7.76 (m,
1H), 7.73-7.61 (m, 3H), 7.59-7.51 (m, 1H), 7.52-7.42 (m,
2H), 7.42-7.30 (m, 1H), 7.24-6.79 (m, 3H), 4.64-4.42 (m,
1H), 4.06-3.92 (m, 3H), 3.48-3.19 (m, 2H), 2.09-1.91 (m,
2H), 1.91-1.75 (m, 2H), 1.38-1.09 (m, 9H).

[0595] A solution of HCl in EtOAc (10 mL, 1N, 10 mmol)
was added to a solution of the corresponding coupling
product (420 mg, 0.71 mmol) in EtOAc (5 mL) at 0° C., then
stirred at room temperature overnight, then the reaction
mixture was then adjusted to pH 11 with saturated solutions
of Na,CO; and concentrated to remove EtOAc. The result-
ing residual was diluted with water (50 mL) and extracted
with DCM (3x50 mL). The combined organic layers were
washed with brine (100 mL), dried over anhydrous Na,SO,,
and filtered, then the solvent was evaporated under reduced
pressure. The residue was purified by flash chromatography
(0-5% MeOH/DCM) to yield 25v (200 mg, 57%) as a
pale-yellow solid. 'H NMR (400 MHz, Chloroform-d, a
mixture of two atropisomers (=1:1 ratio) caused by —F
aton) & 9.20 (d, J=2.2 Hz, 1H), 8.69-8.61 (m, 1H), 8.40 (s,
1H), 8.20 (d, J=8.4 Hz, 1H), 8.13 (t, J=1.7 Hz, 1H), 7.93 (d,
J=8.2Hz, 1H), 7.82 (t, J=7.8 Hz, 1H), 7.65 (1, J=7.5 Hz, 1H),
7.16-7.00 (m, 3H), 3.98 (s, 3H), 3.95-3.85 (m, 1H), 3.10-2.
98 (m, 1H), 2.78-2.68 (m, 1H), 1.79-1.69 (m, 4H). MS (ESI)
m/z: 492.0 (M+1)".

Example 124. Synthesis of 3-(3-fluoro-4-methoxy-

phenyl)-8-(6-morpholinopyridin-3-yl)-4-oxo-2-(pyr-

rolidin-2-yl)-3,4-dihydroquinazoline-6-carbonitrile
(25w)

[0596] Prepared as shown in Scheme 8b.

25w

OMe

[Nj
O
3-(3-fluoro-4-methoxyphenyl)-8-(6-morpholinopyridin-3-yl)-4-oxo-
2-(pyrrolidin-2-yl)-3,4-dihydroquinazoline-6-carbonitrile
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Synthesis of 3-(3-fluoro-4-methoxyphenyl)-8-(6-
morpholinopyridin-3-yl)-4-oxo-2-(pyrrolidin-2-yl)-
3,4-dihydroquinazoline-6-carbonitrile (25w)

[0597] A mixture of 22d (500 mg, 0.92 mmol), cesium
carbonate (601 mg, 1.84 mmol), (6-morpholinopyridin-3-
yl)boronic acid (250 mg, 1.20 mmol) and tetrakis(tri-phe-
nylphosphine) palladium (0) (80 mg, 0.069 mmol) in 1,4-
dioxane (10 mL) and H,O (2 mL) was degassed and flushed
with nitrogen. The mixture was heated at 85° C. for 16 h
under nitrogen atmosphere. After cooling to room tempera-
ture, the mixture was concentrated to remove dioxane, and
diluted with H,O (50 mL) and extracted with DCM (3x50
mL). The combined organic layers were washed with brine
(100 mL), dried over anhydrous Na,SO,, and filtered, then
the solvent was evaporated under reduced pressure to afford
a pale-yellow oil. The crude product was purified with flash
chromatography (0% to 40% A (DCM:ethyl acetate=1:4)/
Hexane) to give the product, which was treated with a
palladium scavenger (SiliaMetS Thiol, 150 mg), stirred at
40° C. for 8 h and at rt for 16 h, and filtered through Celite
pad to remove any residual metal from the coupling reaction.
Repeating this procedure of removing Pd for three times
(Adding new palladium scavenger and being stirred for 24
h for three times). After concentration, the corresponding
coupling product (460 mg, 83%) was obtained as a yellow
solid. 'H NMR (400 MHz, Chloroform-d, a mixture of
rotamers caused by -Boc group and atropisomers caused by
—F atom) § 8.57-8.49 (m, 1H), 8.49-8.30 (m, 1H), 8.08-7.
86 (m, 2H), 7.74-7.64 (m, 4H), 7.57-7.33 (m, 7H), 7.25-7.03
(m, 2H), 7.02-6.90 (m, 1H), 6.81-6.67 (m, 1H), 4.64-4.44
(m, 1H), 4.08-3.92 (m, 3H), 3.86 (q, J=4.9 Hz, 4H), 3.72-
3.55 (m, 4H), 3.57-3.48 (m, 1H), 3.46-3.33 (m, 1H), 2.03-
1.67 (m, 4H), 1.42-1.23 (m, 9H).

[0598] A solution of HCl in EtOAc (10 mL, 1N, 10 mmol)
was added to a solution of the corresponding coupling
product (450 mg, 0.72 mmol) in EtOAc (5 mL) at 0° C., then
stirred at room temperature overnight, then the reaction
mixture was then adjusted to pH 11 with saturated solutions
of Na,CO, and concentrated to remove EtOAc. The result-
ing residual was diluted with water (50 mL) and extracted
with DCM (3x50 mL). The combined organic layers were
washed with brine (100 mL), dried over anhydrous Na,SO,,
and filtered, then the solvent was evaporated under reduced
pressure. The residue was purified by flash chromatography
(0-5% MeOH/DCM) to yield 25w (130 mg, 34%) as a
pale-yellow solid. 'H NMR (400 MHz, Chloroform-d, a
mixture of two atropisomers (=1:1 ratio) caused by —F
atom) 0 8.53 (d, J=1.9 Hz, 1H), 8.44 (d, J=2.4 Hz, 1H), 7.94
(d, I=1.9 Hz, 1H), 7.85 (dt, ]=8.8, 2.1 Hz, 1H), 7.16-6.98 (m,
3H), 6.74 (d, J=8.9 Hz, 1H), 3.98 (s, 3H), 3.96-3.90 (m, 1H),
3.87 (t,J=4.9 Hz, 4H), 3.62 (t, J=4.9 Hz, 4H), 3.17-3.08 (m,
1H), 2.82-2.71 (m, 1H), 1.78-1.69 (m, 4H). MS (ESI) m/z:
527.0 M+1)*.
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Example 125. Synthesis of 3-(3-fluoro-4-methoxy-
phenyl)-8-(6-methoxypyridin-3-yl)-4-oxo-2-(pyrroli-
din-2-yl)-3,4-dihydroquinazoline-6-carbonitrile

(25%)
[0599] Prepared as shown in Scheme 8b.
25x%
F
OMe
(6]
NC
N
F
N
HN:
z |
X N
OMe

3-(3-fluoro-4-methoxyphenyl)-8-(6-methoxypyridin-3-yl)-4-
oxo-2-(pyrrolidin-2-yl)-3,4-dihydroquinazoline-6-carbonitrile

Synthesis of 3-(3-fluoro-4-methoxyphenyl1)-8-(6-
methoxypyridin-3-yl)-4-oxo-2-(pyrrolidin-2-y1)-3,4-
dihydroquinazoline-6-carbonitrile (25x)

[0600] A mixture of 22d (400 mg, 0.74 mmol), cesium
carbonate (481 mg, 1.48 mmol), (6-methoxypyridin-3-yl)
boronic acid (147 mg, 0.96 mmol) and tetrakis(tri-phe-
nylphosphine) palladium (0) (64 mg, 0.055 mmol) in 1,4-
dioxane (10 mL) and H,O (2 mL) was degassed and flushed
with nitrogen. The mixture was heated at 85° C. for 16 h
under nitrogen atmosphere. After cooling to room tempera-
ture, the mixture was concentrated to remove dioxane, and
diluted with H,O (50 mL) and extracted with DCM (3x50
mL). The combined organic layers were washed with brine
(100 mL), dried over anhydrous Na,SO,, and filtered, then
the solvent was evaporated under reduced pressure to afford
a pale-yellow oil. The crude product was purified with flash
chromatography (0% to 20% A (DCM:ethyl acetate=1:4)/
Hexane) to give the product, which was treated with a
palladium scavenger (SiliaMetS Thiol, 80 mg), stirred at 40°
C. for 8 h and at rt for 16 h, and filtered through Celite pad
to remove any residual metal from the coupling reaction.
Repeating this procedure of removing Pd for three times
(Adding new palladium scavenger and being stirred for 24
h for three times). After concentration, the corresponding
coupling product (255 mg, 60%) was obtained as a white
solid. 'H NMR (400 MHz, Chloroform-d, a mixture of
rotamers caused by -Boc group and atropisomers caused by
—F atom) § 8.62-8.51 (m, 1H), 8.40-8.27 (m, 1H), 8.04-7.
90 (m, 2H), 7.43-7.29 (m, 1H), 7.20-7.07 (m, 1H), 7.01-6.81
(m, 2H), 4.66-4.39 (m, 1H), 4.13-3.87 (m, 6H), 3.58-3.23
(m, 2H), 2.08-1.72 (m, 4H), 1.47-1.24 (m, 9H).

[0601] A solution of HCl in EtOAc (10 mL, 1N, 10 mmol)
was added to a solution of the corresponding coupling
product (240 mg, 0.42 mmol) in EtOAc (5 mL) at 0° C., then
stirred at room temperature overnight, then the reaction
mixture was then adjusted to pH 11 with saturated solutions
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of Na,CO; and concentrated to remove EtOAc. The result-
ing residual was diluted with water (50 mL) and extracted
with DCM (3x50 mL). The combined organic layers were
washed with brine (100 mL), dried over anhydrous Na,SO,,
and filtered, then the solvent was evaporated under reduced
pressure. The residue was purified by flash chromatography
(0-3% MeOH/DCM) to yield 25x (145 mg, 73%) as a
pale-yellow solid. 'H NMR (400 MHz, Chloroform-d, a
mixture of two atropisomers (=1:1 ratio) caused by —F
atom) & 8.57 (s, 1H), 8.37 (s, 1H), 7.96 (s, 1H), 7.89 (d,
1=8.6 Hz, 1H), 7.18-6.95 (m, 3H), 6.87 (d, J=8.6 Hz, 1H),
4.03 (s, 3H), 3.98 (s, 3H), 3.93-3.83 (m, 1H), 3.18-3.00 (m,
1H), 2.83-2.64 (m, 1H), 2.42-2.08 (m, 2H), 1.85-1.73 (m,
2H). MS (ESI) m/z: 472.0 (M+1)".

Example 126. Synthesis of 8-(6-cyanopyridin-3-yl)-
3-(3-fluoro-4-methoxyphenyl)-4-oxo-2-(pyrrolidin-
2-yl)-3,4-dihydroquinazoline-6-carbonitrile (25y)

[0602] Prepared as shown in Scheme 8b.

25y

OMe

8-(6-cyanopyridin-3-yl)-3-(3-fluoro-4-methoxypheny!)-4-oxo-
2-(pyrrolidin-2-yl1)3,4-dihydroquinazoline-6-carbonitrile

Synthesis of 8-(6-cyanopyridin-3-yl)-3-(3-fluoro-4-
methoxyphenyl)-4-oxo-2-(pyrrolidin-2-y1)-3,4-dihy-
droquinazoline-6-carbonitrile (25y)

[0603] A mixture of 22d (400 mg, 0.74 mmol), cesium
carbonate (481 mg, 1.48 mmol), (6-cyanopyridin-3-yl)bo-
ronic acid (142 mg, 0.96 mmol) and tetrakis(tri-phenylphos-
phine) palladium (0) (64 mg, 0.055 mmol) in 1,4-dioxane
(10 mL) and H,O (2 mL) was degassed and flushed with
nitrogen. The mixture was heated at 85° C. for 16 h under
nitrogen atmosphere. After cooling to room temperature, the
mixture was concentrated to remove dioxane, and diluted
with H,O (50 mL) and extracted with DCM (3x50 mL). The
combined organic layers were washed with brine (100 mL),
dried over anhydrous Na,SO,, and filtered, then the solvent
was evaporated under reduced pressure to afford a pale-
yellow oil. The crude product was purified with flash chro-
matography (0% to 40% A (DCM:ethyl acetate=1:4)/
Hexane) to give the product, which was treated with a
palladium scavenger (SiliaMetS Thiol, 40 mg), stirred at 40°
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C. for 8 h and at rt for 16 h, and filtered through Celite pad
to remove any residual metal from the coupling reaction.
Repeating this procedure of removing Pd for three times
(Adding new palladium scavenger and being stirred for 24
h for three times). After concentration, the corresponding
coupling product (130 mg, 31%) was obtained as a white
solid. *"H NMR (400 MHz, Chloroform-d, a mixture of
rotamers caused by -Boc group and atropisomers caused by
—F atom) & 9.05-8.83 (m, 1H), 8.71-8.55 (m, 1H), 8.27-7.
97 (m, 2H), 7.91-7.77 (m, 1H), 7.72-7.41 (m, 1H), 7.42-7.28
(m, 1H), 7.21-7.08 (m, 1H), 7.02-6.89 (m, 1H), 4.61-4.45
(m, 1H), 4.10-3.84 (m, 3H), 3.49-3.24 (m, 2H), 2.14-1.71
(m, 4H), 1.45-1.23 (m, 9H).

[0604] A solution of HCI in EtOAc (5 mL, 1IN, 5 mmol)
was added to a solution of the corresponding coupling
product (90 mg, 0.16 mmol) in EtOAc (2 mL) at 0° C., then
stirred at room temperature overnight, then the reaction
mixture was then adjusted to pH 11 with saturated solutions
of Na,CO; and concentrated to remove EtOAc. The result-
ing residual was diluted with water (50 mL) and extracted
with DCM (3x50 mL). The combined organic layers were
washed with brine (100 mL), dried over anhydrous Na,SO,,
and filtered, then the solvent was evaporated under reduced
pressure. The residue was purified by flash chromatography
(0-5% MeOH/DCM) to yield 25y (35 mg, 47%) as a white
solid. *"H NMR (400 MHz, Chloroform-d, a mixture of two
atropisomers (=1:1 ratio) caused by —F atom) & 9.10-8.90
(m, 1H), 8.77-8.61 (m, 1H), 8.09 (d, J=8.2 Hz, 1H), 8.01 (s,
1H), 7.86 (d, J=8.1 Hz, 1H), 7.21-6.94 (m, 3H), 3.99 (s, 3H),
3.94-3.85 (m, 1H), 3.10-2.97 (m, 1H), 2.84-2.70 (m, 1H),
1.95-1.75 (m, 4H). MS (ESI) nvz: 467.0 (M+1)*.

Example 127. Synthesis of 3-(3-fluoro-4-methoxy-

phenyl)-4-ox0-8-(6-(pyrrolidin-1-yl)pyridin-3-y1)-2-

(pyrrolidin-2-yl)-3,4-dihydroquinazoline-6-carboni-
trile (25z)

[0605] Prepared as shown in Scheme 8b.
25z
F
OMe
(@]
NC
N
Z
N
HN:

Z |
\ N

>

3-(3-fluoro-4-methoxyphenyl)-4-oxo-8-(6-(pyrrolidin-1-
yl)pyridin-3-yl)-2(pyrrolidin-2-yl)-3 ,4-dihydroquinazoline-6-
carbonitrile
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Synthesis of 3-(3-fluoro-4-methoxyphenyl)-4-oxo-8-
(6-(pyrrolidin-1-yl)pyridin-3-y1)-2-(pyrrolidin-2-yl)-
3,4-dihydroquinazoline-6-carbonitrile (25z)

[0606] A mixture of 22d (400 mg, 0.74 mmol), cesium
carbonate (481 mg, 1.48 mmol), (6-(pyrrolidin-1-yl)pyridin-
3-yl)boronic acid (184 mg, 0.96 mmol) and tetrakis(tri-
phenylphosphine) palladium (0) (64 mg, 0.055 mmol) in
1,4-dioxane (10 mL) and H,O (2 mL) was degassed and
flushed with nitrogen. The mixture was heated at 85° C. for
16 h under nitrogen atmosphere. After cooling to room
temperature, the mixture was concentrated to remove
dioxane, and diluted with H,O (50 mL) and extracted with
DCM (3x50 mL). The combined organic layers were
washed with brine (100 mL), dried over anhydrous Na,SO,,
and filtered, then the solvent was evaporated under reduced
pressure to afford a pale-yellow oil. The crude product was
purified with flash chromatography (0% to 40% A (DCM:
ethyl acetate=1:4)/Hexane) to give the product, which was
treated with a palladium scavenger (SiliaMetS Thiol, 120
mg), stirred at 40° C. for 8 h and at rt for 16 h, and filtered
through Celite pad to remove any residual metal from the
coupling reaction. Repeating this procedure of removing Pd
for three times (Adding new palladium scavenger and being
stirred for 24 h for three times). After concentration, the
corresponding coupling product (350 mg, 78%) was
obtained as a white solid. 'H NMR (400 MHz, Chloroform-
d, a mixture of rotamers caused by -Boc group and atropi-
somers caused by —F atom) § 8.53-8.44 (m, 1H), 8.39-8.27
(m, 1H), 8.00-7.83 (m, 2H), 7.74-7.63 (m, 2H), 7.59-7.51
(m, 1H), 7.49-7.31 (m, 3H), 7.20-6.91 (m, 3H), 6.53-6.37
(m, 1H), 4.60-4.45 (m, 1H), 4.05-3.91 (m, 3H), 3.62-3.50
(m, SH), 3.46-3.32 (m, 1H), 2.10-2.03 (m, 4H), 2.00-1.89
(m, 2H), 1.85-1.71 (m, 2H), 1.42-1.29 (m, 9H).

[0607] A solution of HCIl in EtOAc (10 mL, 1N, 10 mmol)
was added to a solution of the corresponding coupling
product (270 mg, 0.44 mmol) in EtOAc (2 mL) at 0° C., then
stirred at room temperature overnight, then the reaction
mixture was then adjusted to pH 11 with saturated solutions
of Na,CO; and concentrated to remove EtOAc. The result-
ing residual was diluted with water (50 mL) and extracted
with DCM (3x50 mL). The combined organic layers were
washed with brine (100 mL), dried over anhydrous Na,SO,,
and filtered, then the solvent was evaporated under reduced
pressure. The residue was purified by flash chromatography
(0-5% MeOH/DCM) to yield 25z (30 mg, 13%) as a yellow
solid. "H NMR (400 MHz, Chloroform-d, a mixture of two
atropisomers (=1:1 ratio) caused by —F atom) d 8.49 (s,
1H), 8.39 (s, 1H), 7.92 (s, 1H), 7.78 (d, J=8.6 Hz, 1H),
7.15-6.98 (m, 3H), 6.46 (d, J=8.8 Hz, 1H), 3.98 (s, 3H),
3.93-3.85 (m, 1H), 3.61-3.47 (m, 4H), 3.21-3.08 (m, 1H),
2.82-2.69 (m, 1H), 2.11-2.05 (m, 4H), 2.02-1.74 (m, 4H).
MS (ESI) m/z: 511.0 (M+1)*.
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Example 128. Synthesis of (R)-3-(3-fluoro-4-
methoxyphenyl)-2-(indolin-2-y1)-8-(6-methylpyri-
din-3-yl)-4-o0x0-3,4-dihydroquinazoline-6-carboni-

trile (25aa)

[0608] Prepared as shown in Scheme 8b.

25aa

OMe

CH;

(R)-3-(3-fluoro-4-methoxyphenyl)-2-(indolin-2-yl)-8-(6-
methylpyridin-3-yl)-4-oxo0-3,4-dihydroquinazoline-6-
carbonitrile

Synthesis of tert-butyl (R)-2-(8-bromo-6-cyano-3-
(3-fluoro-4-methoxyphenyl)-4-ox0-3,4-dihydroqui-
nazolin-2-yl)indoline-1-carboxylate (22k)

[0609] The procedure of 22d was followed using 2-amino-
3-bromo-5-cyanobenzoic acid (1 g, 4.17 mmol), (R)-1-(tert-
butoxycarbonyl)indoline-2-carboxylic acid (1.37 g, 5.20
mmol), triphenyl phosphite (3.28 mL, 12.50 mmol) and
3-Fluoro-4-methoxyaniline (706 mg, 5.00 mmol), and pyri-
dine (8 mL). Purification by flash chromatography (0% to
30% A (DCM:ethyl acetate=1:4)/Hexane)) yielded 22k (920
mg, 37%) as yellow solid. "H NMR (400 MHz, Chloroform-
d, a mixture of rotamers caused by -Boc group and atropi-
somers caused by —F atom) d 8.67-8.07 (m, 2H), 7.90-7.63
(m, 1H), 7.62-6.86 (m, 9H), 5.18-5.02 (m, 1H), 3.97-3.69
(m, 3H), 3.48-3.37 (m, 1H), 3.21-3.07 (m, 1H), 1.69-1.20
(m, 9H).

Synthesis of (R)-3-(3-fluoro-4-methoxyphenyl)-2-
(indolin-2-y1)-8-(6-methylpyridin-3-yl)-4-oxo0-3,4-
dihydroquinazoline-6-carbonitrile (25aa)

[0610] A mixture of 22k (900 mg, 1.53 mmol), cesium
carbonate (994 mg, 3.05 mmol), 2-methylpyridine-5-bo-
ronic acid (272 mg, 1.98 mmol) and tetrakis(tri-phenylphos-
phine) palladium (0) (132 mg, 0.11 mmol) in 1,4-dioxane
(10 mL) and H,O (2 mL) was degassed and flushed with
nitrogen. The mixture was heated at 85° C. for 16 h under
nitrogen atmosphere. After cooling to room temperature, the
mixture was concentrated to remove dioxane, and diluted
with H,O (50 mL) and extracted with DCM (3x50 mL). The
combined organic layers were washed with brine (100 mL),
dried over anhydrous Na,SO,, and filtered, then the solvent
was evaporated under reduced pressure to afford a pale-
yellow oil. The crude product was purified with flash chro-
matography (0% to 40% A (DCM:ethyl acetate=1:4)/
Hexane) to give the product, which was treated with a

&9
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palladium scavenger (SiliaMetS Thiol, 150 mg), stirred at
40° C. for 8 h and at rt for 16 h, and filtered through Celite
pad to remove any residual metal from the coupling reaction.
Repeating this procedure of removing Pd for three times
(Adding new palladium scavenger and being stirred for 24
h for three times). After concentration, the corresponding
coupling product (470 mg, 51%) was obtained as a white
solid. 'H NMR (400 MHz, Chloroform-d, a mixture of
rotamers caused by -Boc group and atropisomers caused by
—F atom) 0 8.67-8.50 (m, 1H), 8.48-8.34 (m, 1H), 7.98-7.
87 (m, 1H), 7.87-7.50 (m, 1H), 7.48-7.28 (m, 2H), 7.25-7.13
(m, 2H), 7.12-6.89 (m, 4H), 5.26-5.06 (m, 1H), 4.08-3.87
(m, 3H), 3.30-3.12 (m, 1H), 3.07-2.90 (m, 1H), 2.74-2.45
(m, 3H), 1.43-1.25 (m, 9H).
[0611] A solution of HCI in EtOAc (5 mL, 1IN, 5 mmol)
was added to a solution of the corresponding coupling
product (150 mg, 0.25 mmol) in EtOAc (5 mL) at 0° C., then
stirred at room temperature overnight, then the reaction
mixture was then adjusted to pH 11 with saturated solutions
of Na,CO; and concentrated to remove EtOAc. The result-
ing residual was diluted with water (50 mL) and extracted
with DCM (3x50 mL). The combined organic layers were
washed with brine (100 mL), dried over anhydrous Na,SO,,
and filtered, then the solvent was evaporated under reduced
pressure. The residue was purified by flash chromatography
(0-5% MeOH/DCM) to yield 25aa (90 mg, 72%) as a yellow
solid. "H NMR (400 MHz, Chloroform-d, a mixture of two
atropisomers (=~1:1 ratio) caused by —F atom) & 8.60 (s,
2H), 7.96 (s, 1H), 7.64-7.54 (m, 1H), 7.25-6.93 (m, 6H),
6.80-6.67 (m, 1H), 6.67-6.54 (m, 1H), 4.75 (s, 1H), 4.51-4.
31 (m, 1H), 4.01 (s, 3H), 3.32-3.16 (m, 1H), 3.14-2.98 (m,
1H), 2.67 (s, 3H). MS (ESI) m/z: 504.0 (M+1)".

Example 129. Synthesis of 8-(6-acetylpyridin-3-yl)-

3-(3-fluoro-4-methoxyphenyl)-4-oxo-2-(pyrrolidin-

2-y1)-3,4-dihydroquinazoline-6-carbonitrile (25bb)

[0612] Prepared as shown in Scheme 8b.

25bb
F
OMe
(0]
NC
N
=
N
HN
= |
\ N
(@)

8-(6-acetylpyridin-3-yl)-3-(3-fluoro-4-methoxyphenyl)-4-oxo-2-
(pyrrolidin-2-yl)-3,4-dihyroquinazoline-6-carbonitrile

Synthesis of 8-(6-acetylpyridin-3-yl)-3-(3-fluoro-4-
methoxyphenyl)-4-oxo-2-(pyrrolidin-2-y1)-3,4-dihy-
droquinazoline-6-carbonitrile (25bb)

[0613] A mixture of 22d (400 mg, 0.74 mmol), cesium
carbonate (481 mg, 1.48 mmol), 1-(5-(4,4,5,5-tetramethyl-
1,3,2-dioxaborolan-2-yl)pyridin-2-yl)ethan-1-one (237 mg,
0.96 mmol) and tetrakis(tri-phenylphosphine) palladium (0)
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(64 mg, 0.055 mmol) in 1,4-dioxane (10 mL) and H,O (2
ml) was degassed and flushed with nitrogen. The mixture
was heated at 85° C. for 16 h under nitrogen atmosphere.
After cooling to room temperature, the mixture was con-
centrated to remove dioxane, and diluted with H,O (50 mL)
and extracted with DCM (3x50 mL). The combined organic
layers were washed with brine (100 mL), dried over anhy-
drous Na,SO,, and filtered, then the solvent was evaporated
under reduced pressure to afford a pale-yellow oil. The crude
product was purified with flash chromatography (0% to 25%
A (DCM:ethyl acetate=1:4)/Hexane) to give the product,
which was treated with a palladium scavenger (SiliaMetS
Thiol, 120 mg), stirred at 40° C. for 8 h and at rt for 16 h,
and filtered through Celite pad to remove any residual metal
from the coupling reaction. Repeating this procedure of
removing Pd for three times (Adding new palladium scav-
enger and being stirred for 24 h for three times). After
concentration, the corresponding coupling product (360 mg,
84%) was obtained as a yellow solid. "H NMR (400 MHz,
Chloroform-d, a mixture of rotamers caused by -Boc group
and atropisomers caused by —F atom) d 8.94-8.80 (m, 1H),
8.70-8.62 (m, 1H), 8.22-8.09 (m, 2H), 8.09-7.99 (m, 1H),
7.76-7.30 (m, 3H), 7.25-6.87 (m, 3H), 4.61-4.43 (m, 1H),
4.03-3.92 (m, 3H), 3.43-3.28 (m, 2H), 2.86-2.74 (m, 3H),
2.04-1.84 (m, 2H), 1.84-1.69 (m, 2H), 1.37-1.23 (m, 9H).
[0614] Trifluoroacetic acid (0.87 ml, 11.32 mmol) was
added to a solution of the corresponding coupling product
(320 mg, 0.57 mmol) in CH,Cl, (10 mL) at 0° C., then
stirred at room temperature overnight, then the solvent was
diluted with CH,Cl, (100 mL) and washed with saturated
solutions of Na,CO; (3x100 mL) and brine (100 mL), dried
over anhydrous Na,SO,, and filtered, then the solvent was
evaporated under reduced pressure. The residue was purified
by flash chromatography (0% to 5% MeOH/CH,Cl,) to
afford 25bb (150 mg, 55%) as a yellow solid. "H NMR (400
MHz, Chloroform-d, a mixture of two atropisomers (=1:1
ratio) caused by —F atom) & 8.90 (s, 1H), 8.66 (s, 1H),
8.24-8.15 (m, 1H), 8.15-8.07 (m, 1H), 8.03 (s, 1H), 7.19-6.
95 (m, 3H), 3.98 (s, 3H), 3.94-3.84 (m, 1H), 3.11-2.98 (m,
1H), 2.80 (s, 3H), 2.77-2.67 (m, 1H), 1.85-1.62 (m, 4H). MS
(ESI) m/z: 484.0 (M+1)*.

Example 130. Synthesis of 8-(6-(dimethylamino)
pyridin-3-y1)-3-(3-fluoro-4-methoxyphenyl)-4-oxo-
2-(pyrrolidin-2-y1)-3,4-dihydroquinazoline-6-carbo-

nitrile (25cc)

[0615] Prepared as shown in Scheme 8b
25¢ce
F
OMe
O
NC
N
P
N
HN.

F
N N
PN

8-(6-(dimethylamino)pyridin-3-yl)-3-(3-fluoro-4-
methoxyphenyl)-4-oxo-2-(pyrrolindin-2-yl)-3,4-
dihydroquinazoline-6-carbonitrile
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Synthesis of 8-(6-(dimethylamino)pyridin-3-yl)-3-
(3-fluoro-4-methoxyphenyl)-4-oxo-2-(pyrrolidin-2-
y1)-3,4-dihydroquinazoline-6-carbonitrile (25cc)

[0616] A mixture of 22d (400 mg, 0.74 mmol), cesium
carbonate (481 mg, 1.48 mmol), (6-(dimethylamino)pyri-
din-3-yl)boronic acid (160 mg, 0.96 mmol) and tetrakis(tri-
phenylphosphine) palladium (0) (64 mg, 0.055 mmol) in
1,4-dioxane (10 mL) and H,O (2 mL) was degassed and
flushed with nitrogen. The mixture was heated at 85° C. for
16 h under nitrogen atmosphere. After cooling to room
temperature, the mixture was concentrated to remove
dioxane, and diluted with H,O (50 mL) and extracted with
DCM (3x50 mL). The combined organic layers were
washed with brine (100 mL), dried over anhydrous Na,SO,,
and filtered, then the solvent was evaporated under reduced
pressure to afford a pale-yellow oil. The crude product was
purified with flash chromatography (0% to 40% A (DCM:
ethyl acetate=1:4)/Hexane) to give the product, which was
treated with a palladium scavenger (SiliaMetS Thiol, 70
mg), stirred at 40° C. for 8 h and at rt for 16 h, and filtered
through Celite pad to remove any residual metal from the
coupling reaction. Repeating this procedure of removing Pd
for three times (Adding new palladium scavenger and being
stirred for 24 h for three times). After concentration, the
corresponding coupling product (200 mg, 47%) was
obtained as a yellow solid. *H NMR (400 MHz, Chloro-
form-d, a mixture of rotamers caused by -Boc group and
atropisomers caused by —F atom) & 8.53-8.47 (m, 1H),
8.44-8.27 (m, 1H), 8.02-7.83 (m, 2H), 7.71-7.63 (m, 1H),
7.58-7.42 (m, 2H), 7.40-7.29 (m, 1H), 7.18-7.09 (m, 1H),
7.02-6.91 (m, 1H), 6.66-6.55 (m, 1H), 4.60-4.45 (m, 1H),
4.02-3.93 (m, 3H), 3.63-3.51 (m, 1H), 3.46-3.32 (m, 1H),
3.18 (d, J=3.8 Hz, 6H), 2.02-1.73 (m, 4H), 1.39-1.30 (m,
9H).

[0617]
added to a solution of the corresponding coupling product
(210 mg, 0.36 mmol) in DCM (10 mL) at 0° C., then stirred
at room temperature overnight, then the solvent was diluted
with DCM (100 mL) and washed with saturated solutions of
Na,CO; (3x100 mL) and brine (100 mL), dried over anhy-
drous Na,SO,, and filtered, then the solvent was evaporated

Trifluoroacetic acid (0.55 mL, 7.19 mmol) was

under reduced pressure. The residue was purified by flash
chromatography (0% to 2.5% MeOH/DCM) to afford 25cc
(87 mg, 50%) as a yellow solid. '"H NMR (400 MHz,
Chloroform-d, a mixture of two atropisomers (=1:1 ratio)
caused by —F atom) d 8.51 (s, 1H), 8.41 (s, 1H), 7.93 (s,
1H), 7.80 (d, J=8.9 Hz, 1H), 7.20-6.96 (m, 3H), 6.61 (d,
J1=8.8 Hz, 1H), 3.98 (s, 3H), 3.96-3.83 (m, 1H), 3.18 (s, 6H),
3.15-3.07 (m, 1H), 2.82-2.70 (m, 1H), 1.86-1.67 (m, 4H).
MS (ESI) m/z: 485.0 (M+1)*.



US 2022/0348558 Al

Example 131. Synthesis of 3-(3-fluoro-4-methoxy-
pheny!)-8-(6-hydroxypyridin-3-yl)-4-oxo0-2-(pyrroli-
din-2-yl)-3,4-dihydroquinazoline-6-carbonitrile
(25dd)

[0618] Prepared as shown in Scheme 8b.

25dd

OMe

3-(3-fluoro-4methoxyphenyl)-8-(6-hydroxypyridin-3-yl)-4-
oxo0-2-(pyrrolindin-2-yl)-3 4-dihydroquinazoline-6-
carbonitrile

Synthesis of 3-(3-fluoro-4-methoxyphenyl)-8-(6-
hydroxypyridin-3-yl)-4-oxo-2-(pyrrolidin-2-y1)-3.4-
dihydroquinazoline-6-carbonitrile (25dd)

[0619] A mixture of 22d (400 mg, 0.74 mmol), cesium
carbonate (481 mg, 1.48 mmol), 6-Hydroxypyridine-3-bo-
ronic acid pinacol ester (212 mg, 0.96 mmol) and tetrakis
(tri-phenylphosphine) palladium (0) (64 mg, 0.055 mmol) in
1,4-dioxane (10 mL) and H,O (2 mL) was degassed and
flushed with nitrogen. The mixture was heated at 85° C. for
16 h under nitrogen atmosphere. After cooling to room
temperature, the mixture was concentrated to remove
dioxane, and diluted with H,O (50 mL) and extracted with
DCM (3x50 mL). The combined organic layers were
washed with brine (100 mL), dried over anhydrous Na,SO,,
and filtered, then the solvent was evaporated under reduced
pressure to afford a pale-yellow oil. The crude product was
purified with flash chromatography (0% to 5% MeOH/
DCM) to give the product, which was treated with a palla-
dium scavenger (SiliaMetS Thiol, 70 mg), stirred at 40° C.
for 8 h and at rt for 16 h, and filtered through Celite pad to
remove any residual metal from the coupling reaction.
Repeating this procedure of removing Pd for three times
(Adding new palladium scavenger and being stirred for 24
h for three times). After concentration, the corresponding
coupling product (225 mg, 53%) was obtained as a brown
solid. '"H NMR (400 MHz, Chloroform-d, a mixture of
rotamers caused by -Boc group and atropisomers caused by
—F atom) 8 12.49 (s, 1), 8.58-8.50 (m, 1), 7.98-7.93 (m,
1H), 7.92-7.86 (m, 1H), 7.84-7.45 (m, 2H), 7.42-7.31 (m,
1H), 7.24-7.14 (m, 1H), 7.14-7.06 (m, 1H), 7.02-6.92 (m,
1H), 6.75-6.65 (m, 1H), 4.59-4.49 (m, 1H), 4.02-3.95 (m,
3H), 3.62-3.39 (m, 2H), 2.06-1.81 (m, 4H), 1.45-1.30 (m,
9H).

[0620] Trifluoroacetic acid (0.58 mL, 7.54 mmol) was
added to a solution of the corresponding coupling product
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(210 mg, 0.38 mmol) in DCM (10 mL) at 0° C., then stirred
at room temperature overnight, then the solvent was diluted
with DCM (100 mL) and washed with saturated solutions of
Na,CO; (3x100 mL) and brine (100 mL), dried over anhy-
drous Na,SO,, and filtered, then the solvent was evaporated
under reduced pressure. The residue was purified by flash
chromatography (0% to 5% MeOH/DCM) to afford 25dd
(40 mg, 23%) as a white solid. 'H NMR (400 MHz,
Chloroform-d, a mixture of two atropisomers (=1:1 ratio)
caused by —F atom)  8.43 (s, 1H), 8.30 (s, 1H), 7.97-7.84
(m, 2H), 7.48 (d, J=11.9 Hz, 1H), 7.42-7.24 (m, 2H), 6.44 (d,
J=9.4 Hz, 1H), 3.94 (s, 3H), 3.85-3.74 (m, 1H), 3.03-2.90
(m, 1H), 2.73-2.63 (m, 2H), 2.00-1.88 (m, 1H), 1.76-1.53
(m, 3H). MS (ESI) nvz: 458.0 (M+1)*.

Example 132. Synthesis of 3-(3-fluoro-4-methoxy-

phenyl)-8-(6-(4-methylpiperazin-1-yl)pyridin-3-yl)-

4-ox0-2-(pyrrolidin-2-y1)-3,4-dihydroquinazoline-6-
carbonitrile (25ee)

[0621] Prepared as shown in Scheme 8b.
25ee
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3-(3-fluoro-4-methoxyphenyl)-8-(6-(4-methylpiperazin-1-
yl)pyridin-3-yl)-4-oxo-2-(pyrrolindin-2-yl)-3.4-
dihydroquinazoline-6-carbonitrile

Synthesis of 3-(3-fluoro-4-methoxyphenyl)-8-(6-(4-
methylpiperazin-1-yl)pyridin-3-yl)-4-oxo-2-(pyrroli-
din-2-yl)-3,4-dihydroquinazoline-6-carbonitrile
(25ee)

[0622] A mixture of 22d (300 mg, 0.55 mmol), cesium
carbonate (360 mg, 1.11 mmol), (6-(4-methylpiperazin-1-
yDpyridin-3-yl)boronic acid (159 mg, 0.72 mmol) and tet-
rakis(tri-phenylphosphine) palladium (0) (48 mg, 0.042
mmol) in 1,4-dioxane (10 mL) and H,O (2 mL) was
degassed and flushed with nitrogen. The mixture was heated
at 85° C. for 16 h under nitrogen atmosphere. After cooling
to room temperature, the mixture was concentrated to
remove dioxane, and diluted with H,O (50 mL) and
extracted with DCM (3x50 mL). The combined organic
layers were washed with brine (100 mL), dried over anhy-
drous Na,SO,, and filtered, then the solvent was evaporated
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under reduced pressure to afford a pale-yellow oil. The crude
product was purified with flash chromatography (0% to 5%
MeOH/DCM) to give the product, which was treated with a
palladium scavenger (SiliaMetS Thiol, 70 mg), stirred at 40°
C. for 8 h and at rt for 16 h, and filtered through Celite pad
to remove any residual metal from the coupling reaction.
Repeating this procedure of removing Pd for three times
(Adding new palladium scavenger and being stirred for 24
h for three times). After concentration, the corresponding
coupling product (200 mg, 31%) was obtained as a yellow
solid. 'H NMR (400 MHz, Chloroform-d, a mixture of
rotamers caused by -Boc group and atropisomers caused by
—F atom) & 8.55-8.48 (m, 1H), 8.46-8.29 (m, 1H), 8.06-7.
84 (m, 2H), 7.38-7.31 (m, 1H), 7.20-7.06 (m, 2H), 7.03-6.91
(m, 1H), 6.80-6.67 (m, 1H), 4.62-4.43 (m, 1H), 4.03-3.94
(m, 3H), 3.73-3.62 (m, 4H), 3.60-3.48 (m, 1H), 3.48-3.31
(m, 1H), 2.62-2.51 (m, 4H), 2.38 (s, 3H), 2.10-1.90 (m, 2H),
1.90-1.76 (m, 2H), 1.38-1.30 (m, 9H).

[0623] Trifluoroacetic acid (0.68 mL, 8.91 mmol) was
added to a solution of the corresponding coupling product
(190 mg, 0.30 mmol) in DCM (10 mL) at 0° C., then stirred
at room temperature overnight, then the solvent was diluted
with DCM (100 mL) and washed with saturated solutions of
Na,COj; (3x100 mL) and brine (100 mL), dried over anhy-
drous Na,SO,, and filtered, then the solvent was evaporated
under reduced pressure. The residue was purified by flash
chromatography (0% to 10% MeOH/DCM) to afford 25ee
(70 mg, 44%) as a yellow solid. '"H NMR (400 MHz,
Chloroform-d, a mixture of two atropisomers (=1:1 ratio)
caused by —F atom) 0 8.52 (d, J=1.7 Hz, 1H), 8.42 (d, J=2.1
Hz, 1H), 7.97-7.89 (m, 1H), 7.83 (d, J=8.8 Hz, 1H), 7.15-
6.99 (m, 3H), 6.75 (d, J=8.8 Hz, 1H), 3.98 (s, 3H), 3.94-3.88
(m, 1H), 3.73-3.65 (m, 4H), 3.18-3.09 (m, 1H), 2.80-2.73
(m, 1H), 2.61-2.53 (m, 4H), 2.38 (s, 3H), 1.81-1.69 (m, 4H).
MS (ESD) m/z: 540.5 (M+1)*.

Example 133. Synthesis of 3-(3-fluoro-4-methoxy-
phenyl)-4-ox0-8-(6-phenylpyridin-3-yl)-2-(pyrroli-
din-2-yl)-3,4-dihydroquinazoline-6-carbonitrile
(251

[0624] Prepared as shown in Scheme 8b.
25ff
F
OMe
0
NC
N
/
N
HN:
F
N N

3-(3-fluoro-4-methoxyphenyl)-4-oxo-8-(6-phenylpyridin-3-yl)-
2-(pyrrolidin-2-yl)-3,4-dihydroquinazoline-6-carbonitrile
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Synthesis of 3-(3-fluoro-4-methoxyphenyl)-4-oxo-8-
(6-phenylpyridin-3-yl)-2-(pyrrolidin-2-y1)-3,4-dihy-
droquinazoline-6-carbonitrile (25ff)

[0625] A mixture of 22d (300 mg, 0.55 mmol), cesium
carbonate (360 mg, 1.11 mmol), (6-phenylpyridin-3-yl)bo-
ronic acid (143 mg, 0.72 mmol) and tetrakis(tri-phenylphos-
phine) palladium (0) (48 mg, 0.042 mmol) in 1,4-dioxane
(10 mL) and H,O (2 mL) was degassed and flushed with
nitrogen. The mixture was heated at 85° C. for 16 h under
nitrogen atmosphere. After cooling to room temperature, the
mixture was concentrated to remove dioxane, and diluted
with H,O (50 mL) and extracted with DCM (3x50 mL). The
combined organic layers were washed with brine (100 mL),
dried over anhydrous Na,SO,, and filtered, then the solvent
was evaporated under reduced pressure to afford a pale-
yellow oil. The crude product was purified with flash chro-
matography (0% to 5% A (DCM:ethyl acetate=1:4)/Hexane)
to give the product, which was treated with a palladium
scavenger (SiliaMetS Thiol, 70 mg), stirred at 40° C. for 8
h and at rt for 16 h, and filtered through Celite pad to remove
any residual metal from the coupling reaction. Repeating
this procedure of removing Pd for three times (Adding new
palladium scavenger and being stirred for 24 h for three
times). After concentration, the corresponding coupling
product (230 mg, 67%) was obtained as a yellow solid. 'H
NMR (400 MHz, Chloroform-d, a mixture of rotamers
caused by -Boc group and atropisomers caused by —F
atom) d 8.94-8.78 (m, 1H), 8.65-8.59 (m, 1H), 8.22-7.84 (m,
SH), 7.56-7.32 (m, 4H), 7.20-6.96 (m, 2H), 4.63-4.43 (m,
1H), 4.02-3.92 (m, 3H), 3.52-3.31 (m, 2H), 2.03-1.74 (m,

4H), 1.37-1.29 (m, 9H).

