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Imidazo[4,5-c]quinolin-2-one Compounds and Their Use in Treating Cancer

FIELD OF INVENTION

This specification relates to substituted imidazo[4,5-c]quinolin-2-one compounds
and pharmaceutically acceptable salts thereof. These compounds and salts selectively
modulate ataxia telangiectasia mutated (“ATM?”) kinase, and the specification therefore
also relates to the use of substituted imidazo[4,5-c]quinolin-2-one compounds and salts
thereof to treat or prevent ATM mediated disease, including cancer. The specification
further relates to pharmaceutical compositions comprising substituted imidazo[4,5-
c]quinolin-2-one compounds and pharmaceutically acceptable salts thereof; kits
comprising such compounds and salts; methods of manufacture of such compounds and

salts; and intermediates useful in such manufacture.

BACKGROUND

ATM kinase is a serine threonine kinase originally identified as the product of the
gene mutated in ataxia telangiectasia. Ataxia telangiectasia is located on human
chromosome 11q22-23 and codes for a large protein of about 350 kDa, which is
characterized by the presence of a phosphatidylinositol (“PI”’) 3-kinase-like
serine/threonine kinase domain flanked by FRAP-ATM-TRRAP and FATC domains
which modulate ATM kinase activity and function. ATM kinase has been identified as a
major player of the DNA damage response elicited by double strand breaks. It primarily
functions in S/G2/M cell cycle transitions and at collapsed replication forks to initiate cell
cycle checkpoints, chromatin modification, HR repair and pro-survival signalling cascades
in order to maintain cell integrity after DNA damage (Lavin, M. F.; Rev. Mol. Cell Biol.
2008, 759-769).

ATM kinase signalling can be broadly divided into two categories: a canonical
pathway, which signals together with the Mrel1-Rad50-NBS1 complex from double strand
breaks and activates the DNA damage checkpoint, and several non-canonical modes of
activation, which are activated by other forms of cellular stress (Cremona et al., Oncogene

2013, 3351-3360).
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ATM kinase is rapidly and robustly activated in response to double strand breaks
and is reportedly able to phosphorylate in excess of 800 substrates (Matsuoka et al.,
Science 2007, 1160-1166), coordinating multiple stress response pathways (Kurz and Lees
Miller, DNA Repair 2004, 889-900.). ATM kinase is present predominantly in the nucleus
of the cell in an inactive homodimeric form but autophosphorylates itself on Ser1981 upon
sensing a DNA double strand break (canonical pathway), leading to dissociation to a
monomer with full kinase activity (Bakkenist et al., Nature 2003, 499-506). This is a
critical activation event, and ATM phospho-Ser1981 is therefore both a direct
pharmacodynamic and patient selection biomarker for tumour pathway dependency.

ATM kinase responds to direct double strand breaks caused by common anti-cancer
treatments such as ionising radiation and topoisomerase-II inhibitors (doxorubicin,
etoposide) but also to topoisomerase-I inhibitors (for example irinotecan and topotecan)
via single strand break to double strand break conversion during replication. ATM kinase
inhibition can potentiate the activity of any these agents, and as a result ATM kinase
inhibitors are expected to be of use in the treatment of cancer.

CN102372711A reports certain imidazo[4,5-c]quinolin-2-one compounds which
are mentioned to be dual inhibitors of PI 3-kinase o and mammalian target of rapamycin

(“mTOR”) kinase. Among the compounds reported in CN102372711A are the following:

o—CH;

Certain compounds reported in CN102372711A
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CN102399218A reports certain imidazo[4,5-c]quinolin-2-one compounds which
are mentioned to be PI 3-kinase o inhibitors. Among the compounds reported in

CN102399218A are the following:

5 Certain compounds reported in CN102399218A

While the compounds or CN102372711A and CN102399218A are reported to
possess activity against PI 3-kinase o and in some cases mTOR kinase, there remains a
need to develop new compounds that are more effective against different kinase enzymes,
10 such as ATM kinase. There further exists a need for new compounds which act against
certain kinase enzymes, like ATM kinase, in a highly selective fashion (i.e. by modulating
ATM kinase more effectively than other biological targets).
As demonstrated elsewhere in the specification (for example in the cell based

assays described in the experimental section), the compounds of the present specification
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generally possess very potent ATM kinase inhibitory activity, but much less potent activity
against other tyrosine kinase enzymes, such as PI 3-kinase o, mTOR kinase and ataxia
telangiectasia and Rad3-related protein (“ATR”) kinase. As such, the compounds of the
present specification not only inhibit ATM kinase, but can be considered to be highly
selective inhibitors of ATM kinase.

As aresult of their highly selective nature, the compounds of the present
specification are expected to be particularly useful in the treatment of diseases in which
ATM kinase is implicated (for example, in the treatment of cancer), but where it is
desirable to minimise off-target effects or toxicity that might arise due to the inhibition of

other tyrosine kinase enzymes, such as class PI 3-kinase o, mTOR kinase and ATR kinase.

SUMMARY OF INVENTION

Briefly, this specification describes, in part, a compound of Formula (I):

)

or a pharmaceutically acceptable salt thereof, where:

R! is azetidinyl, pyrrolidinyl or piperidinyl, each of which is substituted by one
methylamino group or one dimethylamino group;

R%is:

- isopropyl,

- C4-Cs cycloalkyl optionally substituted with one methoxy group,

- oxetanyl,

- tetrahydrofuranyl, or

- tetrahydropyranyl;

R? is hydro or methyl; and

R* is hydro or fluoro.
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This specification also describes, in part, a pharmaceutical composition which
comprises a compound of Formula (I), or a pharmaceutically acceptable salt thereof, and at
least one pharmaceutically acceptable excipient.

This specification also describes, in part, a compound of Formula (I), or a

5 pharmaceutically acceptable salt thereof, for use in therapy.

This specification also describes, in part, a compound of Formula (I), or a
pharmaceutically acceptable salt thereof, for use in the treatment of cancer.

This specification also describes, in part, the use of a compound of Formula (I), or
a pharmaceutically acceptable salt thereof, in the manufacture of a medicament for the

10 treatment of cancer.

This specification also describes, in part, a method for treating cancer in a warm
blooded animal in need of such treatment, which comprises administering to said warm-
blooded animal a therapeutically effective amount of a compound of Formula (I), or a
pharmaceutically acceptable salt thereof.

15

ILLUSTRATIVE EMBODIMENTS

Many embodiments of the invention are detailed throughout the specification and
will be apparent to a reader skilled in the art. The invention is not to be interpreted as being
20 limited to any particular embodiment(s) thereof.

In the first embodiment there is provided a compound of Formula (I):

(0]

2
R N F\//{
N

)

or a pharmaceutically acceptable salt thereof, where:

25 R! is azetidinyl, pyrrolidinyl or piperidinyl, each of which is substituted by one
methylamino group or one dimethylamino group;
R?is:
- isopropyl,
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- C4-Cs cycloalkyl optionally substituted with one methoxy group,

- oxetanyl,

- tetrahydrofuranyl, or

- tetrahydropyranyl;

R3 is hydro or methyl; and

R* is hydro or fluoro.

A “hydro” group is equivalent to a hydrogen atom. Atoms with a hydro group
attached to them can be regarded as unsubstituted.

“C4-Ce cycloalkyl” means a non-aromatic carbocyclic ring comprising 4 to 6 ring
carbon atoms. Cs-Cs cycloalkyl includes cyclobutyl, cyclopentyl, and cyclohexyl groups.

Where the term “optionally” is used, it is intended that the subsequent feature may
or may not occur. As such, use of the term “optionally” includes instances where the
feature is present, and also instances where the feature is not present. For example, a “Ca-
Cs cycloalkyl optionally substituted with one methoxy group” includes cyclobutyl,
cyclopentyl and cyclohexyl groups with or without the specified substituent.

The term “pharmaceutically acceptable” is used to specify that an object (for
example a salt, dosage form or excipient) is suitable for use in patients. An example list of
pharmaceutically acceptable salts can be found in the Handbook of Pharmaceutical Salts:
Properties, Selection and Use, P. H. Stahl and C. G. Wermuth, editors,

Weinheim/ziirich: Wiley-VCH/VHCA, 2002. A suitable pharmaceutically acceptable salt of
a compound of Formula (I) is, for example, an acid-addition salt. An acid addition salt of a
compound of Formula (I) may be formed by bringing the compound into contact with a
suitable inorganic or organic acid under conditions known to the skilled person. An acid
addition salt may for example be formed using an inorganic acid selected from
hydrochloric acid, hydrobromic acid, sulphuric acid and phosphoric acid. An acid addition
salt may also be formed using an organic acid selected from trifluoroacetic acid, citric acid,
maleic acid, oxalic acid, acetic acid, formic acid, benzoic acid, fumaric acid, succinic acid,
tartaric acid, lactic acid, pyruvic acid, methanesulfonic acid, ethanesulfonic acid,
ethanedisulfonic acid, benzenesulfonic acid, adipic acid, cinnamic acid, napadisylic acid,
malic acid, malonic acid, saccharin and para-toluenesulfonic acid.

Therefore, in one embodiment there is provided a compound of Formula (I) or a

pharmaceutically acceptable salt thereof, where the pharmaceutically acceptable salt is a
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hydrochloric acid, hydrobromic acid, sulphuric acid, phosphoric acid, trifluoroacetic acid,
citric acid, maleic acid, oxalic acid, acetic acid, formic acid, benzoic acid, fumaric acid,
succinic acid, tartaric acid, lactic acid, pyruvic acid, methanesulfonic acid, ethanesulfonic
acid, ethanedisulfonic acid, benzenesulfonic acid, adipic acid, cinnamic acid, napadisylic
acid, malic acid, malonic acid, saccharin or para-toluencsulfonic acid salt. In one
embodiment there is provided a compound of Formula (I) or a pharmaceutically acceptable
salt thereof, where the pharmaceutically acceptable salt is a methanesulfonic acid salt. In
one embodiment there is provided a compound of Formula (I) or a pharmaceutically
acceptable salt thereof, where the pharmaceutically acceptable salt is a mono-
methanesulfonic acid salt, i.e. the stoichiometry of the compound of the compound of
Formula (I) to methanesulfonic acid is 1:1. In one embodiment there is provided a
compound of Formula (I) or a pharmaceutically acceptable salt thereof, where the
pharmaceutically acceptable salt is a formic acid salt. In one embodiment there is provided
a compound of Formula (I) or a pharmaceutically acceptable salt thereof, where the
pharmaceutically acceptable salt is a mono-formic acid salt, i.e. the stoichiometry of the
compound of the compound of Formula (I) to formic acid is 1:1.

A further embodiment provides any of the embodiments defined herein (for
example the embodiment of claim 1) with the proviso that one or more specific Examples
(for instance one, two or three specific Examples) selected from the group consisting of
Examples 1, 2, 3,4,5,6,7,8,9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24,
25, 26,27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48,
49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60 and 61 is individually disclaimed.

Some values of variable groups in Formula (I) are as follows. Such values may be
used in combination with any of the definitions, claims (for example claim 1), or
embodiments defined herein to provide further embodiments.

a) Rlis azetidin-1-yl, pyrrolidin-1-yl or piperidin-1-yl, each of which is substituted by
one dimethylamino group or one methylamino group.

b) R!is 3-(dimethylamino)azetidin-1-yl, 3-(dimethylamino)pyrrolidin-1-yl, 3-
(dimethylamino)piperidin-1-yl, 4-(dimethylamino)piperidin-1-yl or 4-
(methylamino)piperidin-1-yl.
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c)

d)

g)
h)

)

k)

D

R! is 3-(dimethylamino)azetidin-1-yl, (3R)-3-(dimethylamino)pyrrolidin-1-yl, (35)-
3-(dimethylamino)pyrrolidin-1-yl, (3R)-3-(dimethylamino)piperidin-1-yl, 4-
(dimethylamino)piperidin-1-yl or 4-(methylamino)piperidin-1-yl.

R? is isopropyl, cyclobutyl, 3-methoxycyclobut-1-yl, 3-methoxycyclopent-1-yl, 3-
methoxycyclohex-1-yl, 4-methoxycyclohex-1-yl, oxetan-3-yl, tetrahydrofuran-3-yl,
tetrahydropyran-3-yl or tetrahydropyran-4-yl.

R? is isopropyl, cyclobutyl, cis-3-methoxycyclobut-1-yl, frans-3-methoxycyclobut-
1-yl, trans-3-methoxycyclopent-1-yl, cis-3-methoxycyclohex-1-yl, trans-3-
methoxycyclohex-1-yl, trans-4-methoxycyclohex-1-yl, oxetan-3-yl,
tetrahydrofuran-3-yl, tetrahydropyran-3-yl or tetrahydropyran-4-yl.

R? is isopropyl, cyclobutyl, cis-3-methoxycyclobut-1-yl, frans-3-methoxycyclobut-
1-yl, (1R, 3R)-3-methoxycyclopent-1-yl, (15, 3R)-3-methoxycyclohex-1-yl, (1R,
35)-3-methoxycyclohex-1-yl, (15, 35)-3-methoxycyclohex-1-yl, (1R, 3R)-3-
methoxycyclohex-1-yl, trans-4-methoxycyclohex-1-yl, oxetan-3-yl, (35)-
tetrahydrofuran-3-yl, (35)-tetrahydropyran-3-yl, (3R)-tetrahydropyran-3-yl or
tetrahydropyran-4-yl.

R? is isopropyl.