[0626]
added to a solution of the corresponding coupling product
(230 mg, 0.37 mmol) in DCM (10 mL) at 0° C., then stirred
at room temperature overnight, then the solvent was diluted
with DCM (100 mL) and washed with saturated solutions of
Na,CO; (3x100 mL) and brine (100 mL), dried over anhy-
drous Na,SO,, and filtered, then the solvent was evaporated

Trifluoroacetic acid (0.86 mL, 11.17 mmol) was

under reduced pressure. The residue was purified by flash
chromatography (0% to 2% MeOH/DCM) to afford 251F (75
mg, 39%) as a yellow solid. 'H NMR (400 MHz, Chloro-
form-d, a mixture of two atropisomers (=1:1 ratio) caused by
—F atom) 9 8.97-8.88 (m, 1H), 8.63 (d, J=1.7 Hz, 1H),
8.14-8.07 (m, 2H), 8.07-8.00 (m, 2H), 7.93-7.85 (m, 1H),
7.57-7.45 (m, 3H), 7.17-7.00 (m, 3H), 3.98 (s, 3H), 3.95-3.
85 (m, 1H), 3.12-3.03 (m, 1H), 2.78-2.67 (m, 1H), 1.83-1.66
(m, 4H). MS (ESD) m/z: 518.4 (M+1)".
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Example 134. Synthesis of 3-(3-fluoro-4-methoxy-

phenyl)-8-(4-(hydroxymethyl)phenyl)-4-oxo-2-(pyr-

rolidin-2-yl)-3,4-dihydroquinazoline-6-carbonitrile
(25g2)

[0627] Prepared as shown in Scheme 8b

25gg

OMe

NC
N
F
N

OH

3-(3-fluoro-4-methoxypheny!)-8-(4-hydroxymethyl)phenyl)-4-
oxo-2-(pyrrolidin-2-yl)-3,4-dihydroquinazoline-6-carbonitrile

Synthesis of 3-(3-fluoro-4-methoxyphenyl)-8-(4-
(hydroxymethyl)phenyl)-4-ox0-2-(pyrrolidin-2-yl)-
3,4-dihydroquinazoline-6-carbonitrile (25gg)

[0628] A mixture of 22d (400 mg, 0.74 mmol), cesium
carbonate (481 mg, 1.48 mmol), (4-(hydroxymethyl)phenyl)
boronic acid (146 mg, 0.96 mmol) and tetrakis(tri-phe-
nylphosphine) palladium (0) (64 mg, 0.055 mmol) in 1,4-
dioxane (10 mL) and H,O (2 mL) was degassed and flushed
with nitrogen. The mixture was heated at 85° C. for 16 h
under nitrogen atmosphere. After cooling to room tempera-
ture, the mixture was concentrated to remove dioxane, and
diluted with H,O (50 mL) and extracted with DCM (3x50
mL). The combined organic layers were washed with brine
(100 mL), dried over anhydrous Na,SO,, and filtered, then
the solvent was evaporated under reduced pressure to afford
a pale-yellow oil. The crude product was purified with flash
chromatography (0% to 25% A (DCM:ethyl acetate=1:4)/
Hexane) to give the product, which was treated with a
palladium scavenger (SiliaMetS Thiol, 110 mg), stirred at
40° C. for 8 h and at rt for 16 h, and filtered through Celite
pad to remove any residual metal from the coupling reaction.
Repeating this procedure of removing Pd for three times
(Adding new palladium scavenger and being stirred for 24
h for three times). After concentration, the corresponding
coupling product (330 mg, 78%) was obtained as a white
solid. '"H NMR (400 MHz, Chloroform-d, a mixture of
rotamers caused by -Boc group and atropisomers caused by
—F atom) & 8.61-8.53 (m, 1H), 8.05-7.94 (m, 1H), 7.68-7.
59 (m, 2H), 7.48 (1, J=8.4 Hz, 2H), 7.40-7.34 (m, 1H),
7.20-7.07 (m, 2H), 7.01-6.92 (m, 1H), 4.88-4.73 (m, 2H),
4.60-4.42 (m, 1H), 4.02-3.94 (m, 3H), 3.45-3.27 (m, 2H),
2.06-1.71 (m, 5SH), 1.36-1.27 (m, 9H).

[0629] Trifluoroacetic acid (1.33 mlL, 17.35 mmol) was
added to a solution of the corresponding coupling product
(330 mg, 0.58 mmol) in DCM (10 mL) at 0° C., then stirred
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at room temperature overnight, then the solvent was diluted
with DCM (100 mL) and washed with saturated solutions of
Na,CO; (3x100 mL) and brine (100 mL), dried over anhy-
drous Na,SO,, and filtered, then the solvent was evaporated
under reduced pressure. The residue was purified by flash
chromatography (0% to 4% MeOH/DCM) to afford 25gg
(143 mg, 53%) as a yellow solid. "H NMR (400 MHz,
Chloroform-d, a mixture of two atropisomers (=1:1 ratio)
caused by —F atom) 8 8.57 (s, 1H), 7.98 (s, 1H), 7.67-7.57
(m, 2H), 7.57-7.39 (m, 2H), 7.21-6.91 (m, 3H), 4.80 (s, 2H),
3.98 (s, 3H), 3.95-3.78 (m, 1H), 3.11-2.97 (m, 1H), 2.81-2.
63 (m, 1H), 2.29 (s, 1H), 1.86-1.57 (m, 4H). MS (ESI) m/z:
471.7 (M+1)*.

Example 135. Synthesis of 8-(5,6-dimethoxypyri-
din-3-yl)-3-(3-fluoro-4-methoxyphenyl)-4-oxo-2-
(pyrrolidin-2-yl)-3,4-dihydroquinazoline-6-carboni-

trile (25 hh)
[0630] Prepared as shown in Scheme 8b.
25hh
F
OMe
O
NC
N
F
N
HN
= I
N
MeO' \
OMe

8-(5,6-dimethoxypyridin-3-yl)-3-(3-fluoro-4-methoxyphenyl)-4-
oxo-2(pyrrolidin-2-yl)-3,4-dihydroquinazoline-6-carbonitrile

Synthesis of 8-(5,6-dimethoxypyridin-3-yl)-3-(3-
fluoro-4-methoxyphenyl)-4-oxo-2-(pyrrolidin-2-yl)-
3,4-dihydroquinazoline-6-carbonitrile (25 hh)

[0631] A mixture of 22d (300 mg, 0.55 mmol), cesium
carbonate (360 mg, 1.11 mmol), 2,3-Dimethoxy-5-(4,4,5,5-
tetramethyl-1,3,2-dioxaborolan-2-yl)pyridine (191 mg, 0.72
mmol) and tetrakis(tri-phenylphosphine) palladium (0) (48
mg, 0.042 mmol) in 1,4-dioxane (10 mL) and H,O (2 mL)
was degassed and flushed with nitrogen. The mixture was
heated at 85° C. for 16 h under nitrogen atmosphere. After
cooling to room temperature, the mixture was concentrated
to remove dioxane, and diluted with H,O (50 mL) and
extracted with DCM (3x50 mL). The combined organic
layers were washed with brine (100 mL), dried over anhy-
drous Na,SO,, and filtered, then the solvent was evaporated
under reduced pressure to afford a pale-yellow oil. The crude
product was purified with flash chromatography (0% to 15%
A (DCM:ethyl acetate=1:4)/Hexane) to give the product,
which was treated with a palladium scavenger (SiliaMetS
Thiol, 80 mg), stirred at 40° C. for 8 h and at rt for 16 h, and
filtered through Celite pad to remove any residual metal
from the coupling reaction. Repeating this procedure of
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removing Pd for three times (Adding new palladium scav-
enger and being stirred for 24 h for three times). After
concentration, the corresponding coupling product (250 mg,
75%) was obtained as a white solid. '"H NMR (400 MHz,
Chloroform-d, a mixture of rotamers caused by -Boc group
and atropisomers caused by —F atom) 8 8.63-8.55 (m, 1H),
8.01-7.79 (m, 2H), 7.70-7.34 (m, 3H), 7.24-7.05 (m, 2H),
7.02-6.88 (m, 1H), 4.61-4.42 (m, 1H), 4.12-3.94 (m, 9H),
3.50-3.33 (m, 2H), 2.05-1.87 (m, 2H), 1.89-1.72 (m, 2H),
1.37-1.25 (m, SH).

[0632] Trifluoroacetic acid (0.91 mL, 12.00 mmol) was
added to a solution of the corresponding coupling product
(240 mg, 0.40 mmol) in DCM (10 mL) at 0° C., then stirred
at room temperature overnight, then the solvent was diluted
with DCM (100 mL) and washed with saturated solutions of
Na,CO; (3x100 mL) and brine (100 mL), dried over anhy-
drous Na,SO,, and filtered, then the solvent was evaporated
under reduced pressure. The residue was purified by flash
chromatography (0% to 3% MeOH/DCM) to afford 25 hh
(90 mg, 45%) as a white solid. '"H NMR (400 MHz,
Chloroform-d, a mixture of two atropisomers (=~1:1 ratio)
caused by —F atom) 8 8.59 (s, 1H), 7.98 (s, 1H), 7.92 (s,
1H), 7.41 (s, 1H), 7.16-6.99 (m, 3H), 4.11 (s, 3H), 3.98 (s,
3H), 3.94 (s, 3H), 3.91-3.84 (m, 1H), 3.12-3.02 (m, 1H),
2.78-2.69 (m, 1H), 1.81-1.65 (m, 4H). MS (ESI) m/z: 502.6
M+1)*.

Example 136. Synthesis of 3-(3-fluoro-4-methoxy-

phenyl)-8-(4-(methylsulfonyl)phenyl)-4-oxo-2-(pyr-

rolidin-2-yl)-3,4-dihydroquinazoline-6-carbonitrile
(25ii)

[0633] Prepared as shown in Scheme 8b.

25ii

OMe

O0=—=S=—=0

CH;

3-(3-fluoro-4-methoxyphenyl)-8-(4-(methylsulfonyl)phenyl)-4-
oxo-2-(pyrrolidin-2-yl)-3,4-dihydroquinazoline-6-carbonitrile

Synthesis of 3-(3-fluoro-4-methoxyphenyl)-8-(4-
(methylsulfonyl)phenyl)-4-oxo-2-(pyrrolidin-2-y1)-3,
4-dihydroquinazoline-6-carbonitrile (25ii)

[0634] A mixture of 22d (400 mg, 0.74 mmol), cesium
carbonate (481 mg, 1.48 mmol), (4-(methylsulfonyl)phenyl)
boronic acid (192 mg, 0.96 mmol) and tetrakis(tri-phe-
nylphosphine) palladium (0) (64 mg, 0.0552 mmol) in
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1,4-dioxane (10 mL) and H,O (2 mL) was degassed and
flushed with nitrogen. The mixture was heated at 85° C. for
16 h under nitrogen atmosphere. After cooling to room
temperature, the mixture was concentrated to remove
dioxane, and diluted with H,O (50 mL) and extracted with
DCM (3x50 mL). The combined organic layers were
washed with brine (100 mL), dried over anhydrous Na,SO,,
and filtered, then the solvent was evaporated under reduced
pressure to afford a pale-yellow oil. The crude product was
purified with flash chromatography (0% to 64% A (DCM:
ethyl acetate=1:4)/Hexane) to give the product, which was
treated with a palladium scavenger (SiliaMetS Thiol, 110
mg), stirred at 40° C. for 8 h and at rt for 16 h, and filtered
through Celite pad to remove any residual metal from the
coupling reaction. Repeating this procedure of removing Pd
for three times (Adding new palladium scavenger and being
stirred for 24 h for three times). After concentration, the
corresponding coupling product (340 mg, 81%) was
obtained as a white solid. 'H NMR (400 MHz, Chloroform-
d, a mixture of rotamers caused by -Boc group and atropi-
somers caused by —F atom) 3 8.67-8.59 (m, 1H), 8.11-7.98
(m, 3H), 7.88-7.80 (m, 2H), 7.45-7.29 (m, 1H), 7.20-7.09
(m, 1H), 7.01-6.90 (m, 1H), 4.63-4.40 (m, 1H), 4.04-3.92
(m, 3H), 3.41-3.25 (m, 2H), 3.14 (s, 3H), 2.05-1.70 (m, 4H),
1.39-1.27 (m, 9H). Trifluoroacetic acid (1.15 mL, 15.03
mmol) was added to a solution of the corresponding cou-
pling product (310 mg, 0.50 mmol) in DCM (10 mL) at 0°
C., then stirred at room temperature overnight, then the
solvent was diluted with DCM (100 mL) and washed with
saturated solutions of Na,CO; (3x100 mL) and brine (100
mL), dried over anhydrous Na,SO,, and filtered, then the
solvent was evaporated under reduced pressure. The residue
was purified by flash chromatography (0% to 9% MeOH/
DCM) to afford 25ii (135 mg, 52%) as a white solid. 'H
NMR (400 MHz, Chloroform-d, a mixture of two atropiso-
mers (=1:1 ratio) caused by —F atom) 8 8.64 (s, 1H), 8.08
(d, 1=8.2 Hz, 2H), 8.00 (s, 1H), 7.83 (d, J=8.2 Hz, 2H),
7.18-6.98 (m, 3H), 3.98 (s, 3H), 3.94-3.82 (m, 1H), 3.15 (s,
3H), 3.09-2.98 (m, 1H), 2.85-2.64 (m, 1H), 1.80-1.67 (m,
4H). MS (ESI) m/z: 519.0 (M+1)".

Example 137. Synthesis of 8-(5,6-dimethylpyridin-
3-y1)-3-(3-fluoro-4-methoxyphenyl)-4-oxo-2-(pyrro-
lidin-2-y1)-3,4-dihydroquinazoline-6-carbonitrile
(251)

[0635] Prepared as shown in Scheme 8b.

25jj

OMe

CH;

8-(5,6-dimethylpyridin-3-yl)-3-(3-fluoro-4-methoxyphenyl)-4-
ox0-2-yl)-3,4-dihydroquinazoline-6-carbonitrile
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Synthesis of 8-(5,6-dimethylpyridin-3-y1)-3-(3-
fluoro-4-methoxyphenyl)-4-oxo-2-(pyrrolidin-2-yl)-
3,4-dihydroquinazoline-6-carbonitrile (25j)

[0636] A mixture of 22d (400 mg, 0.74 mmol), cesium
carbonate (481 mg, 1.48 mmol), 2,3-dimethyl-5-(4,4,5,5-
tetramethyl-1,3,2-dioxaborolan-2-yl)pyridine (223 mg, 0.96
mmol) and tetrakis(tri-phenylphosphine) palladium (0) (64
mg, 0.0552 mmol) in 1,4-dioxane (10 mL) and H,O (2 mL)
was degassed and flushed with nitrogen. The mixture was
heated at 85° C. for 16 h under nitrogen atmosphere. After
cooling to room temperature, the mixture was concentrated
to remove dioxane, and diluted with H,O (50 mL) and
extracted with DCM (3x50 mL). The combined organic
layers were washed with brine (100 mL), dried over anhy-
drous Na,SO,, and filtered, then the solvent was evaporated
under reduced pressure to afford a pale-yellow oil. The crude
product was purified with flash chromatography (0% to 64%
A (DCM:ethyl acetate=1:4)/Hexane) to give the product,
which was treated with a palladium scavenger (SiliaMetS
Thiol, 90 mg), stirred at 40° C. for 8 h and at rt for 16 h, and
filtered through Celite pad to remove any residual metal
from the coupling reaction. Repeating this procedure of
removing Pd for three times (Adding new palladium scav-
enger and being stirred for 24 h for three times). After
concentration, the corresponding coupling product (270 mg,
64%) was obtained as a brown solid. '"H NMR (400 MHz,
Chloroform-d, a mixture of rotamers caused by -Boc group
and atropisomers caused by —F atom) 9 8.64-8.56 (m, 1H),
8.55-8.38 (m, 1H), 8.04-7.92 (m, 1H), 7.89-7.63 (m, 2H),
7.56-7.31 (m, 2H), 7.25-6.87 (m, 3H), 4.63-4.41 (m, 1H),
4.04-3.91 (m, 3H), 3.50-3.31 (m, 2H), 2.60 (s, 3H), 2.47-2.

36 (m, 3H), 2.04-1.80 (m, 4H), 1.33-1.24 (m, 9H).

[0637]
added to a solution of the corresponding coupling product
(270 mg, 0.47 mmol) in DCM (10 mL) at 0° C., then stirred
at room temperature overnight, then the solvent was diluted
with DCM (100 mL) and washed with saturated solutions of
Na,CO; (3x100 mL) and brine (100 mL), dried over anhy-

drous Na,SO,, and filtered, then the solvent was evaporated

Trifluoroacetic acid (1.09 mL, 14.22 mmol) was

under reduced pressure. The residue was purified by flash
chromatography (0% to 5% MeOH/DCM) to afford 25jj
(120 mg, 54%) as a white solid. '"H NMR (400 MHz,
Chloroform-d, a mixture of two atropisomers (=1:1 ratio)
caused by —F atom) 3 8.59 (d, J=1.8 Hz, 1H), 8.57 (d, J=1.7
Hz, 1H), 8.01-7.95 (m, 1H), 7.71 (s, 1H), 7.17-6.98 (m, 3H),
3.98 (s, 3H), 3.95-3.85 (m, 1H), 3.14-3.03 (m, 1H), 2.82-2.
71 (m, 1H), 2.61 (s, 3H), 2.39 (s, 3H), 1.84-1.67 (m, 4H).
MS (ESI) m/z: 470.0 (M+1)*.
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Example 138. Synthesis of 3-(3-fluoro-4-methoxy-
phenyl)-8-(2-methylpyridin-4-yl)-4-oxo-2-(pyrroli-
din-2-yl)-3,4-dihydroquinazoline-6-carbonitrile

(25kk)
[0638] Prepared as shown in Scheme 8b.
25kk
F
OMe
(6]
NC
N
/
N
HN:
7
x
Me N

3-(3-fluoro-4-methoxyphenyl)-8-(2-methylpyridin-4-yl)-4-
oxo-2-(pyrrolidin-2-yl)-3 4-dihydroquinazoline-6-carbonitrile

Synthesis of tert-butyl 2-(6-cyano-3-(3-fluoro-4-
methoxyphenyl)-8-(2-methylpyridin-4-yl)-4-oxo0-3,
4-dihydroquinazolin-2-yl) pyrrolidine-1-carboxylate

[0639] A microwave vial with stir bar was charged with
22d (200 mg, 0.37 mmol, 1 equiv.), boronic acid (56 mg,
0.41 mmol, 1.1 equiv.), Cs,CO; (241 mg, 0.74 mmol, 2
equiv.), and Pd(PPh;), (43 mg, 0.037 mmol, 0.1 equiv.). A
4:1 mixture of 1,4-dioxane:H,O was added via syringe (5.25
mL). The vial was sealed with a septum and the mixture was
sparged with N, for 15 min. After 15 min, the reaction was
heated to 80° C. for 17 h. After 17 h, the reaction was cooled
to room temperature and diluted with EtOAc and H,O (10
ml each). The layers were shaken and separated. The
aqueous phase was washed twice with EtOAc (10 mL each).
The combined organics were dried over Na,SO,, filtered,
and concentrated. The crude reaction mixture was purified
via silica gel chromatography (3:1 to 1:1 hexanes:EtOAc).
Trace palladium was removed by dissolving the purified
product in DCM (0.2 M) and adding SiliametS Thiol Metal
Scavenger (33 wt %) to the solution. The mixture was heated
to 40° C. for 8 h before being filtered through celite. This
procedure was repeated two more times. tert-butyl 2-(6-
cyano-3-(3-fluoro-4-methoxyphenyl)-8-(2-methylpyridin-
4-yl)-4-ox0-3,4-dihydroquinazolin-2-yl) pyrrolidine-1-car-
boxylate obtained as a mixture contaminated with
triphenylphosphine oxide and was used directly in the next
step.

Synthesis of 3-(3-fluoro-4-methoxyphenyl)-8-(2-
methylpyridin-4-yl)-4-oxo-2-(pyrrolidin-2-yl)-3,4-
dihydroquinazoline-6-carbonitrile (25kk)

[0640] To a vial with stir bar was added tert-butyl 2-(6-
cyano-3-(3-fluoro-4-methoxyphenyl)-8-(2-methylpyridin-

4-yl)-4-o0x0-3,4-dihydroquinazolin-2-yl) pyrrolidine-1-car-
boxylate (175 mg, 0.31 mmol, 1 equiv.) and 4N HCI in
1,4-dioxane (0.6 mL). The reaction was allowed to stir at
room temperature for 1 hour. The solvent was removed in
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vacuo and the crude residue was dissolved in DCM (5 mL).
The residual HC1 was quenched with sat. aq. NaHCO; (5
mL).

[0641] The layers were shaken and separated and the
aqueous phase was washed with DCM (2x, 5 mL). The
combined organics were dried over Na,SO,, filtered, and
concentrated. The crude reaction mixture was purified via
silica gel chromatography (0 to 5% 4:1 (MeOH:sat. aq.
NH,OH in DCM)). The product, 3-(3-fluoro-4-methoxyphe-
nyl)-8-(2-methylpyridin-4-yl1)-4-oxo-2-(pyrrolidin-2-y1)-3,
4-dihydroquinazoline-6-carbonitrile, (25kk) was obtained as
a white foam (109 mg, 0.24 mmol, 64% yield over 2 steps).
'H NMR (400 MHz, CDCl,) 8 8.63 (d, J=5.1 Hz, 2H), 8.00
(s, 1H), 7.42 (s, 1H), 7.35 (d, J=4.8 Hz, 1H), 7.19-6.96 (m,
3H), 3.98 (s, 3H), 3.91 (q, J=7.5 Hz, 1H), 3.06 (dd, J=11.3,
6.0 Hz, 1H), 2.76 (dt, J=11.4, 6.5 Hz, 1H), 2.67 (s, 3H), 2.24
(s, 2H), 1.76-1.69 (m, 2H). MS (ESI) m/z: 457.0 (M+1)".

Example 139. Synthesis of 3-(3-fluoro-4-methoxy-
phenyl)-8-(6-methylpyridin-3-y1)-2-((2S,3aS,7aS)-

octahydro-1H-indol-2-yl)-4-0x0-3,4-dihydroqui-
nazoline-6-carbonitrile (2511)

[0642] Prepared as shown in Scheme 8b.

2511
OMe

NC

3-(3-fluoro-4-methoxyphenyl)-8-(6-methylpyridin-3-yl)-2-
((28,3a8,7a8)-octahydro-1H-indol-2-yl)-4-0x0-3,4-
dihydroquinazoline-6-carbonitrile

Synthesis of tert-butyl (2S,3aS,7aS)-2-(8-bromo-6-
cyano-3-(3-fluoro-4-methoxyphenyl)-4-oxo-3,4-
dihydroquinazolin-2-yl)octahydro-1H-indole-1-car-
boxylate (220)

[0643] A microwave vial with stir bar was charged
2-amino-3-bromo-5-cyanobenzoic acid (275 mg, 1.14
mmol, 1 equiv.), (28,3a8,7aS)-1-(tert-butoxycarbonyl)octa-
hydro-1H-indole-2-carboxylic acid (400 mg, 1.49 mmol, 1.3
equiv.), P(OPh), (0.9 mL, 3.42 mmol, 3 equiv.), and pyridine
(2.85 mL). The vial was sealed and heated under microwave
irradiation at 130° C. for 40 min. After 40 min, the reaction
was cooled and 3-fluoro-4-methoxyaniline (193 mg, 1.37
mmol, 1.2 equiv.) was added in one portion. The vial was
sealed and heated under microwave irradiation at 130° C. for
40 min. The reaction was cooled to r.t. and diluted with
DCM (20 mL). The reaction mixture was washed with 1N
HCI (20 mL), IN NaOH (20 mL), and brine (20 mL). The
organic phase was dried over MgSO,, filtered, and concen-
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trated. Purified twice by column chromatography (1% col-
umn, 0 to 5% EtOAc in DCM, 2"¢ column 3:1 hexanes:
EtOAc). tert-butyl (2S,3aS,7aS)-2-(8-bromo-6-cyano-3-(3-
fluoro-4-methoxyphenyl)-4-oxo-3,4-dihydroquinazolin-2-
yloctahydro-1H-indole-1-carboxylate (220) obtained as a
white foam (465 mg, 0.78 mmol, 68% yield). (mixture of
rotamers)'H NMR (400 MHz, CDCl,) § 8.50 (m, 1H),
8.28-8.06 (m, 1H), 7.42-7.30 (m, 1H), 7.20-7.04 (m, 2H),
7.03-6.88 (m, 1H), 4.61-4.34 (m, 1H), 3.98 (m, 3H), 3.93-
3.72 (m, 1H), 2.46-2.05 (m, 4H), 1.94-1.54 (m, 6H), 1.53-
1.28 (m, 10H).

[0644] A microwave vial with stir bar was charged with
bromide 220 (200 mg, 0.33 mmol, 1 equiv.), boronic acid
(50 mg, 0.37 mmol, 1.1 equiv.), Cs,CO; (215 mg, 0.66
mmol, 2 equiv.), and Pd(PPh;), (38 mg, 0.033 mmol, 0.1
equiv.). A 4:1 mixture of 1,4-dioxane:H,O was added via
syringe (4.11 mL). The vial was sealed with a septum and
the mixture was sparged with N, for 15 min. After 15 min,
the reaction was heated to 80° C. for 17 h. After 17 h, the
reaction was cooled to room temperature and diluted with
EtOAc and H,O (10 mL each). The layers were shaken and
separated. The aqueous phase was washed twice with EtOAc
(10 mL each). The combined organics were dried over
Na,SO,, filtered, and concentrated. The crude reaction mix-
ture was purified via silica gel chromatography (3:1 to 1:1
hexanes:EtOAc). Trace palladium was removed by dissolv-
ing the purified product tert-butyl (2S,3aS,7aS)-2-(6-cyano-
3-(3-fluoro-4-methoxyphenyl)-8-(6-methylpyridin-3-y1)-4-
0x0-3,4-dihydroquinazolin-2-yl)octahydro-1H-indole-1-
carboxylate in DCM (0.2 M) and adding SiliametS Thiol
Metal Scavenger (33 wt %) to the solution. The mixture was
heated to 40° C. for 8 h before being filtered through celite.
This procedure was repeated two more times. tert-butyl
(2S,3a8,7a8)-2-(6-cyano-3-(3-fluoro-4-methoxyphenyl)-8-
(6-methylpyridin-3-yl)-4-oxo0-3,4-dihydroquinazolin-2-yl)
octahydro-1H-indole-1-carboxylate obtained as a white
foam (124 mg, 0.2 mmol, 61% yield). (Mixture of rotamers)
1H NMR (400 MHz, Chloroform-d) § 8.72-8.53 (m, 2H),
8.07-7.74 (m, 2H), 7.45-7.29 (m, 1H), 7.25-6.88 (m, 3H),
4.62-4.29 (m, 1H), 4.04-3.93 (m, 3H), 3.86-3.50 (m, 1H),
2.65 (dd, J=17.0, 7.7 Hz, 3H), 2.23-1.69 (m, 3H), 1.46-0.81
(m, 17H).

Synthesis of 3-(3-fluoro-4-methoxyphenyl)-8-(6-
methylpyridin-3-y1)-2-((2S,3aS,7aS)-octahydro-1H-
indol-2-y1)-4-0x0-3,4-dihydroquinazoline-6-carboni-

trile (2511)

[0645] To a vial with stir bar was added tert-butyl (28,
3a8,7a8)-2-(6-cyano-3-(3-fluoro-4-methoxyphenyl)-8-(6-

methylpyridin-3-yl)-4-oxo0-3,4-dihydroquinazolin-2-yl)oc-

tahydro-1H-indole-1-carboxylate (124 mg, 0.2 mmol, 1
equiv.) with 4N HCI in 1,4-dioxane (1 mL). The reaction
was allowed to stir at room temperature for 1 hour. The
solvent was removed in vacuo and the crude residue was
dissolved in DCM (5 mL). The residual HCI was quenched
with sat. aq. NaHCO,; (5 mL). The layers were shaken and
separated, and the aqueous phase was washed with DCM
(2%, 5 mL). The combined organics were dried over Na,SO,,
filtered, and concentrated. The crude reaction mixture was
purified via silica gel chromatography (0 to 5% 4:1 (MeOH:
sat. aq. NH,OH) in DCM). 3-(3-fluoro-4-methoxyphenyl)-
8-(6-methylpyridin-3-yl1)-2-((2S,3aS,7aS)-octahydro-1H-in-
dol-2-yl)-4-0x0-3,4-dihydroquinazoline-6-carbonitrile 2511
was obtained as a white foam (26 mg, 0.05 mmol, 25%
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yield). 1H NMR (400 MHz, CDCI3) & 8.66 (d, J=2.2 Hz,
1H), 8.62 (d, J=2.0 Hz, 1H), 7.96 (d, J=1.9 Hz, 1H), 7.79
(dd, 1=8.0, 2.3 Hz, 1H), 7.29 (d, I=8.0 Hz, 1H), 7.15-6.94
(m, 3H),3.97 (d, J=1.1 Hz, 3H), 3.90 (td, J=9.4, 6.0 Hz, 1H),
2.88 (q, J=4.6 Hz, 1H), 2.64 (s, 3H), 1.88 (brs, 1H),
1.81-1.67 (m, 2H), 1.59-1.47 (m, 1H), 1.45-1.24 (m, 5H),
1.15-0.87 (m, 3H). MS (BSI) m/z: 511.0 (M+1)*.

Example 140. Synthesis of 3-(3-fluoro-4-methoxy-

phenyl)-8-(6-methylpyridin-3-yl)-2-((3aS,6aS)-octa-

hydrocyclopenta[b]pyrrol-2-yl)-4-oxo-3,4-dihydro-
quinazoline-6-carbonitrile (25 mm)

[0646] Prepared as shown in Scheme 8b

25mm

OMe

NC

3-(3-fluoro-4-methoxyphenyl)-8-(6-methylpyridin-3-yl)-2-
((3aS,6aS)-octahydrocyclopenta[#]pyrrol-2-yl)-4-oxo-3,4-
dihydroquinazoline-6-carbonitrile

Synthesis of 3-(3-fluoro-4-methoxypheny!)-8-(6-
methylpyridin-3-y1)-2-((3aS,6aS) octahydrocyclo-
penta[b]pyrrol-2-yl)-4-ox0-3,4-dihydroquinazoline-
6-carbonitrile (22p)

[0647] A microwave vial with stir bar was charged
2-amino-3-bromo-5-cyanobenzoic acid (275 mg, 1.14
mmol, 1 equiv.), (25,3a8,6aS)-1-(tert-butoxycarbonyl)octa-
hydrocyclopenta[b]pyrrole-2-carboxylic acid (380 mg, 1.49
mmol, 1.3 equiv.), P(OPh); (0.9 mL, 3.42 mmol, 3 equiv.),
and pyridine (2.85 mL). The vial was sealed and heated
under microwave irradiation at 130° C. for 40 min. After 40
min, the reaction was cooled and 3-fluoro-4-methoxyaniline
(193 mg, 1.37 mmol, 1.2 equiv.) was added in one portion.
The vial was sealed and heated under microwave irradiation
at 130° C. for 40 min. The reaction was cooled to r.t. and
diluted with DCM (20 mL). The reaction mixture was
washed with IN HCI (20 mL), IN NaOH (20 mL), and brine
(20 mL). The organic phase was dried over MgSQO,, filtered,
and concentrated. Purified twice by column chromatography
(17 column, 0 to 5% EtOAc in DCM, 2" column 3:1
hexanes:EtOAc). 3-(3-fluoro-4-methoxyphenyl)-8-(6-meth-
ylpyridin-3-y1)-2-((3aS,6aS) octahydrocyclopenta[b]pyrrol-
2-yl)-4-0x0-3,4-dihydroquinazoline-6-carbonitrile ~ (22p)
obtained as a light pink foam (188 mg, 0.32 mmol, 28%
yield). (mixture of rotamers) 1H NMR (400 MHz, CDCl,)
d 8.61-8.40 (m, 1H), 8.29-8.08 (m, 1H), 7.40-7.28 (m, 1H),
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7.17-7.05 (m, 1H), 7.01-6.91 (m, 1H), 4.78-4.61 (m, 1H),
4.02-3.92 (m, 3H), 3.92-3.77 (m, 1H), 2.02-1.48 (m, 9H),
1.42 (m, OH).

Synthesis of tert-butyl (3aS,6aS)-2-(6-cyano-3-(3-

fluoro-4-methoxyphenyl)-8-(6-methylpyridin-3-yl)-

4-0x0-3,4-dihydroquinazolin-2-yl)hexahydrocyclo-
penta[b]pyrrole-1 (2H)-carboxylate

[0648] A microwave vial with stir bar was charged with
22p (188 mg, 0.32 mmol, 1 equiv.), boronic acid (48 mg,
0.35 mmol, 1.1 equiv.), Cs,CO; (209 mg, 0.64 mmol, 2
equiv.), and Pd(PPh;), (37 mg, 0.032 mmol, 0.1 equiv.). A
4:1 mixture of 1,4-dioxane:H,O was added via syringe (5
mL). The vial was sealed with a septum and the mixture was
sparged with N, for 15 min. After 15 min, the reaction was
heated to 80° C. for 17 h. After 17 h, the reaction was cooled
to room temperature and diluted with EtOAc and H,O (10
ml each). The layers were shaken and separated. The
aqueous phase was washed twice with EtOAc (10 mL each).
The combined organics were dried over Na,SO,, filtered,
and concentrated. The crude reaction mixture was purified
via silica gel chromatography (3:1 to 1:1 hexanes:EtOAc).
Trace palladium was removed by dissolving the purified
product in DCM (0.2 M) and adding SiliametS Thiol Metal
Scavenger (33 wt %) to the solution. The mixture was heated
to 40° C. for 8 h before being filtered through celite. This
procedure was repeated two more times. tert-butyl (3aS,
6aS)-2-(6-cyano-3-(3-fluoro-4-methoxyphenyl)-8-(6-meth-
ylpyridin-3-yl)-4-oxo0-3,4-dihydroquinazolin-2-yl)hexahy-
drocyclopenta[b]pyrrole-1 (2H)-carboxylate was obtained
as an off white solid (109 mg, 0.18 mmol, 56% yield).
(mixture of rotamers)'H NMR (400 MHz, CDCL,) d 8.64
(m, 2H), 8.14-7.70 (m, 2H), 7.34 (m, 1H), 7.18-6.80 (m,
3H), 4.76-4.33 (m, 1H), 4.24-3.86 (m, 4H), 2.66 (m, 4H),
2.21-1.85 (m, 1H), 1.66 (m, 3H), 1.34 (m, 13H).

Synthesis of 3-(3-fluoro-4-methoxyphenyl)-8-(6-
methylpyridin-3-yl)-2-((3aS,6aS)-octahydrocyclo-
penta[b]pyrrol-2-yl)-4-oxo-3,4-dihydroquinazoline-

6-carbonitrile (25mm)

[0649] To a vial with stir bar was added tert-butyl (3aS,
6aS)-2-(6-cyano-3-(3-fluoro-4-methoxyphenyl)-8-(6-meth-
ylpyridin-3-yl)-4-0x0-3,4-dihydroquinazolin-2-yl)hexahy-
drocyclopenta[b]pyrrole-1 (2H)-carboxylate (109 mg, 0.2
mmol, 1 equiv.) with 4N HCI in 1,4-dioxane (1 mL). The
reaction was allowed to stir at room temperature for 1 hour.
The solvent was removed in vacuo and the crude residue was
dissolved in DCM (5 mL). The residual HCI was quenched
with sat. aq. NaHCO; (5§ mL). The layers were shaken and
separated, and the aqueous phase was washed with DCM
(2%, 5 mL). The combined organics were dried over Na,SO,,
filtered, and concentrated. The crude reaction mixture was
purified via silica gel chromatography (0 to 5% (4:1 MeOH:
sat. aq. NH,OH) in DCM). 3-(3-fluoro-4-methoxyphenyl)-
8-(6-methylpyridin-3-yl)-2-((3aS,6aS)-octahydrocyclo-
penta[b]pyrrol-2-yl)-4-oxo-3,4-dihydroquinazoline-6-
carbonitrile (25 mm) obtained as a white solid (1.5:1 d.r., 40
mg, 0.081 mmol, 45% yield). '"H NMR (400 MHz, CDCL,)
3 8.78-8.55 (m, 2H), 7.98 (d, J=10.3 Hz, 1H), 7.86 (t, ]=9.3
Hz, 1H), 7.33-7.25 (m, 1H), 7.06 (ddt, J=37.6, 18.1, 8.8 Hz,
3H), 3.98 (s, 3H), 3.94-3.75 (m, 1H), 3.65-3.42 (m, 1H),
2.66 (s, 3H), 2.51 (d, J=39.2 Hz, 2H), 1.82-1.19 (m, 8H). MS
(ESI) m/z: 497.0 (M+1)*.
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Example 141. Synthesis of (R)-3-(3-fluoro-4-
methoxyphenyl)-8-(6-methylpyridin-3-y1)-2-(2-
methylpyrrolidin-2-yl)-4-oxo-3,4-dihydroquinazo-
line-6-carbonitrile (25nn)

[0650] Prepared as shown in Scheme 8b.
OMe
o]
NC
F

Me

25nn

(R)-3-(fluoro-4-methoxyphenyl)-8-(6-methylpyridin-3-yl)-2-(2-
methylpyrrolidin-2-yl)-4-oxo-3,4-dihydroquinazolin-6-carbonitrile

Synthesis of tert-butyl (R)-2-(8-bromo-6-cyano-3-
(3-fluoro-4-methoxyphenyl)-4-oxo-3,4-dihydroqui-
nazolin-2-yl)-2-methylpyrrolidine-1-carboxylate
(229)

[0651] A microwave vial with stir bar was charged
2-amino-3-bromo-5-cyanobenzoic acid (300 mg, 1.24
mmol, 1 equiv.), (R)-1-(tert-butoxycarbonyl)-2-methylpyr-
rolidine-2-carboxylic acid (371 mg, 1.62 mmol, 1.3 equiv.),
P(OPh), (0.98 mL, 3.72 mmol, 3 equiv.), and pyridine (4.1
mlL). The vial was sealed and heated under microwave
irradiation at 150° C. for 40 min. After 40 min, the reaction
was cooled and 3-fluoro-4-methoxyaniline (201 mg, 1.49
mmol, 1.2 equiv.) was added in one portion. The vial was
sealed and heated under microwave irradiation at 150° C. for
40 min. The reaction was cooled to rt. and diluted with
DCM (20 mL). The reaction mixture was washed with 1N
HCI (20 mL), 1N NaOH (20 mL), and brine (20 mL). The
organic phase was dried over MgSO,, filtered, and concen-
trated. Purified twice by column chromatography (1* col-
umn, 0:1 to 1:19 EtOAc in DCM, 27¢ column, 4:1 to 3:1
hexanes:EtOAc). tert-butyl (R)-2-(8-bromo-6-cyano-3-(3-
fluoro-4-methoxyphenyl)-4-oxo-3,4-dihydroquinazolin-2-
yl)-2-methylpyrrolidine-1-carboxylate (22q) obtained as
~50 mg of material of 50% purity. This material was used as
is in the next reaction.

Synthesis of (R)-3-(3-fluoro-4-methoxyphenyl)-8-
(6-methylpyridin-3-yl)-2-(2-methylpyrrolidin-2-y1)-
4-0x0-3,4-dihydroquinazoline-6-carbonitrile (25nn)

[0652] A microwave vial with stir bar was charged with
22q (50 mg, 0.09 mmol, 1 equiv.), boronic acid (14 mg,
0.099 mmol, 1.1 equiv.), Cs,CO; (59 mg, 0.18 mmol, 2
equiv.), and Pd(PPh;), (10 mg, 0.009 mmol, 0.1 equiv.). A
4:1 mixture of 1,4-dioxane:H,O was added via syringe (1.3
mL). The vial was sealed with a septum and the mixture was
sparged with N, for 15 min. After 15 min, the reaction was
heated to 80° C. for 17 h. After 17 h, the reaction was cooled
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to room temperature and diluted with EtOAc and H,O (2 mL,
each). The layers were shaken and separated. The aqueous
phase was washed twice with EtOAc (2 mL each). The
combined organics were dried over Na,SO,, filtered, and
concentrated. The crude reaction mixture was purified via
silica gel chromatography (3:1 to 1:3 hexanes:EtOAc).
Trace palladium was removed by dissolving the purified
product in DCM (0.2 M) and adding SiliametS Thiol Metal
Scavenger (33 wt %) to the solution. The mixture was heated
to 40° C. for 8 h before being filtered through celite. This
procedure was repeated two more times. Product (15 mg,
0.026 mmol, 1 equiv.) was then added to a vial with stir bar
and dissolved in 4N HCl in 1,4-dioxane (1 mL). The reaction
was allowed to stir at room temperature for 1 hour. The
solvent was removed in vacuo and the crude residue was
dissolved in DCM (5 mL). The residual HCI was quenched
with sat. aq. NaHCO; (5§ mL). The layers were shaken and
separated, and the aqueous phase was washed with DCM
(2x, 5 mL). The combined organics were dried over Na,SO,,
filtered, and concentrated. The crude reaction mixture was
purified via silica gel chromatography (2% to 5% (4:1
MeOH:sat. aq. NH,OH) in DCM). (R)-3-(3-fluoro-4-
methoxyphenyl)-8-(6-methylpyridin-3-yl)-2-(2-methylpyr-
rolidin-2-yl)-4-ox0-3,4-dihydroquinazoline-6-carbonitrile
(25nn) obtained as a light yellow film (9 mg, 0.019 mmol,
22% over 2 steps)'H NMR (400 MHz, CDCl,) § 8.74 (s,
1H), 8.56 (d, J=1.8 Hz, 1H), 8.01-7.96 (m, 1H), 7.89 (dd,
J=8.0, 2.4 Hz, 1H), 7.31 (d, J=8.0 Hz, 1H), 7.17-6.97 (m,
3H), 3.98 (s, 3H), 2.98-2.85 (m, 1H), 2.77 (ddt, J=12.4, 9.9,
7.3 Hz, 1H), 2.66 (s, 3H), 2.23 (ddt, J=35.1, 12.7, 8.1 Hz,
1H), 1.72 (ddtd, J=24.7, 12.6, 7.9, 4.4 Hz, 2H), 1.44 (ddd,
J=12.7,7.7, 4.9 Hz, 1H), 1.32 (s, 3H). MS (ESI) m/z: 470.0
M+1)*.

Example 142. Synthesis of (S)-3-(3-fluoro-4-
methoxyphenyl)-8-(6-methylpyridin-3-yl)-2-(2-
methylpyrrolidin-2-yl)-4-ox0-3,4-dihydroquinazo-
line-6-carbonitrile (2500)

[0653] Prepared as shown in Scheme 8b.
F
OMe
F

2500

(S)-3-(fluoro-4-methoxypheny!)-8-(6-methylpyridin-3-y1)-2-(2-
methylpyrrolidin-@ carbonitrile

® indicates text missing or illegible when filed
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Synthesis of tert-butyl (R)-2-(8-bromo-6-cyano-3-
(3-fluoro-4-methoxyphenyl)-4-ox0-3,4-dihydroqui-
nazolin-2-yl)-2-methylpyrrolidine-1-carboxylate 22r

[0654] A microwave vial with stir bar was charged
2-amino-3-bromo-5-cyanobenzoic acid (300 mg, 1.24
mmol, 1 equiv.), (S)-1-(tert-butoxycarbonyl)-2-methylpyr-
rolidine-2-carboxylic acid (371 mg, 1.62 mmol, 1.3 equiv.),
P(OPh); (0.98 mL, 3.72 mmol, 3 equiv.), and pyridine (4.1
ml). The vial was sealed and heated under microwave
irradiation at 150° C. for 40 min. After 40 min, the reaction
was cooled and 3-fluoro-4-methoxyaniline (201 mg, 1.49
mmol, 1.2 equiv.) was added in one portion. The vial was
sealed and heated under microwave irradiation at 150° C. for
40 min. The reaction was cooled to r.t. and diluted with
DCM (20 mL). The reaction mixture was washed with 1N
HCI (20 mL), 1N NaOH (20 mL), and brine (20 mL). The
organic phase was dried over MgSO,, filtered, and concen-
trated. Purified twice by column chromatography (1% col-
umn, 0:1 to 1:19 EtOAc in DCM, 27¢ column, 4:1 to 3:1
hexanes:EtOAc). tert-butyl (R)-2-(8-bromo-6-cyano-3-(3-
fluoro-4-methoxyphenyl)-4-oxo-3,4-dihydroquinazolin-2-
yl)-2-methylpyrrolidine-1-carboxylate (22r) obtained as 62
mg of material of 50% purity. This material was used as is
in the next reaction.

Synthesis of (S)-3-(3-fluoro-4-methoxyphenyl)-8-
(6-methylpyridin-3-yl)-2-(2-methylpyrrolidin-2-y1)-
4-0x0-3,4-dihydroquinazoline-6-carbonitrile (2500)

[0655] A microwave vial with stir bar was charged with
22r (62 mg, 0.11 mmol, 1 equiv.), boronic acid (17 mg, 0.12
mmol, 1.1 equiv.), Cs,CO; (72 mg, 0.22 mmol, 2 equiv.),
and Pd(PPh;), (13 mg, 0.011 mmol, 0.1 equiv.). A 4:1
mixture of 1,4-dioxane:H,O was added via syringe (1.6
mL). The vial was sealed with a septum and the mixture was
sparged with N, for 15 min. After 15 min, the reaction was
heated to 80° C. for 17 h. After 17 h, the reaction was cooled
to room temperature and diluted with EtOAc and H,O (2 mL.
each). The layers were shaken and separated. The aqueous
phase was washed twice with EtOAc (2 mL each). The
combined organics were dried over Na,SO,, filtered, and
concentrated. The crude reaction mixture was purified via
silica gel chromatography (3:1 to 1:3 hexanes:EtOAc).
Trace palladium was removed by dissolving the purified
product in DCM (0.2 M) and adding SiliametS Thiol Metal
Scavenger (33 wt %) to the solution. The mixture was heated
to 40° C. for 8 h before being filtered through celite. This
procedure was repeated two more times. The product (9 mg,
0.016 mmol, 1 equiv.) was added to a vial with stir bar and
dissolved in 4N HCI in 1,4-dioxane (1 mL). The reaction
was allowed to stir at room temperature for 1 hour. The
solvent was removed in vacuo and the crude residue was
dissolved in DCM (5 mL). The residual HC1 was quenched
with sat. aq. NaHCO, (5 mL). The layers were shaken and
separated, and the aqueous phase was washed with DCM
(2x, 5 mL). The combined organics were dried over Na,SO,,
filtered, and concentrated. The crude reaction mixture was
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purified via silica gel chromatography (0% to 10% MeOH in
DCM). (S)-3-(3-fluoro-4-methoxyphenyl)-8-(6-methylpyri-
din-3-yl1)-2-(2-methylpyrrolidin-2-yl)-4-oxo-3,4-dihydro-
quinazoline-6-carbonitrile (2500) obtained as a light yellow
film (6.5 mg, 0.014 mmol, 13% over 2 steps)'H NMR (400
MHz, CDCl;) o 8.74 (s, 1H), 8.56 (d, J=1.8 Hz, 1H),
8.01-7.96 (m, 1H), 7.89 (dd, J=8.0, 2.4 Hz, 1H), 7.31 (d,
J=8.0 Hz, 1H), 7.17-6.97 (m, 3H), 3.98 (s, 3H), 2.98-2.85
(m, 1H), 2.77 (ddt, J=12.4, 9.9, 7.3 Hz, 1H), 2.66 (s, 3H),
223 (ddt, J=35.1, 12.7, 8.1 Hz, 1H), 1.72 (ddtd, J=24.7,
12.6, 7.9, 4.4 Hz, 2H), 1.44 (ddd, J=12.7, 7.7, 4.9 Hz, 1H),
1.32 (s, 3H). MS (ESI) m/z: 470.0 (M+1)*.