R? is C4-Cs cycloalkyl optionally substituted with one methoxy group.

R? is cyclobutyl, 3-methoxycyclobut-1-yl, 3-methoxycyclopent-1-yl, 3-
methoxycyclohex-1-yl or 4-methoxycyclohex-1-yl.

R? is cyclobutyl, cis-3-methoxycyclobut-1-yl, frans-3-methoxycyclobut-1-yl, rrans-
3-methoxycyclopent-1-yl, cis-3-methoxycyclohex-1-yl, trans-3-methoxycyclohex-
1-yl or trans-4-methoxycyclohex-1-yl.

R? is cyclobutyl, cis-3-methoxycyclobut-1-yl, rrans-3-methoxycyclobut-1-yl, (1R,
3R)-3-methoxycyclopent-1-yl, (15, 3R)-3-methoxycyclohex-1-yl, (1R, 35)-3-
methoxycyclohex-1-yl, (18, 35)-3-methoxycyclohex-1-yl, (1R, 3R)-3-
methoxycyclohex-1-yl or trans-4-methoxycyclohex-1-yl.

R? is oxetanyl, tetrahydrofuranyl or tetrahydropyranyl.

m) R? is oxetan-3-yl, (35)-tetrahydrofuran-3-yl, (3S)-tetrahydropyran-3-yl, (3R)-

n)
0)

tetrahydropyran-3-yl or tetrahydropyran-4-yl.
R? is oxetan-3-yl.

R? is (35)-tetrahydrofuran-3-yl.
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p) RZ?is (3S)-tetrahydropyran-3-yl or (3R)-tetrahydropyran-3-yl.
q) R?is (38)-tetrahydropyran-3-yl.

r) R?is (3R)-tetrahydropyran-3-yl.

s) RZis tetrahydropyran-4-yl.

t) R3is hydro.

u) R?is methyl.

v) R*is hydro.

w) R* s fluoro.

In one embodiment there is provided a compound of Formula (I), or a
pharmaceutically acceptable salt thereof, where:

R! is 3-(dimethylamino)azetidin-1-yl, 3-(dimethylamino)pyrrolidin-1-yl, 3-
(dimethylamino)piperidin-1-yl, 4-(dimethylamino)piperidin-1-yl or 4-
(methylamino)piperidin-1-yl;

R? is isopropyl, cyclobutyl, 3-methoxycyclobut-1-yl, 3-methoxycyclopent-1-yl, 3-
methoxycyclohex-1-yl, 4-methoxycyclohex-1-yl, oxetan-3-yl, tetrahydrofuran-3-yl,
tetrahydropyran-3-yl or tetrahydropyran-4-yl;

R3 is methyl; and

R* is hydro or fluoro.

In one embodiment there is provided a compound of Formula (I), or a
pharmaceutically acceptable salt thereof, where:

R! is 3-(dimethylamino)azetidin-1-yl, (3R)-3-(dimethylamino)pyrrolidin-1-yl, (35)-
3-(dimethylamino)pyrrolidin-1-yl, (3R)-3-(dimethylamino)piperidin-1-yl, 4-
(dimethylamino)piperidin-1-yl or 4-(methylamino)piperidin-1-yl;

R? is isopropyl, cyclobutyl, cis-3-methoxycyclobut-1-yl, frans-3-methoxycyclobut-
1-yl, (1R, 3R)-3-methoxycyclopent-1-yl, (15, 3R)-3-methoxycyclohex-1-yl, (1R, 35)-3-
methoxycyclohex-1-yl, (18, 35)-3-methoxycyclohex-1-yl, (1R, 3R)-3-methoxycyclohex-1-
yl, trans-4-methoxycyclohex-1-yl, oxetan-3-yl, (35)-tetrahydrofuran-3-yl, (35)-
tetrahydropyran-3-yl, (3R)-tetrahydropyran-3-yl or tetrahydropyran-4-yl;

R3 is methyl; and

R* is hydro or fluoro.

In one embodiment there is provided a compound of Formula (I), or a

pharmaceutically acceptable salt thereof, where:
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R! is 3-(dimethylamino)azetidin-1-yl, 3-(dimethylamino)pyrrolidin-1-yl, 3-
(dimethylamino)piperidin-1-yl, 4-(dimethylamino)piperidin-1-yl or 4-
(methylamino)piperidin-1-yl;

R? is cyclobutyl, 3-methoxycyclobut-1-yl, 3-methoxycyclopent-1-yl, 3-
methoxycyclohex-1-yl or 4-methoxycyclohex-1-yl;

R? is methyl; and

R* is hydro or fluoro.

In one embodiment there is provided a compound of Formula (I), or a
pharmaceutically acceptable salt thereof, where:

R! is 3-(dimethylamino)azetidin-1-yl, 3-(dimethylamino)pyrrolidin-1-yl, 3-
(dimethylamino)piperidin-1-yl, 4-(dimethylamino)piperidin-1-yl or 4-
(methylamino)piperidin-1-yl;

R? is isopropyl;

R? is methyl; and

R* is hydro or fluoro.

In one embodiment there is provided a compound of Formula (I), or a
pharmaceutically acceptable salt thereof, where:

R! is 3-(dimethylamino)azetidin-1-yl, 3-(dimethylamino)pyrrolidin-1-yl, 3-
(dimethylamino)piperidin-1-yl, 4-(dimethylamino)piperidin-1-yl or 4-
(methylamino)piperidin-1-yl;

R? is oxetanyl, tetrahydrofuranyl or tetrahydropyranyl;

R? is methyl; and

R* is hydro or fluoro.

In one embodiment there is provided a compound of Formula (I), or a

pharmaceutically acceptable salt thereof, wherein the compound is selected from the group

consisting of:

8-[6-[(3R)-3-(Dimethylamino)pyrrolidin-1-yl]-3-pyridyl]-1-isopropyl-3-methyl-

imidazo[4,5-c]quinolin-2-ong;

8-[6-[(395)-3-(dimethylamino)pyrrolidin-1-yl]-3-pyridyl]-1-isopropyl-3-methyl-

imidazo[4,5-c]quinolin-2-ong;

8-[6-[4-(dimethylamino)-1-piperidyl]-3-pyridyl]-7-fluoro-1-isopropyl-3-methyl-

imidazo[4,5-c]quinolin-2-ong;
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8-[6-[3-(dimethylamino)azetidin-1-yl]-3-pyridyl]-1-isopropyl-3-methyl-
imidazo[4,5-c]quinolin-2-ong;
8-[6-[(3R)-3-(Dimethylamino)pyrrolidin-1-yl]-3-pyridyl]-1-[(15,35)-3-
methoxycyclopentyl]-3-methyl-imidazo[4,5-c]quinolin-2-one;
8-[6-[(3R)-3-(Dimethylamino)pyrrolidin-1-yl]-3-pyridyl]-7-fluoro-1-(cis-3-
methoxycyclobutyl)-3-methyl-imidazo[4,5-c]quinolin-2-one;
8-[6-[(3R)-3-(dimethylamino)pyrrolidin-1-yl]-3-pyridyl]-3-methyl-1-[(3R)-
tetrahydropyran-3-yl]imidazo[4,5-c]quinolin-2-one;
8-[6-[(3R)-3-(dimethylamino)pyrrolidin-1-yl]-3-pyridyl]-3-methyl-1-[(35)-
tetrahydrofuran-3-yl]imidazo[4,5-c]quinolin-2-ong;
8-[6-[(3R)-3-(dimethylamino)pyrrolidin-1-yl]-3-pyridyl]-3-methyl-1-[(35)-
tetrahydropyran-3-yl]imidazo[4,5-c]quinolin-2-one;
8-[6-[(3R)-3-(dimethylamino)pyrrolidin-1-yl]-3-pyridyl]-1-(cis-3-
methoxycyclobutyl)-3-methyl-imidazo[4,5-c]quinolin-2-one;
8-[6-[(3R)-3-(dimethylamino)pyrrolidin-1-yl]-3-pyridyl]-1-(¢trans-3-
methoxycyclobutyl)-3-methyl-imidazo[4,5-c]quinolin-2-one;
8-[6-[(3R)-3-(dimethylamino)pyrrolidin-1-yl]-3-pyridyl]-1-(¢trans-4-
methoxycyclohexyl)-3-methyl-imidazo[4,5-c]quinolin-2-one;
8-[6-[(3R)-3-(dimethylamino)pyrrolidin-1-yl]-3-pyridyl]-3-methyl-1-

tetrahydropyran-4-yl-imidazo[4,5-c]quinolin-2-one;

8-[6-[(3R)-3-(dimethylamino)pyrrolidin-1-yl]-3-pyridyl]-7-fluoro-3-methyl-1-

[(3R)-tetrahydropyran-3-yl]imidazo[4,5-c]quinolin-2-one;

8-[6-[(3R)-3-(dimethylamino)pyrrolidin-1-yl]-3-pyridyl]-7-fluoro-3-methyl-1-

[(39)-tetrahydropyran-3-yl]imidazo[4,5-c]quinolin-2-one;
8-[6-[(395)-3-(dimethylamino)pyrrolidin-1-yl]-3-pyridyl]-3-methyl-1-[(3R)-
tetrahydropyran-3-yl]imidazo[4,5-c]quinolin-2-one;
8-[6-[(395)-3-(dimethylamino)pyrrolidin-1-yl]-3-pyridyl]-3-methyl-1-[(35)-
tetrahydropyran-3-yl]imidazo[4,5-c]quinolin-2-one;
8-[6-[(39)-3-(dimethylamino)pyrrolidin-1-yl]-3-pyridyl]-1-(cis-3-
methoxycyclobutyl)-3-methyl-imidazo[4,5-c]quinolin-2-one;

8-[6-[(35)-3-(dimethylamino)pyrrolidin-1-yl]-3-pyridyl]-7-fluoro-3-methyl-1-

[(3R)-tetrahydropyran-3-yl]imidazo[4,5-c]quinolin-2-one;
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8-[6-[(395)-3-(dimethylamino)pyrrolidin-1-yl]-3-pyridyl]-7-fluoro-3-methyl-1-[ (35)-
tetrahydropyran-3-yl]imidazo[4,5-c]quinolin-2-one;
8-[6-[(395)-3-(dimethylamino)pyrrolidin-1-yl]-3-pyridyl]-7-fluoro-1-(cis-3-
methoxycyclobutyl)-3-methyl-imidazo[4,5-c]quinolin-2-one;
8-[6-[3-(dimethylamino)azetidin-1-yl]-3-pyridyl]-1-[trans-3-methoxycyclopentyl]-
3-methyl-imidazo[4,5-c]quinolin-2-one;
8-[6-[3-(dimethylamino)azetidin-1-yl]-3-pyridyl]-3-methyl-1-[(35)-
tetrahydropyran-3-yl]imidazo[4,5-c]quinolin-2-one;
8-[6-[3-(dimethylamino)azetidin-1-yl]-3-pyridyl]-1-(¢trans-4-methoxycyclohexyl)-
3-methyl-imidazo[4,5-c]quinolin-2-one;
1-cyclobutyl-8-[6-[3-(dimethylamino)azetidin-1-yl]-3-pyridyl]-3-methyl-
imidazo[4,5-c]quinolin-2-ong;
8-[6-[3-(dimethylamino)azetidin-1-yl]-3-pyridyl]-3-methyl-1-[(3R)-
tetrahydropyran-3-yl]imidazo[4,5-c]quinolin-2-one;
8-[6-[3-(dimethylamino)azetidin-1-yl]-3-pyridyl]-3-methyl-1-tetrahydropyran-4-yl-
imidazo[4,5-c]quinolin-2-ong;
8-[6-[3-(dimethylamino)azetidin-1-yl]-3-pyridyl]-7-fluoro-1-[trans-3-
methoxycyclopentyl]-3-methyl-imidazo[4,5-c]quinolin-2-one;
8-[6-[3-(dimethylamino)azetidin-1-yl]-3-pyridyl]-7-fluoro-1-(cis-3-
methoxycyclobutyl)-3-methyl-imidazo[4,5-c]quinolin-2-one;
8-[6-[4-(dimethylamino)-1-piperidyl]-3-pyridyl]-1-[trans-3-methoxycyclopentyl]-
3-methyl-imidazo[4,5-c]quinolin-2-one;
8-[6-[4-(dimethylamino)-1-piperidyl]-3-pyridyl]-3-methyl-1-[(3R)-
tetrahydropyran-3-yl]imidazo[4,5-c]quinolin-2-one;
8-[6-[4-(dimethylamino)-1-piperidyl]-3-pyridyl]-3-methyl-1-[(35)-tetrahydropyran-
3-yl]imidazo[4,5-c]quinolin-2-one;
8-[6-[4-(dimethylamino)-1-piperidyl]-3-pyridyl]-1-(cis-3-methoxycyclobutyl)-3-
methyl-imidazo[4,5-c]quinolin-2-one;
1-cyclobutyl-8-[6-[4-(dimethylamino)-1-piperidyl]-3-pyridyl]-3-methyl-
imidazo[4,5-c]quinolin-2-ong;
8-[6-[4-(dimethylamino)-1-piperidyl]-3-pyridyl]-3-methyl-1-(oxetan-3-