Example 143. Synthesis of 2-(7-azabicyclo[2.2.1]
heptan-2-yl)-3-(3-fluoro-4-methoxypheny!)-8-(6-
methylpyridin-3-yl)-4-o0x0-3,4-dihydroquinazoline-
6-carbonitrile (25pp)

[0656] Prepared as shown in Scheme 8b.
F OMe
(6]
NC H
N N
f]“%b
N
H
= |
N N
Me
25pp

2-(7-azabicyclo[2.2.1]heptan-2-yl)-3-(3-fluoro @
dihydroquinazoline-6-carbonitrile

® indicates text missing or illegible when filed

Synthesis of rac-tert-butyl 2-(8-bromo-6-cyano-3-
(3-fluoro-4-methoxyphenyl)-4-oxo-3,4-dihydroqui-
nazolin-2-yl)-7-azabicyclo[2.2.1]heptane-7-carboxy-
late (22s)

[0657] A microwave vial with stir bar was charged
2-amino-3-bromo-5-cyanobenzoic acid (300 mg, 1.24
mmol, 1 equiv.), rac-7-(tert-butoxycarbonyl)-7-azabicyclo
[2.2.1]heptane-2-carboxylic acid (390 mg, 1.62 mmol, 1.3
equiv.), P(OPh); (0.98 mL, 3.72 mmol, 3 equiv.), and
pyridine (4.1 mL). The vial was sealed and heated under
microwave irradiation at 130° C. for 40 min. After 40 min,
the reaction was cooled and 3-fluoro-4-methoxyaniline (201
mg, 1.49 mmol, 1.2 equiv.) was added in one portion. The
vial was sealed and heated under microwave irradiation at
110° C. for 40 min. The reaction was cooled to rt. and
diluted with DCM (20 mL). The reaction mixture was
washed with 1IN HCI (20 mL), 1N NaOH (20 mL), and brine
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(20 mL). The organic phase was dried over MgSO,, filtered,
and concentrated. Purified twice by column chromatography
(1 column, 0:1 to 1:19 EtOAc in DCM, 2"¢ column, 3:1 to
1:1 hexanes:FtOAc). rac-tert-butyl 2-(8-bromo-6-cyano-3-
(3-fluoro-4-methoxyphenyl)-4-oxo-3,4-dihydroquinazolin-
2-yl)-7-azabicyclo[2.2.1]heptane-7-carboxylate (22s)
obtained as a yellow oil (46 mg, 0.081 mmol, 7% yield).
(Mixture of rotamers)'H NMR (400 MHz, CDCl,) 8 8.50 (s,
1H), 8.20 (s, 1H), 7.37-7.28 (m, 1H), 7.19-7.09 (m, 1H),
7.00-6.90 (m, 1H), 4.48-4.32 (m, 2H), 3.99 (d, J=3.3 Hz,
3H), 2.86 (p, J=6.0, 5.5 Hz, 2H), 1.83-1.52 (m, 5H), 1.39-
1.27 (m, 9H).

Synthesis of 2-(7-azabicyclo[2.2.1]heptan-2-y1)-3-
(3-fluoro-4-methoxyphenyl)-8-(6-methylpyridin-3-
y1)-4-0x0-3,4-dihydroquinazoline-6-carbonitrile
(25pp)
[0658] A microwave vial with stir bar was charged with
22s (46 mg, 0.081 mmol, 1 equiv.), boronic acid (12 mg,
0.089 mmol, 1.1 equiv.), Cs,CO; (53 mg, 0.16 mmol, 2
equiv.), and Pd(PPh;), (9 mg, 0.0081 mmol, 0.1 equiv.). A
4:1 mixture of 1,4-dioxane:H,O was added via syringe (1.2
mL). The vial was sealed with a septum and the mixture was
sparged with N, for 15 min. After 15 min, the reaction was
heated to 80° C. for 17 h. After 17 h, the reaction was cooled
to room temperature and diluted with EtOAc and H,O (10
ml each). The layers were shaken and separated. The
aqueous phase was washed twice with EtOAc (10 mL each).
The combined organics were dried over Na,SO,, filtered,
and concentrated. The crude reaction mixture was purified
via silica gel chromatography (3:1 to 1:9 hexanes:EtOAc).
Trace palladium was removed by dissolving the purified
product in DCM (0.2 M) and adding SiliametS Thiol Metal
Scavenger (33 wt %) to the solution. The mixture was heated
to 40° C. for 8 h before being filtered through celite. This
procedure was repeated two more times. tert-butyl 2-(6-
cyano-3-(3-fluoro-4-methoxyphenyl)-8-(6-methylpyridin-
3-yl)-4-0x0-3,4-dihydroquinazolin-2-yl)-7-azabicyclo[2.2.
1]heptane-7-carboxylate obtained as a mixture of desired
product and triphenylphosphine oxide (TPPO) which was
used without further purification. This product was added to
a vial with stir bar and dissolved in 4N HCl in 1,4-dioxane
(1 mL). The reaction was allowed to stir at room temperature
for 1 hour. The solvent was removed in vacuo and the crude
residue was dissolved in DCM (5 mL). The residual HCI was
quenched with sat. aq. NaHCO; (5§ mL). The layers were
shaken and separated, and the aqueous phase was washed
with DCM (2x, 5 mL). The combined organics were dried
over Na,SO,, filtered, and concentrated. The crude reaction
mixture was purified via silica gel chromatography (0 to 5%
(4:1 MeOH:sat. ag. NH,OH) in DCM). 2-(7-azabicyclo[2.
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2.1]heptan-2-yl)-3-(3-fluoro-4-methoxyphenyl)-8-(6-meth-
ylpyridin-3-yl)-4-o0x0-3,4-dihydroquinazoline-6-carboni-
trile 25pp (18 mg, 0.037 mmol, 46% yield over 2 steps) was
obtained as an off-white solid. "H NMR (400 MHz, CDCl,)
d 8.70 (d, J=2.0 Hz, 1H), 8.58 (d, J=1.4 Hz, 1H), 7.96 (d,
J=1.9 Hz, 1H), 7.85 (dt, J=8.0, 2.7 Hz, 1H), 7.33 (d, J=8.1
Hz, 1H), 7.15 (q, J=8.5 Hz, 1H), 7.09-6.90 (m, 2H), 3.99 (s,
3H), 3.80-3.58 (m, 2H), 2.99 (brs, 1H), 2.71-2.56 (m, 4H),
1.93-1.76 (m, 1H), 1.64 (m, 3H), 0.94 (m, 2H). MS (ESI)
m/z: 483.0 (M+1)*.

Example 144. Synthesis of (R)-3-(3-fluoro-4-(2-
methoxyethoxy)phenyl)-8-(6-methylpyridin-3-yl)-4-
ox0-2-(pyrrolidin-2-yl)-3,4-dihydroquinazoline-6-
carbonitrile (25qq)

[0659] Prepared as shown in Scheme 8b.

F OMe

F

25qq

(R)-3-(-3-fluoro-4-(2- (&
dihydroquinazoline-6-carbonitrile

® indicates text missing or illegible when filed

[0660] The BOC-protected penultimate intermediate (218
mg, 0.364 mmol), was deprotected in CH,Cl, (6.0 mL) and
trifluoroacetic acid (835 plL, 10.9 mmol). The reaction was
monitored on thin-layer chromatography. After completion
of the reaction, the crude mixture was concentrated in vacuo.
Aqueous NaHCO; (sat.) was added, and the aqueous layer
was extracted with CH,Cl, (3 times). The organic layer was

washed with aqueous solution of Na,CO; (sat.) and brine,
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and dried over Na,SO,. After concentrating, the crude
mixture was purified by CombiFlash (MeOH:CH,Cl,=5:
100) yielded 25qq (90.2 mg, 50%) as a white solid (LC/MS
purity=99.6%). 'H NMR (400 MHz, CDCl,): 8=8.74 (d,
J=2.0 Hz, 1H), 8.59 (d, J=1.6 Hz, 1H), 7.98 (d, J=1.8 Hz,
1H), 7.85 (dd, J=8.0, 2.2 Hz, 1H), 7.30 (d, J=8.0 Hz, 1H),
7.16 (t, J=8.8 Hz, 1H), 7.11-6.95 (m, 2H), 4.32-4.23 (m, 2H),
3.92-3.87 (m, 1H), 3.86-3.78 (m, 2H), 3.48 (s, 3H), 3.15-2.
96 (m, 1H), 2.78-2.70 (m, 1H), 2.67 (s, 3H), 2.33 (brs, 1H),
1.83-1.65 (m, 4H).

Example 145. Synthesis of 3-(4-(Dimethylamino)-

3-fluorophenyl)-8-(6-methylpyridin-3-yl)-4-oxo0-2-

(pyrrolidin-2-y1)-3,4-dihydroquinazoline-6-carboni-
trile (25rr)

[0661] Prepared as shown in Scheme 8b.

3-(4-(dimethylamino)-3-fluorophenyl)-8-(6-methlypyridin-3-
yl)-4-ox0-2-(pyrrolidin-2-yl)-3,4-dihydroquinazoline-6-
carbonitrile

[0662]
mg, 0.230 mmol) was deprotected in CH,Cl, (4.0 mL) and
trifluoroacetic acid (528 plL, 6.90 mmol). The reaction was

The BOC-protected penultimate intermediate (131

monitored on thin-layer chromatography. After completion
of the reaction, the crude mixture was concentrated in vacuo.
Aqueous NaHCO; (sat.) was added, and the aqueous layer
was extracted with CH,Cl, (3 times). The organic layer was
washed with aqueous solution of Na,CO; (sat.) and brine,
and dried over Na,SO,. After concentrating, the crude
mixture was purified by CombiFlash (MeOH:CH,Cl,=5:
100) yielded 25rr (29.3 mg, 27%) as a white solid (LC/MS
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purity=98.0%). 'H NMR (400 MHz, CDCl,): 5=8.74 (d,
J=2.0 Hz, 1H), 8.60 (d, J=1.9 Hz, 1H), 7.97 (d, J=1.9 Hz,
1H), 7.85 (dd, J=8.0, 2.3 Hz, 1H), 7.30 (d, J=8.0 Hz, 1H),
7.01-6.83 (m, 3H), 3.93 (q, J=7.0, 6.5 Hz, 1H), 3.15-3.05 (m,
1H), 2.97 (s, 6H), 2.87-2.70 (m, 1H), 2.67 (s, 3H), 2.38 (brs,
1H), 1.89-1.64 (m, 4H).
Example 146. Synthesis of 3-(3-Fluoro-4-mor-
pholinophenyl)-8-(6-methylpyridin-3-yl)-4-oxo-2-

(pyrrolidin-2-yl)-3,4-dihydroquinazoline-6-carboni-
trile (25ss)

[0663] Prepared as shown in Scheme 8b.

e

Z
N

Me

25tt

3-(3-fluoro-4-morpholinophenyl)-8-(6-methylpyridin-3-yl)-4-oxo-2-
(pyrrolidin-2-yl)-3,4-dihydroquinazoline-6-carbonitrile

[0664] The BOC-protected penultimate intermediate (276
mg, 0.452 mmol) was deprotected in CH,Cl, (8.0 mL) and
trifluoroacetic acid (1.04 mL, 13.6 mmol). The reaction was
monitored on thin-layer chromatography. After completion
of the reaction, the crude mixture was concentrated in vacuo.
Aqueous NaHCO; (sat.) was added, and the aqueous layer
was extracted with CH,Cl, (3 times). The organic layer was
washed with aqueous solution of Na,CO; (sat.) and brine,
and dried over Na,SO,. After concentrating, the crude
mixture was purified by CombiFlash (MeOH:CH,Cl,=5:
100) yielded 25ss (144 mg, 62%) as a white solid (LC/MS
purity=98.8%). '"H NMR (400 MHz, CDCl,): 8=8.74 (d,
J=1.9 Hz, 1H), 8.60 (d, J=1.9 Hz, 1H), 7.98 (d, J=1.4 Hz,
1H), 7.85 (dd, J=8.0, 2.3 Hz, 1H), 7.30 (d, J=8.0 Hz, 1H),
7.13-6.88 (m, 3H), 3.93-3.86 (m, 5H), 3.27-3.23 (m, 2H),
3.21-3.12 (m, 2H), 3.11-3.05 (m, 1H), 2.78-2.72 (m, 1H),
2.67 (s, 3H), 2.40 (brs, 1H), 1.83-1.67 (m, 4H).
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Example 147. Synthesis of 3-(3-Fluoro-4-methoxy-
phenyl)-8-(4-methoxyphenyl)-4-oxo-2-(pyrrolidin-2-
y1)-3,4-dihydroquinazoline-6-carbonitrile (25tt)

[0665] Prepared as shown in Scheme 8b.

OMe
(e}

NC

N F
Z
N

OMe
25tt

3-(3-fluoro-4-methoxyphenyl)-8-(4-methoxyphenyl)-4-oxo-2-(pyrrolidin-2-
y1)-3,4-dihydroquinazoline-6-carbonitrile

[0666] The BOC-protected penultimate intermediate (100
mg, 0.175 mmol) was deprotected in CH,Cl, (3.0 mL) and
trifluoroacetic acid (268 pL, 3.50 mmol). The reaction was
monitored on thin-layer chromatography. After completion
of the reaction, the crude mixture was concentrated in vacuo.
Aqueous NaHCO; (sat.) was added, and the aqueous layer
was extracted with CH,Cl, (3 times). The organic layer was
washed with aqueous solution of Na,CO; (sat.) and brine,
and dried over Na,SO,. After concentrating, the crude
mixture was purified by CombiFlash (MeOH:CH,Cl,=5:
100) yielded 25tt (92.6 mg, 99%) as a pale yellow solid
(LC/MS purity=99.6%). "H NMR (400 MHz, CDCL,): 3=8.
54 (d, J=1.8 Hz, 1H), 7.97 (d, J=2.2 Hz, 1H), 7.57 (d, I=8.6
Hz, 2H), 7.17-7.09 (m, 1H), 7.09-6.97 (m, 4H), 3.98 (s, 3H),
3.95-3.87 (m, 1H), 3.90 (s, 3H), 3.11-3.06 (m, 1H), 2.93
(brs, 1H), 2.79-2.69 (m, 1H), 1.86-1.59 (m, 4H).

Example 148. Synthesis of 3-(3-Fluoro-4-methoxy-

phenyl)-8-(3-methoxyphenyl)-4-oxo-2-(pyrrolidin-2-

y1)-3,4-dihydroquinazoline-6-carbonitrile (25uu)

[0667] Prepared as shown in Scheme 8b.
F
OMe
0
NC
O N
P
N
l HN.
MeO
25uu

3-(3-fluoro-4-methoxyphenyl)-8-(3-methoxyphenyl)-4-oxo-2-(pyrrolidin-
2-yl)-3,4-dihydroquinazoline-6-carbonitrile
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[0668] The BOC-protected penultimate intermediate (166
mg, 0.291 mmol) was deprotected in CH,Cl, (5.0 mL) and
trifluoroacetic acid (668 pl, 8.73 mmol). The reaction was
monitored on thin-layer chromatography. After completion
of the reaction, the crude mixture was concentrated in vacuo.
Aqueous NaHCO; (sat.) was added, and the aqueous layer
was extracted with CH,Cl, (3 times). The organic layer was
washed with aqueous solution of Na,CO; (sat.) and brine,
and dried over Na,SO,. After concentrating, the crude
mixture was purified by CombiFlash (MeOH:CH,Cl,=5:
100) yielded 25uu (109 mg, 80%) as a white solid (LC/MS
purity=98.6%). '"H NMR (400 MHz, CDCl,): 6=8.57 (d,
J=2.0 Hz, 1H), 8.00 (d, J=2.2 Hz, 1H), 7.40 (t, J=7.9 Hz,
1H), 7.19-7.14 (m, 2H), 7.14-7.09 (m, 1H), 7.08-7.05 (m,
1H), 7.03-7.01 (m, 1H), 7.01-6.97 (m, 1H), 3.98 (s, 3H),
3.95-3.88 (m, 1H), 3.87 (s, 3H), 3.61 (brs, 1H), 3.12-2.95
(m, 1H), 2.89-2.63 (m, 1H), 1.86-1.62 (m, 4H).

Example 149. Synthesis of 3,8-Bis(3-fluoro-4-
methoxyphenyl)-4-oxo-2-(pyrrolidin-2-y1)-3,4-dihy-
droquinazoline-6-carbonitrile (25vv)

[0669] Prepared as shown in Scheme 8b.
F
OMe
@]
NC
O N
P
N
I HN.
F
OMe
25vv

3,8-bis(3-fluoro-4-methoxyphenyl)-4-oxo-2-(pyrrolidin-2-yl)-3,4-
dihydroquinazoline-6-carbonitrile

[0670] The BOC-protected penultimate intermediate (153
mg, 0.260 mmol) was deprotected in CH,Cl, (4.3 mL) and
trifluoroacetic acid (597 pL, 7.80 mmol). The reaction was
monitored on thin-layer chromatography. After completion
of the reaction, the crude mixture was concentrated in vacuo.
Aqueous NaHCO; (sat.) was added, and the aqueous layer
was extracted with CH,Cl, (3 times). The organic layer was

washed with aqueous solution of Na,CO; (sat.) and brine,
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and dried over Na,SO,. After concentrating, the crude
mixture was purified by CombiFlash (MeOH:CH,Cl,=5:
100) yielded 25vv (71.4 mg, 56%) as a white solid (LC/MS
purity=99.6%). '"H NMR (400 MHz, CDCl,): 6=8.55 (d,
J=2.1 Hz, 1H), 7.97-7.96 (m, 1H), 7.47 (d, J=12.4 Hz, 1H),
7.32 (d, J=8.4 Hz, 1H), 7.15-7.11 (m, 1H), 7.10-7.08 (m,
1H), 7.08-7.05 (m, 1H), 7.04-6.98 (m, 1H), 3.98 (s, 3H),
3.98 (s, 3H), 3.96-3.88 (m, 1H), 3.17-3.05 (m, 1H), 2.85-2.
73 (m, 1H), 2.59 (brs, 1H), 1.87-1.67 (m, 4H).

Example 150. Synthesis of 3-(3-Fluoro-4-methoxy-
phenyl)-8-(1-methyl-1H-indol-3-yl)-4-oxo0-2-(pyrro-
lidin-2-y1)-3,4-dihydroquinazoline-6-carbonitrile
(25ww)

[0671] Prepared as shown in Scheme 8b.

OMe

25ww

3-(3-fluoro-4-methoxypheny!)-8-(1-methyl-1H-indol-3-yl)-4-ox0-2-
(pyrrolidin-2-yl)-3,4-dihydroquinazoline-6-carbonitrile

[0672] The BOC-protected penultimate intermediate (140
mg, 0.236 mmol) was deprotected in CH,Cl, (4.0 mL) and
trifluoroacetic acid (542 pl, 7.08 mmol). The reaction was
monitored on thin-layer chromatography. After completion
of the reaction, the crude mixture was concentrated in vacuo.
Aqueous NaHCO; (sat.) was added, and the aqueous layer
was extracted with CH,Cl, (3 times). The organic layer was
washed with aqueous solution of Na,COj; (sat.) and brine,
and dried over Na,SO,. After concentrating, the crude
mixture was purified by CombiFlash gave 25ww (83.3 mg,
72%) as a pale yellow (LC/MS purity=99.1%). '"H NMR
(400 MHz, CDCl,): =8.47 (d, J=1.4 Hz, 1H), 8.22 (d, J=1.9
Hz, 1H),7.77 (d,J=7.9 Hz, 1H), 7.61 (d, J=2.4 Hz, 1H), 7.43
(d, J=8.2 Hz, 1H), 7.33 (t, J=7.2 Hz, 1H), 7.23 (t, J=7.3 Hz,
1H), 7.16-6.98 (m, 3H), 3.98 (s, 3H), 3.92 (s, 3H), 3.91-3.84
(m, 1H), 3.05-2.94 (m, 1H), 2.59 (brs, 1H), 2.74-2.62 (m,
1H), 1.86-1.57 (m, 4H).
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Example 151. Synthesis of 3-(3-Fluoro-4-methoxy-
phenyl)-4-oxo-2-(pyrrolidin-2-y1)-8-(4-(trifluo-
romethoxy)phenyl)-3,4-dihydroquinazoline-6-carbo-
nitrile (25xx)

[0673] Prepared as shown in Scheme 8b.
OMe
0
NC
O N F
=
N
O .
OCF3
25%x

3-(3-fluoro-4-methoxyphenyl)-4-oxo-2-(pyrrolidin-2-yl1)-8-(4-
(trifluoromethoxy)phenyl)-3,4-6-carbonitrile

[0674] The BOC-protected penultimate intermediate (52.8
mg, 0.0845 mmol) was deprotected in CH,Cl, (1.4 mL) and
trifluoroacetic acid (195 pl, 2.54 mmol). The reaction was
monitored on thin-layer chromatography. After completion
of the reaction, the crude mixture was concentrated in vacuo.
Aqueous NaHCO; (sat.) was added, and the aqueous layer
was extracted with CH,Cl, (3 times). The organic layer was
washed with aqueous solution of Na,CO; (sat.) and brine,
and dried over Na,SO,. After concentrating, the crude
mixture was purified by CombiFlash gave 25xx (36.2 mg,
82%) as a pale yellow solid (LC/MS purity=97.6%).
[0675] 'HNMR (400 MHz, CDCl,): 5=8.58 (d, J=1.8 Hz,
1H), 7.97 (d, J=1.8 Hz, 1H), 7.64 (d, J=8.7 Hz, 2H), 7.35 (d,
J=8.3 Hz, 2H), 7.15-7.10 (m, 1H), 7.09-7.00 (m, 2H), 3.98
(s, 3H), 3.93-3.83 (m, 1H), 3.08-2.96 (m, 1H), 2.78-2.69 (m,
1H), 2.68 (brs, 1H), 1.88-1.63 (m, 4H).

Example 152. Synthesis of 8-(3,4-Dimethoxyphe-
nyl)-3-(3-fluoro-4-methoxyphenyl)-4-oxo-2-(pyrroli-
din-2-yl)-3,4-dihydroquinazoline-6-carbonitrile
(25yy)

[0676] Prepared as shown in Scheme 8b.
OMe
@]
NC
O N F
P
N
O
MeO'
OMe
25yy

8-(3 4-fluoro-dimethoxyphenyl)-3-oxo-2-(pyrrolidin-2-yl)-3,4-
dihydroquinazoline-6-carbonitrile
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[0677] The BOC-protected penultimate intermediate (67.6
mg, 0.113 mmol) was deprotected in CH,Cl, (1.9 mL) and
trifluoroacetic acid (260 pL, 3.39 mmol). The reaction was
monitored on thin-layer chromatography. After completion
of the reaction, the crude mixture was concentrated in vacuo.
Aqueous NaHCO; (sat.) was added, and the aqueous layer
was extracted with CH,Cl, (3 times). The organic layer was
washed with aqueous solution of Na,CO; (sat.) and brine,
and dried over Na,SO,. After concentrating, the crude
mixture was purified by CombiFlash gave 25yy (19.4 mg,
34%) as a pale yellow solid (LC/MS purity=99.1%).

[0678] 'H NMR (400 MHz, CDCl,): =8.51 (s, 1H), 7.97
(s, 1H), 7.23 (s, 1H), 7.16 (d, I=7.9 Hz, 1H), 7.13 (s, 1H),
7.10 (d, J=10.5 Hz, 1H), 7.05 (d, J=10.5 Hz, 1H), 7.00 (d,
1=7.9 Hz, 1H), 3.98 (s, 6H), 3.95 (s, 3H), 3.91-3.81 (m, 1H),
3.13-3.04 (m, 1H), 2.81 (brs, 1H), 2.77-2.65 (m, 1H),
1.88-1.54 (m, 4H).

Example 153. Synthesis of 3-(3-Fluoro-4-methoxy-
phenyl)-8-(4-morpholinophenyl)-4-oxo-2-(pyrroli-
din-2-yl)-3,4-dihydroquinazoline-6-carbonitrile
(25zz)

[0679] Prepared as shown in Scheme 8b.

OMe

O HN
[Nj
O
3-(3-fluoro-4-methoxypheny!)-8-(morpholinophenyl)-4-oxo-2-
(pyrrolidin-2-yl)-3,4-dihydroquinazoline-6-carbonitrile

257z

[0680] The BOC-protected penultimate intermediate (107
mg, 0.171 mmol) was deprotected in CH,Cl, (5.0 mL) and
trifluoroacetic acid (393 uL, 5.13 mmol). The reaction was
monitored on thin-layer chromatography. After completion
of the reaction, the crude mixture was concentrated in vacuo.
Aqueous NaHCOj (sat.) was added, and the aqueous layer
was extracted with CH,Cl, (3 times). The organic layer was
washed with aqueous solution of Na,COj; (sat.) and brine,
and dried over Na,SO,. After concentrating, the crude
mixture was purified by CombiFlash gave 25zz (24.0 mg,
28%) as a yellow solid (LC/MS purity=99.7%).

[0681] 'HNMR (400 MHz, CDCL,): $=8.51 (d, J=2.0 Hz,
1H), 7.97 (d, J=2.0 Hz, 1H), 7.59 (d, J=8.8 Hz, 2H),
7.14-7.10 (m, 1H), 7.09-7.06 (m, 1H), 7.05-7.04 (m, 1H),
7.01 (d, J=8.8 Hz, 2H), 3.98 (s, 3H), 3.92-3.90 (m, 4H),
3.89-3.85 (m, 1H), 3.29-3.27 (m, 4H), 3.13-3.09 (m, 1H),
2.77-2.73 (m, 1H), 1.77-1.68 (m, 4H).
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Example 154. Synthesis of 3-(3-Fluoro-4-methoxy-
phenyl)-8-(4-(2-methoxyethoxy)phenyl)-4-oxo-2-
(pyrrolidin-2-yl)-3,4-dihydroquinazoline-6-carboni-
trile (25aaa)

[0682] Prepared as shown in Scheme 8b.

OMe

O )
0
N NoMe

25aaa

3-(3-fluoro-4-methoxyphenyl)-8-(4-(2-methoxy)phenyl)-4-oxo-2-
(pyrrolidin-2-yl)-3,4-dihydroquinazoline-6-carbonitrile

[0683] The BOC-protected penultimate intermediate (80.8
mg, 0.131 mmol) was deprotected in CH,Cl, (5.0 mL) and
trifluoroacetic acid (301 pL, 3.93 mmol). The reaction was
monitored on thin-layer chromatography. After completion
of the reaction, the crude mixture was concentrated in vacuo.
Aqueous NaHCOj; (sat.) was added, and the aqueous layer
was extracted with CH,Cl, (3 times). The organic layer was
washed with aqueous solution of Na,CO; (sat.) and brine,
and dried over Na,SO,. After concentrating, the crude
mixture was purified by CombiFlash gave 25aaa (45.5 mg,
67%) as a white solid (LC/MS purity=97.7%). 'H NMR
(400 MHz, CDCL,): 8=8.51 (s, 1H), 7.95 (s, 1H), 7.56 (d,
J=8.4 Hz, 2H), 7.15-7.10 (m, 1H), 7.09-7.06 (m, 1H),
7.05-7.04 (m, 2H), 7.03-6.97 (m, 1H), 4.22-4.21 (m, 2H),
3.97 (s, 3H), 3.89 (dd, J=5.6 Hz, 5.3 Hz, 1H), 3.82-3.80 (m,
2H), 3.49 (s, 3H), 3.10-3.07 (m, 1H), 2.79 (brs, 1H),
2.76-2.71 (m, 1H), 1.77-1.67 (m, 4H).

Example 155. Synthesis of 3-(3,5-Difluoro-4-
methoxyphenyl)-8-(2-methylpyridin-4-yl)-4-oxo0-2-
(pyrrolidin-2-yl)-3,4-dihydroquinazoline-6-carboni-

trile (25bbb)

[0684] Prepared as shown in Scheme 8b.
F
OMe
(6]
NC
N F
F
N
HN.
F
A
Me N
25bbb

3-(3,5-difluoro-4-methoxyphenyl)-8-(2-methylpyridin-4-yl)-4-oxo-2-
(pyrrolidin-2-yl)-3,4-dihydroquinazoline-6-carbonitrile
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[0685] The BOC-protected penultimate intermediate (192
mg, 0.325 mmol) was deprotected in CH,Cl, (5.4 mL) and
trifluoroacetic acid (773 pL, 10.1 mmol). The reaction was
monitored on thin-layer chromatography. After completion
of the reaction, the crude mixture was concentrated in vacuo.
Aqueous NaHCO; (sat.) was added, and the aqueous layer
was extracted with CH,Cl, (3 times). The organic layer was
washed with aqueous solution of Na,CO; (sat.) and brine,
and dried over Na,SO,. After concentrating, the crude
mixture was purified by CombiFlash gave 25bbb (121 mg,
76%) as a white solid (LC/MS purity=99.9%). ‘H NMR
(400 MHz, CDCL,): =8.63 (d, 1=5.2 Hz, 1H), 8.61 (d, I=1.7
Hz, 1H), 8.01 (s, 1H), 7.41 (s, 1H), 7.34 (d, J=5.1 Hz, 1H),
6.94 (d, J=10.3 Hz, 1H), 6.87 (d, J=10.3 Hz, 1H), 4.12 (s,
3H), 3.89 (t, J=6.7 Hz, 1H), 3.08-3.03 (m, 1H), 2.82-2.75
(m, 1H), 2.67 (s, 3H), 2.44 (brs, 1H), 1.86-1.72 (m, 4H).

Example 156. Synthesis of 3-(3,5-Difluoro-4-
methoxyphenyl)-2-((4S)-4-fluoropyrrolidin-2-yl)-8-
(2-methylpyridin-4-yl)-4-oxo-3,4-dihydroquinazo-

line-6-carbonitrile (25ccc)

[0686] Prepared as shown in Scheme 8b.
F
OMe
O
NC
N F
=
N o
HN
s
Me \N 25¢cce

3-(3,5-difluoro-4-methoxypheny!)-2-((4S)-4-fluoropyrrolidin-2-yl1)-8-(2-
methylpyridin-4-yl)-4-oxo-3,4-dihydroquinazoline-6-carbonitrile

[0687] The BOC-protected penultimate intermediate (47.4
mg, 0.0801 mmol) was deprotected in CH,Cl, (1.4 mL) and
trifluoroacetic acid (84 pl, 2.40 mmol). The reaction was
monitored on thin-layer chromatography. After completion
of the reaction, the crude mixture was concentrated in vacuo.
Aqueous NaHCO; (sat.) was added, and the aqueous layer
was extracted with CH,Cl, (3 times). The organic layer was
washed with aqueous solution of Na,COj; (sat.) and brine,
and dried over Na,SO,. After concentrating, the crude
mixture was purified by CombiFlash gave 25ccc (31.9 mg,
81%) as a white solid (LC/MS purity=99.9%). 'H NMR
(400 MHz, CDCl,): 6=8.72-8.50 (m, 2H), 8.00 (s, 1H), 7.36
(s, 1H), 7.30 (d, J=3.9 Hz, 1H), 7.05 (d, J=10.3 Hz, 1H), 6.86
(d, J=10.0 Hz, 1H), 5.18 (d, J=54.2 Hz, 1H), 4.20 (t, I=7.2
Hz, 1H), 4.13 (s, 3H), 3.18-2.84 (m, 2H), 2.66 (s, 3H), 2.36
(brs, 1H), 2.46-2.22 (m, 1H), 2.20-2.04 (m, 1H).
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Example 157. Synthesis of N-(4-(6-Cyano-3-(3-
fluoro-4-methoxyphenyl)-4-oxo-2-(pyrrolidin-2-yl)-
3,4-dihydroquinazolin-8-yl)phenyl)methanesulfona-

mide (25ddd)

[0688] Prepared as shown in Scheme 8b.
OMe
0
NC
O N F
P
N
‘ .
I
NH
O=T/
Me 25ddd

N-(4-(6-cyano-3-(3-fluoro-4-methoxyphenyl)-4-oxo-2-(pyrrolidin-2-yl)-
3 ,4-dihydroquinazolin-8-yl)phenyl)methanesulfonamide

[0689] The BOC-protected penultimate intermediate (41.3
mg, 0.0652 mmol) was deprotected in CH,Cl, (0.6 mL) and
trifluoroacetic acid (150 pL, 1.96 mmol). The reaction was
monitored on thin-layer chromatography. After completion
of the reaction, the crude mixture was concentrated in vacuo.
Aqueous NaHCO; (sat.) was added, and the aqueous layer
was extracted with CH,Cl, (3 times). The organic layer was
washed with aqueous solution of Na,CO; (sat.) and brine,
and dried over Na,SO,. After concentrating, the crude
mixture was purified by CombiFlash gave 25ddd g22.8 mg,
65%) as a white solid (LC/MS purity=97.6%). "H NMR
(400 MHz, CDCl,): 6=8.48 (d, J=1.7 Hz, 1H), 8.26 (d, J=1.7
Hz, 1H), 7.72 (d, J=8.7 Hz, 2H), 7.49 (d, J=11.9 Hz, 1H),
7.38-7.29 (m, 4H),3.93 (s, 3H), 3.78 (dd, J=7.6, 7.5 Hz, 1H),
3.06 (s, 3H), 2.92-2.86 (m, 1H), 2.65-2.59 (m, 1H), 1.97-1.
85 (m, 1H), 1.62-1.60 (m, 1H), 1.58-1.50 (m, 2H).
Example 158. Synthesis of 3-(3-Fluoro-4-methoxy-
pheny!)-8-(4-hydroxyphenyl)-4-oxo-2-(pyrrolidin-2-
y1)-3,4-dihydroquinazoline-6-carbonitrile (25eee)

[0690] Prepared as shown in Scheme 8b.

OMe

NC

HN

O F
N

OH 25eee

3-(3-fluoro-4-methoxyphenyl)-8-(4-hydroxyphenyl)-4-oxo-2-(pyrrolidin-2-
y1)-3,4-dihydroquinazoline-6-carbonitrile
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[0691] The BOC-protected penultimate intermediate (42.7
mg, 0.0767 mmol) was deprotected in CH,Cl, (0.8 mL) and
trifluoroacetic acid (176 pL, 2.30 mmol). The reaction was
monitored on thin-layer chromatography. After completion
of the reaction, the crude mixture was concentrated in vacuo.
Aqueous NaHCO; (sat.) was added, and the aqueous layer
was extracted with CH,Cl, (3 times). The organic layer was
washed with aqueous solution of Na,CO; (sat.) and brine,
and dried over Na,SO,. After concentrating, the crude
mixture was purified by CombiFlash gave 25eee (23.9 mg,
68%) as a yellow solid (LC/MS purity=99.7%). 'H NMR
(400 MHz, CDCl,): =9.73 (brs, 1H), 8.42-8.41 (m, 1H),
8.19-8.17 (m, 1H), 7.59 (d, J=8.6 Hz, 2H), 7.49 (dt, J=11.7,
2.3 Hz, 1H), 7.38-7.32 (m, 1H), 7.31-7.28 (m, 1H), 6.88 (d,
J=8.6 Hz, 2H), 3.94 (s, 3H), 3.81-3.75 (m, 1H), 2.96-2.90
(m, 1H), 2.66-2.59 (m, 1H), 1.94-1.87 (m, 1H), 1.68-1.61
(m, 1H), 1.60-1.53 (m, 2H).

Example 159. Synthesis of 3-(3,5-Difluoro-4-
methoxyphenyl)-8-(2,6-dimethylpyridin-4-y1)-4-
0x0-2-(pyrrolidin-2-yl)-3,4-dihydroquinazoline-6-
carbonitrile (25fff)

[0692] Prepared as shown in Scheme 8b.
F
OMe
(6]
NC
N F
Va
N
HN:
F
x
Me N Me 25ftf

3-(3,5-difluoro-4-methoxyphenyl)-8-(2,6-dimethylpyridin-4-yl)-4-oxo-2-
(pyrrolidin-2-yl)-3,4-dihydroquinazoline-6-carbonitrile

[0693] The BOC-protected penultimate intermediate (53.1
mg, 0.0904 mmol) was deprotected in CH,Cl, (1.0 mL) and
trifluoroacetic acid (208 pl, 2.71 mmol). The reaction was
monitored on thin-layer chromatography. After completion
of the reaction, the crude mixture was concentrated in vacuo.
Aqueous NaHCO; (sat.) was added, and the aqueous layer
was extracted with CH,CI, (3 times). The organic layer was
washed with aqueous solution of Na,CO; (sat.) and brine,
and dried over Na,SO,. After concentrating, the crude
mixture was purified by CombiFlash gave 25fff (31.9 mg,
72%) as a white solid (LC/MS purity=98.2%). 'H NMR
(400 MHz, CDCl,): 6=8.60 (d, J=1.8 Hz, 1H), 8.01 (d, I=1.8
Hz, 1H), 7.22 (s, 2H), 6.94 (d, J=10.3 Hz, 1H), 6.87 (d,
J=10.3 Hz, 1H), 4.12 (s, 3H), 3.90 (t, I=6.7 Hz, 1H), 3.06 (dt,
1=11.4, 6.0 Hz, 1H), 2.79 (dt, J=10.7, 6.4 Hz, 1H), 2.63 (s,
6H), 2.543 (brs), 1.79 (m, 4H).
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Example 160. Synthesis of 3-(3,5-Difluoro-4-
methoxyphenyl)-8-(2,6-dimethylpyridin-4-yl1)-2-
((4S)-4-fluoropyrrolidin-2-y1)-4-ox0-3,4-dihydroqui-
nazoline-6-carbonitrile (25ggg)

[0694] Prepared as shown in Scheme 8b.
F
OMe
(6]
NC
N F
>
N
<l F
HN
Z
A
Me N Me 25ggg

3-(3,5-difluoro-4-methoxyphenyl)-8-(2,6-dimethylpyridin-4-y1)-2-((4.S5)-4-
fluoropyrrolidin-2-yl)-4-oxo-3,4-dihydroquinazoline-6-carbonitrile

[0695] The BOC-protected penultimate intermediate (70.3
mg, 0.116 mmol) was deprotected in CH,Cl, (1.2 mL) and
trifluoroacetic acid (266 pl, 3.48 mmol). The reaction was
monitored on thin-layer chromatography. After completion
of the reaction, the crude mixture was concentrated in vacuo.
Aqueous NaHCO; (sat.) was added, and the aqueous layer
was extracted with CH,Cl, (3 times). The organic layer was
washed with aqueous solution of Na,CO; (sat.) and brine,
and dried over Na,SO,. After concentrating, the crude
mixture was purified by CombiFlash gave 25ggg (49.6 mg,
85%) as a white solid (LC/MS purity=99.4%). 'H NMR
(400 MHz, CDCl,): 6=8.61 (d, J=1.5 Hz, 1H), 8.00 (d, I=1.8
Hz, 1H), 7.18 (s, 2H), 7.05 (d, J=10.4 Hz, 1H), 6.85 (d,
J=10.2 Hz, 1H), 5.18 (d, J=54.0 Hz, 1H), 4.21 (t, J=7.4 Hz,
1H), 4.13 (s, 3H), 3.19-2.93 (m, 2H), 2.62 (s, 6H), 2.46-2.29
(m, 1H), 2.41 (brs, 1H), 2.19-2.07 (m, 1H).

Example 161. Synthesis of 3-(3,5-Difluoro-4-(2-
methoxyethoxy)phenyl)-8-(2-methylpyridin-4-yl)-4-
ox0-2-(pyrrolidin-2-yl)-3,4-dihydroquinazoline-6-
carbonitrile (25 hhh)

[0696] Prepared as shown in Scheme 8b.
F
O
o N Nove
NC
N F
F
N
HN
F
. 25hhh
Me N

3-(3,5-difluoro-4-(2-methoxyethoxy)phenyl)-8-(2-methylpyridin-4-yl)-4-
oxo-2-(pyrrolidin-2-yl)-3,4-dihydroquinazoline-6-carbonitrile



US 2022/0348558 Al

[0697] The BOC-protected penultimate intermediate (137
mg, 0.265 mmol) was deprotected in CH,Cl, (2.7 mL) and
trifluoroacetic acid (609 pL, 7.95 mmol) and 4 M HCI in
dioxane (343 ul, 1.37 mmol. The reaction was monitored on
thin-layer chromatography. After completion of the reaction,
the crude mixture was concentrated in vacuo. Aqueous
NaHCO; (sat.) was added, and the aqueous layer was
extracted with CH,Cl, (3 times). The organic layer was
washed with aqueous solution of Na,CO; (sat.) and brine,
and dried over Na,SO,. After concentrating, the crude
mixture was purified by CombiFlash gave 25 hhh (79.3 mg,
58%) as a white solid (LC/MS purity=99.3%). 'H NMR
(400 MHz, CDCl,): 6=8.63 (d, J=5.1 Hz, 1H), 8.60 (d, J=1.4
Hz, 1H), 8.01 (s, 1H), 7.41 (s, 1H), 7.34 (d, J=5.0 Hz, 1H),
6.95 (d, J=10.1 Hz, 1H), 6.88 (d, J=10.1 Hz, 1H), 4.52-4.35
(m, 2H), 3.89 (t, J=6.8 Hz, 1H), 3.80-3.73 (m, 2H), 3.45 (s,
3H), 3.13-3.00 (m, 1H), 2.82-2.73 (m, 1H), 2.67 (s, 3H),
2.51 (brs, 1H), 1.85-1.62 (m, 4H).

Example 162. Synthesis of 3-(3,5-difluoro-4-(2-

methoxyethoxy)phenyl)-8-(2,6-dimethylpyridin-4-

yl)-4-0x0-2-(pyrrolidin-2-y1)-3,4-dihydroquinazo-
line-6-carbonitrile (25iii)

[0698] Prepared as shown in Scheme 8b.
F
O\/\
(0] OMe
NC
N F
F
N
HN
F
X 25iii
Me N Me

3-(3,5-difluoro-4-(2-methoxyethoxy)phenyl)-8-(2,6-dimethylpyridin-4-yl)-
4-ox0-2-(pyrrolidin-2-yl)-3,4-dihydroquinazoline-6-carbonitrile

[0699] The BOC-protected penultimate intermediate (98.1
mg, 0.185 mmol) was deprotected in CH,Cl, (1.9 mL) and
trifluoroacetic acid (609 pL, 7.95 mmol). The reaction was
monitored on thin-layer chromatography. After completion
of the reaction, the crude mixture was concentrated in vacuo.
Aqueous NaHCO; (sat.) was added, and the aqueous layer
was extracted with CH,Cl, (3 times). The organic layer was
washed with aqueous solution of Na,CO; (sat.) and brine,
and dried over Na,SO,. After concentrating, the crude
mixture was purified by CombiFlash gave 25iii (70.6 mg,
72%) as a white solid (LC/MS purity=99.4%). ‘'H NMR
(400 MHz, CDCL,): =8.60 (d, J=1.8 Hz, 1H), 8.00 (d, I=1.8
Hz, 1H), 7.22 (s, 2H), 6.94 (d, J=10.2 Hz, 1H), 6.88 (d,
J=10.1 Hz, 1H), 4.44-4.38 (m, 2H), 3.89 (t, J=6.8 Hz, 1H),
3.80-3.68 (m, 2H), 3.45 (s, 3H), 3.11-2.99 (m, 1H), 2.84-2.
74 (m, 1H), 2.63 (s, 6H), 2.49 (brs, 1H), 1.86-1.65 (m, 4H).
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Example 163. Synthesis of 3-(3,5-difluoro-4-(2-
oxa-6-azaspiro[3.3heptan-6-yl)phenyl)-8-(2,6-dim-
ethylpyridin-4-yl)-4-oxo0-2-(pyrrolidin-2-yl)-3,4-
dihydroquinazoline-6-carbonitrile (25jjj)

[0700] Prepared as shown in Scheme 8b.
0
F
0
NC
N F
G
N
HN.
F
Me N Me i

3-(3,5-difluoro-4-(2-oxa-6-azaspirol[3.3]heptan-6-yl)phenyl)-8-(2,6-
dimethylpyridin-4-yl)-4-oxo-2-(pyrrolidin-2-yl)-3,4-dihydroquinazoline-6-
carbonitrile

[0701] The BOC-protected penultimate intermediate (71.3
mg, 0.129 mmol) was deprotected in CH,Cl, (1.3 mL) and
trifluoroacetic acid (296 pl, 3.87 mmol). The reaction was
monitored on thin-layer chromatography. After completion
of the reaction, the crude mixture was concentrated in vacuo.
Aqueous NaHCO; (sat.) was added, and the aqueous layer
was extracted with CH,Cl, (3 times). The organic layer was
washed with aqueous solution of Na,CO; (sat.) and brine,
and dried over Na,SO,. After concentrating, the crude
mixture was purified by CombiFlash gave 25jjj (22.6 mg,
32%) as a white solid (LC/MS purity=97.0%). '"H NMR
(400 MHz, CDCL,): 8=8.59 (d, J=1.7 Hz, 1H), 7.99 (d, J=1.7
Hz, 1H), 7.21 (s, 2H), 6.76 (d, J=11.9 Hz, 1H), 6.70 (d,
J=11.9 Hz, 1H), 4.85 (s, 4H), 4.45 (s, 4H), 4.04-3.83 (m,
1H), 3.18-2.96 (m, 1H), 2.84-2.71 (m, 1H), 2.76 (brs, 1H),
2.62 (s, 6H), 1.86-1.64 (m, 4H).

Example 164. Synthesis of 3-(3,5-difluoro-4-(((3-
(hydroxymethyl)oxetan-3-yl)methyl )Jamino)phenyl)-
8-(2,6-dimethylpyridin-4-yl)-4-oxo-2-(pyrrolidin-2-
y1)-3,4-dihydroquinazoline-6-carbonitrile (25kkk)

[0702] Prepared as shown in Scheme 8b.

F
0
H
N
0
NC OH
N F
F
N
HN.
F
x 25kkk
Me N Me

3-(3,5-difluoro-4-(((3-(hydroxymethyl)oxetan-3-yl)methyl)amino)phenyl)-
8-(2,6-dimethylpyridin-4-yl)-4-oxo-2-(pyrrolidin-2-yl)-3,4-
dihydroquinazoline-6-carbonitrile
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[0703] 3-(3,5-difluoro-4-(((3-(hydroxymethyl)oxetan-3-
yl)methyl)amino)phenyl)-8-(2,6-dimethylpyridin-4-yl)-4-
ox0-2-(pyrrolidin-2-yl)-3,4-dihydroquinazoline-6-carboni-
trile (25kkk) was obtained as a side product from the
reaction affording 25jjj, and was purified by CombiFlash
(MeOH:CH,C1,=5:100) to give 25kkk (22.1 mg, 30%) as a
white solid (LC/MS purity=97.0%). 'H NMR (400 MHz,
CDCl,): 6=8.60 (d, J=1.7 Hz, 1H), 8.00 (d, J=1.7 Hz, 1H),
7.22 (s, 2H), 6.82 (d, J=11.5 Hz, 1H), 6.77 (d, J=11.5 Hz,
1H), 4.74 (brs, 1H), 4.57 (d, J=6.2 Hz, 2H), 4.49 (d, J=6.2
Hz, 2H), 4.05 (s, 2H), 4.00-3.90 (m, 1H), 3.85 (d, J=5.7 Hz,
2H), 3.13-3.02 (m, 1H), 2.92 (brs, 1H), 2.84-2.74 (m, 1H),
2.63 (s, 6H), 1.90-1.69 (m, 4H).

Example 165. Synthesis of 2-(2-azabicyclo[2.1.1]
hexan-1-yl)-3-(2-methoxypyrimidin-5-y1)-8-(6-
methylpyridin-3-yl)-4-0x0-3,4-dihydroquinazoline-
6-carbonitrile (25111)

[0704] Prepared as shown in Scheme 8b.

N OMe
I O/
NC N
N

=
N
HN
/ |
N
Me 25111

2-(2-azabicyclo[2.1.1]hexan-1-yl)-3-(2-methoxypyrimidin-5-y!)-8-(6-
methylpyridin-3-yl)-4-oxo-3,4-dihydroquinazoline-6-carbonitrile

[0705] The BOC-protected penultimate intermediate (27.6
mg, 0.0500 mmol) was deprotected in CH,Cl, (0.5 mL) and
trifluoroacetic acid (115 pl, 1.50 mmol). The reaction was
monitored on thin-layer chromatography. After completion
of the reaction, the crude mixture was concentrated in vacuo.
Aqueous NaHCO; (sat.) was added, and the aqueous layer
was extracted with CH,CI, (3 times). The organic layer was
washed with aqueous solution of Na,CO; (sat.) and brine,
and dried over Na,SO,. After concentrating, the crude
mixture was purified by CombiFlash gave 25111 (14.2 mg,
63%) as a white solid (LC/MS purity=99.8%). 'H NMR
(400 MHz, CDCl,): 6=8.81 (d, J=2.2 Hz, 1H), 8.61 (d, I=1.9
Hz, 1H), 8.55 (s, 2H), 8.02 (d, J=1.9 Hz, 1H), 7.87 (dd,
J=8.0,2.2 Hz, 1H), 7.28 (d, J=8.2 Hz, 1H), 4.10 (s, 3H), 2.84
(s, 2H), 2.65 (s, 3H), 2.57 (t, =2.9 Hz, 1H), 1.95-1.78 (m,
2H), 1.71 (brs, 1H), 1.00 (dd, J=4.5, 1.7 Hz, 2H).
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Example 166. Synthesis of 2-(2-azabicyclo[2.1.1]
hexan-1-yl)-8-(6-methylpyridin-3-yl)-4-oxo0-3-(4-
(trifluoromethoxy )phenyl)-3,4-dihydroquinazoline-
6-carbonitrile (25mmm)

[0706] Prepared as shown in Scheme 8b

OCF;

Me 25mmm

2-(2-azabicyclo[2.1.1]hexan-1-yl)-8-(6-methylpyridin-3-yl)-4-oxo-3-(4-
(trifluoromethoxy)phenyl)-3,4-dihydroquinazoline-6-carbonitrile

[0707] The BOC-protected penultimate intermediate (27.6
mg, 0.0320 mmol) was deprotected in CH,Cl, (0.3 mL) and
trifluoroacetic acid (73.5 pL, 0.96 mmol). The reaction was
monitored on thin-layer chromatography. After completion
of the reaction, the crude mixture was concentrated in vacuo.
Aqueous NaHCO; (sat.) was added, and the aqueous layer
was extracted with CH,Cl, (3 times). The organic layer was
washed with aqueous solution of Na,CO; (sat.) and brine,
and dried over Na,SO,. After concentrating, the crude
mixture was purified by CombiFlash gave 25mmm (10.0
mg, 62%) as a white solid (LC/MS purity=98.9%). 'H NMR
(400 MHz, CDCl,): 6=8.81 (d, J=2.1 Hz, 1H), 8.60 (d, J=1.8
Hz, 1H), 8.00 (d, J=1.8 Hz, 1H), 7.88 (dd, J=8.0, 2.3 Hz,
1H), 7.44 (d, J=8.8 Hz, 2H), 7.37 (d, J=8.7 Hz, 2H), 7.28 (d,
J=8.2 Hz, 1H), 2.81 (s, 2H), 2.65 (s, 3H), 2.53 (t, ]=2.7 Hz,
1H), 1.83 (brs, 1H), 1.78-1.71 (m, 2H), 0.96-0.85 (m, 2H).

Scheme 8c. Synthesis of quinazolinones 25nnn-25000, Examples 167-168
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Br N/’
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Scheme 8a
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-continued
F
OH
O
NC
N
—_ Rl
RZ N )
H

25nnn-25000

Example 167. Synthesis of (R)-3-(3-fluoro-4-hy-
droxyphenyl)-8-(6-methylpyridin-3-yl)-4-oxo-2-
(pyrrolidin-2-y1)-3,4-dihydroquinazoline-6-carboni-
trile (25nnn)

[0708] Prepared as shown in Scheme 8c.

OH

NC

“
\N

CH;  25nmn

(R)-3-(3-fluoro-4-hydroxyphenyl)-8-(6-methylpyridin-3-yl)-4-
0x0-2-(pyrrolidin-2-yl)-3,4-dihydroquinazoline-6-carbonitrile

Synthesis of (R)-3-(3-fluoro-4-hydroxyphenyl)-8-(6-
methylpyridin-3-yl)-4-oxo-2-(pyrrolidin-2-yl1)-3,4-
dihydroquinazoline-6-carbonitrile (25nnn)

[0709] A mixture of 22a (20.6 g, 38.0 mmol), cesium
carbonate (24.8 g, 76.0 mmol), 2-methylpyridine-5-boronic
acid (6.75 g, 49.0 mmol) and tetrakis(tri-phenylphosphine)
palladium (0) (3.3 g, 2.85 mmol) in 1,4-dioxane (400 mL.)
and H,O (80 mL) was degassed and flushed with nitrogen.
The mixture was heated at 85° C. for 16 h under nitrogen
atmosphere. After cooling to room temperature, the mixture
was concentrated to remove dioxane, and diluted with H,O
(400 mL) and extracted with DCM (3x300 mL). The com-
bined organic layers were washed with brine (500 mL),
dried over anhydrous Na,SO,, and filtered, then the solvent
was evaporated under reduced pressure to afford a pale-
yellow oil. The crude product was purified with flash chro-
matography (40% to 80% A (DCM:ethyl acetate=1:4)/
Hexane) to give the product, which was treated with a
palladium scavenger (SiliaMetS Thiol, 5 g), stirred at 40° C.
for 8 h and at rt for 16 h, and filtered through Celite pad to
remove any residual metal from the coupling reaction.
Repeating this procedure of removing Pd for three times.

Nov. 3, 2022

After concentration, the corresponding coupling product (15
g, Y %=71%) was obtained as a yellow solid. "H NMR (400
MHz, Chloroform-d, a mixture of rotamers caused by -Boc
group and atropisomers caused by —F atom) § 9.16-9.10
(m, 1H), 8.78-8.68 (m, 1H), 8.65-8.58 (m, 1H), 8.03-7.92
(m, 1H), 7.70-7.65 (m, 3H), 7.58-7.50 (m, 2H), 7.49-7.44
(m, 3H), 7.40-7.27 (m, 2H), 7.22-7.07 (m, 2H), 7.04-6.94
(m, 1H), 4.59-4.47 (m, 1H), 4.02-3.90 (m, 3H), 3.47-3.35
(m, 2H), 2.71-2.59 (m, 3H), 2.08-1.95 (m, 2H), 1.91-1.79
(m, 2H), 1.37-1.21 (m, 9H).

[0710] A solution of BBr; in DCM (2.70 mL, 1IN, 2.70
mmol) was added to a solution of the corresponding cou-
pling product (300 mg, 0.54 mol) described above in DCM
(5§ mL) at =78° C., then stirred at room temperature over-
night. The reaction mixture was quenched by 50 g ice and
adjusted to pH 9 with saturated solutions of NaHCO;. The
aqueous layer was extracted with DCM (3x50 mL). The
combined organic layers were washed with brine (100 mL),
dried over anhydrous Na,SO,, and filtered, then the solvent
was evaporated under reduced pressure. The residue was
purified by flash chromatography (30-80% A (DCM:MeOH:
NH,OH=15:1:0.15)/n-hexane) to afford 25nnn (100 mg,
42%) as pale yellow solid. "H NMR (400 MHz, DMSO-d,,
a mixture of atropisomers (~1:1 ratio) caused by —F atom)
5 8.87-8.71 (m, 1H), 8.53 (s, 1H), 8.44-8.29 (m, 1H),
8.11-7.97 (m, 1H), 7.49-7.28 (m, 2H), 7.20-7.03 (m, 2H),
3.88-3.76 (m, 1H), 2.95-2.85 (m, 1H), 2.72-2.64 (m, 2H),
2.58-2.55 (m, 3H), 1.97-1.84 (m, 1H), 1.73-1.47 (m, 3H).
MS (ESI) m/z: 442.0 (M+1)".

Example 168. Synthesis of (R)-3-(3-fluoro-4-hy-
droxyphenyl)-4-oxo-2-(pyrrolidin-2-y1)-8-(6-(trifluo-
romethyl)pyridin-3-yl)-3,4-dihydroquinazoline-6-
carbonitrile (25000)

[0711] Prepared as shown in Scheme 8c.

OH

CF3

(R)-3-(3-fluoro-4-hydroxyphenyl )-4-oxo-2-(pyrrolidin-2-yl)-8-(6-
(trifluoromethy!)pyridin-3-yl)-3,4-dihydroquinazoline-6-carbonitrile

Synthesis of (R)-3-(3-fluoro-4-hydroxyphenyl)-4-
oxo0-2-(pyrrolidin-2-y1)-8-(6-(trifluoromethyl)pyri-
din-3-yl)-3,4-dihydroquinazoline-6-carbonitrile
(25000)

[0712] A mixture of 22a (20 g, 0.037 mol), cesium car-
bonate (24.11 g, 0.074 mol), (6-(trifluvoromethyl)pyridin-3-
yl)boronic acid (7.73 g, 0.040 mol) and tetrakis(tri-phe-
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nylphosphine) palladium (0) (0.85 g, 0.74 mmol) in 1,4-
dioxane (400 mL) and H,O (80 mL) was degassed and
flushed with nitrogen. The mixture was heated at 85° C. for
16 h under nitrogen atmosphere. After cooling to room
temperature, the mixture was concentrated to remove
dioxane, and diluted with H,O (400 mL) and extracted with
DCM (3x300 mL). The combined organic layers were
washed with brine (500 mL), dried over anhydrous Na,SO,,
and filtered, then the solvent was evaporated under reduced
pressure to afford a pale-yellow oil. The crude product was
purified with flash chromatography (0% to 30% A (DCM:
ethyl acetate=1:4)/Hexane) to give the product, which was
treated with a palladium scavenger (SiliaMetS Thiol, 4 g),
stirred at 40° C. for 8 h and at rt for 16 h, and filtered through
Celite pad to remove any residual metal from the coupling
reaction. Repeating this procedure of removing Pd for three
times. After concentration, the corresponding coupling prod-
uct (13.0 g, 58%) was obtained as a yellow solid. ‘H NMR
(400 MHz, Chloroform-d, a mixture of rotamers caused by
-Boc group and atropisomers caused by —F atom) 8 9.01-
8.82 (m, 1H), 8.71-8.61 (m, 1H), 8.33-8.11 (m, 1H), 8.10-
7.99 (m, 1H), 7.91-7.78 (m, 1H), 7.39-7.29 (m, 1H), 7.24-
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7.08 (m, 1H), 7.07-6.94 (m, 1H), 4.62-4.46 (m, 1H), 4.07-
3.91 (m, 3H), 3.46-3.26 (m, 2H), 2.08-1.76 (m, 4H), 1.32 (s,
9H).

[0713] A solution of BBr; in DCM (1.64 mL, 1IN, 1.64
mmol) was added to a solution of the corresponding cou-
pling product (200 mg, 0.33 mmol) described above in DCM
(5 mL) at -78° C., then stirred at room temperature over-
night. The reaction mixture was quenched by 50 g ice and
adjusted to pH 9 with saturated solutions of NaHCO,. The
aqueous layer was extracted with DCM (3x50 mL). The
combined organic layers were washed with brine (100 mL),
dried over anhydrous Na,SO,, and filtered, then the solvent
was evaporated under reduced pressure. The residue was
purified by flash chromatography (30-75% A (DCM:MeOH:
NH,OH=15:1:0.15)/n-hexane) to afford 25000 (80 mg,
49%) as a pale-yellow solid. '"H NMR (400 MHz, DMSO-
dg, a mixture of atropisomers (~1:1 ratio) caused by —F
atom) & 9.10 (s, 1H), 8.62 (s, 1H), 8.50 (s, 1H), 8.44 (d,
J=8.2 Hz, 1H), 8.09 (d, J=8.2 Hz, 1H), 7.38 (d, J=11.4 Hz,
1H), 7.19-7.00 (m, 2H), 3.85-3.77 (m, 1H), 2.86-2.78 (m,
1H), 2.69-2.58 (m, 2H), 1.93-1.84 (m, 1H), 1.65-1.48 (m,
3H). MS (ESI) m/z: 496.0 (M+1)*.

Scheme 8d. Synthesis of quinazolinones 25ppp-25¢ccee, Examples 169-182
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Example 169. Synthesis of 3-(3,5-difluoro-4-
methoxyphenyl)-8-(4-(3-hydroxyprop-1-yn-1-yl)
phenyl)-4-ox0-2-(pyrrolidin-2-yl1)-3,4-dihydroqui-

nazoline-6-carbonitrile (25ppp)

[0714] Prepared as shown in Scheme 8d.

F
OMe
(¢]
NC
N F
>~
N
O HN
OH  25ppp

3-(3,5-difluoro-4-methoxyphenyl)-8-(4-(3-hydroxyprop-1-yn-1-yl)phenyl)-
4-o0x0-2-(pyrrolidin-2-yl)-3,4-dihydroquinazoline-6-carbonitrile

Synthesis of tert-butyl 2-(8-bromo-6-cyano-3-(3,5-
difluoro-4-methoxyphenyl)-4-oxo-3,4-dihydroqui-
nazolin-2-yl)pyrrolidine-1-carboxylate (221)

[0715] To the mixture of Boc-DL-proline (6.70 g, 0.031
mol) in anhydrous DCM (200 mL) under N, cooled to 0° C.
was added dropwise 1-methylimidazole (5.77 mL, 0.073
mol) and MsCl1 (2.40 mL, 0.031 mol). After being stirred at
rt for 1 h, 2-amino-3-bromo-5-cyanobenzoic acid (5.00 g,
0.021 mol) was added into the reaction mixture in one
portion and stirred at rt for 16 h. Then, 3,5-difluoro-4-
methoxyaniline (4.95 g, 0.031 mol) was added into the
reaction mixture at rt and heated to reflux for 16 h. After
being cooled to rt, triethylamine (26.00 mL, 0.186 mol) and
TMSCI (18.4 mL, 0.145 mol) was added dropwise into the
reaction mixture and stirred at rt for 24 h. The reaction
mixture was diluted with DCM (400 mL), washed with 1N
HCI, saturated aqueous Na,COj;, and brine in turn, dried
over Na,SO,, and filtered, then the solvent was evaporated
under reduced pressure. The residue was purified by flash
chromatography (0% to 10% A (DCM:ethyl acetate=1:4)/
Hexane) to afford 221 (7.00 g, 60%) as pale yellow solid. ‘H
NMR (400 MHz, Chloroform-d, a mixture of rotamers
caused by -Boc group) & 8.55-8.45 (m, 1H), 8.27-8.13 (m,
1H), 7.26-7.19 (m, 1H), 6.88-6.73 (m, 1H), 4.57-4.45 (m,
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1H), 4.17-4.06 (m, 3H), 3.98-3.77 (m, 1H), 3.63-3.41 (m,
1H), 2.32-2.03 (m, 2H), 1.96-1.85 (m, 2H), 1.45-1.26 (m,
10H).

Synthesis of tert-butyl 2-(6-cyano-3-(3,5-difluoro-4-
methoxyphenyl)-8-(4-(3-hydroxyprop-1-yn-1-yl)
phenyl)-4-0x0-3,4-dihydroquinazolin-2-yl)pyrroli-
dine-1-carboxylate (28a)

[0716] A mixture of 221 (400 mg, 0.71 mmol), cesium
carbonate (465 mg, 1.43 mmol), 3-(4-(4,4,5,5-tetramethyl-
1,3,2-dioxaborolan-2-yl)phenyl)prop-2-yn-1-ol (239 mg,
0.93 mmol) and tetrakis(tri-phenylphosphine) palladium (0)
(62 mg, 0.054 mmol) in 1,4-dioxane (8 mL) and H,O (2 mL)
was degassed and flushed with nitrogen. The mixture was
heated at 85° C. for 16 h under nitrogen atmosphere. After
cooling to room temperature, the mixture was concentrated
to remove dioxane, and diluted with H,O (20 mL) and
extracted with DCM (3x50 mL). The combined organic
layers were washed with brine (150 mL), dried over anhy-
drous Na,SO,, and filtered, then the solvent was evaporated
under reduced pressure to afford a pale-yellow oil. The crude
product was purified with flash chromatography (0% to 30%
A (DCM:ethyl acetate=1:4)/Hexane) to give the product,
which was treated with a palladium scavenger (SiliaMetS
Thiol, 90 mg), stirred at 40° C. for 8 h and at rt for 16 h, and
filtered through Celite pad to remove any residual metal
from the coupling reaction. Repeating this procedure of
removing Pd for three times. After concentration, 28a (260
mg, 64%) was obtained as a yellow solid. 'H NMR (400
MHz, Chloroform-d, a mixture of rotamers caused by -Boc
group) & 8.60-8.52 (m, 1H), 8.05-7.95 (m, 1H), 7.63-7.50
(m, 4H), 7.26-7.22 (m, 1H), 6.99-6.79 (m, 1H), 4.60-4.43
(m, 3H), 4.17-4.04 (m, 3H), 3.46-3.30 (m, 2H), 2.01-1.76
(m, 4H), 1.47-1.28 (m, 9H).

Synthesis of 3-(3,5-difluoro-4-methoxyphenyl)-8-
(4-(3-hydroxyprop-1-yn-1-yl)phenyl)-4-oxo-2-(pyr-
rolidin-2-y1)-3,4-dihydroquinazoline-6-carbonitrile

(25ppp)

[0717] Trifluoroacetic acid (0.79 mL, 10.28 mmol) was
added to a solution of pale yellow solid 28a (210 mg, 0.34
mol) in DCM (10 mL) at 0° C., then stirred at room
temperature overnight, then the solvent was diluted with
CH,Cl, (150 mL) and washed with saturated solutions of
Na,CO; (3x100 mL) and brine (150 mL), dried over anhy-
drous Na,SO,, and filtered, then the solvent was evaporated
under reduced pressure. The residue was purified by flash
chromatography (0% to 4% MeOH/CH,Cl,) to afford 25ppp
(100 mg, 57%) as a yellow solid. "H NMR (400 MHz,
Chloroform-d) § 8.57 (s, 1H), 7.99 (s, 1H), 7.55 (s, 4H), 6.91
(dd, J=27.1, 9.7 Hz, 2H), 4.53 (s, 2H), 4.12 (s, 3H),
3.99-3.77 (m, 1H), 3.13-2.94 (m, 1H), 2.85-2.66 (m, 1H),
240 (s, 1H), 1.85-1.67 (m, 4H). MS (ESD) m/z 456.1
(M+1)*.
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Example 170. Synthesis of 3-(3,5-difluoro-4-
methoxyphenyl)-8-(4-(3-hydroxy-3-methylbut-1-yn-
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6.2 Hz, 1H), 2.77-2.66 (m, 1H), 2.31 (s, 1H), 1.86-1.68 (m,
4H), 1.66 (s, 6H). MS (ESI) m/z: 541.0 (M+1)*.

1-yl)phenyl)-4-oxo0-2-(pyrrolidin-2-yl)-3,4-dihydro-
quinazoline-6-carbonitrile (25qqq)

[0718] Prepared as shown in Scheme 8d.

OMe

NC
N F

Z
N

O HN

OH 25qqq

3-(3,5-difluoro-4-methoxyphenyl)-8-(4-(3-hydroxy-3-methylbut-1-yn-1-
yl)phenyl)-4-oxo0-2-(pyrrolidin-2-yl)-3,4-dihydroquinazoline-6-carbonitrile

Synthesis of tert-butyl 2-(6-cyano-3-(3,5-difluoro-4-

methoxyphenyl)-8-(4-(3-hydroxy-3-methylbut-1-yn-

1-yl)phenyl)-4-ox0-3,4-dihydroquinazolin-2-yl)pyr-
rolidine-1-carboxylate (28b)

[0719] The procedure leading to 28a was followed using
221 (400 mg, 0.71 mmol), cesium carbonate (465 mg, 1.43
mmol), 2-methyl-4-(4-(4,4,5,5-tetramethyl-1,3,2-dioxa-
borolan-2-yl)phenyl)but-3-yn-2-ol (265 mg, 0.93 mmol) and
tetrakis(tri-phenylphosphine) palladium (0) (62 mg, 0.0535
mmol), 1,4-dioxane (10 mL), and H,O (2 mL). Purification
by flash chromatography (0% to 20% A (DCM:ethyl
acetate=1:4)/Hexane) and a palladium scavenger (SiliaMetS
Thiol, 3x50 mg) yielded 28b (140 mg, 31%) as a yellow
solid. 'H NMR (400 MHz, Chloroform-d, a mixture of
rotamers caused by -Boc group) 0 8.62-8.52 (m, 1H),
8.05-7.95 (m, 1H), 7.62-7.48 (m, 4H), 7.24-6.96 (m, 1H),
6.88-6.74 (m, 1H), 4.58-4.43 (m, 1H), 4.17-4.06 (m, 3H),
3.51-3.33 (m, 2H), 2.01-1.70 (m, 4H), 1.71-1.57 (m, 6H),
1.44-1.26 (m, 9H).

Synthesis of 3-(3,5-difluoro-4-methoxyphenyl)-8-
(4-(3-hydroxy-3-methylbut-1-yn-1-yl)phenyl)-4-
0x0-2-(pyrrolidin-2-yl)-3,4-dihydroquinazoline-6-
carbonitrile (25qqq)

[0720] A solution of 28b (100 mg, 0.156 mmol) in
hexafluoroisopropanol (4 mlL) was heated at 160° C. with
MWI for 2 h. The solvent was removed in vacuo and the
residue was purified by flash chromatography (0% to 3%
MeOH/DCM) to afford 25qqq (29 mg, 34%) as a yellow
solid. '"H NMR (400 MHz, Chloroform-d) § 8.56 (s, 1H),
7.99 (s, 1H), 7.59-7.49 (m, 4H), 6.98-6.90 (m, 1H), 6.90-6.
83 (m, 1H), 4.12 (s, 3H), 3.93-3.82 (m, 1H), 3.07 (dt, J=12.0,

Example 171. Synthesis of 3-(3,5-difluoro-4-
methoxyphenyl)-8-(4-(2-hydroxypropan-2-yl)phe-
nyl)-4-ox0-2-(pyrrolidin-2-y1)-3,4-dihydroquinazo-

line-6-carbonitrile (25rrr)

[0721] Prepared as shown in Scheme 8d

OMe

NC

HN

O P
N

OH 25rrr

3-(3,5-difluoro-4-methoxyphenyl)-8-(4-(2-hydroxypropan-2-yl)phenyl)-
4-0x0-2-(pyrrolidin-2-yl)-3,4-dihydroquinazoline-6-carbonitrile

Synthesis of tert-butyl 2-(6-cyano-3-(3,5-difluoro-4-
methoxyphenyl)-8-(4-(2-hydroxypropan-2-yl)phe-
nyl)-4-o0x0-3,4-dihydroquinazolin-2-yl)pyrrolidine-
1-carboxylate (28c)

[0722] The procedure leading to 28a was followed using
221 (400 mg, 0.71 mmol), cesium carbonate (465 mg, 1.43
mmol), (4-(2-hydroxypropan-2-yl)phenyl)boronic acid (167
mg, 0.93 mmol) and tetrakis(tri-phenylphosphine) palla-
dium (0) (62 mg, 0.0535 mmol), 1,4-dioxane (10 mL), and
H,O (2 mL). Purification by flash chromatography (0% to
30% A (DCM:ethyl acetate=1:4)/Hexane) and a palladium
scavenger (SiliaMetS Thiol, 3x130 mg) yielded 28c (380
mg, 86%) as a yellow solid. '"H NMR (400 MHz, Chloro-
form-d, a mixture of rotamers caused by -Boc group) 9
8.58-8.51 (m, 1H), 8.05-7.94 (m, 1H), 7.72-7.61 (m, 1H),
7.58-7.42 (m, 1H), 7.31-7.21 (m, 2H), 6.88-6.79 (m, 1H),
4.54-4.42 (m, 1H), 4.15-4.06 (m, 3H), 3.46-3.28 (m, 2H),
2.03-1.87 (m, 2H), 1.83-1.71 (m, 2H), 1.69-1.65 (m, 6H),
1.38-1.29 (m, 9H).

Synthesis of 3-(3,5-difluoro-4-methoxyphenyl)-8-
(4-(2-hydroxypropan-2-yl)phenyl)-4-oxo-2-(pyrroli-
din-2-y1)-3,4-dihydroquinazoline-6-carbonitrile
(25rrr)

[0723] A solution of 28¢ (310 mg, 0.502 mmol) in
hexafluoroisopropanol (5 mL) was heated at 150° C. with
MWI for 3 h. The solvent was removed in vacuo and the
residue was purified by flash chromatography (0% to 1.8%
MeOH/DCM) to afford 25rrr (64 mg, Y %=25%, LC/MS
purity=95.28%) as a yellow solid. 'H NMR (400 MHz,
Chloroform-d) § 8.56 (s, 1H), 8.00 (s, 1H), 7.71-7.50 (m,
4H), 6.91 (dd, J=21.2, 10.4 Hz, 2H), 4.12 (s, 3H), 3.95-3.80
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(m, 1H), 3.10-2.98 (m, 1H), 2.79-2.68 (m, 1H), 1.85-1.69
(m, 4H), 1.66 (s, 6H). MS (ESI) mv/z: 517.0 (M+1)*.
Example 172. Synthesis of 3-(3,5-difluoro-4-
methoxyphenyl)-4-ox0-8-(4-(prop-1-en-2-yl)phe-
nyl)-2-(pyrrolidin-2-yl)-3,4-dihydroquinazoline-6-
carbonitrile (25sss)

[0724] Prepared as shown in Scheme 8d.
F
OMe
(@]
NC
N F
7
N
O )
25sss

3-(3,5-difluoro-4-methoxyphenyl)-4-oxo-8-(4-(prop-1-en-2-yl)phenyl)-2-
(pyrrolidin-2-yl)-3,4-dihydroquinazoline-6-carbonitrile

Synthesis of 3-(3,5-difluoro-4-methoxyphenyl)-4-
0x0-8-(4-(prop-1-en-2-yl)phenyl)-2-(pyrrolidin-2-
y1)-3,4-dihydroquinazoline-6-carbonitrile (25sss)
[0725] A solution of 28¢ (310 mg, 0.502 mmol) in
hexafluoroisopropanol (5 mL) was heated at 150° C. with
MWTI for 3 h. The solvent was removed in vacuo and the
residue was purified by flash chromatography (0% to 1.8%
MeOH/DCM) to afford 25sss (50 mg, 20%) as a yellow
solid. '"H NMR (400 MHz, Chloroform-d) § 8.56 (s, 1H),
8.01 (s, 1H), 7.59 (s, 4H), 6.91 (dd, J=22.9, 10.0 Hz, 2H),
5.50 (s, 1H), 5.19 (s, 1H), 4.12 (s, 3H), 3.93-3.79 (m, 1H),
3.12-2.99 (m, 1H), 2.80-2.67 (m, 1H), 2.23 (s, 3H), 1.83-1.

66 (m, 4H). MS (ESI) m/z: 499.0 (M+1)".
Example 173. Synthesis of 2-(2-azabicyclo[2.1.1]
hexan-1-yl)-3-(3,5-difluoro-4-methoxyphenyl)-8-(2-
methylpyridin-4-yl)-4-o0x0-3,4-dihydroquinazoline-
6-carbonitrile (25ttt)

[0726] Prepared as shown in Scheme 8d.
F
OMe
(6]
NC
N F
a
N
HN
e
x
HC N 25ttt

2-(2-azabicyclo[2.1.1]hexane-1-yl)-3-(3,5-difluoro-4-methoxyphenyl)-8-
(2-methylpyridin-4-yl)-4-oxo-3 4-dihydroquinazoline-6-carbonitrile
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Synthesis of tert-butyl 1-(8-bromo-6-cyano-3-(3,5-

difluoro-4-methoxyphenyl)-4-oxo-3,4-dihydroqui-

nazolin-2-yl)-2-azabicyclo[2.1.1]hexane-2-carboxy-
late (22m)

[0727] The procedure leading to 221 was followed using
2-amino-3-bromo-5-cyanobenzoic acid (2.97 g, 0.012 mol),
2-(tert-butoxycarbonyl)-2-azabicyclo[2.1.1hexane-1-car-

boxylic acid (4.20 g, 0.019 mmol), 1-methylimidazole (11.
80 mL, 0.15 mol), MsCl (1.43 mL, 0.019 mol), 3,5-difluoro-
4-methoxyaniline (4.90 g, 0.031 mmol), triethylamine (15.
40 mL, 0.111 mol), TMSCI (11.00 mL, 0.086 mol), and
anhydrous DCM (150 mL). Purification by flash chroma-
tography (0% to 5% A (DCM:ethyl acetate=1:1)/Hexane)
yielded 22m (3.00 g, 43%) as a pale yellow solid. 'H NMR
(400 MHz, Chloroform-d, a mixture of rotamers caused by
-Boc group) 0 8.51 (d, J=1.8 Hz, 1H), 8.21 (s, 1H), 7.22 (s,
1H), 6.74 (d, =103 Hz, 1H), 4.09 (s, 3H), 3.62-3.35 (m,
1H), 3.21-3.08 (m, 1H), 2.70-2.60 (m, 1H), 2.53-2.34 (m,
1H), 2.09-1.91 (m, 2H), 1.42 (s, 9H), 0.96-0.79 (m, 1H).

Synthesis of tert-butyl 1-(6-cyano-3-(3,5-difluoro-4-
methoxyphenyl)-8-(2-methylpyridin-4-yl)-4-oxo0-3,
4-dihydroquinazolin-2-yl)-2-azabicyclo[2.1.1]
hexane-2-carboxylate (28d)

[0728] The procedure leading to 28a was followed using
22m (275 mg, 0.48 mmol), cesium carbonate (316 mg, 0.96
mmol), (2-methylpyridin-4-yl)boronic acid (85 mg, 0.62
mmol) and tetrakis(tri-phenylphosphine) palladium (0) (42
mg, 0.036 mmol), 1,4-dioxane (8 mL), and H,O (2 mL).
Purification by flash chromatography (0% to 40% A (DCM:
ethyl acetate=1:4)/Hexane) and a palladium scavenger
(SiliaMetS Thiol, 3x80 mg) yielded 28d (220 mg, 78%) as
a white solid. 'H NMR (400 MHz, Chloroform-d, a mixture
of rotamers caused by -Boc group) 9 8.62 (d, J=2.0 Hz, 1H),
8.59 (d, J=5.3 Hz, 1H), 8.02 (s, 1H), 7.72-7.61 (m, 1H),
7.57-7.44 (m, 2H), 7.39 (d, J=4.9 Hz, 1H), 7.22 (d, J=11.0
Hz, 1H), 6.79 (dt, J=104, 2.1 Hz, 1H), 4.09 (s, 3H),
3.48-3.34 (m, 1H), 3.17-3.06 (m, 1H), 2.64 (s, 3H), 2.64-2.
57 (m, 2H), 2.20-2.12 (m, 1H), 1.98-1.91 (m, 1H), 1.75 (dd,
J=10.1, 8.0 Hz, 1H), 1.55-1.19 (m, 9H), 0.88-0.76 (m, 1H).

Synthesis of 2-(2-azabicyclo[2.1.1]hexan-1-y1)-3-(3,
5-difluoro-4-methoxyphenyl)-8-(2-methylpyridin-4-
yl)-4-0x0-3,4-dihydroquinazoline-6-carbonitrile
(25ttt)

[0729] Trifluoroacetic acid (0.83 mL, 10.76 mmol) was
added to a solution of 28d (210 mg, 0.36 mmol) in DCM (10
mL) at 0° C., then stirred at room temperature overnight,
then the solvent was diluted with DCM (100 mL) and
washed with saturated solutions of Na,CO; (3x100 mL) and
brine (100 mL), dried over anhydrous Na,SO,, and filtered,
then the solvent was evaporated under reduced pressure. The
residue was purified by flash chromatography (0% to 3%
MeOH/DCM) to afford 25ttt (90 mg, 52%) as a white solid.
'H NMR (400 MHz, Chloroform-d) & 8.63 (s, 1H), 8.60 (d,
J=5.1 Hz, 1H), 8.03 (s, 1H), 7.46 (s, 1H), 7.38 (d, J=4.9 Hz,
1H), 7.01 (d, J=7.9 Hz, 2H), 4.10 (s, 3H), 2.86 (s, 2H), 2.65
(s, 3H), 2.61-2.57 (m, 1H), 1.84-1.78 (m, 2H), 1.76-1.60 (m,
2H), 1.07-1.00 (m, 2H). MS (ESI) nv/z: 486.0 (M+1)".
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Example 174. Synthesis of 2-(2-azabicyclo[2.1.1]
hexan-1-y1)-3-(3,5-difluoro-4-methoxyphenyl)-8-(2,
6-dimethylpyridin-4-yl)-4-oxo0-3,4-dihydroquinazo-
line-6-carbonitrile (25uuu)
[0730] Prepared as shown in Scheme 8d.
F
OMe
(€]
NC
N F
yZ
N
HN
e
A
HiC N CH;3 25uuu

2-(2-azabicyclo[2.1.1]hexane-1-yl)-3-(3,5-difluoro-4-methoxyphenyl)-8-
(2,6-dimethylpyridin-4-yl)-4-oxo-3,4-dihydroquinazoline-6-carbonitrile

Synthesis of tert-butyl 1-(6-cyano-3-(3,5-difluoro-4-
methoxyphenyl)-8-(2,6-dimethylpyridin-4-y1)-4-
0x0-3,4-dihydroquinazolin-2-yl)-2-azabicyclo[2.1.1]
hexane-2-carboxylate (28¢)

[0731] The procedure leading to 28a was followed using
22m (275 mg, 0.48 mmol), cesium carbonate (316 mg, 0.96
mmol), (2,6-dimethylpyridin-4-yl)boronic acid (94 mg, 0.62
mmol) and tetrakis(tri-phenylphosphine) palladium (0) (42
mg, 0.036 mmol), 1,4-dioxane (8 mL), and H,O (2 mL).
Purification by flash chromatography (0% to 50% A (DCM:
ethyl acetate=1:4)/Hexane) and a palladium scavenger
(SiliaMetS Thiol, 3x80 mg) yielded 28e (230 mg, 80%) as
a white solid. 'H NMR (400 MHz, Chloroform-d, a mixture
of rotamers caused by -Boc group) 9 8.65-8.57 (m, 1H), 8.01
(s, 1H), 7.74-7.63 (m, 1H), 7.62-7.36 (m, 2H), 7.25-7.15 (m,
1H), 6.84-6.73 (m, 1H), 4.09 (s, 3H), 3.51-3.34 (m, 1H),
3.17-3.04 (m, 1H), 2.60 (s, 6H), 2.23-2.12 (m, 1H), 1.94 (s,
1H), 1.79-1.69 (m, 1H), 1.40 (s, 9H), 0.90-0.71 (m, 1H).

Synthesis of 2-(2-azabicyclo[2.1.1]hexan-1-y1)-3-(3,
5-difluoro-4-methoxyphenyl)-8-(2,6-dimethylpyri-
din-4-yl)-4-ox0-3,4-dihydroquinazoline-6-carboni-

trile (25uuu)

[0732] Trifluoroacetic acid (0.84 ml, 11.00 mmol) was
added to a solution of 28e (220 mg, 0.37 mmol) in DCM (10
ml) at 0° C., then stirred at room temperature overnight,
then the solvent was diluted with DCM (100 mL) and
washed with saturated solutions of Na,CO; (3x100 mL) and
brine (100 mL), dried over anhydrous Na,SO,, and filtered,
then the solvent was evaporated under reduced pressure. The
residue was purified by flash chromatography (0% to 3%
MeOH/DCM) to afford 25uuu (105 mg, 57%) as a white
solid. *'H NMR (400 MHz, Chloroform-d) d 8.61 (d, J=2.0
Hz, 1H), 8.03 (d, J=2.0 Hz, 1H), 7.27 (s, 2H), 7.05-6.96 (m,
2H), 4.10 (s, 3H), 2.86 (s, 2H), 2.61 (s, 6H), 2.60-2.58 (m,
1H), 1.83-1.79 (m, 2H), 1.70-1.60 (m, 2H), 1.06-0.98 (m,
2H). MS (ESI) nv/z: 500.0 (M+1)".
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Example 175. Synthesis of 2-(2-azabicyclo[2.1.1]

hexan-1-yl)-3-(3,5-difluoro-4-methoxyphenyl)-8-(6-

methylpyridin-3-yl)-4-0x0-3,4-dihydroquinazoline-
6-carbonitrile (25vvv)

[0733] Prepared as shown in Scheme 8d.

OMe

NC

HN
7 |
N
CHs 25vvv

2-(2-azabicyclo[2.1.1]hexane-1-yl)-3-(3,5-difluoro-4-methoxyphenyl)-8-
(6-dimethylpyridin-3-yl)-4-oxo-3,4-dihydroquinazoline-6-carbonitrile

Synthesis of tert-butyl 1-(6-cyano-3-(3,5-difluoro-4-
methoxyphenyl)-8-(6-methylpyridin-3-yl)-4-oxo0-3,
4-dihydroquinazolin-2-yl)-2-azabicyclo[2.1.1]
hexane-2-carboxylate (28f)

[0734] The procedure leading to 28a was followed using
22m (250 mg, 0.44 mmol), cesium carbonate (287 mg, 0.87
mmol), (6-methylpyridin-3-yl)boronic acid (78 mg, 0.57
mmol) and tetrakis(tri-phenylphosphine) palladium (0) (38
mg, 0.033 mmol), 1,4-dioxane (8 mL), and H,O (2 mL).
Purification by flash chromatography (0% to 55% A (DCM:
ethyl acetate=1:4)/Hexane) and a palladium scavenger
(SiliaMetS Thiol, 3x50 mg) yielded 28f (160 mg, 63%) as
a white solid. 'H NMR (400 MHz, Chloroform-d, a mixture
of rotamers caused by -Boc group) 8 8.83 (d, J=1.7 Hz, 1H),
8.59 (d, J=2.0 Hz, 1H), 7.99 (s, 1H), 7.86 (dd, J=8.1, 2.3 Hz,
1H), 7.72-7.62 (m, 1H), 7.58-7.44 (m, 1H), 7.29-7.26 (m,
1H), 7.23 (s, 1H), 6.78 (dt, ]=10.5, 2.1 Hz, 1H), 4.09 (s, 3H),
3.39 (s, 1H), 3.16-3.06 (m, 1H), 2.64 (s, 3H), 2.59 (s, 1H),
2.25-2.12 (m, 1H), 2.01-1.89 (m, 1H), 1.86-1.74 (m, 1H),
1.56-1.16 (m, 9H), 0.90-0.70 (m, 1H).

Synthesis of 2-(2-azabicyclo[2.1.1]hexan-1-y1)-3-(3,
5-difluoro-4-methoxyphenyl)-8-(6-methylpyridin-3-
yl)-4-0x0-3,4-dihydroquinazoline-6-carbonitrile
25vvv)

[0735] Trifluoroacetic acid (0.84 mL, 11.00 mmol) was
added to a solution of 28f (220 mg, 0.37 mmol) in DCM (10
mL) at 0° C., then stirred at room temperature overnight,
then the solvent was diluted with DCM (100 mL) and
washed with saturated solutions of Na,CO; (3x100 mL) and
brine (100 mL), dried over anhydrous Na,SO,, and filtered,
then the solvent was evaporated under reduced pressure. The
residue was purified by flash chromatography (0% to 3%
MeOH/DCM) to afford 25vvv (105 mg, 57%) as a white
solid. "H NMR (400 MHz, Chloroform-d) § 8.80 (s, 1H),
8.60 (d, J=1.7 Hz, 1H), 8.00 (d, J=1.7 Hz, 1H), 7.87 (dd,
J=7.9,2.0Hz, 1H), 7.28 (s, 1H), 7.02 (d, J=8.1 Hz, 2H), 4.10
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(s, 3H), 2.85 (s, 2H), 2.65 (s, 3H), 2.57 (s, 1H), 1.79 (s, 2H),
171 (s, 1H), 1.07-0.98 (m, 2H). MS (ESI) m/z: 486.0
M+1)*.

Example 176. Synthesis of 2-(2-azabicyclo[2.1.1]

hexan-1-y1)-3-(3,5-difluoro-4-methoxyphenyl)-8-(5,

6-dimethylpyridin-3-yl)-4-o0x0-3,4-dihydroquinazo-
line-6-carbonitrile (25www)

[0736] Prepared as shown in Scheme 8d.

OMe

CH; 25www

2-(2-azabicyclo[2.1.1]hexane-1-yl)-3-(3,5-difluoro-4-methoxyphenyl)-8-
(5,6-dimethylpyridin-3-yl)-4-oxo-3,4-dihydroquinazoline-6-carbonitrile

Synthesis of tert-butyl 1-(6-cyano-3-(3,5-difluoro-4-
methoxyphenyl)-8-(5,6-dimethylpyridin-3-y1)-4-
0x0-3,4-dihydroquinazolin-2-yl)-2-azabicyclo[2.1.1]
hexane-2-carboxylate (28¢g)

[0737] The procedure leading to 28a was followed using
22m (250 mg, 0.44 mmol), cesium carbonate (287 mg, 0.87
mmol),  2,3-dimethyl-5-(4,4,5,5-tetramethyl-1,3,2-dioxa-
borolan-2-yl)pyridine (132 mg, 0.57 mmol) and tetrakis(tri-
phenylphosphine) palladium (0) (38 mg, 0.033 mmol), 1,4-
dioxane (8 mL), and H,O (2 mL). Purification by flash
chromatography (0% to 50% A (DCM:ethyl acetate=1:4)/
Hexane) and a palladium scavenger (SiliaMetS Thiol, 3x40
mg) yielded 28g (110 mg, 42%) as a white solid. '"H NMR
(400 MHz, Chloroform-d, a mixture of rotamers caused by
-Boc group) & 8.66 (s, 1H), 8.58 (d, J=1.8 Hz, 1H), 7.99 (s,
1H), 7.72 (s, 1H), 7.70-7.64 (m, 1H), 7.59-7.43 (m, 2H),
7.25-7.16 (m, 1H), 6.84-6.73 (m, 1H), 4.09 (s, 3H), 3.49-3.
31 (m, 1H), 3.15-3.06 (m, 1H), 2.58 (s, 4H), 2.36 (s, 3H),
2.26-2.14 (m, 1H), 2.00-1.90 (m, 1H), 1.81 (dd, J=10.0, 8.1
Hz, 1H), 1.54-1.14 (m, 9H), 0.90-0.71 (m, 1H).

Synthesis of 2-(2-azabicyclo[2.1.1]hexan-1-y1)-3-(3,
5-difluoro-4-methoxyphenyl)-8-(5,6-dimethylpyri-
din-3-yl)-4-0x0-3,4-dihydroquinazoline-6-carboni-

trile (25www)

[0738] Trifluoroacetic acid (0.42 mL, 5.50 mmol) was
added to a solution of 28g (110 mg, 0.18 mmol) in DCM (10
ml) at 0° C., then stirred at room temperature overnight,
then the solvent was diluted with DCM (100 mL) and
washed with saturated solutions of Na,CO; (3x100 mL)) and
brine (100 mL), dried over anhydrous Na,SO,, and filtered,
then the solvent was evaporated under reduced pressure. The
residue was purified by flash chromatography (0% to 3%
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MeOH/DCM) to afford 25www (50 mg, 55%) as a white
solid. '"H NMR (400 MHz, Chloroform-d) 8 8.64 (s, 1H),
8.58 (d, J=1.6 Hz, 1H), 8.00 (d, J=1.6 Hz, 1H), 7.73 (s, 1H),
7.02 (d, J=7.9 Hz, 2H), 4.10 (s, 3H), 2.85 (s, 2H), 2.64-2.51
(m, 4H), 2.37 (s, 3H), 1.81 (s, 2H), 1.71 (s, 1H), 1.08-0.97
(m, 2H). MS (ESD) nv/z: 500.0 (M+1)".