yl)imidazo[4,5-c]quinolin-2-one;
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8-[6-[4-(dimethylamino)-1-piperidyl]-3-pyridyl]-3-methyl-1-tetrahydropyran-4-yl-
imidazo[4,5-c]quinolin-2-ong;
8-[6-[4-(dimethylamino)-1-piperidyl]-3-pyridyl]-7-fluoro-3-methyl-1-[(3R)-
tetrahydropyran-3-yl]imidazo[4,5-c]quinolin-2-one;
8-[6-[4-(dimethylamino)-1-piperidyl]-3-pyridyl]-7-fluoro-3-methyl-1-[(35)-
tetrahydropyran-3-yl]imidazo[4,5-c]quinolin-2-one;
8-[6-[4-(dimethylamino)-1-piperidyl]-3-pyridyl]-7-fluoro-1-(cis-3-
methoxycyclobutyl)-3-methyl-imidazo[4,5-c]quinolin-2-one;
8-[6-[(3R)-3-(dimethylamino)-1-piperidyl]-3-pyridyl]-7-fluoro-1-(cis-3-
methoxycyclobutyl)-3-methyl-imidazo[4,5-c]quinolin-2-one;
8-[6-[(3R)-3-(dimethylamino)pyrrolidin-1-yl]-3-pyridyl]-1-(cis-4-
methoxycyclohexyl)-3-methyl-imidazo[4,5-c]quinolin-2-one;
8-[6-[4-(dimethylamino)-1-piperidyl]-3-pyridyl]-1-[(cis-3-methoxycyclohexyl]-3-
methyl-imidazo[4,5-c]quinolin-2-one;
8-[6-[(3R)-3-(dimethylamino)pyrrolidin-1-yl]-3-pyridyl]-1-[cis-3-
methoxycyclohexyl]-3-methyl-imidazo[4,5-c]quinolin-2-one;
8-[6-[3-(dimethylamino)azetidin-1-yl]-3-pyridyl]-1-[cis-3-methoxycyclohexyl]-3-
methyl-imidazo[4,5-c]quinolin-2-one;
8-[6-[(3R)-3-(dimethylamino)pyrrolidin-1-yl]-3-pyridyl]-1-[trans-3-
methoxycyclohexyl]-3-methyl-imidazo[4,5-c]quinolin-2-one;
8-[6-[4-(dimethylamino)-1-piperidyl]-3-pyridyl]-1-[trans-3-methoxycyclohexyl]-3-
methyl-imidazo[4,5-c]quinolin-2-one;
8-[6-[3-(dimethylamino)azetidin-1-yl]-3-pyridyl]-1-[¢rans-3-methoxycyclohexyl]-
3-methyl-imidazo[4,5-c]quinolin-2-one;
7-Fluoro-1-(cis-3-methoxycyclobutyl)-3-methyl-8-[6-[4-(methylamino)-1-
piperidyl]-3-pyridyl]imidazo[4,5-c]quinolin-2-one;
3-methyl-8-[6-[4-(methylamino)-1-piperidyl]-3-pyridyl]-1-[(3R)-tetrahydropyran-
3-yl]imidazo[4,5-c]quinolin-2-one;
3-methyl-8-[6-[4-(methylamino)-1-piperidyl]-3-pyridyl]-1-[(35)-tetrahydropyran-3-
yl]imidazo[4,5-c]quinolin-2-one;
1-(cis-3-methoxycyclobutyl)-3-methyl-8-[ 6-[4-(methylamino)-1-piperidyl]-3-
pyridyl]imidazo[4,5-c]quinolin-2-one; and
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3-methyl-8-[6-[4-(methylamino)-1-piperidyl]-3-pyridyl]-1-tetrahydropyran-4-yl-
imidazo[4,5-c]quinolin-2-one.

In one embodiment there is provided a compound of Formula (I), or a
pharmaceutically acceptable salt thereof, wherein the compound is selected from the group
consisting of:

8-[6-[(3R)-3-(Dimethylamino)pyrrolidin-1-yl]-3-pyridyl]-1-isopropyl-3-methyl-
imidazo[4,5-c]quinolin-2-ong;

8-[6-[(395)-3-(dimethylamino)pyrrolidin-1-yl]-3-pyridyl]-1-isopropyl-3-methyl-
imidazo[4,5-c]quinolin-2-ong;
8-[6-[4-(dimethylamino)-1-piperidyl]-3-pyridyl]-7-fluoro-1-isopropyl-3-methyl-
imidazo[4,5-c]quinolin-2-ong;
8-[6-[3-(dimethylamino)azetidin-1-yl]-3-pyridyl]-1-isopropyl-3-methyl-
imidazo[4,5-c]quinolin-2-ong;
8-[6-[(3R)-3-(Dimethylamino)pyrrolidin-1-yl]-3-pyridyl]-1-[(1S,35)-3-
methoxycyclopentyl]-3-methyl-imidazo[4,5-c]quinolin-2-one;
8-[6-[(3R)-3-(Dimethylamino)pyrrolidin-1-yl]-3-pyridyl]-7-fluoro-1-(cis-3-
methoxycyclobutyl)-3-methyl-imidazo[4,5-c]quinolin-2-one;
8-[6-[(3R)-3-(dimethylamino)pyrrolidin-1-yl]-3-pyridyl]-3-methyl-1-[(3R)-
tetrahydropyran-3-yl]imidazo[4,5-c]quinolin-2-one;
8-[6-[(3R)-3-(dimethylamino)pyrrolidin-1-yl]-3-pyridyl]-3-methyl-1-[(35)-
tetrahydrofuran-3-yl]imidazo[4,5-c]quinolin-2-ong;
8-[6-[(3R)-3-(dimethylamino)pyrrolidin-1-yl]-3-pyridyl]-3-methyl-1-[(35)-
tetrahydropyran-3-yl]imidazo[4,5-c]quinolin-2-one;
8-[6-[(3R)-3-(dimethylamino)pyrrolidin-1-yl]-3-pyridyl]-1-(cis-3-
methoxycyclobutyl)-3-methyl-imidazo[4,5-c]quinolin-2-one;
8-[6-[(3R)-3-(dimethylamino)pyrrolidin-1-yl]-3-pyridyl]-1-(¢trans-3-
methoxycyclobutyl)-3-methyl-imidazo[4,5-c]quinolin-2-one;
8-[6-[(3R)-3-(dimethylamino)pyrrolidin-1-yl]-3-pyridyl]-1-(¢trans-4-
methoxycyclohexyl)-3-methyl-imidazo[4,5-c]quinolin-2-one;
8-[6-[(3R)-3-(dimethylamino)pyrrolidin-1-yl]-3-pyridyl]-3-methyl-1-
tetrahydropyran-4-yl-imidazo[4,5-c]quinolin-2-one;
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8-[6-[(3R)-3-(dimethylamino)pyrrolidin-1-yl]-3-pyridyl]-7-fluoro-3-methyl-1-
[(3R)-tetrahydropyran-3-yl]imidazo[4,5-c]quinolin-2-one;
8-[6-[(3R)-3-(dimethylamino)pyrrolidin-1-yl]-3-pyridyl]-7-fluoro-3-methyl-1-
[(39)-tetrahydropyran-3-yl]imidazo[4,5-c]quinolin-2-one;
8-[6-[(395)-3-(dimethylamino)pyrrolidin-1-yl]-3-pyridyl]-3-methyl-1-[(3R)-
tetrahydropyran-3-yl]imidazo[4,5-c]quinolin-2-one;
8-[6-[(395)-3-(dimethylamino)pyrrolidin-1-yl]-3-pyridyl]-3-methyl-1-[(35)-
tetrahydropyran-3-yl]imidazo[4,5-c]quinolin-2-one;
8-[6-[(39)-3-(dimethylamino)pyrrolidin-1-yl]-3-pyridyl]-1-(cis-3-
methoxycyclobutyl)-3-methyl-imidazo[4,5-c]quinolin-2-one;
8-[6-[(35)-3-(dimethylamino)pyrrolidin-1-yl]-3-pyridyl]-7-fluoro-3-methyl-1-
[(3R)-tetrahydropyran-3-yl]imidazo[4,5-c]quinolin-2-one;
8-[6-[(395)-3-(dimethylamino)pyrrolidin-1-yl]-3-pyridyl]-7-fluoro-3-methyl-1-[ (35)-
tetrahydropyran-3-yl]imidazo[4,5-c]quinolin-2-one;
8-[6-[(395)-3-(dimethylamino)pyrrolidin-1-yl]-3-pyridyl]-7-fluoro-1-(cis-3-
methoxycyclobutyl)-3-methyl-imidazo[4,5-c]quinolin-2-one;
8-[6-[3-(dimethylamino)azetidin-1-yl]-3-pyridyl]-1-[(1S, 35)-3-
methoxycyclopentyl]-3-methyl-imidazo[4,5-c]quinolin-2-one;
8-[6-[3-(dimethylamino)azetidin-1-yl]-3-pyridyl]-1-[(1R, 3R)-3-
methoxycyclopentyl]-3-methyl-imidazo[4,5-c]quinolin-2-one;
8-[6-[3-(dimethylamino)azetidin-1-yl]-3-pyridyl]-3-methyl-1-[(35)-
tetrahydropyran-3-yl]imidazo[4,5-c]quinolin-2-one;
8-[6-[3-(dimethylamino)azetidin-1-yl]-3-pyridyl]-1-(¢trans-4-methoxycyclohexyl)-
3-methyl-imidazo[4,5-c]quinolin-2-one;
1-cyclobutyl-8-[6-[3-(dimethylamino)azetidin-1-yl]-3-pyridyl]-3-methyl-
imidazo[4,5-c]quinolin-2-ong;
8-[6-[3-(dimethylamino)azetidin-1-yl]-3-pyridyl]-3-methyl-1-[(3R)-
tetrahydropyran-3-yl]imidazo[4,5-c]quinolin-2-one;
8-[6-[3-(dimethylamino)azetidin-1-yl]-3-pyridyl]-3-methyl-1-tetrahydropyran-4-yl-
imidazo[4,5-c]quinolin-2-ong;
8-[6-[3-(dimethylamino)azetidin-1-yl]-3-pyridyl]-7-fluoro-1-[(1S, 35)-3-

methoxycyclopentyl]-3-methyl-imidazo[4,5-c]quinolin-2-one;
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8-[6-[3-(dimethylamino)azetidin-1-yl]-3-pyridyl]-7-fluoro-1-[(1R, 3R)-3-
methoxycyclopentyl]-3-methyl-imidazo[4,5-c]quinolin-2-one;
8-[6-[3-(dimethylamino)azetidin-1-yl]-3-pyridyl]-7-fluoro-1-(cis-3-
methoxycyclobutyl)-3-methyl-imidazo[4,5-c]quinolin-2-one;
8-[6-[4-(dimethylamino)-1-piperidyl]-3-pyridyl]-1-[(1S, 35)-3-
methoxycyclopentyl]-3-methyl-imidazo[4,5-c]quinolin-2-one;
8-[6-[4-(dimethylamino)-1-piperidyl]-3-pyridyl]-1-[(1R, 3R)-3-
methoxycyclopentyl]-3-methyl-imidazo[4,5-c]quinolin-2-one;
8-[6-[4-(dimethylamino)-1-piperidyl]-3-pyridyl]-3-methyl-1-[(3R)-
tetrahydropyran-3-yl]imidazo[4,5-c]quinolin-2-one;
8-[6-[4-(dimethylamino)-1-piperidyl]-3-pyridyl]-3-methyl-1-[(35)-tetrahydropyran-
3-yl]imidazo[4,5-c]quinolin-2-one;
8-[6-[4-(dimethylamino)-1-piperidyl]-3-pyridyl]-1-(cis-3-methoxycyclobutyl)-3-
methyl-imidazo[4,5-c]quinolin-2-one;
1-cyclobutyl-8-[6-[4-(dimethylamino)-1-piperidyl]-3-pyridyl]-3-methyl-
imidazo[4,5-c]quinolin-2-ong;
8-[6-[4-(dimethylamino)-1-piperidyl]-3-pyridyl]-3-methyl-1-(oxetan-3-
yl)imidazo[4,5-c]quinolin-2-one;
8-[6-[4-(dimethylamino)-1-piperidyl]-3-pyridyl]-3-methyl-1-tetrahydropyran-4-yl-
imidazo[4,5-c]quinolin-2-ong;
8-[6-[4-(dimethylamino)-1-piperidyl]-3-pyridyl]-7-fluoro-3-methyl-1-[(3R)-
tetrahydropyran-3-yl]imidazo[4,5-c]quinolin-2-one;
8-[6-[4-(dimethylamino)-1-piperidyl]-3-pyridyl]-7-fluoro-3-methyl-1-[(35)-
tetrahydropyran-3-yl]imidazo[4,5-c]quinolin-2-one;
8-[6-[4-(dimethylamino)-1-piperidyl]-3-pyridyl]-7-fluoro-1-(cis-3-
methoxycyclobutyl)-3-methyl-imidazo[4,5-c]quinolin-2-one;
8-[6-[(3R)-3-(dimethylamino)-1-piperidyl]-3-pyridyl]-7-fluoro-1-(cis-3-
methoxycyclobutyl)-3-methyl-imidazo[4,5-c]quinolin-2-one;
8-[6-[(3R)-3-(dimethylamino)pyrrolidin-1-yl]-3-pyridyl]-1-(cis-4-
methoxycyclohexyl)-3-methyl-imidazo[4,5-c]quinolin-2-one;
8-[6-[4-(dimethylamino)-1-piperidyl]-3-pyridyl]-1-[(1S, 3R)-3-