Example 177. Synthesis of 8-(6-acetylpyridin-3-yl)-
3-(3,5-difluoro-4-methoxyphenyl)-4-oxo-2-(pyrroli-
din-2-yl)-3,4-dihydroquinazoline-6-carbonitrile
(25%xx)

[0739] Prepared as shown in Scheme 8d.

OMe

8-(6-acetylpyridin-3-yl)-3-(3,5-difluoro-4-methoxyphenyl)-4-
oxo-2-(pyrrolidin-2-yl)-3,4-dihydroquinazoline-6-carbonitrile

Synthesis of tert-butyl 2-(8-(6-acetylpyridin-3-yl)-6-

cyano-3-(3,5-difluoro-4-methoxyphenyl)-4-oxo-3,4-

dihydroquinolin-2-yl)pyrrolidine-1-carboxylate (28
h)

[0740] The procedure leading to 28a was followed using
22m (400 mg, 0.71 mmol), cesium carbonate (465 mg, 1.43
mmol), 1-(5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)
pyridin-2-yl)ethan-1-one (229 mg, 0.93 mmol) and tetrakis
(tri-phenylphosphine) palladium (0) (62 mg, 0.0535 mmol),
1,4-dioxane (10 mL), and H,O (2 mL). Purification by flash
chromatography (0% to 20% A (DCM:ethyl acetate=1:4)/
Hexane) and a palladium scavenger (SiliaMetS Thiol, 3x120
mg) yielded 28 h (358 mg, 83%) as a yellow solid. *H NMR
(400 MHz, Chloroform-d, a mixture of rotamers caused by
-Boc group) 9 8.92-8.81 (m, 1H), 8.69-8.61 (m, 1H), 8.21-
8.00 (m, 3H), 7.26-7.19 (m, 1H), 6.99-6.81 (m, 1H), 4.58-
4.44 (m, 1H), 4.17-4.06 (m, 3H), 3.44-3.27 (m, 2H), 2.83-
2.74 (m, 3H), 2.07-1.76 (m, 4H), 1.38-1.23 (m, 9H).

Synthesis of 8-(6-acetylpyridin-3-yl)-3-(3,5-dif-
luoro-4-methoxyphenyl)-4-oxo-2-(pyrrolidin-2-yl)-
3,4-dihydroquinazoline-6-carbonitrile (25xxx)

[0741] Trifluoroacetic acid (0.58 mlL, 7.48 mmol) was
added to a solution of 28 h (150 mg, 0.25 mmol) in DCM (10
mL) at 0° C., then stirred at room temperature overnight,
then the solvent was diluted with DCM (100 mL) and
washed with saturated solutions of Na,CO; (3x100 mL) and
brine (100 mL), dried over anhydrous Na,SO,, and filtered,
then the solvent was evaporated under reduced pressure. The
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residue was purified by flash chromatography (0% to 2%
MeOH/DCM) to afford 25xxx (100 mg, 80%) as a yellow
solid. "H NMR (400 MHz, Chloroform-d) 8 8.89 (dd, J=2.2,
0.7 Hz, 1H), 8.65 (d, J=2.0 Hz, 1H), 8.22-8.15 (m, 1H),
8.12-8.06 (m, 1H), 8.04 (d, J=2.0 Hz, 1H), 6.91 (ddt, J=29.8,
10.3,2.3 Hz, 2H), 4.12 (s, 3H), 3.96-3.82 (m, 1H), 3.06-2.98
(m, 1H), 2.80 (s, 3H), 2.79-2.70 (m, 1H), 1.88-1.67 (m, SH).
MS (ESI) nv/z: 502.1 (M+1)".

Example 178. Synthesis of 2-(2-azabicyclo[2.1.1]
hexan-1-yl)-3-(3-fluoro-4-methoxypheny!)-8-(6-
methylpyridin-3-yl)-4-oxo-3,4-dihydroquinazoline-
6-carbonitrile (25yyy)

[0742] Prepared as shown in Scheme 8d.

OMe

CH; 25yyy

2-(2-azabicyclo[2.1.1]hexan-1-yl)-3-(3-fluoro-4-methoxyphenyl)-8-(6-
methylpyridin-3-yl)-4-oxo-3,4-dihydroquinazoline-6-carbonitrile

Synthesis of tert-butyl 1-(8-bromo-6-cyano-3-(3-
fluoro-4-methoxyphenyl)-4-oxo-3,4-dihydroqui-
nazolin-2-yl)-2-azabicyclo[2.1.1]hexane-2-carboxy-
late (22n)

[0743] The procedure leading to 221 was followed using
2-amino-3-bromo-5-cyanobenzoic acid (2.48 g, 0.010 mol),
2-(tert-butoxycarbonyl)-2-azabicyclo[2.1.1]hexane-1-car-
boxylic acid (3.5 g, 0.015 mmol), 1-methylimidazole (9.9
ml, 0.12 mol), MsCl (1.2 mL, 0.015 mol), 3-fluoro-4-
methoxyaniline (3.77 g, 0.0.39 mmol), triethylamine (13
mL, 0.093 mol), TMSCI (9.2 mL, 0.072 mol), and anhy-
drous DCM (150 mL). Purification by flash chromatography
(0% to 17% A (DCM:ethyl acetate=1:4)/Hexane)) yielded
22n (2.4 g, 41%) as a pale yellow solid. 'H NMR (400 MHz,
Chloroform-d, a mixture of rotamers caused by -Boc group)
d 8.57-847 (m, 1H), 8.27-8.13 (m, 1H), 7.35 (s, 1H),
7.09-6.95 (m, 1H), 6.96-6.82 (m, 1H), 4.00-3.91 (m, 3H),
3.42 (s, 1H), 3.14-3.06 (m, 1H), 2.66-2.57 (m, 1H), 2.41 (s,
1H), 2.05-1.91 (m, 2H), 1.50-1.08 (m, 9H), 0.87-0.68 (m,
1H).

Synthesis of tert-butyl 1-(6-cyano-3-(3-fluoro-4-
methoxyphenyl)-8-(6-methylpyridin-3-yl)-4-oxo-3,
4-dihydroquinazolin-2-yl)-2-azabicyclo[2.1.1]
hexane-2-carboxylate (281)

[0744] The procedure of 28a was followed using 22n (300
mg, 0.53 mmol), cesium carbonate (350 mg, 1.06 mmol),
(6-methylpyridin-3-yl)boronic acid (94 mg, 0.69 mmol) and
tetrakis(tri-phenylphosphine) palladium (0) (46 mg, 0.04
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mmol), 1,4-dioxane (8 mL), and H,O (2 mL). Purification
by flash chromatography (0% to 70% A (DCM:ethyl
acetate=1:4)/Hexane) and a palladium scavenger (SiliaMetS
Thiol, 3x60 mg) yielded 28i (180 mg, 60%) as a white solid.
'H NMR (400 MHz, Chloroform-d, a mixture of rotamers
caused by -Boc group) 6 8.84 (s, 1H), 8.65-8.56 (m, 1H),
8.03-7.94 (m, 1H), 7.92-7.83 (m, 1H), 7.77-7.60 (m, 2H),
7.60-7.51 (m, 1H), 7.51-7.33 (m, 2H), 7.33-7.27 (m, 1H),
7.08-6.88 (m, 2H), 4.04-3.92 (m, 3H), 3.50-3.32 (m, 1H),
3.14-3.00 (m, 1H), 2.64 (s, 3H), 2.58-2.49 (m, 1H), 2.17 (s,
1H), 1.93-1.86 (m, 1H), 1.86-1.75 (m, 1H), 1.53-1.13 (m,
9H), 0.80-0.54 (m, 1H).

Synthesis of 2-(2-azabicyclo[2.1.1]hexan-1-y1)-3-(3-
fluoro-4-methoxyphenyl)-8-(6-methylpyridin-3-yl)-
4-0x0-3,4-dihydroquinazoline-6-carbonitrile (25yyy)

[0745] Trifluoroacetic acid (0.61 mL, 7.93 mmol) was
added to a solution of 28i (150 mg, 0.26 mmol) in DCM (10
mL) at 0° C., then stirred at room temperature overnight,
then the solvent was diluted with DCM (100 mL) and
washed with saturated solutions of Na,CO; (3x100 mL) and
brine (100 mL), dried over anhydrous Na,SO,, and filtered,
then the solvent was evaporated under reduced pressure. The
residue was purified by flash chromatography (0% to 2%
MeOH/DCM) to afford 25yyy (63 mg, 50%) as a white
solid. 'H NMR (400 MHz, Chloroform-d) 8 8.85-8.77 (m,
1H), 8.63-8.56 (m, 1H), 7.99 (d, J=2.0 Hz, 1H), 7.89 (dd,
J=8.0, 2.3 Hz, 1H), 7.30-7.26 (m, 1H), 7.19-7.05 (m, 3H),
3.97 (s, 3H), 2.83 (q, J=8.3 Hz, 2H), 2.64 (s, 3H), 2.58-2.50
(m, 1H), 1.83-1.77 (m, 2H), 1.72 (s, 1H), 1.13-0.95 (m, 2H).
MS (ESI) m/z: 467.1 (M+1)*.

Example 179. Synthesis of (R)-3-(3-fluoro-4-
methoxyphenyl)-8-(4-morpholinopiperidin-1-yl)-4-
oxo-2-(pyrrolidin-2-yl)-3,4-dihydroquinazoline-6-

carbonitrile (25zzz)

[0746] Prepared as shown in Scheme 8d.

OMe

NC

ENj
O
(R)-3-(3-fluoro-4-methoxyphenyl )-8-(4-morpholinopiperidin-1-yl)-4-
oxo-2-(pyrrolidin-2-yl)-3,4-dihydroquinazoline-6-carbonitrile

2577z

Synthesis of tert-butyl (R)-2-(8-bromo-6-cyano-3-
(3-fluoro-4-methoxyphenyl)-4-oxo-3,4-dihydroqui-
nazolin-2-yl)pyrrolidine-1-carboxylate (22a)

[0747] The procedure leading to 221 was followed using
2-amino-3-bromo-5-cyanobenzoic acid (1.00 g, 4.15 mmol),
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Boc-2-D-proline (1.34 g, 6.22 mmol), 1-methylimidazole
(1.16 mL, 14.53 mmol), MsCl (0.48 ml, 6.22 mmol),
3-fluoro-4-methoxyaniline (0.88 g, 6.22 mmol), triethylam-
ine (5.20 mL, 37.35 mol), TMSCI (3.70 mL, 29.05 mol), and
anhydrous DCM (150 mL). Purification by flash chroma-
tography (0% to 17% A (DCM:ethyl acetate=1:4)/Hexane))
yielded 22a (1.45 g, 64%) as a pale yellow solid. 'H NMR
(400 MHz, Chloroform-d, a mixture of rotamers caused by
-Boc group and atropisomers caused by —F atom) d 8.53-
8.48 (m, 1H), 8.23-8.16 (m, 1H), 7.41-7.16 (m, 1H), 7.15-
7.05 (m, 1H), 6.98-6.91 (m, 1H), 4.62-4.49 (m, 1H), 4.01-
3.95 (m, 3H), 3.90-3.79 (m, 1H), 3.60-3.44 (m, 1H), 2.28-
1.84 (m, 4H), 1.42 (d, J=3.9 Hz, 6H), 1.29 (d, J=2.1 Hz, 3H).
MS (ESD) m/z: 544.1 (M+1)*.

Synthesis of tert-butyl (R)-2-(6-cyano-3-(3-fluoro-
4-methoxyphenyl)-8-(4-morpholinopiperidin-1-yl)-
4-0x0-3,4-dihydroquinazolin-2-yl)pyrrolidine-1-
carboxylate (28j)

[0748] A mixture of 22a (520 mg, 0.96 mmol), 4-(piperi-
din-4-yl)morpholine (212 mg, 1.25 mmol), XPhos Pd G3
(41 mg, 0.048 mmol) and Cs,CO; (947 mg, 2.88 mmol) in
anhydrous toluene (15 mL) was heated to reflux for 16 h
under nitrogen atmosphere. After cooling to room tempera-
ture, the mixture was concentrated to remove toluene, and
diluted with H,O (50 mL) and extracted with DCM (3x60
mL). The combined organic layers were washed with brine
(150 mL), dried over anhydrous Na,SO,, and filtered, then
the solvent was evaporated under reduced pressure to afford
a pale-yellow oil. The crude product was purified with flash
chromatography (0-1.5% MeOH/DCM) to give the product
(200 mg), which was treated with a palladium scavenger
(SiliaMetS Thiol, 70 mg), stirred at 40° C. for 8 h and at rt
for 16 h, and filtered through Celite pad to remove any
residual metal from the coupling reaction. Repeating this
procedure of removing Pd for three times. After concentra-
tion, 28] (200 mg, 33%) was obtained as a yellow solid. "H
NMR (400 MHz, Chloroform-d, a mixture of rotamers
caused by -Boc group and atropisomers caused by —F
atom) d 8.28-8.09 (m, 1H), 7.45-7.27 (m, 1H), 7.24-7.01 (m,
2H), 7.01-6.88 (m, 1H), 4.59-4.45 (m, 1H), 4.40-4.22 (m,
1H), 4.03-3.92 (m, 3H), 3.83-3.73 (m, 4H), 3.72-3.61 (m,
1H), 3.57-3.46 (m, 1H), 2.99-2.82 (m, 1H), 2.71-2.54 (m,
4H), 2.44-2.27 (m, 1H), 2.28-1.47 (m, 10H), 1.49-1.23 (m,
9H).

Synthesis of (R)-3-(3-fluoro-4-methoxyphenyl)-8-
(4-morpholinopiperidin-1-yl)-4-oxo-2-(pyrrolidin-2-
y1)-3,4-dihydroquinazoline-6-carbonitrile (25zzz)

[0749] Trifluoroacetic acid (0.73 mL, 9.48 mmol) was
added to a solution of 28j (200 mg, 0.32 mmol) in DCM (10
mL) at 0° C., then stirred at room temperature overnight,
then the solvent was diluted with DCM (100 mL) and
washed with saturated solutions of Na,CO; (3x100 mL)) and
brine (100 mL), dried over anhydrous Na,SO,, and filtered,
then the solvent was evaporated under reduced pressure. The
residue was purified by flash chromatography (0% to 2%
MeOH/DCM) to afford 25zzz (85 mg, 51%) as a yellow
solid. '"H NMR (400 MHz, Chloroform-d, a mixture of two
atropisomers (=~1:1 ratio) caused by —F atom) 3 8.14 (s,
1H), 7.33 (s, 1H), 7.14-6.97 (m, 3H), 4.03-3.85 (m, 6H),
3.77 (s, 4H), 3.27-3.16 (m, 1H), 2.90-2.76 (m, 3H), 2.63 (s,
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4H), 2.44-2.34 (m, 1H), 2.10-2.02 (m, 2H), 1.86-1.74 (m,
6H). MS (ESI) m/z: 533.0 (M+1)*.

Example 180. Synthesis of 3-(3,5-difluoro-4-
methoxyphenyl)-8-(6-(hydroxymethyl)pyridin-3-yl)-
4-ox0-2-(pyrrolidin-2-y1)-3,4-dihydroquinazoline-6-

carbonitrile (25aaaa)

[0750] Prepared as shown in Scheme 8d.
F
OMe
(6]
NC
N F
F
HN:
OH  25aaaa

3-(3,5-difluoro-4-methoxyphenyl)-8-(6-(hydroxymethyl)pyridin-3-
yl)-4-ox0-2-(pyrrolidin-2-yl)-3,4-dihydroquinazoline-6-carbonitrile

Synthesis of tert-butyl 2-(6-cyano-3-(3,5-difluoro-4-

methoxyphenyl)-8-(6-formylpyridin-3-yl)-4-oxo0-3,

4-dihydroquinazolin-2-yl)pyrrolidine-1-carboxylate
(28k)

[0751] A mixture of 221 (700 mg, 1.25 mmol), cesium
carbonate (813 mg, 2.49 mmol), 5-(4,4,5,5-tetramethyl-1,3,
2-dioxaborolan-2-yl)picolinaldehyde (378 mg, 1.62 mmol)
and tetrakis(tri-phenylphosphine) palladium (0) (108 mg,
0.094 mmol) in 1,4-dioxane (20 mL) and H,O (4 mL) was
degassed and flushed with nitrogen. The mixture was heated
at 85° C. for 16 h under nitrogen atmosphere. After cooling
to room temperature, the mixture was concentrated to
remove dioxane, and diluted with H,O (100 mL) and
extracted with DCM (3x100 mL). The combined organic
layers were washed with brine (200 mL), dried over anhy-
drous Na,SO,, and filtered, then the solvent was evaporated
under reduced pressure to afford a pale-yellow oil. The crude
product was purified with flash chromatography (0% to 25%
A (DCM:ethyl acetate=1:4)/Hexane) to give the product,
which was treated with a palladium scavenger (SiliaMetS
Thiol, 80 mg), stirred at 40° C. for 8 h and at rt for 16 h, and
filtered through Celite pad to remove any residual metal
from the coupling reaction. Repeating this procedure of
removing Pd for three times. After concentration, 28k (230
mg, 31%) was obtained as a yellow solid. 'H NMR (400
MHz, Chloroform-d, a mixture of rotamers caused by -Boc
group) § 10.22-10.15 (m, 1H), 9.03-8.92 (m, 1H), 8.70-8.61
(m, 1H), 8.23-8.03 (m, 3H), 7.26-7.18 (m, 1H), 6.98-6.81
(m, 1H), 4.57-4.44 (m, 1H), 4.17-4.07 (m, 3H), 3.47-3.28
(m, 2H), 2.12-1.97 (m, 1H), 1.92-1.76 (m, 3H), 1.29-1.23
(m, 9H).
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Synthesis of 3-(3,5-difluoro-4-methoxyphenyl)-8-
(6-(hydroxymethyl)pyridin-3-yl)-4-oxo-2-(pyrroli-
din-2-yl)-3,4-dihydroquinazoline-6-carbonitrile
(25aaaa)

[0752] To the mixture of 28k (350 mg, 0.60 mmol) in
MeOH (10 mL) cooled to 0° C. was added NaBH,, (68 mg,
1.80 mmol). The reaction mixture was stirred at 0° C. for 1
h. Then, the reaction mixture was quenched by saturated
aqueous NH,Cl (50 mL) and concentrated to remove
MeOH. The resulting residual was extracted with DCM
(3x50 mL). The combined organic layers washed with brine
(200 mL), dried over anhydrous Na,SO,, and filtered, then
the solvent was evaporated under reduced pressure to afford
the crude product of 29a (190 mg) as a white solid. Then,
trifluoroacetic acid (0.74 mL, 9.67 mmol) was added to a
solution of 29a (190 mg, 0.32 mol) in CH,Cl, (10 mL) at 0°
C., then stirred at room temperature overnight, then the
solvent was diluted with CH,Cl, (100 mL) and washed with
saturated solutions of Na,CO; (3x50 mL) and brine (150
mL), dried over anhydrous Na,SO,, and filtered, then the
solvent was evaporated under reduced pressure. The residue
was purified by flash chromatography (0% to 6% MeOH/
CH,Cl,) to afford 25aaaa (108 mg, 37%) as a yellow solid.
'H NMR (400 MHz, Chloroform-d) & 8.81 (s, 1H), 8.62 (s,
1H), 8.01 (s, 1H), 7.94 (dd, J=8.0, 1.6 Hz, 1H), 7.42 (d,
1=8.1 Hz, 1H), 6.96 (d, J=10.3 Hz, 1H), 6.88 (d, J=10.1 Hz,
1H), 4.88 (s, 2H), 4.12 (s, 3H), 4.00-3.92 (m, 1H), 3.14-3.03
(m, 1H), 2.88-2.77 (m, 1H), 1.91-1.67 (m, 4H). MS (ESI)
m/z: 490.0 (M+1)*.

Example 181. Synthesis of 3-(3-fluoro-4-methoxy-

phenyl)-8-(6-(hydroxymethyl)pyridin-3-yl)-4-oxo-2-

(pyrrolidin-2-yl)-3,4-dihydroquinazoline-6-carboni-
trile (25bbbb)

[0753] Prepared as shown in Scheme 8d.
OMe
O
NC
N F
G
N
HN
7 |
\ N
OH  25bbbb

3-(3-fluoro-4-methoxyphenyl)-8-(6-(hydroxymethyl)pyridin-3-yl)-4-
oxo-2-(pyrrolidin-2-yl)-3,4-dihydroquinazoline-6-carbonitrile

Synthesis of tert-butyl 2-(8-bromo-6-cyano-3-(3-
fluoro-4-methoxyphenyl)-4-oxo-3,4-dihydroqui-
nazolin-2-yl)pyrrolidine-1-carboxylate (22d)

[0754] The procedure of 221 was followed using 2-amino-
3-bromo-5-cyanobenzoic acid (1.00 g, 4.15 mmol), 2-Boc-
DL-proline (1.34 g, 6.22 mmol), 1-methylimidazole (1.16
ml, 14.53 mmol), MsCl (0.48 mL, 6.22 mmol), 3-fluoro-
4-methoxyaniline (0.88 g, 6.22 mmol), triethylamine (5.20
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mL, 37.35 mol), TMSCI (3.70 mL, 29.05 mol), and anhy-
drous DCM (150 mL). Purification by flash chromatography
(0% to 17% A (DCM:ethyl acetate=1:4)/Hexane)) yielded
22d (1.45 g, 64%) as a pale yellow solid. '"H NMR (400
MHz, Chloroform-d, a mixture of rotamers caused by -Boc
group and atropisomers caused by —F atom) § 8.53-8.48
(m, 1H), 8.23-8.16 (m, 1H), 7.41-7.16 (m, 1H), 7.15-7.05
(m, 1H), 6.98-6.91 (m, 1H), 4.62-4.49 (m, 1H), 4.01-3.95
(m, 3H), 3.90-3.79 (m, 1H), 3.60-3.44 (m, 1H), 2.28-1.84
(m, 4H), 1.42 (d, J=3.9 Hz, 6H), 1.29 (d, J=2.1 Hz, 3H). MS
(ESD) m/z: 544.1 (M+1)*.

Synthesis of tert-butyl 2-(6-cyano-3-(3-fluoro-4-
methoxyphenyl)-8-(6-formylpyridin-3-yl)-4-oxo-3,
4-dihydroquinolin-2-yl)pyrrolidine-1-carboxylate
(281)

[0755] A mixture of 22d (630 mg, 1.16 mmol), cesium
carbonate (756 mg, 2.32 mmol), 5-(4,4,5,5-tetramethyl-1,3,
2-dioxaborolan-2-yl)picolinaldehyde (352 mg, 1.51 mmol)
and tetrakis(tri-phenylphosphine) palladium (0) (201 mg,
0.17 mmol) in 1,4-dioxane (20 mL) and H,O (4 mL) was
degassed and flushed with nitrogen. The mixture was heated
at 85° C. for 16 h under nitrogen atmosphere. After cooling
to room temperature, the mixture was concentrated to
remove dioxane, and diluted with H,O (100 mL) and
extracted with DCM (3x100 mL). The combined organic
layers were washed with brine (200 mL), dried over anhy-
drous Na,SO,, and filtered, then the solvent was evaporated
under reduced pressure to afford a pale-yellow oil. The crude
product was purified with flash chromatography (0% to 40%
A (DCM:ethyl acetate=1:4)/Hexane) to give the product,
which was treated with a palladium scavenger (SiliaMetS
Thiol, 120 mg), stirred at 40° C. for 8 h and at rt for 16 h,
and filtered through Celite pad to remove any residual metal
from the coupling reaction. Repeating this procedure of
removing Pd for three times. After concentration, 281 (320
mg, 48%) was obtained as a yellow solid. 'H NMR (400
MHz, Chloroform-d, a mixture of rotamers caused by -Boc
group and atropisomers caused by —F atom) d 10.21-10.14
(m, 1H), 9.05-8.94 (m, 1H), 8.71-8.62 (m, 1H), 8.27-8.16
(m, 1H), 8.15-8.02 (m, 2H), 7.41-7.30 (m, 1H), 7.20-7.09
(m, 1H), 7.03-6.92 (m, 1H), 4.62-4.42 (m, 1H), 4.06-3.92
(m, 3H), 3.46-3.29 (m, 2H), 2.02-1.73 (m, 4H), 1.38-1.27
(m, 9H).

Synthesis of tert-butyl 2-(6-cyano-3-(3,5-difluoro-4-

methoxyphenyl)-8-(6-(2-hydroxypropan-2-yl)pyri-

din-3-yl)-4-ox0-3,4-dihydroquinazolin-2-yl)pyrroli-
dine-1-carboxylate (25bbbb)

[0756] To the mixture of 281 (320 mg, 0.56 mmol) in
MeOH (10 mL) cooled to 0° C. was added NaBH,, (43 mg,
1.12 mmol). The reaction mixture was stirred at 0° C. for 1
h. Then, the reaction mixture was quenched by saturated
aqueous NH,Cl (50 ml) and concentrated to remove
MeOH. The resulting residual was extracted with DCM
(3%50 mL). The combined organic layers washed with brine
(200 mL), dried over anhydrous Na,SO,, and filtered, then
the solvent was evaporated under reduced pressure to afford
the crude product of 29b (290 mg) as a white solid. Then,
trifluoroacetic acid (1.13 mL, 14.7 mmol) was added to a
solution of 29b (280 mg, 0.49 mol) in CH,Cl, (10 mL) at 0°
C., then stirred at room temperature overnight, then the
solvent was diluted with CH,Cl, (100 mL) and washed with
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saturated solutions of Na,CO; (4x50 mL) and brine (150
mL), dried over anhydrous Na,SO,, and filtered, then the
solvent was evaporated under reduced pressure. The residue
was purified by flash chromatography (0% to 6% MeOH/
CH,Cl,) to afford 25bbbb (63 mg, 24%) as a yellow solid.
'H NMR (400 MHz, Chloroform-d, a mixture of two
atropisomers (=1:1 ratio) caused by —F atom) d 8.81 (s,
1H), 8.63 (s, 1H), 8.00 (s, 1H), 7.97 (d, J=8.2 Hz, 1H), 7.42
(d, J=8.1 Hz, 1H), 7.20-6.97 (m, 3H), 4.88 (s, 2H), 3.98 (s,
3H), 3.93-3.81 (m, 1H), 3.14-2.99 (m, 1H), 2.81-2.67 (m,
1H), 1.91-1.71 (m, 4H). MS (ESI) m/z: 472.1 (M+1)*.
Example 182. Synthesis of 3-(3,5-difluoro-4-
methoxyphenyl)-8-(6-(2-hydroxypropan-2-yl)pyri-
din-3-yl)-4-ox0-2-(pyrrolidin-2-yl)-3,4-dihydroqui-
nazoline-6-carbonitrile (25ccec)

[0757] Prepared as shown in Scheme 8d.
F
OMe
(6]
NC
N F
G
N
HN:
= |
N N
OH 25¢ccee

3-(3,5-difluoro-4-methoxyphenyl)-8-(6-(2-hydroxypropan-2-yl)pyridin-3-
yl)-4-ox0-2-(pyrrolidin-2-yl)-3,4-dihydroquinazoline-6-carbonitrile

Synthesis of tert-butyl 2-(6-cyano-3-(3,5-difluoro-4-
methoxyphenyl)-8-(6-(2-hydroxypropan-2-yl)pyri-
din-3-yl)-4-0x0-3,4-dihydroquinazolin-2-yl)pyrroli-
dine-1-carboxylate (29¢)
[0758] To the mixture of 28h (200 mg, 0.33 mmol) in
anhydrous THF (10 mL) cooled to 0° C. was added a
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solution of CH;MgBr in ether (0.33 mL, 3.0N, 1.00 mmol).
The reaction mixture was stirred at 0° C. for 3 h. Then, the
reaction mixture was quenched by saturated aqueous NH,C1
(50 mL) and extracted with DCM (3x50 mL). The combined
organic layers washed with brine (200 mL), dried over
anhydrous Na,SO,, and filtered, then the solvent was evapo-
rated under reduced pressure to give the crude product. It
was purified with flash chromatography (0% to 60% A
(DCM:ethyl acetate=1:4)/Hexane) to deliver the product to
afford 29¢ (70 mg, 34%) as a white solid. 'H NMR (400
MHz, Chloroform-d) § 8.79-8.62 (m, 1H), 8.62-8.58 (m,
1H), 8.08-7.92 (m, 2H), 7.57-7.44 (m, 1H), 7.26-7.20 (m,
1H), 6.99-6.81 (m, 1H), 5.01-4.92 (m, 1H), 4.54-4.43 (m,
1H), 4.16-4.07 (m, 3H), 3.45-3.24 (m, 2H), 2.03-1.76 (m,
4H), 1.69-1.58 (m, 6H), 1.41-1.28 (m, 9H).

Synthesis of 3-(3,5-difluoro-4-methoxyphenyl)-8-
(6-(2-hydroxypropan-2-yl)pyridin-3-yl)-4-oxo-2-
(pyrrolidin-2-y1)-3,4-dihydroquinazoline-6-carboni-
trile (25ccec)

[0759]
added to a solution of pale yellow solid 29¢ (100 mg, 0.16
mmol) in DCM (8 mL) at 0° C., then stirred at room
temperature overnight, then the solvent was diluted with
DCM (50 mL) and washed with saturated solutions of
Na,CO; (4x50 mL) and brine (50 mL), dried over anhydrous

Na,SO,, and filtered, then the solvent was evaporated under

Trifluoroacetic acid (0.37 mL, 4.86 mmol) was

reduced pressure. The residue was purified by flash chro-
matography (0% to 20% MeOH/DCM) to afford 25ccec (68
mg, 81%) as a yellow solid. 'H NMR (400 MHz, Chloro-
form-d) 8 8.79-8.72 (m, 1H), 8.62 (d, J=2.0 Hz, 1H), 8.02 (d,
J=2.0 Hz, 1H), 7.96 (dd, J=8.2, 2.3 Hz, 1H), 7.59-7.48 (m,
1H), 6.99-6.92 (m, 1H), 6.92-6.84 (m, 1H), 4.80 (s, 1H),
4.12 (s, 3H), 3.94-3.86 (m, 1H), 3.06-2.97 (m, 1H), 2.82-2.
72 (m, 1H), 1.85-1.74 (m, 4H), 1.63 (s, 6H). MS (ESI) m/z:
5182 M+1)*.

Scheme 8e. Synthesis of quinazolinones 25dddd-25gggg, Examples 183-186

@] P(OPh);,
ArNH,,
pyridine
N-BOC-

amino acid

NC NC

NI,

Br

22e, 2S,4R
22j, 2R A4S

F
OMe

TBAF,

OTBS



US 2022/0348558 Al Nov. 3, 2022

120
-continued
F
OMe
0
NC (COCI),, DMSO
N TEA, DCM
78°C.,1h
= 2
N OH
Br N
Boc/
30a, 2S,4R
30b, 2R,4S
F
oMe D Pd(PPhy)
o Cs,C03, 85° C.
HO —N
NC \
N B CH3
< 7
= 2
N o 14-dioxane, H,0, 16 h
Br N 2) SilaMetS Thiol, CH,Cl,,
Boc”” 45°C., 8 h,rt, 16 h. 3 times
31a. 2S AR filter through celite to remove Pd
31b, 2R A4S
F F F
OMe OMe HCI in OMe
% EtOAc 0
NC DAST, IN NC
N DCM i, 16 h N
A 0°C.tort A F
N o 16 h N
N HN.
/ | BOC/ / | F
N N N N
CH; CHs
32a, C2-S 25dddd, C2-S
32b,C2-R 25eeee, C2-R
F
HCI in EtOAc IN
i, 16 h OMe
0
NC
N
= 2
N 0
HN.
/ |
N
CH;
25£ffF, C2-S

25gggg, C2-R



US 2022/0348558 Al

Example 183. (S)-2-(4,4-difluoropyrrolidin-2-yl)-3-
(3-fluoro-4-methoxyphenyl)-8-(6-methylpyridin-3-
yl)-4-0x0-3,4-dihydroquinazoline-6-carbonitrile
(25dddd)

[0760] Prepared as shown in Scheme 8e.

OMe

CH;  25dddd

(S)-2-(4 4-difluoropyrrolidin-2-y1)-3-(3-fluoro-4-methoxyphenyl)-8-
(6-methylpyridin-3-yl)-4-oxo-3,4-dihydroquinazoline-6-carbonitrile

Synthesis of tert-butyl (2S,4R)-2-(8-bromo-6-
cyano-3-(3-fluoro-4-methoxyphenyl)-4-oxo-3,4-
dihydroquinazolin-2-y1)-4-((tert-butyldimethylsilyl)
oxy)pyrrolidine-1-carboxylate (22¢)

[0761] 2-amino-3-bromo-5-cyanobenzoic acid (500 mg,
2.08 mmol) and (2S,4R)-1-(tert-butoxycarbonyl)-4-((tert-
butyldimethylsilyl)oxy)pyrrolidine-2-carboxylic acid (935
mg, 2.71 mmol) were dissolved in dry pyridine (8 mL).
triphenyl phosphite (1.64 mL, 6.25 mmol) was added to the
mixture and the reaction mixture was heated at 130° C. with
MWTI for 30 min. 3-Fluoro-4-methoxyaniline (353 mg, 2.50
mmol) was added to the mixture and the reaction mixture
was heated at 100° C. with MWI for 30 min. Pyridine was
removed in vacuo and the residue was diluted with CH,Cl,
(100 mL) and washed with 1N HCI aqueous (100 mL). The
organic layer was washed with H,O (50 mL) and brine (50
mL), dried over anhydrous Na,SO,, and filtered, then the
solvent was evaporated under reduced pressure. The residue
was purified by flash chromatography (0% to 13% A (DCM:
ethyl acetate=1:4)/Hexane)) yielded 22e (500 mg, 71%) as
yellow solid. '"H NMR (400 MHz, Chloroform-d, a mixture
of rotamers caused by -Boc group and atropisomers caused
by —F atom) & 8.80-8.63 (m, 2H), 8.14-7.93 (m, 2H),
7.52-7.34 (m, 2H), 7.32-7.12 (m, 2H), 7.05-6.92 (m, 1H),
4.70-4.49 (m, 1H), 4.48-4.29 (m, 1H), 4.11-3.95 (m, 3H),
3.68-3.53 (m, 1H), 3.39-3.21 (m, 1H), 2.78-2.62 (m, 3H),
2.14-1.90 (m, 2H), 1.44-1.43 (m, 4H), 1.36-1.32 (m, 5H),
0.86-0.73 (m, 9H), 0.07--0.05 (m, 6H).

Synthesis of tert-butyl (2S,4R)-2-(8-bromo-6-
cyano-3-(3-fluoro-4-methoxyphenyl)-4-oxo-3,4-
dihydroquinazolin-2-yl)-4-hydroxypyrrolidine-1-

carboxylate (30a)

[0762] To the mixture of 22e (700 mg, 1.04 mmol) in THE
(10 mL) was added dropwise the solution of TBAF in water
(0.76 mL, w %=75%, 2.08 mmol) at 0° C. The reaction
mixture was stirred at rt for 3 h. It was extracted with DCM
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(3x100 mL). The combined organic layers were washed
with brine (300 mL), dried over anhydrous Na,SO,, and
filtered, then the solvent was evaporated under reduced
pressure to afford a pale-yellow oil. The crude product was
purified with flash chromatography (0% to 40% A (DCM:
ethyl acetate=1:4)/Hexane) to afford 30a (330 mg, 57%) as
a white solid. 'H NMR (400 MHz, Chloroform-d, a mixture
of rotamers caused by -Boc group and atropisomers caused
by —F atom) 8 8.56-8.46 (m, 1H), 8.26-8.14 (m, 1H),
7.52-7.33 (m, 1H), 7.19-7.06 (m, 1H), 6.96-6.86 (m, 1H),
4.72-4.48 (m, 2H), 4.00-3.89 (m, 4H), 3.68-3.50 (m, 1H),
2.27-2.06 (m, 2H), 1.43-1.25 (m, 9H).

Synthesis of tert-butyl (S)-2-(8-bromo-6-cyano-3-
(3-fluoro-4-methoxyphenyl)-4-oxo-3,4-dihydroqui-
nazolin-2-yl)-4-oxopyrrolidine-1-carboxylate (31a)

[0763] To the mixture of oxalyl chloride (61 pL, 0.72
mmol) in DCM (10 mL) under N, cooled to -78° C. was
added dropwise DMSO (103 pL, 1.44 mmol). After being
stirred at —78° C. for 30 mins, a solution of 30a (310 mg,
0.55 mmol) in DCM (5§ mL) was added into the reaction
mixture and stirred at —78° C. for 30 mins. Then, triethyl-
amine (0.16 mL, 1.17 mmol) was added into the reaction
mixture, and stirred at =78° C. for 1 h. It was quenched by
water (50 mL) and extracted with DCM (3x100 mL). The
combined organic layers were washed with brine (300 mL),
dried over anhydrous Na,SO,, and filtered, then the solvent
was evaporated under reduced pressure to afford 31a (290
mg, 94%) as a yellow oil. "H NMR (400 MHz, Chloroform-
d, a mixture of rotamers caused by -Boc group and atropi-
somers caused by —F atom) § 8.56-8.43 (m, 1H), 8.25-8.13
(m, 1H), 7.49-7.31 (m, 1H), 7.23-7.09 (m, 1H), 6.98-6.84
(m, 1H), 5.06-4.94 (m, 1H), 4.47-4.33 (m, 1H), 4.04-3.85
(m, 4H), 2.80-2.62 (m, 1H), 2.59-2.41 (m, 1H), 1.49-1.35
(m, 9H).

Synthesis of tert-butyl (S)-2-(6-cyano-3-(3-fluoro-4-
methoxyphenyl)-8-(6-methylpyridin-3-yl)-4-oxo0-3,
4-dihydroquinazolin-2-yl)-4-oxopyrrolidine-1-car-

boxylate (32a)

[0764] A mixture of 31a (310 mg, 0.56 mmol), cesium
carbonate (363 mg, 1.11 mmol), 2-methylpyridine-5-bo-
ronic acid (84 mg, 0.61 mmol), tetrakis(tri-phenylphos-
phine) palladium (0) (13 mg, 0.011 mmol) in 1,4-dioxane
(10 mL) and H,O (2 mL) was degassed and flushed with
nitrogen. The mixture was heated at 85° C. for 16 h under
nitrogen atmosphere. After cooling to room temperature, the
mixture was concentrated to remove dioxane, and diluted
with H,O (50 mL) and extracted with DCM (3x50 mL). The
combined organic layers were washed with brine (100 mL),
dried over anhydrous Na,SO,, and filtered, then the solvent
was evaporated under reduced pressure to afford a pale-
yellow oil. The crude product was purified with flash chro-
matography (0% to 65% A (DCM:ethyl acetate=1:4)/
Hexane) to give the product, which was treated with a
palladium scavenger (SiliaMetS Thiol, 50 mg), stirred at 40°
C. for 8 h and at rt for 16 h, and filtered through Celite pad
to remove any residual metal from the coupling reaction.
Repeating this procedure of removing Pd for three times
(Adding new palladium scavenger and being stirred for 24
h for three times). After concentration, 32a (150 mg, 47%)
was obtained as a yellow solid. 'H NMR (400 MHz,
Chloroform-d, a mixture of rotamers caused by -Boc group
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and atropisomers caused by —F atom) § 8.72-8.59 (m, 1H),
8.30-7.91 (m, 2H), 7.70-7.58 (m, 1H), 7.54-7.38 (m, 2H),
7.23-6.93 (m, 2H), 4.98 (t, J=10.6 Hz, 1H), 4.05-3.87 (m,
3H), 3.83-3.49 (m, 2H), 3.10-2.78 (m, 3H), 2.78-2.48 (m,
2H), 1.38-1.22 (m, 9H).

Synthesis of (S)-2-(4,4-difluoropyrrolidin-2-y1)-3-
(3-fluoro-4-methoxyphenyl)-8-(6-methylpyridin-3-
y1)-4-0x0-3,4-dihydroquinazoline-6-carbonitrile
(25dddd)

[0765] To the mixture of 32a (70 mg, 0.12 mmol) in DCM
(2 mL) was added dropwise (diethylamino)sulfur trifluoride
(81 pL, 0.62 mmol) at -78° C. The reaction mixture was
stirred at rt for 16 h. It was quenched with water (10 mL) and
extracted with DCM (3x30 mL). The combined organic
layers were washed with brine (100 mL), dried over anhy-
drous Na,SO,, and filtered, then the solvent was evaporated
under reduced pressure to afford the crude product of 33a
(60 mg) as a yellow oil, which was directly was used in the
next step. A solution of HCI in EtOAc (2 mL, 1N, 2 mmol)
was added to a solution of 33a (65 mg, 0.11 mmol) in EtOAc
(2 mL) at 0° C., then stirred at room temperature overnight,
then the reaction mixture was then adjusted to pH 11 with
saturated solutions of Na,CO; and concentrated to remove
EtOAc. The resulting residual was diluted with water (50
mL) and extracted with DCM (3x50 mL). The combined
organic layers were washed with brine (100 mL), dried over
anhydrous Na,SO,, and filtered, then the solvent was evapo-
rated under reduced pressure. The residue was purified by
flash chromatography (0-2% MeOH/DCM) to afford 25dddd
(13 mg, 22%) as a pale-yellow solid. "H NMR (400 MHz,
Chloroform-d, a mixture of two atropisomers (=1:1 ratio)
caused by —F atom) d 8.72 (s, 1H), 8.61 (d, J=2.0 Hz, 1H),
8.01 (d, J=1.9 Hz, 1H), 7.86 (dd, J=8.0, 2.0 Hz, 1H), 7.31 (d,
J=8.0 Hz, 1H), 7.19-7.06 (m, 2H), 7.03-6.93 (m, 1H),
4.28-4.07 (m, 1H), 3.99 (s, 3H), 3.33-3.20 (m, 1H), 2.99 (dd,
J=20.0, 9.9 Hz, 1H), 2.67 (s, 3H), 2.49-2.35 (m, 1H),

2.30-2.16 (m, 1H). MS (ESI) nv/z: 492.0 (M+1)*.
Example 184. Synthesis of (R)-2-(4,4-difluoropyr-
rolidin-2-yl)-3-(3-fluoro-4-methoxypheny!)-8-(6-
methylpyridin-3-yl)-4-0x0-3,4-dihydroquinazoline-
6-carbonitrile (25eeee)
[0766] Prepared as shown in Scheme 8e and as described

for 25dddd but using the (R)-enantiomer of the Boc-pro-
tected amino acid.

OMe

CH; 25eeee

(R)-2-(4,4-difluoropyrrolidin-2-yl)-3-(3-fluoro-4-methoxyphenyl)-8-(6-
methylpyridin-3-yl)-4-oxo-3,4-dihydroquinazoline-6-carbonitrile
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Synthesis of (R)-2-(4,4-difluoropyrrolidin-2-yl)-3-
(3-fluoro-4-methoxyphenyl)-8-(6-methylpyridin-3-
y1)-4-0x0-3,4-dihydroquinazoline-6-carbonitrile
(25eeee)

[0767] To the mixture of 32b (400 mg, 0.70 mmol) in
DCM (10 mL) was added dropwise (diethylamino)sulfur
trifluoride (0.45 mL, 3.51 mmol) at -78° C. The reaction
mixture was stirred at rt for 16 h. It was quenched by water
(10 mL), and extracted with DCM (3x50 mL). The com-
bined organic layers were washed with brine (100 mL),
dried over anhydrous Na,SO,, and filtered, then the solvent
was evaporated under reduced pressure to afford the crude
product 33b (360 mg) as a yellow oil, which was directly
was used in the next step. A solution of HCI in EtOAc (15
mL, 1N, 15 mmol) was added to a solution of 33b (360 mg,
0.61 mmol) in EtOAc (5 mL) at 0° C., then stirred at room
temperature overnight, then the reaction mixture was then
adjusted to pH 11 with saturated solutions of Na,CO; and
concentrated to remove EtOAc. The resulting residual was
diluted with water (50 mL) and extracted with DCM (3x50
mL). The combined organic layers were washed with brine
(100 mL), dried over anhydrous Na,SO,, and filtered, then
the solvent was evaporated under reduced pressure. The
residue was purified by flash chromatography (0-2% MeOH/
DCM) to afford 25eeee (100 mg, 33%) as a pale-yellow
solid. "H NMR (400 MHz, Chloroform-d, a mixture of two
atropisomers (=~1:1 ratio) caused by —F atom) & 8.71 (d,
J=2.3 Hz, 1H), 8.61 (d, J=1.9 Hz, 1H), 8.01 (d, J=1.9 Hz,
1H), 7.86 (dd, J=8.0, 2.4 Hz, 1H), 7.34-7.27 (m, 1H),
7.18-7.07 (m, 2H), 7.02-6.93 (m, 1H), 4.19 (q, J=7.9 Hz,
1H), 3.99 (s, 3H), 3.34-3.19 (m, 1H), 3.05-2.90 (m, 1H),
2.67 (s, 3H), 2.49-2.35 (m, 1H), 2.29-2.16 (m, 1H). MS

(ESI) m/z: 492.0 (M+1)".

Example 185. Synthesis of (S)-3-(3-fluoro-4-
methoxyphenyl)-8-(6-methylpyridin-3-yl)-4-oxo0-2-
(4-oxopyrrolidin-2-yl)-3,4-dihydroquinazoline-6-
carbonitrile (25ffff)

[0768] Prepared as shown in Scheme 8e.

OMe

CH;  25ffif

(5)-3-(3-fluoro-4-methoxyphenyl)-8-(6-methylpyridin-3-yl)-4-oxo-2-(4-
oxopyrrolidin-2-yl)-3,4-dihydroquinazoline-6-carbonitrile

Synthesis of (S)-3-(3-fluoro-4-methoxyphenyl)-8-
(6-methylpyridin-3-yl)-4-oxo-2-(4-oxopyrrolidin-2-
y1)-3,4-dihydroquinazoline-6-carbonitrile (25fff)
[0769] A solution of HCI in EtOAc (5§ mL, 1N, 5 mmol)
was added to a solution of 32a (200 mg, 0.35 mmol) in
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EtOAc (2 mL) at 0° C., then stirred at room temperature
overnight, then the reaction mixture was then adjusted to pH
11 with saturated solutions of Na,CO; and concentrated to
remove EtOAc. The resulting residual was diluted with
water (50 mL) and extracted with DCM (3x50 mL). The
combined organic layers were washed with brine (100 mL),
dried over anhydrous Na,SO,, and filtered, then the solvent
was evaporated under reduced pressure. The residue was
purified by flash chromatography (0-2% MeOH/DCM) to
afford 25Fff (27 mg, 18%) as a pale-yellow solid. 'H NMR
(400 MHz, Methanol-d,, a mixture of two atropisomers
(=1:1 ratio) caused by —F atom) 9 8.52 (d, J=2.2 Hz, 1H),
8.44 (d, J=2.0 Hz, 1H), 8.13-8.05 (m, 1H), 7.89 (dd, J=8.0,
2.3 Hz, 1H), 7.39-7.28 (m, 1H), 7.27-7.05 (m, 3H), 4.36-4.
24 (m, 1H), 3.87 (s, 3H), 3.14 (dd, J=18.1, 3.2 Hz, 1H), 2.96
(d, J=18.0 Hz, 1H), 2.53 (s, 3H), 2.48-2.39 (m, 1H), 2.30-
2.18 (m, 1H). MS (ESI) m/z: 470.0 (M+1)*.

Example 186. Synthesis of (R)-3-(3-fluoro-4-
methoxyphenyl)-8-(6-methylpyridin-3-yl)-4-oxo-2-
(4-oxopyrrolidin-2-yl1)-3,4-dihydroquinazoline-6-
carbonitrile (25gggg)

[0770] Prepared as shown in Scheme 8e.

OMe

CH; 25gg88

(R)-3-(3-fluoro-4-methoxypheny!)-8-(6-methylpyridin-3-yl)-4-oxo-2-(4-
oxopyrrolidin-2-yl)-3,4-dihydroquinazoline-6-carbonitrile

Synthesis of tert-butyl (2R,4S)-2-(8-bromo-6-
cyano-3-(3-fluoro-4-methoxyphenyl)-4-oxo-3,4-
dihydroquinazolin-2-yl)-4-((tert-butyldimethylsilyl)
oxy)pyrrolidine-1-carboxylate (22j)

[0771] The procedure leading to 30a was followed but
using 2-amino-3-bromo-5-cyanobenzoic acid (1.00 g, 4.17
mmol), (2R,4S)-1-(tert-butoxycarbonyl)-4-((tert-butyldim-
ethylsilyl)oxy)pyrrolidine-2-carboxylic acid (2.00 g, 5.41
mmol), triphenyl phosphite (3.50 mL, 12.51 mmol) and
3-fluoro-4-methoxyaniline (0.71 g, 5.00 mmol), and pyri-
dine (8 mL). Purification by flash chromatography (0% to
13% A (DCM:ethy] acetate=1:4)/Hexane)) yielded 22 (1.26
g, 45%) as a pink solid. '"H NMR (400 MHz, Chloroform-d,
a mixture of rotamers caused by -Boc group and atropiso-
mers caused by —F atom) 8 8.55-8.45 (m, 1H), 8.25-8.14
(m, 1H), 7.47-7.34 (m, 1H), 7.26-7.05 (m, 7H), 7.04-6.86
(m, 2H), 4.78-4.54 (m, 2H), 4.01-3.94 (m, 3H), 3.94-3.82
(m, 2H), 3.48-3.28 (m, 2H), 2.17-1.88 (m, 3H), 1.42-1.40
(m, 6H), 1.27-1.23 (m, 3H), 0.88 (s, 4H), 0.84-0.80 (m, SH),
0.14--0.06 (m, 12H).
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Synthesis of tert-butyl (2R,4S)-2-(8-bromo-6-
cyano-3-(3-fluoro-4-methoxyphenyl)-4-oxo-3,4-
dihydroquinazolin-2-y1)-4-hydroxypyrrolidine-1-

carboxylate (30b)

[0772] The procedure leading to 30a was followed using
22j (3.1 g, 4.61 mmol), a solution of TBAF in DCM (5.53
mL, IN, 5.53 mmol), and THF (30 mL). Purification by flash
chromatography (0% to 40% A (DCM:ethyl acetate=1:4)/
Hexane)) yielded 30b (1.8 g, 70%) as a yellow solid. *H
NMR (400 MHz, Chloroform-d, a mixture of rotamers
caused by -Boc group and atropisomers caused by —F
atom) d 8.56-8.44 (m, 1H), 8.27-8.15 (m, 1H), 7.50-7.33 (m,
1H), 7.21-7.06 (m, 1H), 6.96-6.85 (m, 1H), 4.71-4.61 (m,
1H), 4.60-4.32 (m, 1H), 4.03-3.89 (m, 4H), 3.71-3.48 (m,
1H), 2.30-2.05 (m, 2H), 1.44-1.37 (m, 6H), 1.33-1.19 (m,
3H).

Synthesis of tert-butyl (R)-2-(8-bromo-6-cyano-3-
(3-fluoro-4-methoxyphenyl)-4-oxo-3,4-dihydroqui-
nazolin-2-yl)-4-oxopyrrolidine-1-carboxylate (31b)

[0773] The procedure leading to 31a was followed using
oxalyl chloride (0.34 mL, 3.96 mmol), DMSO (0.56 mL,
7.93 mmol), 30b (1.7 g, 3.05 mmol), triethylamine (2.12
mlL, 15.25 mmol), and DCM (30 mL) to yield 31b (1.4 g,
83%) as a yellow oil. 'H NMR (400 MHz, Chloroform-d, a
mixture of rotamers caused by -Boc group and atropisomers
caused by —F atom) 9 8.50 (t, J=2.2 Hz, 1H), 8.25-8.14 (m,
1H), 7.50-7.35 (m, 1H), 7.24-7.09 (m, 1H), 6.97-6.84 (m,
1H), 5.08-4.94 (m, 1H), 4.50-4.33 (m, 1H), 4.05-3.88 (m,
4H), 2.89-2.62 (m, 1H), 2.57-2.35 (m, 1H), 1.52-1.33 (m,
9H).

Synthesis of tert-butyl (R)-2-(6-cyano-3-(3-fluoro-
4-methoxyphenyl)-8-(6-methylpyridin-3-yl)-4-oxo-
3,4-dihydroquinazolin-2-yl)-4-oxopyrrolidine-1-
carboxylate (32b)

[0774] The procedure leading to 32a was followed except
using 31b (1.4 g, 2.52 mmol), cesium carbonate (1.64 g, 5.04
mmol), 2-methylpyridine-5-boronic acid (448 mg, 3.27
mmol), tetrakis(tri-phenylphosphine) palladium (0) (218
mg, 0.19 mmol), 1,4-dioxane (30 mL), and H,O (5 mL).
Purification by flash chromatography (0% to 60% A (DCM:
ethyl acetate=1:4)/Hexane)) and a palladium scavenger
(SiliaMetS Thiol, 3x250 mg) yielded 32b (750 mg, 52%) as
a yellow solid. "H NMR (400 MHz, Chloroform-d, a mix-
ture of rotamers caused by -Boc group and atropisomers
caused by —F atom) 8 8.68-8.49 (m, 2H), 8.05-7.93 (m,
1H), 7.74-7.63 (m, 2H), 7.57-7.36 (m, 3H), 7.34-7.28 (m,
1H), 7.23-7.09 (m, 1H), 6.98-6.89 (m, 1H), 4.98 (t, J=10.0
Hz, 1H), 4.06-3.91 (m, 3H), 3.83-3.63 (m, 2H), 2.94-2.56
(m, 4H), 2.49-2.36 (m, 1H), 1.48-1.22 (m, 9H).

Synthesis of (R)-3-(3-fluoro-4-methoxyphenyl)-8-
(6-methylpyridin-3-yl)-4-ox0-2-(4-oxopyrrolidin-2-
y1)-3,4-dihydroquinazoline-6-carbonitrile (25gggg)

[0775] A solution of HCI in EtOAc (5§ mL, 1N, 5 mmol)
was added to a solution of 32b (250 mg, 0.44 mmol) in
EtOAc (2 mL) at 0° C., then stirred at room temperature
overnight, then the reaction mixture was then adjusted to pH
11 with saturated solutions of Na,CO, and concentrated to
remove BEtOAc. The resulting residual was diluted with
water (50 mL) and extracted with DCM (3x50 mL). The
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combined organic layers were washed with brine (100 mL),
dried over anhydrous Na,SO,, and filtered, then the solvent
was evaporated under reduced pressure. The residue was
purified by flash chromatography (0-2% MeOH/DCM) to
afford 25gggg (120 mg, 58%) as a pale-yellow solid. ‘H
NMR (400 MHz, Methanol-d,, a mixture of two atropiso-
mers (=1:1 ratio) caused by —F atom) d 8.52 (d, J=2.2 Hz,
1H), 8.44 (d, J=2.0 Hz, 1H), 8.13-8.05 (m, 1H), 7.89 (dd,
J=8.0, 2.3 Hz, 1H), 7.39-7.28 (m, 1H), 7.27-7.05 (m, 3H),
4.36-4.24 (m, 1H), 3.87 (s, 3H), 3.14 (dd, J=18.1, 3.2 Hz,
1H), 2.96 (d, I=18.0 Hz, 1H), 2.53 (s, 3H), 2.48-2.39 (m,
1H), 2.30-2.18 (m, 1H). MS (ESI) nvz: 470.0 (M+1)*.

Scheme 8f. Synthesis of quinazolinone 35, Example 187
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Example 187. Synthesis of 3-(3-fluoro-4-methoxy-
phenyl)-8-((6-methylpyridin-3-yl)methyl)-4-oxo-2-
(pyrrolidin-2-y1)-3,4-dihydroquinazoline-6-carboni-

trile (35)
[0776] Prepared as shown in Scheme 8f.
F
OMe
0
NC
N
F
N
HN.
X
P
Me N 35

3-(3-fluoro-4-methoxyphenyl)-8-((6-methylpyridin-3-yl)methyl)-4-oxo-2-
(pyrrolidin-2-yl)-3,4-dihydroquinazoline-6-carbonitrile

Synthesis of tert-butyl (R)-2-(6-cyano-3-(3-fluoro-
4-methoxyphenyl)-4-0x0-8-(4,4,5,5-tetramethyl-1,3,
2-dioxaborolan-2-yl)-3,4-dihydroquinazolin-2-yl)
pyrrolidine-1-carboxylate

[0777] A solution of tert-butyl (R)-2-(8-bromo-6-cyano-
3-(3-fluoro-4-methoxyphenyl)-4-oxo0-3,4-dihydroquinazo-
lin-2-yl) pyrrolidine-1-carboxylate 22a (100 mg, 0.18
mmol), B,Pin, (70 mg, 0.27 mmol) and KOAc (54 mg, 0.55
mmol) in dioxane (5 mL) was degassed with argon for 10
min. Pd(dppf)CL-DCM (CAS: 95464-05-4) (15 mg, 0.018
mmol) was added, and the resulting reaction mixture was
heated at 100° C. for 20 h. The reaction mixture was cooled
to rt, diluted with EtOAc (4 mL) and brine solution (4 mL)
was added. After separating the organic phase, the aqueous
layer was further extracted with CH,Cl, (2x3 mL). Com-
bined organic layers were dried over Na,SO, and concen-
trated under reduced pressure. The crude material was
purified using column chromatography where the desired
boronate ester intermediate (tert-butyl (R)-2-(6-cyano-3-(3-
fluoro-4-methoxyphenyl)-4-oxo-8-(4,4,5,5-tetramethyl-1,3,
2-dioxaborolan-2-y1)-3,4-dihydroquinazolin-2-yl)pyrroli-
dine-1-carboxylate) was obtained as brown colored oil (93
mg, 85%) which was carried forward to the next step.

Synthesis of tert-butyl 2-(6-cyano-3-(3-fluoro-4-
methoxyphenyl)-8-((6-methylpyridin-3-yl)methyl)-
4-0x0-3,4-dihydroquinazolin-2-yl)pyrrolidine-1-
carboxylate (34)

[0778] A microwave vial with stir bar was charged with
5-(bromomethyl)-2-methylpyridinium bromide (68 mg,
0.25 mmol, 1.5 equiv.), boronic ester (100 mg, 0.17 mmol,
1 equiv.), K,CO; (70 mg, 0.51 mmol, 3 equiv.), and
Pd(PPh,), (20 mg, 0.017 mmol, 0.1 equiv.). A 4:1 mixture of
1,4-dioxane:H,O was added via syringe (2.5 mL). The vial
was sealed with a septum and the mixture was sparged with
N, for 15 min. After 15 min, the reaction was heated to 80°
C. for 17 h. After 17 h, the reaction was cooled to room
temperature and diluted with EtOAc and H,O (10 mL each).
The layers were shaken and separated. The aqueous phase
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was washed twice with EtOAc (10 mL each). The combined
organics were dried over Na,SO,, filtered, and concentrated.
The crude reaction mixture was purified via silica gel
chromatography (3:1 to 1:1 hexanes:EtOAc). Trace palla-
dium was removed by dissolving the purified product (34) in
DCM (0.2 M) and adding SiliametS Thiol Metal Scavenger
(33 wt %) to the solution. The mixture was heated to 40° C.
for 8 h before being filtered through celite. This procedure
was repeated two more times. tert-butyl 2-(6-cyano-3-(3-
fluoro-4-methoxyphenyl)-8-((6-methylpyridin-3-yl)
methyl)-4-o0x0-3,4-dihydroquinazolin-2-yl)pyrrolidine-1-
carboxylate (34) was obtained as a mixture of desired
product and triphenylphosphine oxide (TPPO) which was
used without further purification.

Synthesis of 3-(3-fluoro-4-methoxyphenyl)-8-((6-
methylpyridin-3-yl)methyl)-4-oxo-2-(pyrrolidin-2-
y1)-3,4-dihydroquinazoline-6-carbonitrile (35)

[0779] Compound 34 was added to a vial with stir bar and
dissolved in 4N HCI in 1,4-dioxane (1 mL). The reaction
was allowed to stir at room temperature for 1 hour. The
solvent was removed in vacuo and the crude residue was
dissolved in DCM (5 mL). The residual HCI was quenched
with sat. aq. NaHCO; (5§ mL). The layers were shaken and
separated and the aqueous phase was washed with DCM
(2x, 5 mL). The combined organics were dried over Na,SO,,
filtered, and concentrated. The crude reaction mixture was
purified via silica gel chromatography (0 to 5% (4:1 MeOH:
sat. aq. NH,OH) in DCM). 3-(3-fluoro-4-methoxyphenyl)-
8-((6-methylpyridin-3-yl)methyl)-4-ox0-2-(pyrrolidin-2-
y1)-3,4-dihydroquinazoline-6-carbonitrile 35 was obtained
as a white solid (10 mg, 0.021 mmol, 12% yield over 2
steps). "H NMR (400 MHz, CDCl,) § 8.47 (s, 1H), 8.43 (s,
1H), 7.73 (d, J=1.5 Hz, 1H), 7.39 (d, J=7.9 Hz, 1H),
7.16-6.94 (m, 4H), 4.48-4.25 (m, 2H), 3.97 (s, 3H), 3.88 (q,
J=7.7,7.0 Hz, 1H), 3.21 (dt, J=10.7, 5.3 Hz, 1H), 2.85-2.75
(m, 1H), 2.54 (s, 3H), 1.86-1.65 (m, 4H). MS (ESI) m/z:
470.2 (M+1)*.

Scheme 8g. Synthesis of quinazolinones 39a-39b, Examples 188-189
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Example 188. Synthesis of 3-(3,5-difluoro-4-
methoxyphenyl)-8-(6-methylpyridin-3-yl)-4-oxo-2-
(pyrrolidin-3-yl)-3,4-dihydroquinazoline-6-carboni-

trile (39a)
[0780] Prepared as shown in Scheme 8g.
F
OMe
(6]
NC
N F
FZ
N
= NH
P
3%a
Me

3-(3,5-difluoro-4-methoxyphenyl)-8-(6-methylpyridin-3-yl)-4-oxo-2-
(pyrrolidin-3-yl)-3,4-dihydroquinazoline-6-carbonitrile

Synthesis of tert-butyl 3-((2-bromo-4-cyano-6-((3,5-
difluoro-4-methoxyphenyl)carbamoyl)phenyl)car-
bamoyl)pyrrolidine-1-carboxylate (36a)

[0781] (S)-1-(tert-butoxycarbonyl)pyrrolidine-3-carbox-
ylic acid (660 mg, 3.1 mmol, 1.34 equiv.) was added to an
oven-dried round-bottom flask with stir bar. The flask was
fitted with a septum and placed under nitrogen. DCM (12
mL), and NMI (0.74 mL, 9.3 mmol, 3 equiv.) were added via
syringe. MsCl (0.24 mL, 3.1 mmol, 1.34 equiv) was added
via syringe and the reaction was stirred at room temperature
for 1 h. 2-amino-3-bromo-5-cyanobenzoic acid (532 mg,
2.32 mmol, 1 equiv.) was added in one portion, a reflux
condenser was fitted to the flask, and the reaction was heated
to reflux for 17 h. After 17 h, 3,5-difluoro-4-methoxyaniline
(493 mg, 3.1 mmol, 1.34 equiv) was added and the reaction
was refluxed for an additional 17 h. after 17 h, the reaction
was cooled to room temperature and quenched with sat. aq.
NH,C1 (12 mL). The reaction mixture was transferred to a
separatory funnel and the layers were shaken and separated.
The aqueous layer was washed with DCM (2x, 12 mL each)
and the combined organics were washed with brine (1x, 50
ml). The combined organics were dried over MgSO,,
filtered, and concentrated. Purified via silica gel chromatog-
raphy (4:1 to 1:1 hexanes:EtOAc). tert-butyl 3-((2-bromo-
4-cyano-6-((3,5-difluoro-4-methoxyphenyl)carbamoyl)phe-
nyl)carbamoyl) pyrrolidine-1-carboxylate (36a) obtained as
a brown solid (60 mg, 0.1 mmol, 3% yield). 'H NMR (400
MHz, DMSO-d;) 8 10.69 (s, 1H), 10.23 (s, 1H), 8.46 (s,
1H), 8.11 (s, 1H), 7.43 (d, J=10.5 Hz, 2H), 3.89 (s, 3H),
3.28-3.15 (m, 4H), 2.13-1.86 (m, 3H), 1.36 (s, 9H) (Note:
some peaks obscured by solvent).

[0782] Compound 36a (60 mg, 0.1 mmol, 1 equiv.) was
added to a vial with stir bar and the vial was fitted with a
septum. An N, balloon was added and the vial was purged.
Dry MeCN (2 mL) was added via syringe followed by Et;N
(0.2 mL, 1.5 mmol, 6 equiv.) and TMSCI (160 pL, 1.2 mmol,
5 equiv.). The reaction was heated to 60° C. for 2 h. After 2
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h, the reaction was cooled to room temperature and
quenched with sat. aq. NH,Cl (2 mL). The layers were
shaken and separated. The aqueous layer was washed with
DCM (2%, 2 mL each) and the combined organics were
washed with brine (1x, 5 mL). The combined organics were
dried over MgSO,, filtered, and concentrated. Purified via
silica gel chromatography (3:1 hexanes:EtOAc). tert-butyl
3-(8-bromo-6-cyano-3-(3,5-difluoro-4-methoxyphenyl)-4-
0x0-3,4-dihydroquinazolin-2-yl)pyrrolidine-1-carboxylate
(37a) obtained as a yellow film (44 mg, 0.078 mmol, 78%
yield). "H NMR (400 MHz, CDCl,) & 8.49 (d, J=1.8 Hz,
1H), 8.27-8.19 (m, 1H), 6.87 (d, J=9.4 Hz, 2H), 4.13 (s, 3H),
3.82-3.67 (m, 2H), 3.67-3.47 (m, 1H), 3.43-3.30 (m, 1H),
3.15 (p, J=7.1 Hz, 1H), 2.54-2.24 (m, 1H), 2.09 (dt, J=12.5,
6.2 Hz, 1H), 1.45 (s, 9H).

[0783] A microwave vial with stir bar was charged with
bromide 37a (44 mg, 0.078 mmol, 1 equiv.), boronic acid
(12 mg, 0.086 mmol, 1.1 equiv.), Cs,CO; (50 mg, 0.156
mmol, 2 equiv.), and Pd(PPh;), (9 mg, 0.0078 mmol, 0.1
equiv.). A 4:1 mixture of 1,4-dioxane:H,O was added via
syringe (1 mL). The vial was sealed with a septum and the
mixture was sparged with N, for 15 min. After 15 min, the
reaction was heated to 80° C. for 17 h. After 17 h, the
reaction was cooled to room temperature and diluted with
EtOAc and H,O (2 mL each). The layers were shaken and
separated. The aqueous phase was washed twice with EtOAc
(2 mL each). The combined organics were dried over
Na,SO,, filtered, and concentrated. The crude reaction mix-
ture was purified via silica gel chromatography (3:1 to 1:2
hexanes:EtOAc). Trace palladium was removed by dissolv-
ing the purified product in DCM (0.2 M) and adding
SiliametS Thiol Metal Scavenger (33 wt %) to the solution.
The mixture was heated to 40° C. for 8 h before being
filtered through celite. This procedure was repeated two
more times. tert-butyl  3-(6-cyano-3-(3,5-difluoro-4-
methoxyphenyl)-8-(6-methylpyridin-3-yl)-4-oxo0-3,4-dihy-
droquinazolin-2-yl)pyrrolidine-1-carboxylate (38a)
obtained as a white film (25 mg, 0.044 mmol, 56% yield). 'H
NMR (400 MHz, Chloroform-d) 8 8.72 (s, 1H), 8.59 (s, 1H),
7.99 (s, 1H), 7.83 (d, J=8.1 Hz, 1H), 7.32 (d, J=8.0 Hz, 1H),
6.88 (d, J=9.1 Hz, 2H), 4.13 (s, 3H), 3.56-3.37 (m, 3H),
3.32-3.05 (m, 2H), 2.66 (s, 3H), 2.35-2.18 (m, 1H), 2.04-1.
94 (m, 1H), 1.42 (s, 9H).

Synthesis of 3-(3,5-difluoro-4-methoxyphenyl)-8-
(6-methylpyridin-3-yl)-4-oxo-2-(pyrrolidin-3-y1)-3,
4-dihydroquinazoline-6-carbonitrile (39a)

[0784] Compound 38a (25 mg, 0.044 mmol, 1 equiv.) was
added to a vial with stir bar and dissolved in DCM (0.4 mL).
TFA (0.16 mL) was added via syringe and the reaction was
stirred at room temperature for 1 h. After 1 h, the reaction
was diluted with DCM (3 mL) and quenched with sat. aq.
NaHCO; (3 mL). The layers were shaken and separated. The
aqueous phase was washed twice with DCM (2 mL each).
The combined organics were dried over Na,SO,, filtered,
and concentrated. The crude reaction mixture was purified
via silica gel chromatography (0 to 5% 4:1 MeOH:sat. aq.
NH,OH in DCM). 3-(3,5-difluoro-4-methoxyphenyl)-8-(6-
methylpyridin-3-yl)-4-oxo-2-(pyrrolidin-3-y1)-3,4-dihydro-
quinazoline-6-carbonitrile (39a) obtained as a yellow film
(15 mg, 0.031 mmol, 70% yield). 'H NMR (400 MHz,
CDCly) d 8.72 (s, 1H), 8.58 (s, 1H), 7.98 (s, 1H), 7.82 (d,
J=7.8 Hz, 1H), 7.30 (d, J=8.0 Hz, 1H), 6.92-6.81 (m, 2H),
4.12 (s, 3H), 3.16 (d, J=11.0 Hz, 1H), 3.09-2.88 (m, 3H),
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2.81 (q, J=7.5, 6.6 Hz, 1H), 2.66 (s, 3H), 2.07-1.97 (m, 2H).
MS (ESI) m/z: 474.2 (M+1)*.

Example 189. Synthesis of 3-(3,5-difluoro-4-
methoxyphenyl)-8-(6-methylpyridin-3-y1)-4-oxo-2-
(piperidin-3-yl)-3,4-dihydroquinazoline-6-carboni-

trile (39b)
[0785] Prepared as shown in Scheme 8g.
F
OMe
(6]
NC
N F
P
N
7 N
| H
N N
3%
Me

3-(3,5-difluoro-4-methoxyphenyl)-8-(6-methylpyridin-3-yl)-4-oxo-2-
(piperidine-3-yl)-3,4-dihydroquinazoline-6-carbonitrile

[0786] 1-(tert-butoxycarbonyl)piperidine-3-carboxylic
acid (713 mg, 3.11 mmol, 1.5 equiv.) was added to an
oven-dried round-bottom flask with stir bar. The flask was
fitted with a septum and placed under nitrogen. DCE (10
mL), and NMI (0.496 mL, 6.22 mmol, 3 equiv.) were added
via syringe. MsCl (0.24 mL, 3.1 mmol, 1.5 equiv) was added
via syringe and the reaction was stirred at room temperature
for 1 h. 2-amino-3-bromo-5-cyanobenzoic acid (500 mg,
2.07 mmol, 1 equiv.) was added in one portion, a reflux
condenser was fitted to the flask, and the reaction was heated
to reflux for 17 h. After 17 h, 3,5-difluoro-4-methoxyaniline
(495 mg, 3.1 mmol, 1.5 equiv) was added and the reaction
was refluxed for an additional 17 h. after 17 h, the reaction
was cooled to room temperature and quenched with sat. aq.
NH,C1 (10 mL). The reaction mixture was transferred to a
separatory funnel and the layers were shaken and separated.
The aqueous layer was washed with DCM (2x, 10 mL each)
and the combined organics were washed with brine (1x, 50
ml). The combined organics were dried over MgSO,,
filtered, and concentrated. Purified via silica gel chromatog-
raphy (3:1 to 1:1 hexanes:EtOAc). tert-butyl 3-((2-bromo-
4-cyano-6-((3,5-difluoro-4-methoxyphenyl)carbamoyl)phe-
nyl)carbamoyl)piperidine-1-carboxylate (36b) obtained as a
brown-white foam. 36b was pushed forward without further
purification.

[0787] Amide 36b (150 mg, 0.25 mmol, 1 equiv.) was
added to a vial with stir bar and the vial was fitted with a
septum. An N, balloon was added and the vial was purged.
Dry MeCN (2 mL) was added via syringe followed by Et;N
(0.2 mL, 1.5 mmol, 6 equiv.) and TMSCI (160 pL, 1.25
mmol, 5 equiv.). The reaction was heated to 60° C. for 2 h.
After 2 h, the reaction was cooled to room temperature and
quenched with sat. aq. NH,Cl (2 mL). The layers were
shaken and separated. The aqueous layer was washed with
DCM (2%, 2 mL each) and the combined organics were
washed with brine (1x, 5 mL). The combined organics were
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dried over MgSQ,, filtered, and concentrated. Purified via
silica gel chromatography (3:1 hexanes:EtOAc). tert-butyl
3-(8-bromo-6-cyano-3-(3,5-difluoro-4-methoxyphenyl)-4-
0x0-3,4-dihydroquinazolin-2-yl)piperidine-1-carboxylate
(37b) obtained as a yellow-white foam (83 mg, 0.14 mmol,
7% yield over 2 steps). 1H NMR (400 MHz, CDCl,) 6 8.49
(dd, J=2.6, 1.5 Hz, 1H), 8.22 (d, J=1.7 Hz, 1H), 7.08-6.72
(m, 2H), 4.11 (m, 4H), 3.31-3.16 (m, 1H), 3.00-2.70 (m,
1H), 2.60-2.40 (m, 1H), 2.02-1.72 (m, 3H), 1.40 (s, 9H),
1.26 (t, J=7.1 Hz, 2H).

Tert-butyl 3-(6-cyano-3-(3,5-difluoro-4-methoxy-
phenyl)-8-(6-methylpyridin-3-yl)-4-oxo0-3,4-dihyd-
roquinazolin-2-yl)piperidine-1-carboxylate (38b)

[0788] A microwave vial with stir bar was charged with
bromide 37b (83 mg, 0.14 mmol, 1 equiv.), boronic acid (22
mg, 0.15 mmol, 1.1 equiv.), Cs,CO; (91 mg, 0.28 mmol, 2
equiv.), and Pd(PPh,), (16 mg, 0.014 mmol, 0.1 equiv.). A
4:1 mixture of 1,4-dioxane:H,O was added via syringe (2
mL). The vial was sealed with a septum and the mixture was
sparged with N, for 15 min. After 15 min, the reaction was
heated to 80° C. for 17 h. After 17 h, the reaction was cooled
to room temperature and diluted with EtOAc and H,O (4 mL,
each). The layers were shaken and separated. The aqueous
phase was washed twice with EtOAc (4 mL each). The
combined organics were dried over Na,SO,, filtered, and
concentrated. The crude reaction mixture was purified via
silica gel chromatography (3:1 to 1:2 hexanes:EtOAc).
Trace palladium was removed by dissolving the purified
product in DCM (0.2 M) and adding SiliametS Thiol Metal
Scavenger (33 wt %) to the solution. The mixture was heated
to 40° C. for 8 h before being filtered through celite. This
procedure was repeated two more times. tert-butyl 3-(6-
cyano-3-(3,5-difluoro-4-methoxyphenyl)-8-(6-methylpyri-
din-3-yl)-4-o0x0-3,4-dihydroquinazolin-2-yl)piperidine-1-
carboxylate (38b) obtained as a white film (55 mg, 0.094
mmol, 67% yield). 'H NMR (400 MHz, Chloroform-d) §
8.78 (d, J=2.0 Hz, 1H), 8.59 (d, J=1.9 Hz, 1H), 7.98 (d, J=1.9
Hz, 1H), 7.84 (dd, J=8.0, 2.3 Hz, 1H), 7.32 (d, J=8.0 Hz,
1H), 7.01-6.81 (m, 2H), 4.17-4.06 (m, 4H), 2.91 (t, J=11.7
Hz, 1H), 2.67 (s, 3H), 2.45 (t, J=10.7 Hz, 1H), 1.94-1.53 (m,
4H), 1.39 (s, OH), 1.26 (t, I=7.1 Hz, 2H).

[0789] 3-(3,5-difluoro-4-methoxyphenyl)-8-(6-meth-
ylpyridin-3-yl)-4-ox0-2-(pyrrolidin-3-y1)-3,4-dihydroqui-
nazoline-6-carbonitrile (39b): To a vial containing 38b (55
mg, 0.094 mmol, 1 equiv.) with stir bar was added DCM (1
mL). TFA (0.4 mL) was added via syringe and the reaction
was stirred at room temperature for 1 h. After 1 h, the
reaction was diluted with DCM (3 mL) and quenched with
sat. aq. NaHCO; (3 mL). The layers were shaken and
separated. The aqueous phase was washed twice with DCM
(2 mL each). The combined organics were dried over
Na,SO,, filtered, and concentrated. The crude reaction mix-
ture was purified via silica gel chromatography (0 to 5% (4:1
MeOH:sat. aq. NH,OH) in DCM). 3-(3,5-difluoro-4-
methoxyphenyl)-8-(6-methylpyridin-3-yl)-4-oxo-2-(pyrro-
lidin-3-y1)-3,4-dihydroquinazoline-6-carbonitrile (39b)
obtained as a clear film (36 mg, 0.074 mmol, 79% yield). 1H
NMR (400 MHz, CDCl,) 6 8.79 (s, 1H), 8.57 (s, 1H), 7.98
(s, 1H), 7.86 (d, J=7.9 Hz, 1H), 7.32 (d, J=8.0 Hz, 1H), 6.87
(s, 2H), 4.12 (s, 3H), 3.07 (d, J=12.0 Hz, 1H), 2.89 (dt,
J=22.2,11.5 Hz, 2H), 2.67 (s, 3H), 2.55 (q, J=11.3, 10.2 Hz,
2H), 1.88 (d, J=12.8 Hz, 1H), 1.69 (dt, J=20.7, 12.7 Hz, 3H),
1.28 (d, I=14.0 Hz, 1H). MS (ESI) nvz: 488.2 (M+1)".
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Example 190. Synthesis of 3-(3,5-difluoro-4-
methoxyphenyl)-8-(6-methylpyridin-3-yl)-4-oxo-2-
(piperidin-3-y1)-3,4-dihydroquinazoline-6-carboni-
& trile (42)

Scheme 8h. Synthesis of quinazolinone 42, Example 190

0, [0790] Prepared as shown in Scheme 8h.

N
(¢]
O Boc

NC (rac) F

OH MsCL NMI (9 equiv.), OMe
v 0

NH, NC

Br MeO NH, I

woiCE;
F

HN
DCM, r.t. to reflux =z

F (HO),B |
IS N
OMe | \ (rac)

P 42
Q N Me
Me

N 1) 10 mol% Pd(PPhs)4 .
3-(3-fluoro-4-methoxyphenyl)-8-(6-methylpyridin-3-yl)-4-ox0-2-((2 S,4S)-
> Cs,COg3, dioxane/H,0, 4-(trifluoromethyl)pyrrolidin-2-yl)-3,4-dihydroquinazoline-6-carbonitrile
N 85°C.,17h
..||CF3
Br BocN.

NC

2) Silamet S thiol,
(rac) DCM, 40° C., )
40 17h (3%) Tert-butyl cis-(x)-2-(8-bromo-6-cyano-3-(3-fluoro-

F 4-methoxyphenyl)-4-oxo-3,4-dihydroquinazolin-2-
y1)-4-(trifluoromethyl)pyrrolidine-1-carboxylate (40)

0 [0791] cis-(x)-1-(tert-butoxycarbonyl)-4-(trifluorom-
NC ethyl)pyrrolidine-2-carboxylic acid (204 mg, 0.72 mmol, 1.5
N equiv.) was added to an oven-dried round-bottom flask with
_— stir bar. The flask was fitted with a septum and placed under
N DCM, rt., 1h nitrogen. DCM (5.14 mL), and NMI (0.172 mL, 2.16 mmol,
i CF;3 3 equiv.) were added via syringe. MsCl (0.056 mL, 0.72
/ BocN mmol, 1.5 equiv) was added via syringe and the reaction was
| stirred at room temperature for 1 h. 2-amino-3-bromo-5-
N cyanobenzoic acid (116 mg, 0.48 mmol, 1 equiv.) was added
in one portion, followed by NMI (0.344 mL, 4.32 mmol, 9
equiv.) via syringe, a reflux condenser was fitted to the flask,
(20) and the reaction was heated to reflux for 17 h. After 17 h,
41 3-fluoro-4-methoxyaniline (102 mg, 0.72 mmol, 1.5 equiv)
F was added and the reaction was refluxed for an additional 17
h. after 17 h, the reaction was cooled to room temperature
OMe and quenched with sat. aq. NH,CI (10 mL). The reaction
mixture was transferred to a separatory funnel and the layers
NC were shaken and separated. The aqueous layer was washed
N with DCM (2x, 10 mL each) and the combined organics
et were washed with brine (1x, 50 mL). The combined organ-
N ics were dried over MgSO,, filtered, and concentrated.
- CF; Purified via silica gel chromatography (0:1 to 1:19 EtOAc:
y HN DCM). tert-butyl cis-(x)-2-(8-bromo-6-cyano-3-(3-fluoro-
| 4-methoxyphenyl)-4-oxo-3,4-dihydroquinazolin-2-yl)-4-
N (trifluvoromethyl)pyrrolidine-1-carboxylate (40) obtained as
a white solid (47 mg, 0.077 mmol, 16% yield). (Mixture of
Me rotamers)'H NMR (400 MHz, CDCl;) & 8.63-8.40 (m, 1H),
8.31-8.11 (m, 1H), 7.42-7.30 (m, 1H), 7.24-7.03 (m, 1H),
7.03-6.87 (m, 1H), 4.80-4.55 (m, 1H), 4.30-4.08 (m, 1H),
3.99 (dd, J=9.7, 1.6 Hz, 3H), 3.94-3.43 (m, 2H), 2.43-1.97
(m, 2H), 1.37 (dd, J=44.4, 3.4 Hz, 9H).

(rac)
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Tert-butyl cis-(*)-2-(6-cyano-3-(3-fluoro-4-
methoxyphenyl)-8-(6-methylpyridin-3-y1)-4-oxo0-3,
4-dihydroquinazolin-2-yl)-4-(trifluoromethyl)pyrro-

lidine-1-carboxylate (41)

[0792] A microwave vial with stir bar was charged with
bromide 40 (37 mg, 0.061 mmol, 1 equiv.), boronic acid (9
mg, 0.067 mmol, 1.1 equiv.), Cs,CO; (40 mg, 0.122 mmol,
2 equiv.), and Pd(PPh,), (7 mg, 0.0061 mmol, 0.1 equiv.). A
4:1 mixture of 1,4-dioxane:H,O was added via syringe (0.87
mL). The vial was sealed with a septum and the mixture was
sparged with N, for 15 min. After 15 min, the reaction was
heated to 80° C. for 17 h. After 17 h, the reaction was cooled
to room temperature and diluted with EtOAc and H,O (4 mL.
each). The layers were shaken and separated. The aqueous
phase was washed twice with EtOAc (4 mL each). The
combined organics were dried over Na,SO,, filtered, and
concentrated. The crude reaction mixture was purified via
silica gel chromatography (3:1 to 1:1 hexanes:EtOAc).
Trace palladium was removed by dissolving the purified
product in DCM (0.2 M) and adding SiliametS Thiol Metal
Scavenger (33 wt %) to the solution. The mixture was heated
to 40° C. for 8 h before being filtered through celite. This
procedure was repeated two more times. tert-butyl cis-(x)-
2-(6-cyano-3-(3-fluoro-4-methoxyphenyl)-8-(6-methylpyri-
din-3-yl)-4-o0x0-3,4-dihydroquinazolin-2-yl)-4-(trifluorom-

ethyl)pyrrolidine-1-carboxylate (41) obtained as a white
solid (11 mg, 0.018 mmol, 30% yield) (Mixture of rotamers)
'HNMR (400 MHz, CDCl,) 8 8.60-8.51 (m, 2H), 8.00-7.88
(m, 1H), 7.85-7.70 (m, 1H), 7.33-7.23 (m, 1H), 7.16-6.82
(m, 3H), 4.72-4.38 (m, 1H), 3.98-3.85 (m, 3H), 3.61-3.24
(m, 2H), 3.10-2.71 (m, 1H), 2.59 (d, J=3.7 Hz, 3H), 2.18-
1.80 (m, 2H), 1.29 (d, J=10.3 Hz, 9H).

cis-(x)-3-(3-fluoro-4-methoxyphenyl)-8-(6-meth-
ylpyridin-3-yl)-4-oxo-2-((28S,4S)-4-(trifluoromethyl)
pyrrolidin-2-yl)-3,4-dihydroquinazoline-6-carboni-
trile (42)

[0793] Compound 41 (11 mg, 0.018 mmol, 1 equiv.) was
added to a vial with stir bar and dissolved in DCM (0.4 mL).
TFA (0.16 mL) was added via syringe and the reaction was
stirred at room temperature for 1 h. After 1 h, the reaction
was diluted with DCM (3 mL) and quenched with sat. aq.
NaHCO; (3 mL). The layers were shaken and separated. The
aqueous phase was washed twice with DCM (2 mL each).
The combined organics were dried over Na,SO,, filtered,
and concentrated. The crude reaction mixture was purified
via silica gel chromatography (0 to 5% (4:1 MeOH:sat. aq.
NH,OH) in DCM). cis-(+)-3-(3-fluoro-4-methoxyphenyl)-
8-(6-methylpyridin-3-yl)-4-ox0-2-((28S,4S)-4-(trifluorom-
ethyl)pyrrolidin-2-yl)-3,4-dihydroquinazoline-6-carboni-
trile (42) obtained as a clear film (6 mg, 0.011 mmol, 61%
yield). "H NMR (400 MHz, CDCl,)) § 8.72 (d, J=2.1 Hz,
1H), 8.61 (d, J=1.9 Hz, 1H), 7.98 (d, J=1.9 Hz, 1H), 7.80
(dd, J=8.0, 2.3 Hz, 1H), 7.31 (d, J=8.0 Hz, 1H), 7.18-7.10
(m, 2H), 7.05-6.96 (m, 1H), 4.06 (ddd, J=12.2, 7.9, 5.2 Hz,
1H), 3.98 (s, 3H), 3.21 (ddd, J=11.8, 8.0, 1.8 Hz, 1H),
2.95-2.86 (m, 1H), 2.82 (tt, J=15.5, 7.5 Hz, 1H), 2.67 (s,
3H), 2.24-2.12 (m, 1H), 1.96-1.86 (m, 1H). MS (ESI) m/z:
524.2 (M+1)*.
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Scheme 8i. Synthesis of quinazolinone 44, Example 191
OH
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Example 191. Synthesis of 3-(3-fluoro-4-methoxy-
pheny!)-8-((6-methylpyridin-3-yl)oxy)-4-oxo-2-(pyr-
rolidin-2-y1)-3,4-dihydroquinazoline-6-carbonitrile
(44)

[0794] Prepared as shown in Scheme 8i.
F
OMe
(0]
NC
N
Z
N
(0] HN:
X
= 44
Me N

3-(3-fluoro-4-methoxyphenyl)-8-((6-methylpyridin-3-yl)oxy)-4-oxo-2-
(pyrrolidin-2-yl)-3,4-dihydroquinazoline-6-carbonitrile
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Tert-butyl 2-(6-cyano-3-(3-fluoro-4-methoxyphe-
nyl)-8-((6-methylpyridin-3-yl)oxy)-4-oxo-3,4-dihyd-
roquinazolin-2-yl)pyrrolidine-1-carboxylate (43)

[0795] A microwave vial with stir bar was charged with
bromide 22d (150 mg, 0.28 mmol, 1 equiv.), 5-hydroxy-2-
methylpyridine (45 mg, 0.41 mmol, 1.5 equiv.), K,PO, (119
mg, 0.056 mmol, 2 equiv.), N,N-diethylglycine sodium salt
(17 mg, 0.112 mmol, 0.4 equiv.), and Cul (11 mg, 0.0056
mmol, 0.2 equiv.). DMSO was added via syringe (0.64 mL).
The vial was sealed with a septum and the mixture was
sparged with N, for 15 min. After 15 min, the reaction was
heated to 90° C. for 24 h. After 24 h, the reaction was cooled
to room temperature and diluted with sat. aq. NaHCO; (2
mL), EtOAc (2 mL). The layers were shaken and separated.
The aqueous phase was washed twice with EtOAc (2 mL
each). The combined organics were dried over MgSO,,
filtered, and concentrated. The crude reaction mixture was
purified twice via silica gel chromatography (1°° column, 4:1
to 1:1 hexanes:EtOAc, 2"¢ column, 0:1 to 1:19 MeOH:
DCM). tert-butyl 2-(6-cyano-3-(3-fluoro-4-methoxyphe-
nyl)-8-((6-methylpyridin-3-yl)oxy)-4-ox0-3,4-dihydroqui-
nazolin-2-yl)pyrrolidine-1-carboxylate (43) isolated as an
impure mixture that was pushed forward to the next step
without further purification (~17 mg). 3-(3-fluoro-4-
methoxyphenyl)-8-((6-methylpyridin-3-yl)oxy)-4-oxo-2-
(pyrrolidin-2-y1)-3,4-dihydroquinazoline-6-carbonitrile
(44): Compound 43 (17 mg) was added to a vial with stir bar
and dissolved in DCM (0.4 mL). TFA (0.16 mL) was added
via syringe and the reaction was stirred at room temperature
for 1 h. After 1 h, the reaction was diluted with DCM (3 mL)
and quenched with sat. aq. NaHCOj; (3 mL). The layers were
shaken and separated. The aqueous phase was washed twice
with DCM (2 mL each). The combined organics were dried
over Na,SO,, filtered, and concentrated. The crude reaction
mixture was purified via silica gel chromatography (0 to 5%
(4:1 MeOH:sat. aq. NH,OH) in DCM). 3-(3-fluoro-4-
methoxyphenyl)-8-((6-methylpyridin-3-yl)oxy)-4-0x0-2-
(pyrrolidin-2-y1)-3,4-dihydroquinazoline-6-carbonitrile (44)
isolated as an off-white film (5 mg, 0.011 mmol, 4% yield
over 2 steps)'H NMR (400 MHz, CDCl;) § 8.36 (d, J=1.8
Hz, 1H), 8.32 (t, J=2.2 Hz, 1H), 7.59-7.54 (m, 1H), 7.25-
7.15 (m, 2H), 7.14-7.03 (m, 2H), 7.03-6.94 (m, 1H), 3.97 (s,
3H), 3.87-3.72 (m, 1H), 3.05-2.86 (m, 1H), 2.65 (dq, J=12.9,
6.4 Hz, 1H), 2.57 (s, 3H), 1.79-1.48 (m, 4H). MS (BSI) nvz:
471.5 (M).