methoxycyclohexyl]-3-methyl-imidazo[4,5-c]quinolin-2-one ;
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8-[6-[4-(dimethylamino)-1-piperidyl]-3-pyridyl]-1-[(1R, 35)-3-
methoxycyclohexyl]-3-methyl-imidazo[4,5-c]quinolin-2-one;
8-[6-[(3R)-3-(dimethylamino)pyrrolidin-1-yl]-3-pyridyl]-1-[(1S, 3R)-3-
methoxycyclohexyl]-3-methyl-imidazo[4,5-c]quinolin-2-one;
8-[6-[(3R)-3-(dimethylamino)pyrrolidin-1-yl]-3-pyridyl]-1-[(1R, 35)-3-
methoxycyclohexyl]-3-methyl-imidazo[4,5-c]quinolin-2-one;
8-[6-[3-(dimethylamino)azetidin-1-yl]-3-pyridyl]-1-[(1S, 3R)-3-
methoxycyclohexyl]-3-methyl-imidazo[4,5-c]quinolin-2-one ;
8-[6-[3-(dimethylamino)azetidin-1-yl]-3-pyridyl]-1-[(1R, 35)-3-
methoxycyclohexyl]-3-methyl-imidazo[4,5-c]quinolin-2-one;
8-[6-[(3R)-3-(dimethylamino)pyrrolidin-1-yl]-3-pyridyl]-1-[(1S, 35)-3-
methoxycyclohexyl]-3-methyl-imidazo[4,5-c]quinolin-2-one;
8-[6-[(3R)-3-(dimethylamino)pyrrolidin-1-yl]-3-pyridyl]-1-[(1R, 3R)-3-
methoxycyclohexyl]-3-methyl-imidazo[4,5-c]quinolin-2-one;
8-[6-[4-(dimethylamino)-1-piperidyl]-3-pyridyl]-1-[(1S, 35)-3-
methoxycyclohexyl]-3-methyl-imidazo[4,5-c]quinolin-2-one;
8-[6-[4-(dimethylamino)-1-piperidyl]-3-pyridyl]-1-[(1R, 3R)-3-
methoxycyclohexyl]-3-methyl-imidazo[4,5-c]quinolin-2-one;
8-[6-[3-(dimethylamino)azetidin-1-yl]-3-pyridyl]-1-[(1S, 35)-3-
methoxycyclohexyl]-3-methyl-imidazo[4,5-c]quinolin-2-one;
8-[6-[3-(dimethylamino)azetidin-1-yl]-3-pyridyl]-1-[(1S, 35)-3-
methoxycyclohexyl]-3-methyl-imidazo[4,5-c]quinolin-2-one;
7-Fluoro-1-(cis-3-methoxycyclobutyl)-3-methyl-8-[6-[4-(methylamino)-1-
piperidyl]-3-pyridyl]imidazo[4,5-c]quinolin-2-one;
3-methyl-8-[6-[4-(methylamino)-1-piperidyl]-3-pyridyl]-1-[(3R)-tetrahydropyran-
3-yl]imidazo[4,5-c]quinolin-2-one;
3-methyl-8-[6-[4-(methylamino)-1-piperidyl]-3-pyridyl]-1-[(35)-tetrahydropyran-3-
yl]imidazo[4,5-c]quinolin-2-one;
1-(cis-3-methoxycyclobutyl)-3-methyl-8-[ 6-[4-(methylamino)-1-piperidyl]-3-
pyridyl]imidazo[4,5-c]quinolin-2-one; and
3-methyl-8-[6-[4-(methylamino)-1-piperidyl]-3-pyridyl]-1-tetrahydropyran-4-yl-

imidazo[4,5-c]quinolin-2-one.
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In one embodiment there is provided 8-[6-[(3R)-3-(dimethylamino)pyrrolidin-1-yl]-
3-pyridyl]-3-methyl-1-[(3R)-tetrahydropyran-3-yl]imidazo[4,5-c]quinolin-2-one, or a
pharmaceutically acceptable salt thereof.

In one embodiment there is provided 8-[6-[(3R)-3-(dimethylamino)pyrrolidin-1-yl]-
3-pyridyl]-3-methyl-1-[(3R)-tetrahydropyran-3-yl]imidazo[4,5-c]quinolin-2-one.

In one embodiment there is provided a pharmaceutically acceptable salt of 8-[6-
[(3R)-3-(dimethylamino)pyrrolidin-1-yl]-3-pyridyl]-3-methyl-1-[(3R)-tetrahydropyran-3-
yl]imidazo[4,5-c]quinolin-2-one.

In one embodiment there is provided 8-[6-[(3.5)-3-(dimethylamino)pyrrolidin-1-yl]-
3-pyridyl]-3-methyl-1-[(3R)-tetrahydropyran-3-yl]imidazo[4,5-c]quinolin-2-one, or a
pharmaceutically acceptable salt thereof.

In one embodiment there is provided 8-[6-[(3.5)-3-(dimethylamino)pyrrolidin-1-yl]-
3-pyridyl]-3-methyl-1-[(3R)-tetrahydropyran-3-yl]imidazo[4,5-c]quinolin-2-one.

In one embodiment there is provided a pharmaceutically acceptable salt of 8-[6-
[(39)-3-(dimethylamino)pyrrolidin-1-yl]-3-pyridyl]-3-methyl-1-[(3R)-tetrahydropyran-3-
yl]imidazo[4,5-c]quinolin-2-one.

In one embodiment there is provided 8-[6-[3-(dimethylamino)azetidin-1-yl]-3-
pyridyl]-1-isopropyl-3-methyl-imidazo[4,5-c]quinolin-2-one, or a pharmaceutically
acceptable salt thereof.

In one embodiment there is provided 8-[6-[3-(dimethylamino)azetidin-1-yl]-3-
pyridyl]-1-isopropyl-3-methyl-imidazo[4,5-c]quinolin-2-one.

In one embodiment there is provided a pharmaceutically acceptable salt of 8-[6-[3-
(dimethylamino)azetidin-1-yl]-3-pyridyl]-1-isopropyl-3-methyl-imidazo[4,5-c]quinolin-2-
one.

Compounds and salts described in this specification may exist in solvated forms
and unsolvated forms. For example, a solvated form may be a hydrated form, such as a
hemi-hydrate, a mono-hydrate, a di-hydrate, a tri-hydrate or an alternative quantity thereof.
The invention encompasses all such solvated and unsolvated forms of compounds of
Formula (I), particularly to the extent that such forms possess ATM kinase inhibitory
activity, as for example measured using the tests described herein.

Atoms of the compounds and salts described in this specification may exist as their

isotopes. The invention encompasses all compounds of Formula (I) where an atom is
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replaced by one or more of its isotopes (for example a compound of Formula (I) where one
or more carbon atom is an ''C or 2C carbon isotope, or where one or more hydrogen atoms
is a 2H or *H isotope).

Compounds and salts described in this specification may exist as a mixture of
tautomers. ‘“Tautomers” are structural isomers that exist in equilibrium resulting from the
migration of a hydrogen atom. The invention includes all tautomers of compounds of
Formula (I) particularly to the extent that such tautomers possess ATM kinase inhibitory
activity.

Compounds of Formula (I) may for example be prepared by the reaction of a

compound of Formula (II):

an

Or a salt thereof, where R%, R? and R* are as defined in any of the embodiments

herein and X is a leaving group (for example a halogen atom, or alternatively a fluorine

atom) with a compound of formula (I11):

(11I)

or a salt thereof, where R! is as defined in any of the embodiments herein and Y is
a boronic acid, boronic ester or potassium trifluoroborate group (for example a boronic
acid, boronic acid pinacol ester, or potassium trifluoroborate group). The reaction may be
performed under standard conditions well known to those skilled in the art, for example in
the presence of a palladium source (for example tetrakis triphenylphosphine palladium or
palladium(II) acetate), optionally a phosphine ligand (for example Xantphos or S-phos),
and a suitable base (for example cesium carbonate or triethylamine).

Compounds of Formula (II) are therefore useful as intermediates in the preparation

of the compounds of Formula (I) and provide a further embodiment.
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In one embodiment there is provided a compound of Formula (I1), or a salt thereof,
where:

R? is C4-Cs cycloalkyl optionally substituted with one methoxy group,
isopropyl,oxetanyl, tetrahydrofuranyl or tetrahydropyranyl;

R3 is hydro or methyl,

R* is hydro or fluoro; and

X is a leaving group. In one embodiment X is an iodine, bromine, or chlorine atom
or a triflate group. In one embodiment X is a bromine atom.

In one embodiment there is provided a compound of Formula (I1), or a salt thereof,
where:

R? is isopropyl, cyclobutyl, 3-methoxycyclobut-1-yl, 3-methoxycyclopent-1-yl, 3-
methoxycyclohex-1-yl, 4-methoxycyclohex-1-yl, oxetan-3-yl, tetrahydrofuran-3-yl,
tetrahydropyran-3-yl or tetrahydropyran-4-yl;

R3 is hydro or methyl;

R* is hydro or fluoro; and

X is a leaving group. In one embodiment X is an iodine, bromine, or chlorine atom
or a triflate group. In one embodiment X is a bromine atom.

In any of the embodiments where a compound of Formula (II) or a salt thereof is
mentioned it is to be understood that such salts do not need to be pharmaceutically
acceptable salts. A suitable salt of a compound of Formula (II) is, for example, an
acid-addition salt. An acid addition salt of a compound of Formula (IT) may be formed by
bringing the compound into contact with a suitable inorganic or organic acid under
conditions known to the skilled person. An acid addition salt may for example be formed
using an inorganic acid selected from hydrochloric acid, hydrobromic acid, sulphuric acid
and phosphoric acid. An acid addition salt may also be formed using an organic acid
selected from trifluoroacetic acid, citric acid, maleic acid, oxalic acid, acetic acid, formic
acid, benzoic acid, fumaric acid, succinic acid, tartaric acid, lactic acid, pyruvic acid,
methanesulfonic acid, ethanesulfonic acid, ethanedisulfonic acid, benzenesulfonic acid,
adipic acid, cinnamic acid, napadisylic acid, malic acid, malonic acid, saccharin and para-
toluenesulfonic acid.

Therefore, in one embodiment there is provided a compound of Formula (IT) or a

salt thereof, where the salt is a hydrochloric acid, hydrobromic acid, sulphuric acid,
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phosphoric acid, trifluoroacetic acid, citric acid, maleic acid, oxalic acid, acetic acid,

formic acid, benzoic acid, fumaric acid, succinic acid, tartaric acid, lactic acid, pyruvic

acid, methanesulfonic acid, ethanesulfonic acid, ethanedisulfonic acid, benzenesulfonic

acid, adipic acid, cinnamic acid, napadisylic acid, malic acid, malonic acid, saccharin or

para-toluenesulfonic acid salt.

In one embodiment there is provided a compound of Formula (I1), or a salt thereof,

wherein the compound is selected from the group consisting of:

one;

one;

one;

and

8-Bromo-7-fluoro-1-isopropyl-3-methyl-imidazo[4,5-c]quinolin-2-one;
8-Bromo-1-isopropyl-3-methyl-imidazo[4,5-c]quinolin-2-one;

8-Bromo-1-[(15,35)-3-methoxycyclopentyl]-3-methyl-imidazo[4,5-c]quinolin-2-

8-Bromo-3-methyl-1-(oxan-4-yl)imidazo[5,4-c]quinolin-2-one;
8-Bromo-1-(cis-3-methoxycyclobutyl)-3-methylimidazo[4,5-c]quinolin-2-one;
8-Bromo-1-(cis-3-methoxymethylcyclobutyl)-3-methylimidazo[4,5-c]quinolin-2-

8-Bromo-7-fluoro-1-(cis-3-methoxycyclobutyl)-3-methylimidazo[4,5-c]quinolin-2-

8-Bromo-3-methyl-1-[(35)-oxan-3-yl]imidazo[ 5,4-c]quinolin-2-one;
8-Bromo-3-methyl-1-[(3R)-oxan-3-yl]imidazo[5,4-c]quinolin-2-one;
8-Bromo-7-fluoro-3-methyl-1-(oxan-4-yl)imidazo[5,4-c]quinolin-2-one;
8-Bromo-7-fluoro-3-methyl-1-[(3.5)-oxan-3-yl]imidazo[5,4-c]quinolin-2-one;
8-Bromo-7-fluoro-3-methyl-1-[(3R)-oxan-3-yl]imidazo[5,4-c]quinolin-2-one;
8-Bromo-3-methyl-1-[(35)-tetrahydrofuran-3-yl]imidazo[4,5-c]quinolin-2-one;
8-Bromo-1-cyclobutyl-3-methyl-imidazo[4,5-c]quinolin-2-one;
8-Bromo-1-(trans-3-methoxycyclobutyl)-3-methyl-imidazo[4,5-c]quinolin-2-one;
8-Bromo-1-(trans-4-methoxycyclohexyl)-3-methyl-imidazo[4,5-c]quinolin-2-one;
8-Bromo-1-(cis-4-methoxycyclohexyl)-3-methyl-imidazo[4,5-c]quinolin-2-one;
8-Bromo-1-[(3-methoxycyclohexyl]-3-methyl-imidazo[4,5-c]quinolin-2-one;
8-Bromo-1-[(trans-3-methoxycyclohexyl]-3-methyl-imidazo[4,5-c]quinolin-2-one;

8-Bromo-1-[(cis-3-methoxycyclohexyl]-3-methyl-imidazo[4,5-c]quinolin-2-one;

8-Bromo-1-[(cis-3-methoxycyclopentyl]-3-methyl-imidazo[4,5-c]quinolin-2-one.
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Compounds of formula (IIT) and (IV) can be prepared by methods similar to those
shown in the Examples section.

In one embodiment there is provided any one of the novel intermediates described
in the experimental section.

As aresult of their ATM kinase inhibitory activity, the compounds of Formula (I),
and pharmaceutically acceptable salts thereof are expected to be useful in therapy, for
example in the treatment of diseases or medical conditions mediated at least in part by
ATM kinase, including cancer.

Where “cancer” is mentioned, this includes both non-metastatic cancer and also
metastatic cancer, such that treating cancer involves treatment of both primary tumours and
also tumour metastases.

“ATM kinase inhibitory activity” refers to a decrease in the activity of ATM
kinase as a direct or indirect response to the presence of a compound of Formula (I), or
pharmaceutically acceptable salt thereof, relative to the activity of ATM kinase in the
absence of compound of Formula (I), or pharmaceutically acceptable salt thereof. Such a
decrease in activity may be due to the direct interaction of the compound of Formula (I), or
pharmaceutically acceptable salt thereof with ATM kinase, or due to the interaction of the
compound of Formula (I), or pharmaceutically acceptable salt thereof with one or more
other factors that in turn affect ATM kinase activity. For example, the compound of
Formula (I), or pharmaceutically acceptable salt thereof may decrease ATM kinase by
directly binding to the ATM kinase, by causing (directly or indirectly) another factor to
decrease ATM kinase activity, or by (directly or indirectly) decreasing the amount of ATM
kinase present in the cell or organism.

The term “therapy” is intended to have its normal meaning of dealing with a
disease in order to entirely or partially relieve one, some or all of its symptoms, or to
correct or compensate for the underlying pathology. The term "therapy" also includes
"prophylaxis" unless there are specific indications to the contrary. The terms "therapeutic”
and "therapeutically" should be interpreted in a corresponding manner.

The term “prophylaxis” is intended to have its normal meaning and includes
primary prophylaxis to prevent the development of the disease and secondary prophylaxis

whereby the disease has already developed and the patient is temporarily or permanently
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protected against exacerbation or worsening of the disease or the development of new
symptoms associated with the disease.

The term “treatment” is used synonymously with “therapy”. Similarly the term
“treat” can be regarded as “applying therapy” where “therapy” is as defined herein.

In one embodiment there is provided a compound of Formula (I), or a
pharmaceutically acceptable salt thereof, for use in therapy.

In one embodiment there is provided the use of the compound of Formula (I), or a
pharmaceutically acceptable salt thereof, in the manufacture of a medicament.

In one embodiment there is provided a compound of Formula (I), or a
pharmaceutically acceptable salt thereof, for use in the treatment of a disease mediated by
ATM kinase.

In one embodiment there is provided a compound of Formula (I), or a
pharmaceutically acceptable salt thereof, for use in the treatment of a disease mediated by
ATM kinase, where the disease mediated by ATM kinase is cancer.

In one embodiment there is provided a compound of Formula (I), or a
pharmaceutically acceptable salt thereof, for use in the treatment of a disease mediated by
ATM kinase, where the disease mediated by ATM kinase is colorectal cancer,
glioblastoma, gastric cancer, ovarian cancer, diffuse large B-cell lymphoma, chronic
lymphocytic leukaemia, acute myeloid leukaemia, head and neck squamous cell
carcinoma, breast cancer, hepatocellular carcinoma, small cell lung cancer or non-small
cell lung cancer.

In one embodiment there is provided a compound of Formula (I), or a
pharmaceutically acceptable salt thereof, for use in the treatment of a disease mediated by
ATM kinase, where the disease mediated by ATM kinase is colorectal cancer.

In one embodiment there is provided a compound of Formula (I), or a
pharmaceutically acceptable salt thereof, for use in the treatment of cancer.

In one embodiment there is provided a compound of Formula (I), or a
pharmaceutically acceptable salt thereof, for use in the treatment of colorectal cancer,
glioblastoma, gastric cancer, ovarian cancer, diffuse large B-cell lymphoma, chronic
lymphocytic leukaemia, acute myeloid leukaemia, head and neck squamous cell
carcinoma, breast cancer, hepatocellular carcinoma, small cell lung cancer or non-small

cell lung cancer.
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In one embodiment there is provided a compound of Formula (I), or a
pharmaceutically acceptable salt thereof, for use in the treatment of colorectal cancer.

In one embodiment there is provided a compound of Formula (I), or a
pharmaceutically acceptable salt thereof, for use in the treatment of Huntingdon’s disease.

In one embodiment there is provided a compound of Formula (I), or a
pharmaceutically acceptable salt thereof, for use as a neuroprotective agent.

A “neuroprotective agent” is an agent that preserves neuronal structure and/or
function.

In one embodiment there is provided the use of the compound of Formula (I), or a
pharmaceutically acceptable salt thereof, in the manufacture of a medicament for the
treatment of a disease mediated by ATM kinase.

In one embodiment there is provided the use of the compound of Formula (I), or a
pharmaceutically acceptable salt thereof, in the manufacture of a medicament for the
treatment of a disease mediated by ATM kinase, where the disease mediated by ATM
kinase is cancer.

In one embodiment there is provided the use of the compound of Formula (I), or a
pharmaceutically acceptable salt thereof, in the manufacture of a medicament for the
treatment of a disease mediated by ATM kinase, where the disease mediated by ATM
kinase is colorectal cancer, glioblastoma, gastric cancer, ovarian cancer, diffuse large B-
cell lymphoma, chronic lymphocytic leukaemia, acute myeloid leukaemia, head and neck
squamous cell carcinoma, breast cancer, hepatocellular carcinoma, small cell lung cancer
and non-small cell lung cancer.

In one embodiment there is provided the use of the compound of Formula (I), or a
pharmaceutically acceptable salt thereof, in the manufacture of a medicament for the
treatment of a disease mediated by ATM kinase, where the disease mediated by ATM
kinase is colorectal cancer.

In one embodiment there is provided the use of the compound of Formula (I), or a
pharmaceutically acceptable salt thereof, in the manufacture of a medicament for the
treatment of cancer.

In one embodiment there is provided the use of the compound of Formula (I), or a
pharmaceutically acceptable salt thereof, in the manufacture of a medicament for the

treatment of colorectal cancer, glioblastoma, gastric cancer, ovarian cancer, diffuse large
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B-cell lymphoma, chronic lymphocytic leukaemia, acute myeloid leukaemia, head and
neck squamous cell carcinoma, breast cancer, hepatocellular carcinoma, small cell lung
cancer or non-small cell lung cancer.

In one embodiment there is provided the use of the compound of Formula (I), or a
pharmaceutically acceptable salt thereof, in the manufacture of a medicament for the
treatment of colorectal cancer.

In one embodiment there is provided the use of the compound of Formula (I), or a
pharmaceutically acceptable salt thereof, in the manufacture of a medicament for the
treatment of Huntingdon’s disease.

In one embodiment there is provided the use of the compound of Formula (I), or a
pharmaceutically acceptable salt thereof, in the manufacture of a medicament for use as a
neuroprotective agent.

In one embodiment there is provided a method for treating a disease in which
inhibition of ATM kinase is beneficial in a warm-blooded animal in need of such
treatment, which comprises administering to said warm-blooded animal a therapeutically
effective amount of a compound of Formula (I), or a pharmaceutically acceptable salt
thereof.

The term "therapeutically effective amount"” refers to an amount of a compound of
Formula (I) as described in any of the embodiments herein which is effective to provide
“therapy” in a subject, or to “treat” a disease or disorder in a subject. In the case of cancer,
the therapeutically effective amount may cause any of the changes observable or
measurable in a subject as described in the definition of “therapy”, “treatment” and
“prophylaxis” above. For example, the effective amount can reduce the number of cancer
or tumour cells; reduce the overall tumour size; inhibit or stop tumour cell infiltration into
peripheral organs including, for example, the soft tissue and bone; inhibit and stop tumour
metastasis; inhibit and stop tumour growth; relieve to some extent one or more of the
symptoms associated with the cancer; reduce morbidity and mortality; improve quality of
life; or a combination of such effects. An effective amount may be an amount sufficient to
decrease the symptoms of a disease responsive to inhibition of ATM kinase activity. For
cancer therapy, efficacy in-vivo can, for example, be measured by assessing the duration of
survival, time to disease progression (TTP), the response rates (RR), duration of response,

and/or quality of life. As recognized by those skilled in the art, effective amounts may vary
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depending on route of administration, excipient usage, and co-usage with other agents. For
example, where a combination therapy is used, the amount of the compound of formula (T)
or pharmaceutcially acceptable salt described in this specification and the amount of the
other pharmaceutically active agent(s) are, when combined, jointly effective to treat a
targeted disorder in the animal patient. In this context, the combined amounts are in a
“therapeutically effective amount” if they are, when combined, sufficient to decrease the
symptoms of a disease responsive to inhibition of ATM activity as described above.
Typically, such amounts may be determined by one skilled in the art by, for example,
starting with the dosage range described in this specification for the compound of formula
(I) or pharmaceutcially acceptable salt thereof and an approved or otherwise published
dosage range(s) of the other pharmaceutically active compound(s).

“Warm-blooded animals” include, for example, humans.

In one embodiment there is provided a method for treating a disease in which
inhibition of ATM kinase is beneficial in a warm-blooded animal in need of such
treatment, which comprises administering to said warm-blooded animal a therapeutically
effective amount of a compound of Formula (I), or a pharmaceutically acceptable salt
thereof, and where the discase in which inhibition of ATM kinase is beneficial is cancer.

In one embodiment there is provided a method for treating a disease in which
inhibition of ATM kinase is beneficial in a warm-blooded animal in need of such
treatment, which comprises administering to said warm-blooded animal a therapeutically
effective amount of a compound of Formula (I), or a pharmaceutically acceptable salt
thereof, and where the disease in which inhibition of ATM kinase is beneficial is colorectal
cancer, glioblastoma, gastric cancer, ovarian cancer, diffuse large B-cell lymphoma,
chronic lymphocytic leukaemia, acute myeloid leukaemia, head and neck squamous cell
carcinoma, breast cancer, hepatocellular carcinoma, small cell lung cancer or non-small
cell lung cancer.

In one embodiment there is provided a method for treating a disease in which
inhibition of ATM kinase is beneficial in a warm-blooded animal in need of such
treatment, which comprises administering to said warm-blooded animal a therapeutically
effective amount of a compound of Formula (I), or a pharmaceutically acceptable salt
thereof, and where the disease in which inhibition of ATM kinase is beneficial is colorectal

cancer.
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In one embodiment there is provided a method for treating a disease in which
inhibition of ATM kinase is beneficial in a warm-blooded animal in need of such
treatment, which comprises administering to said warm-blooded animal a therapeutically
effective amount of a compound of Formula (I), or a pharmaceutically acceptable salt
thereof, and where the disease in which inhibition of ATM kinase is beneficial is
Huntingdon’s disease.

In one embodiment there is provided a method for treating cancer in a
warm-blooded animal in need of such treatment, which comprises administering to said
warm-blooded animal a therapeutically effective amount of a compound of Formula (I), or
a pharmaceutically acceptable salt thereof.

In one embodiment there is provided a method for treating colorectal cancer,
glioblastoma, gastric cancer, ovarian cancer, diffuse large B-cell lymphoma, chronic
lymphocytic leukaemia, acute myeloid leukaemia, head and neck squamous cell
carcinoma, breast cancer, hepatocellular carcinoma, small cell lung cancer or non-small
cell lung cancer in a warm-blooded animal in need of such treatment, which comprises
administering to said warm-blooded animal a therapeutically effective amount of a
compound of Formula (I), or a pharmaceutically acceptable salt thereof.

In one embodiment there is provided a method for treating colorectal cancer in a
warm-blooded animal in need of such treatment, which comprises administering to said
warm-blooded animal a therapeutically effective amount of a compound of Formula (I), or
a pharmaceutically acceptable salt thereof.

In one embodiment there is provided a method for treating Huntingdon’s disease in
a warm-blooded animal in need of such treatment, which comprises administering to said
warm-blooded animal a therapeutically effective amount of a compound of Formula (I), or
a pharmaceutically acceptable salt thereof.

In one embodiment there is provided a method for effecting neuroprotection in a
warm-blooded animal in need of such treatment, which comprises administering to said
warm-blooded animal a therapeutically effective amount of a compound of Formula (I), or
a pharmaceutically acceptable salt thereof.

In one embodiment there is provided a method for treating cancer in a
warm-blooded animal in need of such treatment, which comprises administering to said

warm-blooded animal a therapeutically effective amount of a compound of Formula (I), or
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a pharmaceutically acceptable salt thereof. In one embodiment, said cancer is selected from
colorectal cancer, glioblastoma, gastric cancer, ovarian cancer, diffuse large B-cell
lymphoma, chronic lymphocytic leukaemia, acute myeloid leukaemia, head and neck
squamous cell carcinoma, breast cancer, hepatocellular carcinoma, small cell lung cancer
and non-small cell lung cancer. In one embodiment, said cancer is selected from colorectal
cancer, glioblastoma, gastric cancer, ovarian cancer, diffuse large B-cell lymphoma,
chronic lymphocytic leukaemia, head and neck squamous cell carcinoma and lung cancer.
In one embodiment, said cancer is colorectal cancer.