Scheme 8. Synthesis of quinazolinone 47, Example 192
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Example 192. Synthesis of 3-(3-fluoro-4-methoxy-
phenyl)-2-((2S,4S)-4-hydroxy-4-(trifluoromethyl)
pyrrolidin-2-y1)-8-(6-methylpyridin-3-y1)-4-0x0-3,4-
dihydroquinazoline-6-carbonitrile (47)

[0796] Prepared as shown in Scheme 8§;.
F
OMe
(0]
NC
N
H
P CF,
N LatOH
HN
= |
N N
Me 47

3-(3-fluoro-4-methoxypheny!)-2-((25,45)-4-hydroxy-4-
(trifluoromethyl)pyrrolidin-2-yl)-8-(6-methylpyridin-3-yl)-4-oxo0-3 4-
dihydroquinazoline-6-carbonitrile
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Synthesis of tert-butyl (2S,4S)-2-(8-bromo-6-cyano-
3-(3-fluoro-4-methoxyphenyl)-4-oxo-3,4-dihydro-
quinazolin-2-yl)-4-((tert-butyldimethylsilyl)oxy)-4-

(trifluoromethyl)pyrrolidine-1-carboxylate (45)

[0797] (2S,4S)-1-(tert-butoxycarbonyl)-4-((tert-butyldim-
ethylsilyl)oxy)-4-(trifluoromethyl)pyrrolidine-2-carboxylic
acid (298 mg, 0.72 mmol, 1.5 equiv.) was added to an
oven-dried round-bottom flask with stir bar. The flask was
fitted with a septum and placed under nitrogen. DCM (5.14
mL), and NMI (0.172 mL, 2.16 mmol, 3 equiv.) were added
via syringe. MsCl (0.056 mL, 0.72 mmol, 1.5 equiv) was
added via syringe and the reaction was stirred at room
temperature for 1 h. 2-amino-3-bromo-5-cyanobenzoic acid
(116 mg, 0.48 mmol, 1 equiv.) was added in one portion,
followed by NMI (0.344 ml, 4.32 mmol, 9 equiv.) via
syringe, a reflux condenser was fitted to the flask, and the
reaction was heated to reflux for 17 h. After 17 h, 3-fluoro-
4-methoxyaniline (102 mg, 0.72 mmol, 1.5 equiv) was
added and the reaction was refluxed for an additional 17 h.
after 17 h, the reaction was cooled to room temperature and
quenched with sat. aq. NH,C1 (10 mL). The reaction mixture
was transferred to a separatory funnel and the layers were
shaken and separated. The aqueous layer was washed with
DCM (2x, 10 mL each) and the combined organics were
washed with brine (1x, 50 mL). The combined organics
were dried over MgSO,, filtered, and concentrated. Purified
twice via silica gel chromatography (1st column, 4:1 to 2:1
hexanes:EtOAc, 2”¢ column, 0:1 to 1:19 EtOAc:DCM).
tert-butyl (28,45)-2-(8-bromo-6-cyano-3-(3-fluoro-4-
methoxyphenyl)-4-o0x0-3,4-dihydroquinazolin-2-y1)-4-
((tert-butyldimethylsilyl)oxy)-4-(triffuoromethyl)pyrroli-
dine-1-carboxylate (45) obtained as a white solid (179 mg,
0.24 mmol, 50% yield). (Mixture of rotamers)'H NMR (400
MHz, CDCl,) 8 8.51 (dt, J=8.4, 1.6 Hz, 1H), 8.25-8.16 (m,
1H), 7.45-7.30 (m, 1H), 7.23-7.07 (m, 1H), 6.97-6.85 (m,
1H), 4.72-4.42 (m, 1H), 4.12-3.67 (m, 5H), 2.64-2.26 (m,
1H), 2.22-1.99 (m, 1H), 1.34 (m, 9H), 0.86-0.66 (m, 9H),
0.06 (m, 6H).

Synthesis of tert-butyl (2S,4S)-4-((tert-butyldimeth-
ylsilyl)oxy)-2-(6-cyano-3-(3-fluoro-4-methoxyphe-
nyl)-8-(6-methylpyridin-3-yl)-4-o0x0-3,4-dihydroqui-
nazolin-2-yl)-4-(trifluoromethyl)pyrrolidine-1-
carboxylate (46)

[0798] A microwave vial with stir bar was charged with
bromide 45 (159 mg, 0.21 mmol, 1 equiv.), boronic acid (32
mg, 0.23 mmol, 1.1 equiv.), Cs,CO; (137 mg, 0.42 mmol, 2
equiv.), and Pd(PPh;), (24 mg, 0.021 mmol, 0.1 equiv.). A
4:1 mixture of 1,4-dioxane:H,O was added via syringe (3
mL). The vial was sealed with a septum and the mixture was
sparged with N, for 15 min. After 15 min, the reaction was
heated to 80° C. for 17 h. After 17 h, the reaction was cooled
to room temperature and diluted with EtOAc and H,O (4 mL,
each). The layers were shaken and separated. The aqueous
phase was washed twice with EtOAc (4 mL each). The
combined organics were dried over Na,SO,, filtered, and
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concentrated. The crude reaction mixture was purified via
silica gel chromatography (4:1 to 1:1 hexanes:EtOAc).
Trace palladium was removed by dissolving the purified
product in DCM (0.2 M) and adding SiliametS Thiol Metal
Scavenger (33 wt %) to the solution. The mixture was heated
to 40° C. for 8 h before being filtered through celite. This
procedure was repeated two more times. tert-butyl (28S,4S)-
4-((tert-butyldimethylsilyl)oxy)-2-(6-cyano-3-(3-fluoro-4-
methoxyphenyl)-8-(6-methylpyridin-3-yl)-4-oxo-3,4-dihy-
droquinazolin-2-y1)-4-(trifluoromethyl)pyrrolidine-1-
carboxylate (46) obtained as a white solid (71 mg, 0.094
mmol, 45% yield) (Mixture of rotamers) ‘H NMR (400
MHz, CDCl,) & 8.73-8.61 (m, 2H), 8.06 (dd, J=24.5, 2.0 Hz,
1H), 8.00-7.88 (m, 1H), 7.43 (m, 1H), 7.30-7.11 (m, 2H),
7.03-6.93 (m, 1H), 4.64 (m, 1H), 4.08-3.95 (m, 3H), 3.84-
3.44 (m, 2H), 2.69 (d, J=4.6 Hz, 3H), 2.34-2.02 (m, 2H),
1.43-1.23 (m, 9H), 0.81-0.66 (m, 9H), 0.09--0.03 (m, 6H).

Synthesis of 3-(3-fluoro-4-methoxyphenyl)-2-((2S,
4S)-4-hydroxy-4-(trifluoromethyl)pyrrolidin-2-y1)-8-
(6-methylpyridin-3-yl)-4-ox0-3,4-dihydroquinazo-
line-6-carbonitrile (47)

[0799] Compound 46 (55 mg, 0.073 mmol, 1 equiv.) was
added to a vial with stir bar and dissolved in THF (0.14 mL).
TBAF (1 M in THF, 0.08 mmol, 0.080 mL, 1.1 equiv.) was
added via syringe and the reaction was stirred at room
temperature for 16 h. After 16 h, the reaction was concen-
trated in vacuo and diluted with DCM (3 mL). The reaction
was washed with 1N HCL, sat. aq. NaHCOj;, and brine (3
mL each). The combined organics were dried over MgSO,,
filtered, and concentrated. The crude alcohol was then used
immediately in the next reaction.

[0800] The crude alcohol (~47 mg) was added to a vial
with stir bar and dissolved in DCM (0.7 mL). TFA (0.28 mL)
was added via syringe and the reaction was stirred at room
temperature for 1 h. After 1 h, the reaction was diluted with
DCM (3 mL) and quenched with sat. aq. NaHCO; (3 mL).
The layers were shaken and separated. The aqueous phase
was washed twice with DCM (2 mL each). The combined
organics were dried over Na,SO,, filtered, and concentrated.
The crude reaction mixture was purified via silica gel
chromatography (0 to 5% (4:1 MeOH:sat. aq. NH,OH) in
DCM). 3-(3-fluoro-4-methoxyphenyl)-2-((2S,4S)-4-hy-
droxy-4-(trifluoromethyl)pyrrolidin-2-yl)-8-(6-methylpyri-

din-3-yl)-4-0x0-3,4-dihydroquinazoline-6-carbonitrile (47)
was obtained as a white solid (22 mg, 0.041 mmol, 56%
yield over 2 steps). 'H NMR (400 MHz, DMSO-d,) § 8.70
(d, J=2.1 Hz, 1H), 8.52 (t, J=1.9 Hz, 1H), 8.33 (t, J=1.7 Hz,
1H), 8.00 (dd, J=8.0, 2.3 Hz, 1H), 7.45 (td, J=11.5, 2.3 Hz,
1H), 7.40-7.25 (m, 3H), 6.11 (d, J=5.3 Hz, 1H), 4.08-3.98
(m, 1H), 3.92 (s, 3H), 3.12 (dd, J=12.2, 53 Hz, 1H),
2.76-2.62 (m, 1H), 2.53 (s, 3H), 2.45-2.25 (m, 1H), 1.80
(ddd, J=13.4,7.2,3.1 Hz, 1H). MS (ESI) nvz: 540.1 (M+1)".
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Scheme 9. Synthesis of quinazolinones 48-50, Examples 193-195

P(OPh)s,
ArNH,,
pyndme
N BOC-
amino acid
Scheme 8a
(0]
NC Ar
N7
LRZ———1H )\
5 mol % Pd(PPhy), N/ L :
10 mol % Cul P R
3 equiv. piperidine N
MeCN, 70° C., 2 h | | H
2. SilaMetSThiol
BOC 3. H;P0; or 4N HCI R?
22d or 221 or TFA then basification 48-49
(0]
1.R? H
5 mol % Pd(PPh3)4, 10 mol % Cul NC /Ar
3 equiv. piperidine, MeCN, 70° C., 2 h N
2. 10 mol% Pd/C (10 wt%), H (1 atm) )\
MeOH:EtOAc (1:2),3.5h N <\LR]
3. SilaMetSThiol N)
4. H;PO;5 or 4N HCI H
or TFA then basicification
RZ
50
Example 193. Synthesis of 3-(3,5-Difluoro-4- [0802] Starting with bromide 221, a Sonogashira reaction

methoxyphenyl)-8-(3-hydroxy-3-methylbut-1-yn-1-
yl)-4-0x0-2-(pyrrolidin-2-y1)-3,4-dihydroquinazo-
line-6-carbonitrile (48)

[0801] Prepared as shown in Scheme 9.
F
OMe
0
NC
N F
P
N
| h
Me Me

oH 48

3-(3,5-difluoro-4-methoxyphenyl)-8-(3-hydroxy-3-methylbut-1-yn-1-yl)-4-

oxo-2-(pyrrolidin-2-yl)-3,4-dihydroquinazoline-6-carbonitrile

was performed according to Scheme 9 to afford the corre-
sponding alkyl intermediate. Demetallation in triplicate (Si-
laMetSThiol) was performed as described for other coupled
products. The BOC-protected penultimate intermediate
(77.1 mg, 0.137 mmol) was deprotected in CH,Cl, (1.4 mL)
and trifluoroacetic acid (157 pL, 2.06 mmol) and 4N HCI in
dioxane (343 pl, 1.37 mmol). The reaction was monitored
on thin-layer chromatography. After completion of the reac-
tion, the crude mixture was concentrated in vacuo. Aqueous
NaHCO; (sat.) was added, and the aqueous layer was
extracted with CH,Cl, (3 times). The organic layer was
washed with aqueous solution of Na,COj (sat.) and brine,
and dried over Na,SO,. After concentrating, the crude
mixture was purified by CombiFlash gave 48 (32.9 mg,
52%) as a white solid (LC/MS purity=99.4%). 'H NMR
(400 MHz, CDCl,): 6=8.27 (d, J=1.8 Hz, 1H), 7.86 (d, I=1.8
Hz, 1H), 7.15 (d, J=10.4 Hz, 1H), 6.83 (d, J=10.3 Hz, 1H),
434 (brs, 1H), 4.14 (s, 3H), 4.03 (t, J=6.5 Hz, 1H), 3.32 (dt,
J=11.1, 5.7 Hz, 1H), 2.90 (dt, J=11.1, 6.1 Hz, 1H), 1.94-1.74
(m, 4H), 1.63 (s, 3H), 1.63 (s, 3H).
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Example 194. Synthesis of 3-(3-Fluoro-4-methoxy-

phenyl)-8-((6-methylpyridin-3-yl)ethynyl)-4-oxo-2-

(pyrrolidin-2-yl)-3,4-dihydroquinazoline-6-carboni-
trile (49)

[0803] Prepared as shown in Scheme 9.

OMe

3-(3-fluoro-4-methoxypheny!)-8-((6-methylpyridin-3-yl)ethynyl)-4-oxo-2-
(pyrrolidin-2-yl)-3,4-dihydroquinazoline-6-carbonitrile

[0804] Starting with bromide 22d, a Sonogashira reaction
was performed according to Scheme 9 to afford the corre-
sponding alkyl intermediate. Demetallation in triplicate (Si-
laMetSThiol) was performed as described for other coupled
products. The BOC-protected penultimate intermediate
(53.0 mg, 0.0914 mmol) was deprotected in CH,Cl, (1.0
ml) and trifluoroacetic acid (210 plL, 2.74 mmol). The
reaction was monitored on thin-layer chromatography. After
completion of the reaction, the crude mixture was concen-
trated in vacuo. Aqueous NaHCO; (sat.) was added, and the
aqueous layer was extracted with CH,Cl, (3 times). The
organic layer was washed with aqueous solution of Na,CO,
(sat.) and brine, and dried over Na,SO,. After concentrating,
the crude mixture was purified by CombiFlash gave 49 (39.3
mg, 90%) as a white solid (LC/MS purity=99.4%). "H NMR
(400 MHz, CDCl,): 8=8.71 (s, 1H), 8.47 (s, 1H), 8.12 (s,
1H), 7.75 (d, J=8.0 Hz, 1H), 7.22 (d, J=8.0 Hz, 1H),
7.16-7.11 (m, 1H), 7.10-7.00 (m, 2H), 4.02-3.95 (m, 4H),
3.48-3.25 (m, 1H), 2.94-2.84 (m, 1H), 2.77 (brs, 1H), 2.62
(s, 3H), 1.99-1.72 (m, 4H).
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Example 195. Synthesis of 3-(3-Fluoro-4-methoxy-

phenyl)-8-(2-(6-methylpyridin-3-yl)ethyl)-4-ox0-2-

(pyrrolidin-2-y1)-3,4-dihydroquinazoline-6-carboni-
trile (50)

[0805] Prepared as shown in Scheme 9.

OMe

3-(3-fluoro-4-methoxyphenyl)-8-(2-(6-methylpyridin-3-yl)ethynyl)-4-oxo-
2-(pyrrolidin-2-yl)-3,4-dihydroquinazoline-6-carbonitrile

[0806] Prior to deprotection of compound 49, the corre-
sponding intermediate, tert-butyl 2-(6-cyano-3-(3-fluoro-4-
methoxyphenyl)-8-((6-methylpyridin-3-yl)ethynyl)-4-oxo-
3,4-dihydroquinazolin-2-yl)pyrrolidine-1-carboxylate, was
hydrogenated according to Scheme 9 (10% Pd/C) under
hydrogen atmosphere in 1:2 MeOH/EtOAc for 3 h. After
filtration through celite, the compound was demetallated
(SilaMetSThiol) in triplicate as described for other analogs
that underwent coupling procedures. The BOC-protected
penultimate intermediate (57.4 mg, 0.0983 mmol) was
deprotected in CH,Cl, (1.0 mL) and trifluoroacetic acid (226
ul, 2.95 mmol). The reaction was monitored on thin-layer
chromatography. After completion of the reaction, the crude
mixture was concentrated in vacuo. Aqueous NaHCOj (sat.)
was added, and the aqueous layer was extracted with
CH,Cl, (3 times). The organic layer was washed with
aqueous solution of Na,COj; (sat.) and brine, and dried over
Na,SO,. After concentrating, the crude mixture was purified
by CombiFlash gave 50 as a white solid (LC/MS purity=95.
2%). '"H NMR (400 MHz, CDCl,): 8=8.43 (s, 1H), 8.33 (s,
1H), 7.71 (s, 1H), 7.37 (d, J=7.8 Hz, 1H), 7.20-7.04 (m, 4H),
3.98 (s, 3H), 3.96-3.91 (m, 1H), 3.43-3.29 (m, 2H), 3.29-3.
20 (m, 1H), 3.07-2.96 (m, 2H), 2.93 (brs, 1H), 2.89-2.79 (m,
1H), 2.54 (s, 3H), 1.92-1.72 (m, 4H).
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Example 196. Synthesis of 3-(3-fluoro-4-methoxy-
phenyl)-8-(6-methylpyridin-3-yl)-4-oxo-2-(pyridin-
2-y1)-3,4-dihydroquinazoline-6-carbonitrile (53a)

[0807] Prepared according to Scheme 10.

OMe

CH;

3-(3-fluoro-4-methoxyphenyl)-8-(6-methylpyridin-3-yl)-4-oxo-2-
(pyridin-2-y1)-3,4-dihydroquinazoline-6-carbonitrile

Synthesis of 2-amino-3-bromo-5-cyano-N-(3-fluoro-

4-methoxyphenyl)benzamide (51)
[0808] To the mixture of 2-amino-3-bromo-5-cyanoben-
zoic acid (10 g, 0.0417 mol) in DMF (200 mL) cooled to 0°
C. was added EDCI.HCI (8.8 g, 0.0459 mol) and HOBT (7.4
g, 0.0459 mol). After being stirred at rt for 1 h, 3-fluoro-4-
methoxyaniline (5.9 g, 0.0417 mol) was added into the
reaction mixture, and stirred at rt for 16 h. Then, the reaction
mixture was concentrated to remove DMF. The resulting
residual was diluted by water (500 mL), and a lot of grey
solid was generated at the same time. It was extracted with
EtOAc (4x300 mL). The combined organic layers were
washed with water (2x300 mL), saturated aqueous Na,CO;,
and brine (600 mL) in turn, dried over anhydrous Na,SO,,
and filtered, then the solvent was evaporated under reduced
pressure to afford a grey solid 51 (8.4 g, 55%). 'H NMR
(400 MHz, DMSO-d) 8 10.33 (s, 1H), 8.09 (dd, J=18.6, 1.8
Hz, 2H), 7.64 (dd, J=13.6, 2.5 Hz, 1H), 7.44-7.34 (m, 1H),
7.27-7.11 (m, 3H), 3.82 (s, 3H).

Synthesis of 8-bromo-3-(3-fluoro-4-methoxyphe-
nyl)-4-ox0-2-(pyridin-2-yl)-3,4-dihydroquinazoline-
6-carbonitrile (52a)

[0809] To the mixture of 51 (100 mg, 0.285 mmol) in
CHCI, (5 mL) was added picolinic acid (41 mg, 0.33 mmol),
POCI; (0.13 mL, 1.38 mmol), and triethylamine (0.076 mL,
0.55 mmol) in a seal tube. The reaction mixture was heated
to reflux for 5 h. Then, the reaction mixture was concen-
trated to give the resulting residual, which was adjusted to
PH=10-11 using saturated aqueous Na,CO,. The aqueous
layer was extracted with DCM (3x20 mL). The combined
organic layers were washed with brine (100 mL), dried over
anhydrous Na,SO,, and filtered, then the solvent was evapo-
rated under reduced pressure to afford the crude product. It
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was purified by flash chromatography (0% to 20% to 50% A
(DCM:ethyl acetate=1:4)/Hexane) to afford 52a (47 mg,
42%) as pale yellow solid. "H NMR (400 MHz, Chloroform-
d) 6 8.61 (d, J=1.8 Hz, 1H), 8.35 (d, J=4.8 Hz, 1H), 8.27 (d,
J=1.8 Hz, 1H), 7.91-7.84 (m, 1H), 7.83-7.73 (m, 1H),
7.26-7.21 (m, 1H), 7.02-6.95 (m, 1H), 6.90-6.81 (m, 2H),
3.87 (s, 3H).

Synthesis of 3-(3-fluoro-4-methoxyphenyl)-8-(6-
methylpyridin-3-yl)-4-oxo-2-(pyridin-2-yl)-3,4-dihy-
droquinazoline-6-carbonitrile (53a)

[0810] A mixture of 52a (160 mg, 0.36 mmol), cesium
carbonate (235 mg, 0.72 mmol), 2-methylpyridine-5-bo-
ronic acid (74 mg, 0.54 mmol) and tetrakis(tri-phenylphos-
phine) palladium (0) (31 mg, 0.027 mmol) in 1,4-dioxane
(10 mL) and H,O (1.5 mL) was degassed and flushed with
nitrogen. The mixture was heated at 85° C. for 16 h under
nitrogen atmosphere. After cooling to room temperature, the
mixture was concentrated to remove dioxane, and diluted
with H,O (50 mL) and extracted with DCM (3x50 mL). The
combined organic layers were washed with brine (100 mL),
dried over anhydrous Na,SO,, and filtered, then the solvent
was evaporated under reduced pressure to afford a pale-
yellow oil. The crude product was purified with flash chro-
matography (0% to 60% A (DCM:ethyl acetate=1:4)/
Hexane) to give the product, which was treated with a
palladium scavenger (SiliaMetS Thiol, 3x30 mg), stirred at
40° C. for 8 h and at rt for 16 h, and filtered through Celite
pad to remove any residual metal from the coupling reaction.
Repeating this procedure of removing Pd for three times.
After concentration, 53a (90 mg, 54%) was obtained as a
yellow solid. "H NMR (400 MHz, Chloroform-d) 8 8.87 (s,
1H), 8.70 (s, 1H), 8.29 (d, J=4.7 Hz, 1H), 8.03 (s, 1H),
7.92-7.85 (m, 1H), 7.76-7.64 (m, 2H), 7.31-7.27 (m, 1H),
7.22-7.16 (m, 1H), 7.05-6.98 (m, 1H), 6.92-6.81 (m, 2H),

3.87 (s, 3H), 2.63 (s, 3H). MS (ESI) m/z: 464.0 (M+1)".

Example 197. Synthesis of 3-(3-fluoro-4-methoxy-
phenyl)-8-(6-methylpyridin-3-yl)-2-(oxazol-4-yl)-4-
ox0-3,4-dihydroquinazoline-6-carbonitrile (53b)

[0811] Prepared according to Scheme 10.

OMe

53b

CH;

3-(3-fluoro-4-methoxyphenyl)-8-(6-methylpyridin-3-yl)-2-
(oxazol-4-yl)-4-ox0-3,4-dihydroquinazoline-6-carbonitrile
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Synthesis of 8-bromo-3-(3-fluoro-4-methoxyphe-
nyl)-2-(oxazol-4-yl)-4-oxo0-3,4-dihydroquinazoline-
6-carbonitrile (52b)

[0812] To the mixture of 51 (300 mg, 0.82 mmol) in
POCl; (8 mL) was added oxazole-4-carboxylic acid (112
mg, 0.99 mmol), and triethylamine (0.23 mL, 1.65 mmol) in
a seal tube. The reaction mixture was heated to 150° C. for
1.5 h under microwave. Then, the reaction mixture was
concentrated to give the resulting residual, which was
quenched by ice, and adjusted to PH=10-11 using saturated
aqueous Na,COj;. The aqueous layer was extracted with
DCM (3x20 mL). The combined organic layers were
washed with brine (100 mL), dried over anhydrous Na,SO,,
and filtered, then the solvent was evaporated under reduced
pressure to afford the crude product. It was purified by flash
chromatography (0% to 40% to 100% A (DCM:ethyl
acetate=1:4)/Hexane) to afford 52b (160 mg, 44%) as a
brown solid. '"H NMR (400 MHz, DMSO-d,) § 8.70 (d,
J=1.9 Hz, 1H), 8.55 (d, J=1.8 Hz, 1H), 8.37 (s, 1H), 8.03 (s,
1H), 7.42 (dd, J=11.7, 2.2 Hz, 1H), 7.29-7.18 (m, 2H), 3.90
(s, 3H).

Synthesis of 3-(3-fluoro-4-methoxyphenyl)-8-(6-
methylpyridin-3-yl)-2-(oxazol-4-yl)-4-0x0-3,4-dihy-
droquinazoline-6-carbonitrile (53b)
[0813]
carbonate (209 mg, 0.64 mmol), 2-methylpyridine-5-bo-
ronic acid (57 mg, 0.42 mmol) and tetrakis(tri-phenylphos-
phine) palladium (0) (28 mg, 0.024 mmol) in 1,4-dioxane (5
ml) and H,O (1 mL) was degassed and flushed with
nitrogen. The mixture was heated at 85° C. for 16 h under

A mixture of 52b (140 mg, 0.32 mmol), cesium

nitrogen atmosphere. After cooling to room temperature, the
mixture was concentrated to remove dioxane, and diluted
with H,O (50 mL) and extracted with DCM (3x50 mL). The
combined organic layers were washed with brine (100 mL),
dried over anhydrous Na,SO,, and filtered, then the solvent
was evaporated under reduced pressure to afford a pale-
yellow oil. The crude product was purified with flash chro-
matography (0% to 50% A (DCM:MeOH=100:1)/Hexane)
to give the product, which was treated with a palladium
scavenger (SiliaMetS Thiol, 3x20 mg), stirred at 40° C. for
8 h and at rt for 16 h, and filtered through Celite pad to
remove any residual metal from the coupling reaction.
Repeating this procedure of removing Pd for three times.
After concentration, 53b (60 mg, 41%) was obtained as a
yellow solid. 'H NMR (400 MHz, Chloroform-d) & 8.86 (s,
1H), 8.63 (s, 1H), 8.02 (s, 1H), 7.98-7.87 (m, 1H), 7.65 (d,
J=20.5 Hz, 2H), 7.39-7.28 (m, 1H), 7.04 (s, 3H), 3.96 (s,
3H), 2.65 (s, 3H). MS (ESI) m/z: 454.0 (M+1)*.
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Example 198. Synthesis of 3-(3-fluoro-4-methoxy-
pheny!)-8-(6-methylpyridin-3-yl)-2-(oxazol-5-yl)-4-
0x0-3,4-dihydroquinazoline-6-carbonitrile (53c)

[0814] Prepared according to Scheme 10.

F
OMe
@]
NC
N
N/ =
v
O
/ |
N N
CH; 53

3-(3-fluoro-4-methoxypheny!)-8-(6-methylpyridin-3-yl)-2-
(oxazol-5-yl)-4-oxo0-3,4-dihydroquinazoline-6-carbonitrile

Synthesis of 8-bromo-3-(3-fluoro-4-methoxyphe-
nyl)-2-(oxazol-5-yl)-4-ox0-3,4-dihydroquinazoline-
6-carbonitrile (52¢)

[0815] The procedure leading to 52b was followed using
51 (300 mg, 0.82 mmol), POCI, (8 mL), oxazole-5-carbox-
ylic acid (112 mg, 0.99 mmol), and triethylamine (0.23 mL,
1.65 mmol). Purification by flash chromatography (0% to
50% to 100% A (DCM:EtOAc=1:1)/Hexane) yielded 52c
(110 mg, 32%) as a brown solid. '"H NMR (400 MHz,
DMSO-d,) & 8.69 (d, J=17.0 Hz, 2H), 8.56 (s, 1H), 7.59-
7.48 (m, 1H), 7.46-7.31 (m, 2H), 6.22 (s, 1H), 3.97 (s, 3H).

Synthesis of 3-(3-fluoro-4-methoxyphenyl)-8-(6-
methylpyridin-3-yl)-2-(oxazol-5-yl1)-4-0x0-3,4-dihy-
droquinazoline-6-carbonitrile (53¢)

[0816] A mixture of 52¢ (100 mg, 0.23 mmol), cesium
carbonate (148 mg, 0.45 mmol), 2-methylpyridine-5-bo-
ronic acid (40 mg, 0.30 mmol) and tetrakis(tri-phenylphos-
phine) palladium (0) (20 mg, 0.017 mmol) in 1,4-dioxane (5
mlL) and H,O (1 mL) was degassed and flushed with
nitrogen. The mixture was heated at 85° C. for 16 h under
nitrogen atmosphere. After cooling to room temperature, the
mixture was concentrated to remove dioxane, and diluted
with H,O (50 mL) and extracted with DCM (3x50 mL). The
combined organic layers were washed with brine (100 mL),
dried over anhydrous Na,SO,, and filtered, then the solvent
was evaporated under reduced pressure to afford a pale-
yellow oil. The crude product was purified with flash chro-
matography (0% to 40% A (DCM:MeOH=100:1)/Hexane)
to give the product, which was treated with a palladium
scavenger (SiliaMetS Thiol, 3x20 mg), stirred at 40° C. for
8 h and at rt for 16 h, and filtered through Celite pad to
remove any residual metal from the coupling reaction.
Repeating this procedure of removing Pd for three times.
After concentration, 53¢ (40 mg, 32%) was obtained as a
yellow solid. *H NMR (400 MHz, DMSO-d) 8 8.93 (s, 1H),
8.69-8.59 (m, 2H), 8.48 (s, 1H), 8.21-8.13 (m, 1H), 7.63-7.
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56 (m, 1H), 7.49 (d, J=8.3 Hz, 1H), 7.47-7.38 (m, 2H), 6.26
(s, 1H), 4.02 (s, 3H), 2.63 (s, 3H). MS (ESI) m/z: 454.0
M+1)*.

Example 199. Synthesis of 3-(3-fluoro-4-methoxy-
phenyl)-2-(isoxazol-3-y1)-8-(6-methylpyridin-3-y1)-
4-0x0-3,4-dihydroquinazoline-6-carbonitrile (53d)

[0817] Prepared according to Scheme 10.

OCH;

CH; 53d

3-(3-fluoro-4-methoxyphenyl)-2- (isoxazol-3-yl)-8-(6-methylpyridin-3-
yl)-4-ox0-3 4-dihydroquinazoline- 6-carbonitrile

Synthesis of 8-bromo-3-(3-fluoro-4-methoxyphe-
nyl)-2-(isoxazol-3-yl)-4-0x0-3,4-dihydroquinazo-
line-6-carbonitrile (52d)

[0818] The procedure leading to 52b was followed using
51 (400 mg, 1.10 mmol), POCl; (8 mL), isoxazole-3-
carboxylic acid (149 mg, 1.32 mmol), and triethylamine
(0.31 mL, 2.20 mmol). Purification by flash chromatography
(0% to 40% A (DCM:EtOAc=1:1)/Hexane) yielded 52d
(220 mg, 45%) as a brown solid. 'H NMR (400 MHz,
DMSO-dy) & 8.97 (s, 1H), 8.76 (s, 1H), 8.62 (s, 1H),
7.53-7.32 (m, 1H), 7.22 (s, 2H), 6.69 (s, 1H), 3.88 (s, 3H).

Synthesis of 3-(3-fluoro-4-methoxyphenyl)-8-(6-
methylpyridin-3-yl)-2-(oxazol-5-yl)-4-0x0-3,4-dihy-
droquinazoline-6-carbonitrile (53d)

[0819] A mixture of 52d (180 mg, 0.41 mmol), cesium
carbonate (267 mg, 0.82 mmol), 2-methylpyridine-5-bo-
ronic acid (73 mg, 0.53 mmol) and tetrakis(tri-phenylphos-
phine) palladium (0) (36 mg, 0.031 mmol) in 1,4-dioxane (5
ml) and H,O (1 mL) was degassed and flushed with
nitrogen. The mixture was heated at 85° C. for 16 h under
nitrogen atmosphere. After cooling to room temperature, the
mixture was concentrated to remove dioxane, and diluted
with H,O (50 mL) and extracted with DCM (3x50 mL). The
combined organic layers were washed with brine (100 mL),
dried over anhydrous Na,SO,, and filtered, then the solvent
was evaporated under reduced pressure to afford a pale-
yellow oil. The crude product was purified with flash chro-
matography (0% to 50% A (DCM:MeOH=100:1)/Hexane)
to give the product, which was treated with a palladium
scavenger (SiliaMetS Thiol, 3x20 mg), stirred at 40° C. for
8 h and at rt for 16 h, and filtered through Celite pad to
remove any residual metal from the coupling reaction.
Repeating this procedure of removing Pd for three times.
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After concentration, 53d (60 mg, 32%) was obtained as a
yellow solid. *"H NMR (400 MHz, Chloroform-d) & 8.82 (s,
1H), 8.68 (s, 1H), 8.33 (s, 1H), 8.06 (s, 1H), 7.98-7.81 (m,
1H), 7.39-7.29 (m, 1H), 7.03 (s, 3H), 6.58 (s, 1H), 3.95 (s,
3H), 2.66 (s, 3H). MS (ESI) m/z: 454.0 (M+1)*.

Example 200. Synthesis of 3-(3-fluoro-4-methoxy-
phenyl)-2-(1-methyl-1H-imidazol-4-y1)-8-(6-meth-
ylpyridin-3-yl)-4-oxo0-3,4-dihydroquinazoline-6-
carbonitrile (53e)

[0820] Prepared according to Scheme 10.

OMe

CH; 53e

3-(3-fluoro-4-methoxyphenyl)-2-(1-methyl-1 H-imidazol-4-yl1)-8-(6-
methylpyridin-3-yl)-4-oxo-3,4-dihydroquinazoline-6-carbonitrile

Synthesis of 8-bromo-3-(3-fluoro-4-methoxyphe-
nyl)-2-(1-methyl-1H-imidazol-4-y1)-4-0x0-3,4-dihy-
droquinazoline-6-carbonitrile (52¢)

[0821] The procedure leading to 52b was followed using
51 (400 mg, 1.10 mmol), POCl; (8 mL), 1-methyl-1H-
imidazole-4-carboxylic acid (166 mg, 1.32 mmol), and
triethylamine (0.31 mL, 2.20 mmol). Purification by flash
chromatography (0% to 60% A (DCM:MeOH=100:1)/
Hexane) yielded 52e (240 mg, 48%) as a yellow solid.

Synthesis of 3-(3-fluoro-4-methoxyphenyl)-2-(1-
methyl-1H-imidazol-4-y1)-8-(6-methylpyridin-3-yl)-
4-0x0-3,4-dihydroquinazoline-6-carbonitrile (53e)

[0822] A mixture of 52e (300 mg, 0.66 mmol), cesium
carbonate (431 mg, 1.32 mmol), 2-methylpyridine-5-bo-
ronic acid (118 mg, 0.86 mmol) and tetrakis(tri-phenylphos-
phine) palladium (0) (57 mg, 0.050 mmol) in 1,4-dioxane
(10 mL) and H,O (2 mL) was degassed and flushed with
nitrogen. The mixture was heated at 85° C. for 16 h under
nitrogen atmosphere. After cooling to room temperature, the
mixture was concentrated to remove dioxane, and diluted
with H,O (50 mL) and extracted with DCM (3x50 mL). The
combined organic layers were washed with brine (100 mL),
dried over anhydrous Na,SO,, and filtered, then the solvent
was evaporated under reduced pressure to afford a pale-
yellow oil. The crude product was purified with flash chro-
matography (0% to 80% A (DCM:MeOH=100:1)/Hexane)
to give the product, which was treated with a palladium
scavenger (SiliaMetS Thiol, 3x30 mg), stirred at 40° C. for
8 h and at rt for 16 h, and filtered through Celite pad to
remove any residual metal from the coupling reaction.
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Repeating this procedure of removing Pd for three times.
After concentration, 53e (100 mg, 32%) was obtained as a
yellow solid. "H NMR (400 MHz, DMSO-d,)  8.83 (s, 1H),
8.49 (s, 1H), 8.29 (s, 1H), 8.16-7.98 (m, 1H), 7.54-7.26 (m,
4H), 7.23-7.03 (m, 2H), 3.89 (s, 3H), 3.60 (s, 3H), 2.57 (s,
3H). MS (ESD) m/z: 467.0 (M+1)*.

Example 201. Synthesis of 3-(3-fluoro-4-methoxy-
phenyl)-2-(1-methyl-1H-imidazol-5-y1)-8-(6-meth-
ylpyridin-3-yl)-4-o0x0-3,4-dihydroquinazoline-6-
carbonitrile (53f)

[0823] Prepared according to Scheme 10.

53f

OMe

CH;

3-(3-fluoro-4-methoxyphenyl)-2-(1-methyl-1 H-imidazol-5-yl)-
8-(6-methylpyridin-3-yl)-4-oxo-3,4-dihydroquinazoline-6-
carbonitrile

Synthesis of 8-bromo-3-(3-fluoro-4-methoxyphe-
nyl)-2-(1-methyl-1H-imidazol-5-yl)-4-0x0-3,4-dihy-
droquinazoline-6-carbonitrile (52f)

[0824] The procedure leading to 52b was followed using
51 (500 mg, 1.37 mmol), POCl; (8 mL), 1-methyl-1H-
imidazole-5-carboxylic acid (208 mg, 1.65 mmol), and
triethylamine (0.38 mL, 2.75 mmol). Purification by flash
chromatography (0% to 80% A (DCM:MeOH=100:1)/
Hexane) yielded 53f (130 mg, Y %=21%) as a yellow solid.

Synthesis of 3-(3-fluoro-4-methoxyphenyl)-2-(1-
methyl-1H-imidazol-5-y1)-8-(6-methylpyridin-3-yl)-
4-0x0-3,4-dihydroquinazoline-6-carbonitrile (53f)

[0825] A mixture of 52f (120 mg, 0.27 mmol), cesium
carbonate (173 mg, 0.53 mmol), 2-methylpyridine-5-bo-
ronic acid (47 mg, 0.34 mmol) and tetrakis(tri-phenylphos-
phine) palladium (0) (23 mg, 0.02 mmol) in 1,4-dioxane (5
ml) and H,O (1 mL) was degassed and flushed with
nitrogen. The mixture was heated at 85° C. for 16 h under
nitrogen atmosphere. After cooling to room temperature, the
mixture was concentrated to remove dioxane, and diluted
with H,O (50 mL) and extracted with DCM (3x50 mL). The
combined organic layers were washed with brine (100 mL),
dried over anhydrous Na,SO,, and filtered, then the solvent
was evaporated under reduced pressure to afford a pale-
yellow oil. The crude product was purified with flash chro-
matography (0% to 90% A (DCM:MeOH=100:1)/Hexane)
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to give the product, which was treated with a palladium
scavenger (SiliaMetS Thiol, 3x20 mg), stirred at 40° C. for
8 h and at rt for 16 h, and filtered through Celite pad to
remove any residual metal from the coupling reaction.
Repeating this procedure of removing Pd for three times.
After concentration, 53f (60 mg, 49%) was obtained as a
yellow solid. '"H NMR (400 MHz, DMSO-d,) 8 8.72 (d,
J=2.3 Hz, 1H), 8.65 (d, J=2.0 Hz, 1H), 8.38 (d, J=2.0 Hz,
1H), 7.98 (dd, J=7.9, 2.3 Hz, 1H), 7.73 (s, 1H), 7.50 (d, 1H),
7.46 (d, J=8.0 Hz, 1H), 7.40-7.27 (m, 2H), 6.28 (s, 1H), 3.96
(s, 3H), 3.63 (s, 3H), 2.60 (s, 3H). MS (ESI) m/z: 467.0
(M+1)*.

Example 202. Synthesis of 3-(3-fluoro-4-methoxy-
phenyl)-8-(6-methylpyridin-3-yl)-2-(oxazol-2-yl)-4-

0x0-3,4-dihydroquinazoline-6-carbonitrile (55a)

[0826] Prepared according to Scheme 10.

55a

OMe

CH;

3-(3-fluoro-4-methoxyphenyl)-8-(6-methylpyridin-3-yl)-
2-(oxazol-2-yl)-4-oxo0-3 4-dihydroquinazoline-6-
carbonitrile

Synthesis of 2-amino-5-cyano-N-(3-fluoro-4-
methoxyphenyl)-3-(6-methylpyridin-3-yl)benzamide
(54)

[0827] A mixture of 51 (1 g, 2.75 mmol), cesium carbon-
ate (1.79 g, 5.50 mmol), 2-methylpyridine-5-boronic acid
(0.49 g, 3.57 mmol) and tetrakis(tri-phenylphosphine) pal-
ladium (0) (238 mg, 0.21 mmol) in 1,4-dioxane (60 mL) and
H,O (8 mL) was degassed and flushed with nitrogen. The
mixture was heated at 85° C. for 16 h under nitrogen
atmosphere. After cooling to room temperature, the mixture
was concentrated to remove dioxane, and diluted with H,O
(50 mL) and extracted with DCM (3x100 mL). The com-
bined organic layers were washed with brine (200 mL),
dried over anhydrous Na,SO,, and filtered, then the solvent
was evaporated under reduced pressure to afford a pale-
yellow oil. The crude product was purified with flash chro-
matography (0% to 70% A (DCM:ethyl acetate=2:3)/
Hexane) to give 54 (550 mg, 53%) as a grey solid. "H NMR
(400 MHz, DMSO-dy) 6 10.31 (s, 1H), 8.52-8.41 (m, 1H),
8.22-8.10 (m, 1H), 7.76-7.71 (m, 1H), 7.71-7.62 (m, 1H),
7.53 (s, 1H), 7.48-7.41 (m, 1H), 7.41-7.33 (m, 1H), 7.18 (t,
J=9.3 Hz, 1H), 6.86 (s, 2H), 3.84 (s, 3H), 2.54 (s, 3H).
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Synthesis of 3-(3-fluoro-4-methoxyphenyl)-8-(6-
methylpyridin-3-yl)-2-(oxazol-2-yl)-4-0x0-3,4-dihy-
droquinazoline-6-carbonitrile (55a)

[0828] To the mixture of 54 (270 mg, 0.72 mmol) in
POCI; (8 mL) was added oxazole-2-carboxylic acid (97 mg,
0.86 mmol), and triethylamine (0.2 mL, 1.44 mmol) in a seal
tube. The reaction mixture was heated to 150° C. for 1 h
under microwave. Then, the reaction mixture was concen-
trated to give the resulting residual, which was adjusted to
PH=10-11 using saturated aqueous Na,CO,. The aqueous
layer was extracted with DCM (3x50 mL). The combined
organic layers were washed with brine (100 mL), dried over
anhydrous Na,SO,, and filtered, then the solvent was evapo-
rated under reduced pressure to afford the crude product. It
was purified by flash chromatography (0% to 75% A (DCM:
MeOH=100:1)/Hexane) to give the product, which was
treated with a palladium scavenger (SiliaMetS Thiol, 3x50
mg), stirred at 40° C. for 8 h and at rt for 16 h, and filtered
through Celite pad to remove any residual metal from the
coupling reaction. Repeating this procedure of removing Pd
for three times. After concentration, 55a (130 mg, 40%) was
obtained as a pale-yellow solid. '"H NMR (400 MHz,
DMSO-d,) 8 8.85 (s, 1H), 8.63 (s, 1H), 8.46 (s, 1H), 8.25 (s,
1H), 8.08 (d, J=8.1 Hz, 1H), 7.50-7.37 (m, 2H), 7.31 (s, 1H),
7.22 (d, J=8.3 Hz, 2H), 3.89 (s, 3H), 2.56 (s, 3H). MS (ESI)
m/z: 454.0 (M+1)*.

Example 203. Synthesis of 3-(3-fluoro-4-methoxy-
phenyl)-2-(1-methyl-1H-imidazol-2-y1)-8-(6-meth-
ylpyridin-3-yl)-4-oxo0-3,4-dihydroquinazoline-6-
carbonitrile (55b)

[0829] Prepared according to Scheme 10.

55b
F
OMe
O
NC
N
P N,
N =
N\/>
7z | Ve
\ N
CH;,

3-(3-fluoro-4-methoxyphenyl)-2-(1-methyl-1H-imidazol-2-yl)-
8-(6-methylpyridin-3-yl)-4-oxo-3,4-dihydroquinazoline-6-
carbonitrile
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Synthesis of 3-(3-fluoro-4-methoxyphenyl)-2-(1-
methyl-1H-imidazol-2-yl)-8-(6-methylpyridin-3-yl)-
4-0x0-3,4-dihydroquinazoline-6-carbonitrile (55b)

[0830] To the mixture of 54 (650 mg, 1.73 mmol) in
POCl; (10 mL) was added 1-methyl-1H-imidazole-2-car-
boxylic acid (262 mg, 2.08 mmol), and triethylamine (0.48
mL, 3.45 mmol) in a sealed tube. The reaction mixture was
heated to 180° C. for 1 h under microwave. Then, the
reaction mixture was concentrated to give the resulting
residual, which was adjusted to PH=10-11 using saturated
aqueous Na,CO;. The aqueous layer was extracted with
DCM (3x80 ml). The combined organic layers were
washed with brine (200 mL), dried over anhydrous Na,SO,,
and filtered, then the solvent was evaporated under reduced
pressure to afford the crude product. It was purified by flash
reverse phase (C-18) chromatography (0-30% CH;CN/H,0)
to give the product, which was treated with a palladium
scavenger (SiliaMetS Thiol, 3x50 mg), stirred at 40° C. for
8 h and at rt for 16 h, and filtered through Celite pad to
remove any residual metal from the coupling reaction.
Repeating this procedure of removing Pd for three times.
After concentration, 55b (160 mg, 17%) was obtained as a
pale-yellow solid. "H NMR (400 MHz, DMSO-d,) 8 8.76 (s,
1H), 8.68 (s, 1H), 8.42 (s, 1H), 8.01 (dd, J=8.0, 2.3 Hz, 1H),
7.46 (d, J=8.0 Hz, 1H), 7.37 (d, J=12.0, 2.2 Hz, 1H), 7.23 (s,
1H), 7.21-7.09 (m, 2H), 6.83 (s, 1H), 3.89 (s, 3H), 3.77 (s,
3H), 2.59 (s, 3H). MS (ESI) m/z: 467.0 (M+1)*.

Scheme 11. Synthesis of quinazolinone 56, Example 204

F
OCH;
fe) 4-F Benzaldehyde
AcOH,
O,N N Na(AcO);BH
DCE, 1t, 48 h
CH;
Te
Example 59
F
OCH;3
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O,N
N
=
N
CH; N



US 2022/0348558 Al
140

Example 204. Synthesis of 3-(3-fluoro-4-methoxy-
phenyl)-2-(1-(4-fluorobenzyl)pyrrolidin-2-y1)-8-
methyl-6-nitroquinazolin-4 (3H)-one (56)

[0831] Prepared according to Scheme 11.