In any embodiment where cancer is mentioned in a general sense, said cancer may
be selected from colorectal cancer, glioblastoma, gastric cancer, ovarian cancer, diffuse
large B-cell lymphoma, chronic lymphocytic leukaemia, acute myeloid leukaemia, head
and neck squamous cell carcinoma, breast cancer, hepatocellular carcinoma, small cell
lung cancer and non-small cell lung cancer.

In any embodiment where cancer is mentioned in a general sense the following
embodiments may apply:

In one embodiment the cancer is colorectal cancer.

In one embodiment the cancer is glioblastoma.

In one embodiment the cancer is gastric cancer.

In one embodiment the cancer is oesophageal cancer.

In one embodiment the cancer is ovarian cancer.

In one embodiment the cancer is endometrial cancer.

In one embodiment the cancer is cervical cancer.

In one embodiment the cancer is diffuse large B-cell lymphoma.

In one embodiment the cancer is chronic lymphocytic leukaemia.

In one embodiment the cancer is acute myeloid leukaemia.

In one embodiment the cancer is head and neck squamous cell carcinoma.

In one embodiment the cancer is breast cancer. In one embodiment the cancer is
triple negative breast cancer.

“Triple negative breast cancer” is any breast cancer that does not express the genes
for the oestrogen receptor, progesterone receptor and Her2/neu.

In one embodiment the cancer is hepatocellular carcinoma.
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In one embodiment the cancer is lung cancer. In one embodiment the lung cancer is
small cell lung cancer. In one embodiment the lung cancer is non-small cell lung cancer.

In one embodiment the cancer is non-metastatic cancer. In one embodiment the
cancer is metastatic cancer. In one embodiment the metastatic cancer comprises metastases
of the central nervous system. In one embodiment the metastases of the central nervous
system comprise brain metastases. In one embodiment the metastases of the central
nervous system comprise leptomeningeal metastases.

“Leptomeningeal metastases” occur when cancer spreads to the meninges, the
layers of tissue that cover the brain and the spinal cord. Metastases can spread to the
meninges through the blood or they can travel from brain metastases, carried by the
cerebrospinal fluid (CSF) that flows through the meninges.

The anti-cancer treatment described in this specification may be useful as a sole
therapy, or may involve, in addition to administration of the compound of Formula (I),
conventional surgery, radiotherapy or chemotherapy; or a combination of such additional
therapies. Such conventional surgery, radiotherapy or chemotherapy may be administered
simultaneously, sequentially or separately to treatment with the compound of Formula (I).

Radiotherapy may include one or more of the following categories of therapy:

1. External radiation therapy using electromagnetic radiation, and intraoperative
radiation therapy using electromagnetic radiation;
ii.  Internal radiation therapy or brachytherapy; including interstitial radiation therapy
or intraluminal radiation therapy; or
iii.  Systemic radiation therapy, including but not limited to iodine 131 and strontium

89.

In one embodiment there is provided a compound of Formula (I), or a
pharmaceutically acceptable salt thereof, for use in the treatment of cancer, where the
compound of Formula (I), or a pharmaceutically acceptable salt thereof, is administered in
combination with radiotherapy. In one embodiment the radiotherapy is selected from one
or more of the categories of radiotherapy listed under points (i) - (iii) above.

In one embodiment there is provided a compound of Formula (I), or a
pharmaceutically acceptable salt thereof, for use in the treatment of glioblastoma, lung
cancer (for example small cell lung cancer or non-small cell lung cancer), breast cancer

(for example triple negative breast cancer), head and neck squamous cell carcinoma,
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oesophageal cancer, cervical cancer or endometrial cancer, where the compound of
Formula (I), or a pharmaceutically acceptable salt thereof, is administered in combination
with radiotherapy. In one embodiment the radiotherapy is selected from one or more of the
categories of radiotherapy listed under points (i) - (iii) above.

In one embodiment there is provided a compound of Formula (I), or a
pharmaceutically acceptable salt thereof, for use in the treatment of glioblastoma, where
the compound of Formula (I), or a pharmaceutically acceptable salt thereof, is
administered in combination with radiotherapy. In one embodiment the radiotherapy is
selected from one or more of the categories of radiotherapy listed under points (i) - (iii)
above.

In one embodiment there is provided a compound of Formula (I), or a
pharmaceutically acceptable salt thereof, for use in the treatment of metastatic cancer,
where the compound of Formula (I), or a pharmaceutically acceptable salt thereof, is
administered in combination with radiotherapy. In one embodiment the radiotherapy is
selected from one or more of the categories of radiotherapy listed under points (i) - (iii)
above.

In one embodiment there is provided a compound of Formula (I), or a
pharmaceutically acceptable salt thereof, for use in the treatment of metastases of the
central nervous system, where the compound of Formula (I), or a pharmaceutically
acceptable salt thereof, is administered in combination with radiotherapy. In one
embodiment the radiotherapy is selected from one or more of the categories of
radiotherapy listed under points (i) - (iii) above.

In one embodiment there is provided a compound of Formula (I), or a
pharmaceutically acceptable salt thereof, for use in the treatment of leptomeningeal
metastases, where the compound of Formula (I), or a pharmaceutically acceptable salt
thereof, is administered in combination with radiotherapy. In one embodiment the
radiotherapy is selected from one or more of the categories of radiotherapy listed under
points (i) - (iii) above.

In one embodiment there is provided a compound of Formula (I), or a
pharmaceutically acceptable salt thereof, for use in the treatment of cancer, where the
compound of Formula (I), or a pharmaceutically acceptable salt thereof, is administered

simultancously, separately or sequentially with radiotherapy. In one embodiment the
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radiotherapy is selected from one or more of the categories of radiotherapy listed under
points (i) - (iii) above.

In one embodiment there is provided a method of treating cancer in a warm-
blooded animal who is in need of such treatment, which comprises administering to said
warm-blooded animal a compound of Formula (I), or a pharmaceutically acceptable salt
thereof and radiotherapy, wherein the compound of Formula (I), or a pharmaceutically
acceptable salt thereof, and radiotherapy are jointly effective in producing an anti-cancer
effect. In one embodiment the cancer is selected from glioblastoma, lung cancer (for
example small cell lung cancer or non-small cell lung cancer), breast cancer (for example
triple negative breast cancer), head and neck squamous cell carcinoma, oesophageal
cancer, cervical cancer and endometrial cancer. In one embodiment the cancer is
glioblastoma. In one embodiment, the cancer is metastatic cancer. In one embodiment the
metastatic cancer comprises metastases of the central nervous system. In one embodiment
the metastases of the central nervous system comprise brain metastases. In one
embodiment the metastases of the central nervous system comprise leptomeningeal
metastases. In any embodiment the radiotherapy is selected from one or more of the
categories of radiotherapy listed under points (i) - (iii) above.

In one embodiment there is provided a method of treating cancer in a warm-
blooded animal who is in need of such treatment, which comprises administering to said
warm-blooded animal a compound of Formula (I), or a pharmaceutically acceptable salt
thereof and simultaneously, separately or sequentially administering radiotherapy, wherein
the compound of Formula (I), or a pharmaceutically acceptable salt thereof, and
radiotherapy are jointly effective in producing an anti-cancer effect. In one embodiment
the cancer is glioblastoma. In one embodiment, the cancer is metastatic cancer. In one
embodiment the metastatic cancer comprises metastases of the central nervous system. In
one embodiment the metastases of the central nervous system comprise brain metastases.
In one embodiment the metastases of the central nervous system comprise leptomeningeal
metastases. In any embodiment the radiotherapy is selected from one or more of the
categories of radiotherapy listed under points (i) - (iii) above.

Chemotherapy may include one or more of the following categories of anti-tumour

substance:
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Antineoplastic agents and combinations thereof, such as DNA alkylating agents
(for example cisplatin, oxaliplatin, carboplatin, cyclophosphamide, nitrogen
mustards like ifosfamide, bendamustine, melphalan, chlorambucil, busulphan,
temozolamide and nitrosoureas like carmustine); antimetabolites (for example
gemcitabine and antifolates such as fluoropyrimidines like 5-fluorouracil and
tegafur, raltitrexed, methotrexate, cytosine arabinoside, and hydroxyurea); anti-
tumour antibiotics (for example anthracyclines like adriamycin, bleomycin,
doxorubicin, liposomal doxorubicin, pirarubicin, daunomycin, valrubicin,
epirubicin, idarubicin, mitomycin-C, dactinomycin, amrubicin and mithramycin);
antimitotic agents (for example vinca alkaloids like vincristine, vinblastine,
vindesine and vinorelbine and taxoids like taxol and taxotere and polokinase
inhibitors); and topoisomerase inhibitors (for example epipodophyllotoxins like
etoposide and teniposide, amsacrine, irinotecan, topotecan and camptothecin);
inhibitors of DNA repair mechanisms such as CHK kinase; DNA-dependent protein
kinase inhibitors; inhibitors of poly (ADP-ribose) polymerase (PARP inhibitors,
including olaparib); and Hsp90 inhibitors such as tanespimycin and retaspimycin,
inhibitors of ATR kinase (such as AZD6738); and inhibitors of WEEI kinase (such
as AZD1775/MK-1775);

Antiangiogenic agents such as those that inhibit the effects of vascular endothelial
growth factor, for example the anti-vascular endothelial cell growth factor antibody
bevacizumab and for example, a VEGF receptor tyrosine kinase inhibitor such as
vandetanib (ZD6474), sorafenib, vatalanib (PTK787), sunitinib (SU11248), axitinib
(AG-013736), pazopanib (GW 786034) and cediranib (AZD2171); compounds
such as those disclosed in International Patent Applications W097/22596, WO
97/30035, WO 97/32856 and WO 98/13354; and compounds that work by other
mechanisms (for example linomide, inhibitors of integrin avf33 function and
angiostatin), or inhibitors of angiopoietins and their receptors (Tie-1 and Tie-2),
inhibitors of PLGF, inhibitors of delta-like ligand (DLL-4);

Immunotherapy approaches, including for example ex-vivo and in-vivo approaches
to increase the immunogenicity of patient tumour cells, such as transfection with
cytokines such as interleukin 2, interleukin 4 or granulocyte-macrophage colony

stimulating factor; approaches to decrease T-cell anergy or regulatory T-cell
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function; approaches that enhance T-cell responses to tumours, such as blocking

antibodies to CTLA4 (for example ipilimumab and tremelimumab), B7H1, PD-1

(for example BMS-936558 or AMP-514), PD-L1 (for example durvalumab, also

known as MEDI4736) and agonist antibodies to CD137; approaches using

transfected immune cells such as cytokine-transfected dendritic cells; approaches
using cytokine-transfected tumour cell lines, approaches using antibodies to tumour
associated antigens, and antibodies that deplete target cell types (e.g., unconjugated
anti-CD20 antibodies such as Rituximab, radiolabeled anti-CD20 antibodies Bexxar
and Zevalin, and anti-CD54 antibody Campath); approaches using anti-idiotypic
antibodies; approaches that enhance Natural Killer cell function; and approaches
that utilize antibody-toxin conjugates (e.g. anti-CD33 antibody Mylotarg);
immunotoxins such as moxetumumab pasudotox; agonists of toll-like receptor 7 or

toll-like receptor 9;

vii.  Efficacy enhancers, such as leucovorin.

In one embodiment there is provided a compound of Formula (I), or a
pharmaceutically acceptable salt thereof, for use in the treatment of cancer, where the
compound of Formula (I), or a pharmaceutically acceptable salt thereof, is administered in
combination with at least one additional anti-tumour substance. In one embodiment there is
one additional anti-tumour substance. In one embodiment there are two additional anti-
tumour substances. In one embodiment there are three or more additional anti-tumour
substances. In any embodiment the additional anti-tumour substance is selected from one
or more of the anti-tumour substances listed under points (i) - (iv) above.

In one embodiment there is provided a compound of Formula (I), or a
pharmaceutically acceptable salt thereof, for use in the treatment of cancer, where the
compound of Formula (I), or a pharmaceutically acceptable salt thereof, is administered
simultaneously, separately or sequentially with at least one additional anti-tumour
substance. In one embodiment there is one additional anti-tumour substance. In one
embodiment there are two additional anti-tumour substances. In one embodiment there are
three or more additional anti-tumour substances. In any embodiment the additional anti-
tumour substance is selected from one or more of the anti-tumour substances listed under

points (iv) - (vii) above.
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In one embodiment there is provided a method of treating cancer in a warm-
blooded animal who is in need of such treatment, which comprises administering to said
warm-blooded animal a compound of Formula (I), or a pharmaceutically acceptable salt
thereof and at least one additional anti-tumour substance, wherein the amounts of the
compound of Formula (I), or a pharmaceutically acceptable salt thereof, and the additional
anti-tumour substance are jointly effective in producing an anti-cancer effect. In any
embodiment the additional anti-tumour substance is selected from one or more of the anti-
tumour substances listed under points (iv) - (vii) above.

In one embodiment there is provided a method of treating cancer in a warm-
blooded animal who is in need of such treatment, which comprises administering to said
warm-blooded animal a compound of Formula (I), or a pharmaceutically acceptable salt
thereof, and simultancously, separately or sequentially administering at least one additional
anti-tumour substance to said warm-blooded animal, wherein the amounts of the
compound of Formula (I), or pharmaceutically acceptable salt thereof, and the additional
anti-tumour substance are jointly effective in producing an anti-cancer effect. In any
embodiment the additional anti-tumour substance is selected from one or more of the anti-
tumour substances listed under points (iv) - (vii) above.

In one embodiment there is provided a compound of Formula (I), or a
pharmaceutically acceptable salt thereof, and at least one anti-neoplastic agent for use in
the treatment of cancer. In one embodiment there is provided a compound of Formula (I),
or a pharmaceutically acceptable salt thereof, for use in the treatment of cancer, where the
compound of Formula (I), or a pharmaceutically acceptable salt thereof, is administered in
combination with at least one anti-neoplastic agent. In one embodiment the anti-neoplastic
agent is selected from the list of antineoplastic agents in point (iv) above.

In one embodiment there is provided a compound of Formula (I), or a
pharmaceutically acceptable salt thereof, and at least one anti-neoplastic agent for use in
the simultaneous, separate or sequential treatment of cancer. In one embodiment there is
provided a compound of Formula (I), or a pharmaceutically acceptable salt thereof, for use
in the treatment of cancer, where the compound of Formula (I), or a pharmaceutically
acceptable salt thereof, is administered simultaneously, separately or sequentially with at
least one anti-neoplastic agent. In one embodiment the antineoplastic agent is selected

from the list of antineoplastic agents in point (iv) above.
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In one embodiment there is provided a compound of Formula (I), or a
pharmaceutically acceptable salt thereof, for use in the treatment of cancer, where the
compound of Formula (I), or a pharmaceutically acceptable salt thereof, is administered
simultaneously, separately or sequentially with at least one additional anti-tumour
substance selected from cisplatin, oxaliplatin, carboplatin, valrubicin, idarubicin,
doxorubicin, pirarubicin, irinotecan, topotecan, amrubicin, epirubicin, etoposide,
mitomycin, bendamustine, chlorambucil, cyclophosphamide, ifosfamide, carmustine,
melphalan, bleomycin, olaparib, durvalumab, AZD1775 and AZD6738.

In one embodiment there is provided a compound of Formula (I), or a
pharmaceutically acceptable salt thereof, for use in the treatment of cancer, where the
compound of Formula (I), or a pharmaceutically acceptable salt thereof, is administered
simultaneously, separately or sequentially with at least one additional anti-tumour
substance selected from cisplatin, oxaliplatin, carboplatin, doxorubicin, pirarubicin,
irinotecan, topotecan, amrubicin, epirubicin, etoposide, mitomycin, bendamustine,
chlorambucil, cyclophosphamide, ifosfamide, carmustine, melphalan, bleomycin, olaparib,
AZDI1775 and AZD6738.

In one embodiment there is provided a compound of Formula (I), or a
pharmaceutically acceptable salt thereof, for use in the treatment of cancer, where the
compound of Formula (I), or a pharmaceutically acceptable salt thereof, is administered
simultaneously, separately or sequentially with at least one additional anti-tumour
substance selected from doxorubicin, irinotecan, topotecan, etoposide, mitomycin,
bendamustine, chlorambucil, cyclophosphamide, ifosfamide, carmustine, melphalan,
bleomycin and olaparib.

In one embodiment there is provided a compound of Formula (I), or a
pharmaceutically acceptable salt thereof, for use in the treatment of cancer, where the
compound of Formula (I), or a pharmaceutically acceptable salt thereof, is administered
simultaneously, separately or sequentially with at least one additional anti-tumour
substance selected from doxorubicin, irinotecan, topotecan, etoposide, mitomycin,
bendamustine, chlorambucil, cyclophosphamide, ifosfamide, carmustine, melphalan and
bleomycin.

In one embodiment there is provided a compound of Formula (I), or a

pharmaceutically acceptable salt thereof, for use in the treatment of cancer, where the
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compound of Formula (I), or a pharmaceutically acceptable salt thereof, is administered
simultaneously, separately or sequentially with at least one additional anti-tumour
substance selected from doxorubicin, pirarubicin, amrubicin and epirubicin.

In one embodiment there is provided a compound of Formula (I), or a
pharmaceutically acceptable salt thereof, for use in the treatment of acute myeloid
leukaemia, where the compound of Formula (I), or a pharmaceutically acceptable salt
thereof, is administered simultaneously, separately or sequentially with at least one
additional anti-tumour substance selected from doxorubicin, pirarubicin, amrubicin and
epirubicin.

In one embodiment there is provided a compound of Formula (I), or a
pharmaceutically acceptable salt thereof, for use in the treatment of breast cancer, where
the compound of Formula (I), or a pharmaceutically acceptable salt thereof, is
administered simultaneously, separately or sequentially with at least one additional anti-
tumour substance selected from doxorubicin, pirarubicin, amrubicin and epirubicin.

In one embodiment there is provided a compound of Formula (I), or a
pharmaceutically acceptable salt thereof, for use in the treatment of triple negative breast
cancer, where the compound of Formula (I), or a pharmaceutically acceptable salt thereof,
is administered simultaneously, separately or sequentially with at least one additional anti-
tumour substance selected from doxorubicin, pirarubicin, amrubicin and epirubicin.

In one embodiment there is provided a compound of Formula (I), or a
pharmaceutically acceptable salt thereof, for use in the treatment of hepatocellular
carcinoma, where the compound of Formula (I), or a pharmaceutically acceptable salt
thereof, is administered simultaneously, separately or sequentially with at least one
additional anti-tumour substance selected from doxorubicin, pirarubicin, amrubicin and
epirubicin.

In one embodiment there is provided a compound of Formula (I), or a
pharmaceutically acceptable salt thereof, for use in the treatment of cancer, where the
compound of Formula (I), or a pharmaceutically acceptable salt thereof, is administered
simultaneously, separately or sequentially with irinotecan.

In one embodiment there is provided a compound of Formula (I), or a

pharmaceutically acceptable salt thereof, for use in the treatment of colorectal cancer,
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where the compound of Formula (I), or a pharmaceutically acceptable salt thereof, is
administered simultaneously, separately or sequentially with irinotecan.

In one embodiment there is provided a compound of Formula (I), or a
pharmaceutically acceptable salt thereof, for use in the treatment of colorectal cancer,
where the compound of Formula (I), or a pharmaceutically acceptable salt thereof, is
administered simultaneously, separately or sequentially with FOLFIRI.

FOLFIRI is a dosage regime involving a combination of leucovorin, 5-fluorouracil
and irinotecan.

In one embodiment there is provided a compound of Formula (I), or a
pharmaceutically acceptable salt thereof, for use in the treatment of cancer, where the
compound of Formula (I), or a pharmaceutically acceptable salt thereof, is administered
simultaneously, separately or sequentially with olaparib.

In one embodiment there is provided a compound of Formula (I), or a
pharmaceutically acceptable salt thereof, for use in the treatment of gastric cancer, where
the compound of Formula (I), or a pharmaceutically acceptable salt thereof, is
administered simultaneously, separately or sequentially with olaparib.

In one embodiment there is provided a compound of Formula (I), or a
pharmaceutically acceptable salt thereof, for use in the treatment of cancer, where the
compound of Formula (I), or a pharmaceutically acceptable salt thereof, is administered
simultaneously, separately or sequentially with topotecan.

In one embodiment there is provided a compound of Formula (I), or a
pharmaceutically acceptable salt thereof, for use in the treatment of lung cancer, where the
compound of Formula (I), or a pharmaceutically acceptable salt thereof, is administered
simultaneously, separately or sequentially with topotecan.

In one embodiment there is provided a compound of Formula (I), or a
pharmaceutically acceptable salt thereof, for use in the treatment of small cell lung cancer,
where the compound of Formula (I), or a pharmaceutically acceptable salt thereof, is
administered simultaneously, separately or sequentially with topotecan.

In one embodiment there is provided a compound of Formula (I), or a
pharmaceutically acceptable salt thereof, for use in the treatment of cancer, where the

compound of Formula (I), or a pharmaceutically acceptable salt thereof, is administered
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simultaneously, separately or sequentially with immunotherapy. In one embodiment the
immunotherapy is one or more of the agents listed under point (iii) above.

In one embodiment there is provided a compound of Formula (I), or a
pharmaceutically acceptable salt thereof, for use in the treatment of cancer, where the
compound of Formula (I), or a pharmaceutically acceptable salt thereof, is administered
simultaneously, separately or sequentially with an anti-PD-L1 antibody (for example
durvalumab).

According to a further embodiment there is provided a kit comprising:

a) A compound of formula (I), or a pharmaceutically acceptable salt thereof, in a
first unit dosage form;

b) A further additional anti-tumour substance in a further unit dosage form;

¢) Container means for containing said first and further unit dosage forms; and
optionally

d) Instructions for use. In one embodiment the anti-tumour substance comprises an
anti-neoplastic agent.

In any embodiment where an anti-neoplastic agent is mentioned, the anti-neoplastic
agent is one or more of the agents listed under point (iv) above.

The compounds of Formula (I), and pharmaceutically acceptable salts thereof, may
be administered as pharmaceutical compositions, comprising one or more pharmaceutically
acceptable excipients.

Therefore, in one embodiment there is provided a pharmaceutical composition
comprising a compound of Formula (I), or a pharmaceutically acceptable salt thereof, and
at least one pharmaceutically acceptable excipient.

The pharmaceutically acceptable excipient(s) selected for inclusion in a particular
composition will depend on factors such as the mode of administration and the form of the
composition provided. Suitable pharmaceutically acceptable excipients are well known to
persons skilled in the art and are described, for example, in the Handbook of
Pharmaceutical Excipients, Sixth edition, Pharmaceutical Press, edited by Rowe, Ray C;
Sheskey, Paul J; Quinn, Marian. Pharmaceutically acceptable excipients may function as,
for example, adjuvants, diluents, carriers, stabilisers, flavourings, colorants, fillers, binders,
disintegrants, lubricants, glidants, thickening agents and coating agents. As persons skilled

in the art will appreciate, certain pharmaceutically acceptable excipients may serve more
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than one function and may serve alternative functions depending on how much of the
excipient is present in the composition and what other excipients are present in the
composition.

The pharmaceutical compositions may be in a form suitable for oral use (for
example as tablets, lozenges, hard or soft capsules, aqueous or oily suspensions, emulsions,
dispersible powders or granules, syrups or elixirs), for topical use (for example as creams,
ointments, gels, or aqueous or oily solutions or suspensions), for administration by
inhalation (for example as a finely divided powder or a liquid aerosol), for administration
by insufflation (for example as a finely divided powder) or for parenteral administration
(for example as a sterile aqueous or oily solution for intravenous, subcutaneous,
intramuscular or intramuscular dosing), or as a suppository for rectal dosing. The
compositions may be obtained by conventional procedures well known in the art.
Compositions intended for oral use may contain additional components, for example, one
or more colouring, sweetening, flavouring and/or preservative agents.

The compound of Formula (I) will normally be administered to a warm-blooded
animal at a unit dose within the range 2.5-5000 mg/m? body area of the animal, or
approximately 0.05-100 mg/kg, and this normally provides a therapeutically-effective
dose. A unit dose form such as a tablet or capsule will usually contain, for example 0.1-250
mg of active ingredient. The daily dose will necessarily be varied depending upon the host
treated, the particular route of administration, any therapies being co-administered, and the
severity of the illness being treated. Accordingly the practitioner who is treating any
particular patient may determine the optimum dosage.

The pharmaceutical compositions described herein comprise compounds of
Formula (I), or a pharmaceutically acceptable salt thereof, and are therefore expected to be
useful in therapy.

As such, in one embodiment there is provided a pharmaceutical composition for
use in therapy, comprising a compound of Formula (I), or a pharmaceutically acceptable
salt thereof, and at least one pharmaceutically acceptable excipient.

In one embodiment there is provided a pharmaceutical composition for use in the
treatment of a disease in which inhibition of ATM kinase is beneficial, comprising a
compound of Formula (I), or a pharmaceutically acceptable salt thereof, and at least one

pharmaceutically acceptable excipient.
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In one embodiment there is provided a pharmaceutical composition for use in the
treatment of cancer, comprising a compound of Formula (I), or a pharmaceutically
acceptable salt thereof, and at least one pharmaceutically acceptable excipient.

In one embodiment there is provided a pharmaceutical composition for use in the
treatment of a cancer in which inhibition of ATM kinase is beneficial, comprising a
compound of Formula (I), or a pharmaceutically acceptable salt thereof, and at least one
pharmaceutically acceptable excipient.

In one embodiment there is provided a pharmaceutical composition for use in the
treatment of colorectal cancer, glioblastoma, gastric cancer, ovarian cancer, diffuse large
B-cell lymphoma, chronic lymphocytic leukaemia, acute myeloid leukaemia, head and
neck squamous cell carcinoma, breast cancer, hepatocellular carcinoma, small cell lung
cancer or non-small cell lung cancer, comprising a compound of Formula (I), or a
pharmaceutically acceptable salt thereof, and at least one pharmaceutically acceptable

excipient.