56
F
OCH;
0
0N
N
51
=

N
CH; N
F

3-(3-fluoro-4-methoxyphenyl)-2-(1-(4-fluorobenzyl)pyrrolidin-
2-yl)-8-methyl-6-nitroquinazolin-4(3H)-one

Scheme 12. Synthesis of q
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[0832] 3-(3-fluoro-4-methoxyphenyl)-2-(1-(4-fluoroben-

zyl)pyrrolidin-2-y1)-8-methyl-6-nitroquinazolin-4 (3H)-one
(56): To a vial equipped with stir bar and DCE (2 mL) was
added 4-fluorobenzaldehyde (0.05 mL, 0.47 mmol, 1.1
(R)-3-(3-fluoro-4-methoxyphenyl)-8-methyl-6-ni-
tro-2-(pyrrolidin-2-yl) quinazolin-4 (3H)-one (7c¢, Example

equiv.),

59) (174 mg, 0.44 mmol, 1.0 equiv.), sodium triacetoxy-
borohydride (102 mg, 0.48 mmol, 1.1 equiv.), and acetic
acid (0.01 mL, 0.17 mmol, 0.39 equiv.). The reaction was
stirred at rt for 25.5 h, and then 3 A mol sieves were added
as well as another equivalent sodium triacetoxyborohydride
(96 mg, 0.45 mmol, 1.0 equiv) and the reaction stirred at rt
for a further 16.5 h. The reaction was concentrated and
purified by MPLC (4 g SiO,, 20 mI/min, 0-50% EtOAc/
Hexanes over 12 min) to give an orange oil, which was
washed with Et,O (2x10 mL) to give 56 as an orange foam
(184 mg, 0.36 mmol, 83% yield; LCMS Purity 297%). 'H
NMR (400 MHz, CDCly) 3 8.93 (d, J=2.7 Hz, 1H), 8.43 (d,
J=2.7 Hz, 1H), 7.16 (dt, J=9.0, 5.3 Hz, 2H), 7.04-6.82 (m,
4H), 6.42-6.20 (m, 1H), 3.95 (s, 3H), 3.90 (d, J=13.1 Hz,
1H), 3.67 (d, J=13.0 Hz, 1H), 3.35 (td, J=8.4, 4.9 Hz, 1H),
2.81 (dq, J=8.3, 4.6, 3.6 Hz, 1H), 2.75 (s, 3H), 2.17-1.82 (m,
4H).

uinazolinones 59a-59¢ and 60a-60b, Examples 205-209

(0] CH; 0 TH3
57a, racemic
HO NH FMOCC HO N 57b, L enantiomer
base FMOC  57¢, D-enantiomer
CHz CH;
57 a-c
(0] o F |
-—R
O,N gt
O,N iperidine
OH N AN pip
P(OPh);,
aniline
’ F CH;
NH; pyridine N
me” EMoc
58a-d
0 7 | o F |
|_Rl reductive |—R]
O,N O,N.
? N x amination 2 N AN
—_—

F CHz = CHj

N N
NH N

me” me” R,

59a-c 60a-b
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Example 205. Synthesis of 3-(4-methoxyphenyl)-2-
(1-(methylamino)ethyl)-6-nitroquinazolin-4 (3H)-

one (59a)

[0833] Prepared according to Scheme 12.
59a
OCH;
0
O,N
N
- K
N cH;
CH;

3-(4-methoxyphenyl)-2-(1-(methylamino)ethyl)-
6-nitroquinazolin-4(3H)-one

[0834] Step 1. Synthesis of N-(((9H-fluoren-9-yl)
methoxy)carbonyl)-N-methylalanine (57a). To a solution of
N-Methyl-DL-alanine (4.12 g, 40.00 mmol) in THF (200
ml) and 10% Na,CO; (200 mL) was added 9-fluorenylm-
ethyloxycarbonyl chloride (10.35 g, 40.00 mmol). The reac-
tion was stirred at room temperature for 6 h, and then
partitioned between ether (3x400 mL) and H,O (600 mL).
Then, the aqueous layer was adjusted to pH 2 with 1.00N
HCI. The resulting suspension was extracted with EtOAc
(4x300 mL). The combined organic layers were washed
with water (300 mL) and brine (300 mL), dried over
anhydrous Na,SO,, and filtered, and the solvent was evapo-
rated under reduced pressure to afford N-(((9H-fluoren-9-
ylmethoxy)carbonyl)-N-methylalanine 57a (9.75 g, 74.9%)
as off-white solid. "H NMR (400 MHz, CDCl,) 8 7.69-7.65
(m, 2H), 7.53-7.45 (m, 2H), 7.34-7.30 (m, 2H), 7.23-7.17
(m, 2H), 4.85-4.54 (m, 1H), 4.43-4.30 (m, 2H), 4.21-4.15
(m, 1H), 2.87-2.80 (m, 3H), 1.38 (d, J=7.3 Hz, 2H), 1.29 (d,
J=7.1 Hz, 1H). MS (ESI) m/z: 326 (M+1)".

[0835] Step 2. Synthesis of (9H-fluoren-9-yl)methyl(1-(3-
(4-methoxyphenyl)-6-nitro-4-oxo-3,4-dihydroquinazolin-2-
ylethyl)(methyl)carbamate (58a). 5-Nitroanthranilic acid
(1.47 g, 8.00 mmol) and N-(((9H-fluoren-9-yl)methoxy)
carbonyl)-N-methylalanine 57a (5.20 g, 16.00 mmol) were
dissolved in dry pyridine (48.00 mL). Triphenyl phosphite
(6.24 mL, 24.00 mmol) was added to the mixture and the
reaction mixture was heated at 100° C. with MWI for 2x20
min. 4-methoxyaniline (3.92 g, 32.00 mmol) was added to
the mixture and the reaction mixture was heated at 100° C.
with MWTI for 1 min. Pyridine was removed in vacuo and the
residue was diluted with CH,Cl, (300 mL) and washed with
1IN HCI aqueous (200 mL). The organic layer was washed
with H,O (200 mL) and brine (200 mL), dried over anhy-
drous Na,SO,, and filtered, then the solvent was evaporated
under reduced pressure. The residue was purified by flash
chromatography (0% ethyl acetate/CH,Cl, to 5% ethyl
acetate/CH,Cl,) to afford (9H-fluoren-9-yl)methyl(1-(3-(4-
methoxyphenyl)-6-nitro-4-oxo-3,4-dihydroquinazolin-2-y1)
ethyl)(methyl)carbamate 58a (1.86 g, 40.3%) as pale yellow
solid. 'H NMR (400 MHz, CDCl,)  9.11 (dd, 1=5.9, 2.4 Hz,
1H), 8.60-8.52 (m, 1H), 7.89-7.81 (m, 1H), 7.79-7.66 (m,
2H), 7.58 (t, J=6.7 Hz, 1H), 7.42 (dq, J=14.8, 7.4 Hz, 2H),
7.30(dd, J=9.7, 5.1 Hz, 2H), 7.23 (dd, J=12.5, 10.2 Hz, 1H),
7.18-7.10 (m, 1H), 7.03 (dd, J=14.1, 5.4 Hz, 1H), 6.98-6.76
(m, 2H), 5.07 (td, J=14.0, 7.2 Hz, 1H), 4.32-4.16 (m, 2H),
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4.02-3.89 (m, 1H), 3.74 (d, I=6.1 Hz, 3H), 2.93 (s, 2H), 2.81
(s, 1H), 1.43 (t, J=6.4 Hz, 2H), 1.25 (s, 1H). MS (ESI) m/z:
577 (M+1)*.

[0836] Step 3. Synthesis of 3-(4-methoxyphenyl)-2-(1-
(methylamino)ethyl)-6-nitroquinazolin-4 (3H)-one (59a).
To a solution of (9H-fluoren-9-yl)methyl(1-(3-(4-methoxy-
phenyl)-6-nitro-4-oxo0-3,4-dihydroquinazolin-2-yl)ethyl)
(methyl)carbamate 58a (1.86 g, 3.24 mmol) in CH,Cl, (30
ml) was added piperidine (3.24 ml, 32.40 mmol). The
resulting mixture was stirred at room temperature for 3 h.
The solvent was evaporated under reduced pressure. The
residue was purified by flash chromatography (0% MeOH/
Ethyl acetate-10% MeOH/Ethyl acetate) to afford 59a (0.76
g, 66.2%) as pale yellow solid. '"H NMR (500 MHz, CDCl,)
$9.12 (d, =2.6 Hz, 1H), 8.55 (dd, J=9.0, 2.6 Hz, 1H), 7.83
(d, J=9.0 Hz, 1H), 7.20-7.15 (m, 2H), 7.09 (ddd, J=9.7, 7.8,
2.1 Hz, 2H), 3.90 (s, 3H), 3.44 (q, J=6.6 Hz, 1H), 2.29 (s,
3H), 1.27 (d, I=6.6 Hz, 3H). MS (ESI) m/z: 355.1 (M+1)*.

Example 206. Synthesis of (S)-3-(4-methoxyphe-
nyl)-2-(1-(methylamino)ethyl)-6-nitroquinazolin-4
(3H)-one (59b)

[0837] Prepared according to Scheme 12.

50b
OCH;

O,N

CH,

(S)-3-(4-methoxyphenyl)-2-(1-(methylamino )ethyl)-
6-nitroquinazolin-4(3H)-one

[0838] Step 1. Synthesis of (S)—N-(((9H-fluoren-9-yl)
methoxy) carbonyl)-N-methylalanine (57b). To a solution of
N-methyl-L-alanine hydrochloride (1.39 g, 10.00 mmol) in
THE (50 mL) and 10% Na,CO; (50 mL) was added 9-fluo-
renylmethyloxycarbonyl chloride (2.59 g, 10.00 mmol). The
reaction was stirred at room temperature for 6 h, and then
partitioned between ether (3x200 mL) and H,O (400 mL).
Then, the aqueous layer was adjusted to pH 2 with 1.00N
HCI. The resulting suspension was extracted with EtOAc
(3%x200 mL). The combined organic layers were washed
with water (200 mL) and brine (200 mL), dried over
anhydrous Na,SO,, and filtered, and the solvent was evapo-
rated under reduced pressure to afford 57b (2.65 g, 81.4%)
as off-white solid. "H NMR (400 MHz, CDCl,) § 7.71-7.68
(m, 2H), 7.55-7.42 (m, 2H), 7.36-7.31 (m, 2H), 7.24-7.18
(m, 2H), 4.86-4.51 (m, 1H), 4.45-4.31 (m, 2H), 4.25-4.16
(m, 1H), 2.86-2.84 (m, 3H), 1.36 (d, J=7.3 Hz, 2H), 1.28 (d,
J=7.1 Hz, 1H). MS (ESI) n/z: 326 (M+1)*.

[0839] Step 2. Synthesis of (9H-fluoren-9-yl)methyl (S)-
(1-(3-(4-methoxyphenyl)-6-nitro-4-0x0-3,4-dihydroquinaz-
ol-in-2-yl)ethyl)(methyl)carbamate (58b). S-nitroanthranilic
acid (183.13 mg, 1.00 mmol) and 57b (0.65 g, 2.00 mmol)
were dissolved in dry pyridine (6 mL). Triphenyl phosphite
(0.79 mL, 3.00 mmol) was added to the mixture and the
reaction mixture was heated at 100° C. with MWI for 2x20
min. 4-methoxyaniline (0.50 g, 4.00 mmol) was added to the
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mixture and the reaction mixture was heated at 100° C. with
MWTI for 1 min. Pyridine was removed in vacuo and the
residue was diluted with CH,Cl, (100 mL) and washed with
1IN HCI aqueous (40 mL). The organic layer was washed
with H,O (40 mL) and brine (40 mL), dried over anhydrous
Na,SO,, and filtered, then the solvent was evaporated under
reduced pressure. The residue was purified by flash chro-
matography (0% ethyl acetate/CH,Cl, to 5% ethyl acetate/
CH,Cl,) to afford 58b (0.23 g, 39.9%) as pale yellow solid.
'H NMR (400 MHz, CDCl,) 8 9.08 (dd, J=5.6, 2.4 Hz, 1H),
8.65-8.51 (m, 1H), 7.86-7.78 (m, 1H), 7.78-7.68 (m, 2H),
7.61 (t, J=6.6 Hz, 1H), 7.41 (dq, J=14.8, 7.4 Hz, 2H), 7.34
(dd, J=9.7, 5.1 Hz, 2H), 7.25 (dd, J=12.5, 10.2 Hz, 1H),
7.21-7.08 (m, 1H), 7.04 (dd, J=14.1, 5.4 Hz, 1H), 6.91-6.78
(m, 2H), 5.05 (td, J=14.0, 7.2 Hz, 1H), 4.31-4.14 (m, 2H),
4.06-3.85 (m, 1H), 3.71 (d, J=6.1 Hz, 3H), 2.95 (s, 2H), 2.84
(s, 1H), 1.45 (t, J=6.4 Hz, 2H), 1.28 (s, 1H). MS (ESI) m/z:
577 (M+1)*.

[0840] Step 3. Synthesis of (S)-3-(4-methoxyphenyl)-2-
(1-(methylamino)ethyl)-6-nitroquinazolin-4 (3H)-one
(59b). To a solution of compound 58b (0.11 g, 0.19 mmol)
in CH,Cl, (3 mL) was added piperidine (0.19 mL, 1.91
mmol). The resulting mixture was stirred at room tempera-
ture for 3 h. The solvent was evaporated under reduced
pressure. The residue was purified by flash chromatography
(0% MeOH/CH,CL,-10% MeOH/CH,CL,) to afford 59b
(42.68 mg, 63.1%) as pale yellow solid. "H NMR (500 MHz,
CDCl,) 8 9.10 (d, J=2.0 Hz, 1H), 8.54 (dd, J=8.9, 2.1 Hz,
1H), 7.83 (d, J=8.9 Hz, 1H), 7.17 (t, ]=6.8 Hz, 2H), 7.09 (t,
J=6.9 Hz, 3H), 3.90 (s, 3H), 3.44 (dd, J=13.0, 6.4 Hz, 1H),
2.29 (s, 3H), 1.28 (d, J=6.5 Hz, 3H). MS (ESI) m/z: 355.1
M+1)*.

Example 207. Synthesis of (R)-3-(4-methoxyphe-
nyl)-2-(1-(methylamino)ethyl)-6-nitroquinazolin-4
(3H)-one (59¢)

[0841] Prepared according to Scheme 12.

59¢
OCH,

0,N

(R)-3-(4-methoxyphenyl)-2-(1-(methylamino)ethyl)-
6-nitroquinazolin-4(3H)-one

[0842] Step 1. Synthesis of (R)—N-(((9H-fluoren-9-yl)
methoxy) carbonyl)-N-methylalanine (57¢). To a solution of
N-methyl-D-alanine (1.03 g, 10.00 mmol) in THE (50 mL)
and 10% Na,CO, (50 mL) was added 9-Fluorenylmethyl-
oxycarbonyl chloride (2.59 g, 10.00 mmol). The reaction
was stirred at room temperature for 6 h, and then partitioned
between ether (3x200 mL) and H,O (400 mL). Then, the
aqueous layer was adjusted to pH 2 with 1.00N HCI. The
resulting suspension was extracted with EtOAc (3x200 mL).
The combined organic layers were washed with water (200
mL) and brine (200 mL), dried over anhydrous Na,SO,, and
filtered, and the solvent was evaporated under reduced
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pressure to afford 57¢ (3.03 g, 93.1%) as off-white solid. 'H
NMR (400 MHz, CDCl,) 8 7.71-7.66 (m, 2H), 7.51-7.42 (m,
2H), 7.38-7.31 (m, 2H), 7.25-7.16 (m, 2H), 4.86-4.51 (m,
1H), 4.46-4.34 (m, 2H), 4.28-4.16 (m, 1H), 2.88-2.84 (m,
3H), 1.35 (d, J=7.3 Hz, 2H), 1.28 (d, J=7.1 Hz, 1H). MS
(ESI) m/z: 326 (M+1)*.

[0843] Step 2. Synthesis of (9H-fluoren-9-yl)methyl (R)-
(1-(3-(4-methoxyphenyl)-6-nitro-4-0x0-3,4-dihydroquinaz-
ol-in-2-yl)ethyl)(methyl)carbamate (58c). S-nitroanthranilic
acid (183.13 mg, 1.00 mmol) and 57¢ (0.65 g, 2.00 mmol)
were dissolved in dry pyridine (6 mL). Triphenyl phosphite
(0.79 mL, 3.00 mmol) was added to the mixture and the
reaction mixture was heated at 100° C. with MWI for 2x20
min. 4-methoxyaniline (0.50 g, 4.00 mmol) was added to the
mixture and the reaction mixture was heated at 100° C. with
MWTI for 1 min. Pyridine was removed in vacuo and the
residue was diluted with CH,Cl, (100 mL) and washed with
IN HCI aqueous (40 mL). The organic layer was washed
with H,O (40 mL) and brine (40 mL), dried over anhydrous
Na,SO,, and filtered, then the solvent was evaporated under
reduced pressure. The residue was purified by flash chro-
matography (0% ethyl acetate/CH,Cl, to 5% ethyl acetate/
CH,Cl,) to afford 58c (0.18 g, 31.4%) as pale yellow solid.
'H NMR (400 MHz, CDCl,) 8 9.12 (dd, J=5.8, 2.4 Hz, 1H),
8.61-8.54 (m, 1H), 7.86-7.76 (m, 1H), 7.76-7.61 (m, 2H),
7.64 (t, J=6.6 Hz, 1H), 7.42 (dq, J=14.8, 7.6 Hz, 2H), 7.36
(dd, J=9.6, 5.1 Hz, 2H), 7.28 (dd, J=12.5, 10.2 Hz, 1H),
7.24-7.06 (m, 1H), 7.06 (dd, J=14.1, 5.4 Hz, 1H), 6.96-6.78
(m, 2H), 5.06 (td, J=14.0, 7.2 Hz, 1H), 4.34-4.15 (m, 2H),
4.06-3.81 (m, 1H), 3.72 (d, J=6.1 Hz, 3H), 2.96 (s, 2H), 2.86
(s, 1H), 1.48 (t, J=6.4 Hz, 2H), 1.25 (s, 1H). MS (ESI) m/z:
577 (M+1)*.

[0844] Step 3. Synthesis of (R)-3-(4-methoxyphenyl)-2-
(1-(methylamino)ethyl)-6-nitroquinazolin-4 (3H)-one (59c¢).
To a solution of compound 58¢ (100.00 mg, 0.17 mmol) in
CH,Cl, (3 mL) was added piperidine (0.17 mL, 1.73 mmol).
The resulting mixture was stirred at room temperature for 3
h. The solvent was evaporated under reduced pressure. The
residue was purified by flash chromatography (0% MeOH/
CH,CI, to 10% MeOH/CH,Cl,) to afford 59¢ (37.05 mg,
60.3%) as pale yellow solid. *H NMR (500 MHz, CDCl,) &
9.10 (d, J=2.0 Hz, 1H), 8.54 (dd, J=8.9, 2.1 Hz, 1H), 7.83 (d,
J=8.9Hz, 1H), 7.17 (t,J=6.8 Hz, 2H), 7.09 (t, J=6.9 Hz, 3H),
3.90 (s, 3H), 3.44 (dd, J=13.0, 6.4 Hz, 1H), 2.29 (s, 3H), 1.28
(d, J=6.5 Hz, 3H). MS (ESI) m/z: 355.1 (M+1)".

Example 208. Synthesis of (S)-2-(1-(dimethyl-
amino )ethyl)-3-(4-methoxyphenyl)-6-nitroquinazo-
lin-4 (3H)-one (60a)

[0845] Prepared as shown in Scheme 12.
60a
OCH;
(@]
0,N
N

P . /CHs
N e,

CH,

(S)-2-(1-(dimethylamino)ethyl)-3-(4-
methoxyphenyl)-6-nitroquinazolin-4(3H)-one
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Synthesis of(S)-2-(1-(dimethylamino)ethyl)-3-(4-
methoxyphenyl)-6-nitroquinazolin-4 (3H)-one (60a)

[0846] Acetic acid (0.01 mL) was added to the solution of
59b (40.00 mg, 0.11 mmol) and formaldehyde solution
37.0% in H,O (17.86 mg, 0.22 mmol) in MeOH (1.5 mL)
and CH,CI, (1.5 mL), stirred at room temperature for 1 h,
then sodium cyanoborohydride (10.36 mg, 0.16 mmol) was
added to the reaction mixture at 0° C., then stirred at room
temperature overnight, then the solvent was removed in
vacuo and the residue was diluted with CH,Cl, (20 mL) and
washed with saturated solutions of Na,CO; (15 mL) and
brine (15 mL), dried over anhydrous Na,SO,, and filtered,
then the solvent was evaporated under reduced pressure. The
residue was purified by flash chromatography (0% MeOH/
CH,Cl, to 5% MeOH/CH,Cl,) to afford 60a (6.00 mg,
14.8%) as pale yellow solid. '"H NMR (500 MHz, CDCl,) §
9.12(d, J=2.5 Hz, 1H), 8.54 (dd, J=8.9, 2.5 Hz, 1H), 7.90 (d,
1=0.0 Hz, 1H), 7.29 (dd, ]=8.7, 2.4 Hz, 1H), 7.11-7.01 (m,
3H), 3.89 (s, 3H), 3.45 (dd, J=13.2, 6.6 Hz, 1H), 2.14 (s,
6H), 1.30 (d, J=6.6 Hz, 3H). MS (ESI) m/z: 369.1 (M+1)*.

Example 209. Synthesis of (R)-2-(1-(dimethyl-
amino)ethyl)-3-(4-methoxyphenyl)-6-nitroquinazo-
lin-4 (3H)-one (60b)

[0847] Prepared as shown in Scheme 12.

60b
OCH;

O,N

/ /
N \CH3
5H3

(R)-2-(1-(dimethylamino)ethyl)-3-(4-
methoxyphenyl)-6-nitroquinazolin-4(3H)-one

Synthesis of (R)-2-(1-(dimethylamino)ethyl)-3-(4-
methoxyphenyl)-6-nitroquinazolin-4 (3H)-one (60b)

[0848] Acetic acid (0.01 mL) was added to the solution of
59¢ (40.00 mg, 0.11 mmol) and formaldehyde solution
37.0% in H,O (17.86 mg, 0.22 mmol) in MeOH (1.5 mL)
and CH,CI, (1.5 mL), stirred at room temperature for 1 h,
then sodium cyanoborohydride (10.36 mg, 0.16 mmol) was
added to the reaction mixture at 0° C., then stirred at room
temperature overnight, then the solvent was removed in
vacuo and the residue was diluted with CH,Cl, (20 mL) and
washed with saturated solutions of Na,CO; (15 mL) and
brine (15 mL), dried over anhydrous Na,SO,, and filtered,
then the solvent was evaporated under reduced pressure. The
residue was purified by flash chromatography (0% MeOH/
CH,Cl, to 5% MeOH/CH,Cl,) to afford 60b (8.90 mg,
22.0%) as pale yellow solid. "H NMR (500 MHz, CDCL,) §
9.12 (d, J=2.5 Hz, 1H), 8.54 (dd, J=8.9, 2.5 Hz, 1H), 7.90 (d,
J=8.9 Hz, 1H), 7.29 (dd, J=8.6, 2.4 Hz, 1H), 7.11-7.06 (m,
2H), 7.04 (dd, J=8.5, 2.7 Hz, 1H), 3.89 (s, 3H), 3.45 (dd,
J=13.2, 6.6 Hz, 1H), 2.14 (s, 6H), 1.30 (d, J=6.6 Hz, 3H).
MS (ESI) nv/z: 369.1 (M+1)".
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Scheme 13. Synthesis of quinazolinone 62, Example 210

o] P(OPh)3,
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N adjust pH
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N \ freebase
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61
OCH;3
(@]
0N
N
)\/§
.
N \CH3
62

Example 210. Synthesis of 3-(4-methoxyphenyl)-2-
((methylamino)methyl)-6-nitroquinazolin-4 (3H)-
one (62)

[0849] Prepared according to Scheme 13.

LY

3-(4-methoxyphenyl)-2-((methylamino)methyl)-
6-nitroquinazolin-4(3H)-one

62
OCH;

[0850] Step 1. Synthesis of tert-butyl ((3-(4-methoxyphe-
nyl)-6-nitro-4-0x0-3,4-dihydroquinazolin-2-yl)methyl)

(methyl) carbamate (61). S-nitroanthranilic acid (182.13 mg,
1.00 mmol) and N-Boc-sarcosine (378.42 mg, 2.00 mmol)
were dissolved in dry pyridine (4 mL). Triphenyl phosphite
(0.78 mL, 3.00 mmol) was added to the mixture and the
reaction mixture was heated at 100° C. with MWI for 40
min. 4-methoxyaniline (0.49 g, 4.00 mmol) was added to the
mixture and the reaction mixture was heated at 100° C. with
MWTI for 1 min. Pyridine was removed in vacuo and the
residue was diluted with CH,Cl, (160 mL) and washed with
IN aqueous HCI (60 mL). The organic layer was washed
with H,O (60 mL) and brine (60 mL), dried over anhydrous
Na,SO,, and filtered, then the solvent was evaporated under
reduced pressure. The residue was purified by flash chro-
matography (0% ethyl acetate/CH,Cl, to 10% ethyl acetate/
CH,CL,) to afford 61 (0.13 g, 29.6%) as pale yellow solid.
'H NMR (400 MHz, CDCly) 8 9.12 (d, J=4.2 Hz, 1H), 8.54
(t, J=9.2 Hz, 1H), 7.81 (dd, J=16.3, 8.9 Hz, 1H), 7.21 (d,
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1=8.7 Hz, 2H), 7.17-6.61 (m, 2H), 4.07 (d, J=26.1 Hz, 2H),
3.89 (d, J=7.3 Hz, 3H), 2.97 (s, 3H), 1.49 (s, SH), 1.34 (s,
4H). MS (ESI) nv/z: 441.1 (M+1)".

[0851] Step 2. Synthesis of 3-(4-methoxyphenyl)-2-
((methylamino)methyl)-6-nitroquinazolin-4 (3H)-one (62)
[0852] Under nitrogen, trifluoroacetic acid (0.26 mL, 3.60
mmol) was added to a solution of 61 (80.00 mg, 0.18 mmol)
in dry CH,Cl, (4 mL) at 0° C., then stirred at rt overnight,
then the solvent was removed in vacuo and the residue was
diluted with CH,Cl, (20 mL) and washed with saturated
solutions of Na,COj; (10 mL) and brine (10 mL), dried over
anhydrous Na,SO,, and filtered, then the solvent was evapo-
rated under reduced pressure. The residue was purified by
flash chromatography (0% MeOH/CH,CI, to 5% MeOH/
CH,Cl,) to afford 62 (25.60 mg, 41.8%) as pale yellow
amorphous solid. '"H NMR (500 MHz, CDCl5) § 9.11 (d,
J=2.6 Hz, 1H), 8.54 (dd, J=9.0, 2.7 Hz, 1H), 7.85 (d, J=9.0
Hz, 1H), 7.20-7.15 (m, 2H), 7.11-7.06 (m, 2H), 3.90 (s, 3H),
3.47 (s, 2H), 2.45 (s, 3H). MS (ESI) nv/z: 341.1 (M+1)*.

ACRONYMS/ABBREVIATIONS

[0853] VEEV=venezuelan equine encephalitis virus
WEEV=western equine encephalitis virus
EEEV=eastern equine encephalitis virus
TrD=Trinidad Donkey strain of VEEV
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BID=twice daily
IP=intraperitoneal (abdominal cavity)

In Vitro Assays:

[0854] VEEV strains of TC-83 (gift of Dr. Connie Schmal-
john, USAMRIID) and Trinidad Donkey (BEI Catalog No.
NR-332), WEEYV strain of California, and EEEV strains of
FL93-939 (BEI Catalog No. NR-4156), BeAr436087 (BEI
Catalog No. NR-41568), Crow #9464 (BEI Catalog No.
NR-41509) were used for this study. Anti-viral activity of
compounds was measured using a cell-based CPE assay as
previously described. Briefly, Vero 76 cells were maintained
in a Complete medium (Modified Eagle’s Medium with
Earle’s Balanced Salt Solution supplemented with 1x Glu-
taMAX, and 10% FBS). Vero 76 cells seeded in a 96 well
plate were infected with a virus at an MOI of 0.05 diluted in
a virus infection media (VIM: Modified Eagle’s Medium
with Earle’s Balanced Salt Solution supplemented with 1x
GlutaMAX, 25 mM HEPES, and 10% FBS) in the presence
of test compounds serially diluted to 8 different concentra-
tions. Infected cells were incubated for 48 hours at 37° C. in
an incubator with 5% CO, and cell viability, protection from
virus-induced CPE, was measured using CellTiter-Glo (Pro-
mega). EC5, was calculated with a 4-parameter logistic
model (XLfit, IBDS). Each experiment were performed with
at least of three replicates of cell plates.

TABLE 1

In vitro antiviral cytopathic effect (CPE) data for VEEV
TC83, WEEV California and EEEV
(strains F1.93-939 and BeAr 436087) alphaviruses.

WEEV EEEV EEEV
VEEV California FL93- BeAr
TCR3 ECso 939 436087
Example Cmpd EC5o nM nM ECso EC5o nM

1 2a XXXX XXXX ND ND
2 2b XXXXX XXXX ND ND
3 3a XX X ND ND
4 3b XXX X ND ND
5 2c XXX XXX ND ND
6 3¢ XX X ND ND
7 3d X X ND ND
8 2d XXXXX XXXXX ND ND
9 2e XXXXX XXXXX ND ND

10 3e XXXXX XXX XXX XXXX
11 3f XXXX XX ND ND
12 2f XXXXX XXX ND ND
13 3g XXXXX XXXX ND ND
14 2g XXXXX XXXX ND ND
15 2h XXXX XX ND ND
16 2i XX X ND ND
17 2j XXX X ND ND

18 2k XXXXX XXX XXX XXXX
19 21 XXXXX XXX ND ND
20 2m XXXXX XXXX ND ND
21 2n X X ND ND
22 20 X X ND ND
23 2p XXXXX XXXXX ND ND
24 2q XXXXX XXXXX ND ND
25 2r XXXX XXX ND ND
26 2s X X ND ND
27 2t XX X ND ND
28 2u XXX X ND ND
29 3h X X ND ND
30 2v X X ND ND
31 3i X X ND ND
32 2w X X ND ND
33 2x XXX XXX ND ND
34 2y XXXX XXXX ND ND
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TABLE 1-continued
In vitro antiviral cytopathic effect (CPE) data for VEEV
TC83, WEEV California and EEEV
(strains F1.93-939 and BeAr 436087) alphaviruses.
WEEV EEEV EEEV
VEEV California FL93- BeAr
TC83 ECso 939 436087
Example Cmpd EC5o nM nM ECso ECso nM
35 2z X X ND ND
36 2aa XXXX XX ND ND
37 2bb XXXXX XX ND ND
38 2cc X X ND ND
39 2dd XXXX X ND ND
40 2ee XXXXX XX ND ND
41 2ff XX X ND ND
42 2gg XXXX XXX ND ND
43 2hh XXXXX XXXXX ND ND
44 2ii X X ND ND
45 2jj X X ND ND
46 2kk X X ND ND
47 211 X X ND ND
48 2mm X X ND ND
49 2nn X X ND ND
50 Sa XXXXX XXXXX ND ND
51 5b XXX XX ND ND
52 Sc XXXXX XXXXX ND ND
53 5d XXX XXX ND ND
54 Se XXX XXX ND ND
55 Ta XXXXX XXXXX XXXX XXXX
X
56 7b XXXXX XXXX ND ND
57 8a XXXX XXX XXXX XXXX
58 8b XXXXX XXXXX XXXX XXXX
59 Tc XXXXX XXXXX XXXX XXXX
X X
60 7d XXXXX XXXXX ND ND
61 Te XXXXX XXXX XXXX XXXX
62 7t XXXX XXXX ND ND
63 7g X X ND ND
64 7h X X ND ND
65 7i XXXX XXXX ND ND
66 8c XXX XXX ND ND
67 7j XXX XXX ND ND
68 8d XXX XXX ND ND
69 7Tk XXX XXXX ND ND
70 8e XXXXX XXXXX ND ND
71 8f XXXX XXXX ND ND
72 7i XXXXX XXXX ND ND
73 8c X X ND ND
74 7j XXXXX XXXXX ND ND
75 14b XXXX XXXX ND ND
76 l4c XXXXX XXXXX ND ND
77 14d XXXX XXXXX ND ND
78 17a XXXX XXXX ND ND
79 17b XX XX ND ND
80 19a XXXXX XXXXX ND ND
81 2la XXXXX XXXXX ND ND
82 21b XXXXX XXXXX ND ND
83 21c XXXXX XXXXX ND ND
84 21d XXXXX XXXXX ND ND
85 2le XXXXX XXXXX ND ND
86 21f XXXXX XXXXX XXXX XXXX
X X
87 21g XXXXX XXXXX ND ND
88 21h XXXXX XXXXX ND ND
89 211 XXXXX XXXXX XXXX XXXX
90 21j XXXXX XXXXX ND ND
91 21k XXXXX XXXXX ND ND
92 211 XXXXX XXXXX ND ND
93 21m XXXXX XXXXX ND ND
94 21n XXXXX XXXX ND ND
95 2lo XXXXX XXXX ND ND
96 23a XXXXX XXXXX ND ND
97 23b XXXXX XXXXX ND ND
98 24 XXXXX XXXXX ND ND
99 25a XXXXX XXXXX ND ND
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TABLE 1-continued
In vitro antiviral cytopathic effect (CPE) data for VEEV
TC83, WEEV California and EEEV
(strains F1.93-939 and BeAr 436087) alphaviruses.
WEEV EEEV EEEV
VEEV California FL93- BeAr
TC83 ECso 939 436087
Example Cmpd EC5o nM nM ECso ECso nM
100 25b XXXXX XXXXX XXXX XXXX
X X
101 25¢ X
X X

102 25d XXXXX XXXXX ND ND
104 25 XXXXX XXXXX ND ND
105 25g XXXX XXX ND ND
106 25h XXXXX XXXXX ND ND
107 251 XXXXX XXXXX XXXX XXXXX
108 25j XXXXX XXXXX ND ND
109 25k XXXXX XXXXX ND ND
110 251 XXXXX XXXXX ND ND
111 25m XXXXX XXXXX ND ND
112 25n XXXXX XXXX ND ND
113 26a XXXXX XXXX ND ND
114 26b XXXXX XXXX ND ND
115 27a XXXXX XXXXX ND ND
116 250 X X ND ND
117 25p XXX XX ND ND
118 25q XXXXX XXXX ND ND
119 25r XXXXX XXXXX ND ND
120 25s XXX ND ND ND
121 25t X X ND ND
122 25u XXXXX XXXX ND ND
123 25v XXXXX XXXXX ND ND
124 25w XXXXX XXXXX ND ND
125 25x XXXXX XXXXX ND ND
126 25y XXXXX XXXX ND ND
127 25z XXXXX XXXX ND ND
128 25aa XXXXX XXX ND ND
129 25bb XXXXX XXXXX ND ND
130 25¢e XXXXX XXXXX ND ND
131 25dd XXXXX XXXXX ND ND
132 25ee XXXXX XXXXX ND ND
133 25fF XXXXX XXXXX ND ND
134 25gg XXXXX XXXXX ND ND
135 25hh XXXXX XXXXX ND ND
136 25ii XXXXX XXXXX ND ND
137 25jj XXXXX XXXXX ND ND
138 25kk XXXXX XXXXX ND ND
139 2511 XXXXX XXXX ND ND
140 25mm XXXXX XXXXX ND ND
141 25nn XXXXX XXXXX ND ND
142 2500 XXXXX XXXXX ND ND
143 25pp XXXX XXX ND ND
144 25qq XXXXX XXXX ND ND
145 251 XXXXX XXX ND ND
146 25ss XXX XX ND ND
147 25tt XXXXX XXXXX ND ND
148 25uu XXXXX XXXXX ND ND
149 25vv XXXXX XXXXX ND ND
150 25ww XXXXX XXXXX ND ND
151 25xx XXXXX XXXXX ND ND
152 25yy XXXXX XXXXX ND ND
153 257z XXXXX XXXXX ND ND
154 25aaa XXXXX XXXXX ND ND
155 25bbb XXXXX XXXXX ND ND
156 25cee XXXXX XXX ND ND
157 25ddd XXXX XXXX ND ND
158 25eee XX XX ND ND
159 25ffF XXXX XXXX ND ND
160 25ggg XXXX XXXX ND ND
161 25hhh XXXX XXX ND ND
162 25iii XXXX XXXX ND ND

X
163 25ijj X X ND ND
164 25kkk XX XX ND ND
165 2511 X ND ND ND
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TABLE 1-continued
In vitro antiviral cytopathic effect (CPE) data for VEEV
TC83, WEEV California and EEEV
(strains F1.93-939 and BeAr 436087) alphaviruses.
WEEV EEEV EEEV
VEEV California FL93- BeAr
TC83 ECso 939 436087
Example Cmpd EC5o nM nM ECso ECso nM
166 25mmm ND ND ND ND
167 25nnn XXXX XXX ND ND
168 25000 XXXX XXX ND ND
169 25ppp XXXX XXXX ND ND
170 25qqq XXXX XXXX ND ND
X X
171 2511 XXXX XXXX ND ND
X X
172 25sss XXXX XXXX ND ND
X X
173 25ttt XXXX XXXX ND ND
174 25uuu XXXX XXXX ND ND
X
175 25vvv XXXXX XXXX ND ND
176 25www XXXXX XXXXX ND ND
177 25%XxXX XXXXX ND ND ND
178 25yyy XXXXX ND ND ND
179 2577z XXXXX ND ND ND
180 25aaaa XXXXX XXXXX ND ND
181 25bbbb XXXXX ND ND ND
182 25ccee XXXXX ND ND ND
183 25dddd XXX ND ND ND
184 25eece XXXX XXXX ND ND
185 2541 XXX X ND ND
186  25gggg XXX XX ND ND
187 35 XXXX XXX ND ND
188 3%a XXXXX XXXXX ND ND
189 39b XXXX XXXX ND ND
190 42 XXXXX ND ND ND
191 44 XXXXX ND ND ND
192 47 XXXXX ND ND ND
193 48 XXXX XXXX ND ND
X X
194 49 XXXX XXXX ND ND
X X
195 50 XXXX XXXX ND ND
196 53a X X ND ND
197 53b XX X ND ND
198 53¢ X X ND ND
199 53d XX X ND ND
200 53e X X ND ND
201 53f X X ND ND
202 55a X X ND ND
203 55b XXXX XXX ND ND
204 56 XXXX XXX ND ND
205 59a XXXX XXXX ND ND
206 59b XXXX XXX ND ND
207 59¢ XXXX XXX ND ND
208 60a XXXX XXXX ND ND
X
209 60b XXXX XXX ND ND
X
210 62 X X ND ND
ND = not determined.
151-500 501-1000 >1000
ECsq 1-50 nM 51-150nM oM nM nM
Table 1 XXXXX XXXX XXX XX X

Key
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In Vivo Assessments:

[0855] See FIG. 1. Fourteen (14) day in vivo efficacy

BALB/C mice (groups of 8). Study was a prophylactic
assessment: compound was given to mice 2 h prior to viral
exposure with VEEV TrD (10xLD50, subcutaneous chal-
lenge). Compound was delivered via IP injection. Per day
dose was divided into two doses, given 12 h apart for 8 days
(e.g. 12 mg/kg/day was given as 6 mg/kg BID). Virus+

R3
vehicle mice all died without compound treatment by day 5.
Mice without virus all survived (control, 100% survival). 48
mg/kg/day group had a 100% survival rate. Mice in the 24 R?

mg/kg/day and 12 mg/kg/day groups had 75% survival rates.
Survival plot lines are offset for clarity.

TABLE 2

Fourteen (14) day in vivo efficacy assessment of Example 55, compound 7a in
BALB/C mice. Study contained prophylactic and treatment arms: compound was given to mice 2
h prior, or 24 h after, or 48 h after viral exposure with VEEV TrD (10xLDS50, subcutaneous
challenge). Compound was delivered via IP injection at 12.5 mg/kg BID, 12 h apart for 8 days.
All treated mice showed 100% survival rates even when treated 48 h after viral exposure with
VEEV TrD. All untreated mice died.

Virus day 14

Mouse Dose of Dosing Timeline Relative to Viral Challenge %
Group compound 7a  VEEV TrD Challenge challenge? Timeline  survival
A none none no none 100%
B none none yes day 0 0%
C 12.5 mg/kg 2 h prior to viral challenge, day 0 yes day 0 100%

BID for 8

days
D 12.5 mg/kg 24 h after viral challenge, day 1 yes day 0 100%

BID for 8

days
E 12.5 mg/kg 48 h after viral challenge, day 2 yes day 0 100%

BID for 8

days

TABLE 3

Twenty-one (21) day prophylactic in vivo efficacy assessment of Example 55,
compound 7a in C57BL/6 mice infected by EEEV FL93-939 (10-15 mice/group). Study was a
prophylactic assessment: compound was given to mice 2 h prior to viral exposure with EEEV
(subcutaneous challenge dose: 10%3 CCID5¢/0.2 mL). Compound was delivered via IP injection
Per day dose was divided into two doses, given 12 h apart for 8 days (e.g. 12 mg/kg/day was

given as 6 mg/kg BID). All untreated mice died. Compound 7a showed a dose-dependent,
protective response against EEEV.

Mouse

Group Dose of compound 7a EEEV challenge? % survival on day 21
A none no 100%

B none yes 0%

C 50 mg/kg/day yes 70%

D 25 mg/kg/day yes 60%

E 12 mg/kg/day yes 30%

What is claimed is:

R4

Rr!

R6

R’

RS

and
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1. A compound having a structure as shown in Formula I
assessment of Example 55, compound 7a in 6-8 week old ~ and Formula II:

O
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-continued
. an
R
R> R’
R* 0
R3
RQ
R? N
Il
RI R 10

wherein:

R!, R% R® and R* are the same or different and are
independently selected from the group consisting of
hydrogen, halogen, alkyl, C;-Cg-cycloalkyl, halogen-
substituted alkyl, alkynyl, alkoxy, halogen-substituted
alkoxy, nitro, cyano, aryl, alkyl-substituted aryl,
alkoxy-substituted aryl, halogen-substituted aryl, satu-
rated or unsaturated 4- to 6-membered heterocyclyl,
sulfonyl, and sulfonamidyl,

provided that not all of R*, R% R? and R* are simultane-
ously hydrogen, and

provided that at least one of R', R% R® and R* is an
electron-withdrawing group;

R>, R® R’, R®, and R® are the same or different and are
independently selected from the group consisting of
hydrogen, halogen, alkyl, unsubstituted or substituted
C,-Cq-cycloalkyl, halogen-substituted alkyl, alkoxy,
halogen-substituted alkoxy, azido, nitro, and cyano;

R is selected from the group consisting of aliphatic
amino, aliphatic alkylamino,

Rll
N
> 4 /N_R“’
\RJZ R]Z
Rll
\ Rl
%%N]’ %% |
R
§ N—\/R12 % N
Rll
N—\ R%;
5
N
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and
wherein:

R is selected from the group consisting of hydrogen,
halogen, alkyl, halogen-substituted alkyl, alkoxy, halo-
gen-substituted alkoxy, unsubstituted or substituted
C;-Cy-cyclic ether, and unsubstituted or C-substituted
or N-substituted saturated or unsaturated nitrogen
C,-Cq heterocyclyl;

R!'? is selected from the group consisting of hydrogen,
halogen, alkyl, halogen-substituted alkyl, alkoxy, and
halogen-substituted alkoxy;

and salts thereof.

2. The compound of claim 1, wherein R is selected from
the group consisting of

Ve

N—R”

Rll Rl]

3. The compound of claim 2, wherein R!! is selected from
the group consisting of hydrogen, halogen, and alkyl.

4. The compound of claim 2, wherein R'? is selected from
the group consisting of hydrogen, halogen, and alkyl.

5. The compound of claim 2, wherein R is selected from
the group consisting of unsubstituted or substituted C;-Cg4-
cyclic ether, and unsubstituted or C-substituted or N-substi-
tuted C,-Cg-saturated nitrogen heterocyclyl.

6. The compound of claim 1, wherein R? is an electron-
withdrawing group selected from the group consisting of
fluoro, nitro, cyano, sulfonyl, and sulfonamide.

7. The compound of claim 6, wherein R* is not hydrogen.

8. The compound of claim 6, wherein at least two of R',
R?, R?, and R* are not hydrogen.

9. The compound of claim 1, wherein R" is not hydrogen.

10. The compound of claim 1, wherein at least two of R*,
R2, R3, and R* are not hydrogen.

11. The compound of claim 1, having a structure as shown
in Formula 1.
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12. The compound of claim 11, wherein R' is selected
from the group consisting of halogen, alkyl, halogen-sub-
stituted alkyl, C5-Cq-cycloalkyl, 3-pyrimadinyl, and 4-pyri-
madinyl.

13. The compound of claim 11, wherein R'® is selected
from the group consisting of

z—m

B N—R!
X X

RrRHU

\Nj . R
~J A )
R2, and R )

14. The compound of claim 1, having a structure as shown
in Formula II.

15. The compound of claim 14, wherein R' is selected
from the group consisting of

rU

Rll
\N 12 \N 12
_\/R and _\/R .
) )
N N
\R“
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16. The compound of claim 1, having a structure as shown
in Formula I, and wherein R'° is

17. The compound of claim 16, wherein R'" is not
hydrogen.

18. The compound of claim 16, wherein R'? is not
hydrogen.

19. The compound of claim 16, wherein R? is an electron-
withdrawing group selected from the group consisting of
fluoro, nitro, cyano, sulfonyl, and sulfonamide.

20. A pharmaceutical composition for inhibiting a viral
infection, the composition comprising a viral inhibitory-
effective amount of one or more compounds as recited in
claim 1.

21. A method of inhibiting a viral infection, the method
comprising administering to a subject a viral inhibitory-
effective amount of a compound as recited in claim 1.

* % *® 0k %