EXAMPLES

The various embodiments of the invention are illustrated by the following
Examples. The invention is not to be interpreted as being limited to the Examples. During
the preparation of the Examples, generally:

1. Operations were carried out at ambient temperature, i.e. in the range of about 17 to
30°C and under an atmosphere of an inert gas such as nitrogen unless otherwise
stated;

ii.  Evaporations were carried out by rotary evaporation or utilising Genevac
equipment in vacuo and work-up procedures were carried out after removal of
residual solids by filtration;

iii.  Flash chromatography purifications were performed on an automated Armen Glider
Flash : Spot II Ultimate (Armen Instrument, Saint-Ave, France) or automated
Presearch combiflash companions using prepacked Merck normal phase Si60 silica
cartridges (granulometry : 15-40 or 40-63um) obtained from Merck, Darmstad,

Germany, silicycle silica cartridges or graceresolv silica cartridges;
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Preparative chromatography was performed on a Waters instrument (600/2700 or
2525) fitted with a ZMD or ZQ ESCi mass spectrometers and a Waters X-Terra or
a Waters X-Bridge or a Waters SunFire reverse-phase column (C-18, 5 microns
silica, 19 mm or 50 mm diameter, 100 mm length, flow rate of 40 mL / minute)
using decreasingly polar mixtures of water (containing 1% ammonia) and
acetonitrile or decreasingly polar mixtures of water (containing 0.1% formic acid)
and acetonitrile as eluents;

Yields, where present, are not necessarily the maximum attainable;

Structures of end-products of Formula (I) were confirmed by nuclear magnetic
resonance (NMR) spectroscopy, with NMR chemical shift values measured on the
delta scale. Proton magnetic resonance spectra were determined using a Bruker
advance 700 (700MHz), Bruker Avance 500 (500 MHz), Bruker 400 (400 MHz) or
Bruker 300 (300 MHz) instrument; ’F NMR were determined at 282 MHz or 376
MHz; *C NMR were determined at 75 MHz or 100 MHz; measurements were
taken at around 20 - 30°C unless otherwise specified; the following abbreviations
have been used: s, singlet; d, doublet; t, triplet; q, quartet; m, multiplet; dd, doublet
of doublets; ddd, doublet of doublet of doublet; dt, doublet of triplets; bs, broad
signal;

End-products of Formula (I) were also characterised by mass spectroscopy
following liquid chromatography (LCMS); LCMS was carried out using an Waters
Alliance HT (2790 & 2795) fitted with a Waters ZQ ESCi or ZMD ESCi mass
spectrometer and an X Bridge Sum C-18 column (2.1 x 50 mm) at a flow rate of 2.4
mL/min, using a solvent system of 95% A + 5% C to 95% B + 5% C over 4
minutes, where A = water, B = methanol, C = 1:1 methanol:water (containing 0.2%
ammonium carbonate); or by using a Shimadzu UFLC or UHPLC coupled with
DAD detector, ELSD detector and 2020 EV mass spectrometer (or equivalent)
fitted with a Phenomenex Gemini-NX C18 3.0x50 mm, 3.0 uM column or
equivalent (basic conditions) or a Shim pack XR — ODS 3.0 x 50 mm, 2.2 uM
column or Waters BEH C18 2.1 x 50 mm, 1.7 uM column or equivalent using a
solvent system of 95% D + 5% E to 95% E + 5% D over 4 minutes, where D =
water (containing 0.05% TFA), E = Acetonitrile (containing 0.05% TFA) (acidic
conditions) or a solvent system of 90% F + 10% G to 95% G + 5% F over 4
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minutes, where F = water (containing 6.5 mM ammonium hydrogen carbonate and
adjusted to pH 10 by addition of ammonia), G = Acetonitrile (basic conditions);
Intermediates were not generally fully characterised and purity was assessed by thin
layer chromatographic, mass spectral, HPLC and/or NMR analysis;

X-ray powder diffraction spectra were determined (using a Bruker D4 Analytical
Instrument) by mounting a sample of the crystalline material on a Bruker single
silicon crystal (SSC) wafer mount and spreading out the sample into a thin layer
with the aid of a microscope slide. The sample was spun at 30 revolutions per
minute (to improve counting statistics) and irradiated with X-rays generated by a
copper long-fine focus tube operated at 40kV and 40mA with a wavelength of
1.5418 angstroms. The collimated X-ray source was passed through an automatic
variable divergence slit set at V20 and the reflected radiation directed through a
5.89mm antiscatter slit and a 9.55mm detector slit. The sample was exposed for
0.03 seconds per 0.00570° 2-theta increment (continuous scan mode) over the range
2 degrees to 40 degrees 2-theta in theta-theta mode. The running time was 3
minutes and 36 seconds. The instrument was equipped with a Position sensitive
detector (Lynxeye). Control and data capture was by means of a Dell Optiplex 686
NT 4.0 Workstation operating with Diffract+ software;

Differential Scanning Calorimetry was performed on a TA Instruments Q1000
DSC. Typically, less than 5Smg of material contained in a standard aluminium pan
fitted with a lid was heated over the temperature range 25°C to 300°C at a constant
heating rate of 10°C per minute. A purge gas using nitrogen was used at a flow rate
50ml per minute

The following abbreviations have been used: h = hour(s); r.t. = room temperature
(~18-25°C); conc. = concentrated; FCC = flash column chromatography using
silica; DCM = dichloromethane; DIPEA = diisopropylethylamine; DMA = N,N-
dimethylacetamide; DMF = N,N-dimethylformamide; DMSO = dimethylsulfoxide;
Et20 = diethyl ether; EtOAc = ethyl acetate; EtOH = ethanol; K2COs3 = potassium
carbonate; MeOH = methanol; MeCN = acetonitrile; MTBE =
Methyltertbutylether; MgSO4 = anhydrous magnesium sulphate; Na2SO4=
anhydrous sodium sulphate; THF = tetrahydrofuran; sat. = saturated aqueous

solution; and
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xii.  IUPAC names were generated using either “Canvas” or “IBIS”, AstraZeneca
proprietary programs. As stated in the introduction, the compounds of the invention
comprise an imidazo[4,5-c]quinolin-2-one core. However, in certain Examples the
TUPAC name describes the core as an imidazo[5,4-c]quinolin-2-one. The
imidazo[4,5-c]quinolin-2-one and imidazo[5,4-c]quinolin-2-one cores are
nevertheless the same, with the naming convention different because of the

peripheral groups.

Example 1
8-[6-[(3R)-3-(Dimethylamino)pyrrolidin-1-yl]-3-pyridyl]-1-isopropyl-3-methyl-

imidazo[4,5-c]quinolin-2-one

A suspension of 8-(6-fluoro-3-pyridyl)-1-isopropyl-3-methyl-imidazo[4,5-c]quinolin-2-one
(1 g, 2.97 mmol) and (R)-N,N-dimethylpyrrolidin-3-amine (1.4 g, 12.26 mmol) in MeCN
(10 mL) was heated to 150 °C for 4 h in a microwave reactor then allowed to cool to
ambient temperature. The reaction mixture was diluted with DCM (200 mL), washed twice
with water (100 mL) and the organic layer dried over MgSOQu, filtered and evaporated to
afford crude product. The crude product was purified by FCC, elution gradient 0 to 4% 2N
methanolic ammonia in DCM, to afford the desired material as a white solid (1.210 g, 95
%).NMR Spectrum: '"H NMR (500MHz, CDCl3) § 1.78 (6H, d), 1.89 - 2.1 (1H, m), 2.22 -
2.33 (1H, m), 2.35 (6H, s), 2.75 - 3.02 (1H, m), 3.25 - 3.42 (1H, m), 3.44 - 3.56 (1H, m),
3.58 3H, s), 3.66 - 3.8 (1H, m), 3.78 - 3.97 (1H, m), 5.19 - 5.44 (1H, m), 6.52 (1H, dd),
7.78 (1H, dd), 7.82 (1H, dd), 8.18 (1H, d), 8.30 (1H, s), 8.58 (1H, dd), 8.66 (1H, s). Mass
Spectrum: m/z (ES+)[M+H]+ = 431.

The material could also be isolated as a methanesulfonic acid salt using the following

procedure:
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The isolated material (632 mg, 1.47 mmol) was suspended in DCM (2 mL) and treated
with methanesulfonic acid (161 mg, 1.68 mmol) in DCM (5 mL). The solution was
evaporated to dryness then triturated with diethyl ether to afford the desired material as a
methanesulfonic acid salt (770 mg, 100 %). NMR Spectrum: 'H NMR (500MHz, DMSO-
d6) 6 1.67 (6H, d), 2.13 -2.3 (1H, m), 2.32 (3H, s), 2.43 - 2.48 (1H, m), 2.88 (6H, s), 3.4 -
3.56 (4H, m), 3.64 (1H, dd), 3.68 - 3.84 (1H, m), 3.94 (1H, dd), 4.03 (1H, p), 5.35 (1H, p),
6.73 (1H, d), 7.95 (1H, dd), 8.07 (1H, dd), 8.11 (1H, d), 8.35 (1H, d), 8.55 - 8.77 (1H, m),
8.89 (1H, s), 9.88 (1H, s). Mass Spectrum: m/z (ES+)[M+H[J+ =431

The following compounds could be prepared in an analogous fashion from the appropriate
amine and either 8-(6-fluoro-3-pyridyl)-1-isopropyl-3-methyl-imidazo[4,5-c]quinolin-2-
one or 7-fluoro-8-(6-fluoro-3-pyridyl)-1-isopropyl-3-methyl-imidazo[4,5-c]quinolin-2-one.

Example Structure Name
8-[6-[(35)-3-
(dimethylamino)pyrrolidin-1-yl]-

2 *
3-pyridyl]-1-isopropyl-3-methyl-

imidazo[4,5-c]quinolin-2-one

8-[6-[4-(dimethylamino)-1-
- piperidyl]-3-pyridyl]-7-fluoro-1-
, [isopropyl-3-methyl-imidazo[4,5-

c]quinolin-2-one

8-[6-[3-
(dimethylamino)azetidin-1-yl]-3-

4***

pyridyl]-1-isopropyl-3-methyl-

imidazo[4,5-c]quinolin-2-one

* The reaction was heated in MeCN at 150°C for 4 h.
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** The reaction was performed in MeCN with 4 equivalents of DIPEA present and heated
at reflux for 16 h. Following purification and isolation the material was further purified by
recrystalisation from hot MeCN.

*** The reaction was performed in MeCN with 7 equivalents of DIPEA present and heated
at 150°C for 4 h

Example 2: (Free base) NMR Spectrum: 'H NMR (500MHz, CDClz) & 1.78 (6H, d), 1.92 -
2.04 (1H, m), 2.24 - 2.33 (1H, m), 2.35 (6H, s), 2.79 - 2.95 (1H, m), 3.29 - 3.4 (1H, m),
3.43 -3.55 (1H, m), 3.58 (3H, s), 3.74 (1H, s), 3.87 (1H, dd), 5.22 - 5.42 (1H, m), 6.52
(1H, dd), 7.78 (1H, dd), 7.82 (1H, dd), 8.18 (1H, d), 8.30 (1H, s), 8.58 (1H, dd), 8.66 (1H,
s). (Methane sulfonic acid salt) NMR Spectrum: 'H NMR (500MHz, DMSO-d6) § 1.69
(6H, d), 2.2 - 2.31 (1H, m), 2.32 (3H, s), 2.43 - 2.58 (1H, m), 2.90 (6H, s), 3.43 - 3.57 (4H,
m), 3.65 (1H, dd), 3.71 - 3.81 (1H, m), 3.96 (1H, dd), 3.99 - 4.11 (1H, m), 5.36 (1H, p),
6.74 (1H, d), 7.95 (1H, dd), 8.08 (1H, dd), 8.13 (1H, d), 8.36 (1H, d), 8.66 (1H, d), 8.88
(1H, s), 9.86 (1H, s). Mass Spectrum: m/z (ES+)[M+H]J+ = 431.

Example 3: (Free base) NMR Spectrum: 'H NMR (500MHz, DMSO-d6) § 1.37 (2H, qd),
1.65 (6H, d), 1.85 (2H, d), 2.20 (6H, s), 2.31 - 2.4 (1H, m), 2.86 - 2.95 (2H, m), 3.50 (3H,
s), 4.41 (2H, d), 5.28 (1H, p), 7.00 (1H, d), 7.83 - 7.91 (2H, m), 8.27 (1H, d), 8.43 - 8.48
(1H, m), 8.88 (1H, s). (Methane sulfonic acid salt) NMR Spectrum: 'H NMR (500MHz,
DMSO-d6) 6 1.60 (2H, dd), 1.66 (6H, d), 2.10 (2H, d), 2.32 (4H, s), 2.80 (6H, d), 2.93
(1H, s), 3.52 (4H, s), 4.60 (2H, d), 5.32 (1H, dt), 7.11 (1H, d), 7.91 - 7.97 (2H, m), 8.33
(1H, d), 8.50 (1H, s), 8.99 (1H, s), 9.41 (1H, s). Mass Spectrum: m/z (ES+)[M+H]+ = 463.

Example 4: (Free base) NMR Spectrum: '"H NMR (500MHz, CDCl3) § 1.79 (6H, d), 2.26
(6H, s), 3.31 (1H, tt), 3.59 (3H, s), 3.95 (2H, dd), 4.14 - 4.21 (2H, m), 5.28 - 5.35 (1H, m),
6.45 (1H, dd), 7.78 (1H, dd), 7.81 (1H, dd), 8.19 (1H, d), 8.30 (1H, s), 8.55 (1H, dd), 8.68
(1H, s). (Methane sulfonic acid salt) NMR Spectrum: "H NMR (500MHz, DMSO-d6) &
1.69 (6H, d), 2.32 (3H, s), 2.85 (6H, s), 3.52 (3H, s), 4.19 (2H, dd), 4.30 (3H, d), 5.39 (1H,
p), 6.68 (1H, d), 8.03 (1H, d), 8.13 (1H, dd), 8.17 (1H, d), 8.40 (1H, d), 8.67 (1H, d), 8.99
(1H, s). Mass Spectrum: m/z (ES+)[M+H]+ = 417.
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The preparation of 8-(6-fluoro-3-pyridyl)-1-isopropyl-3-methyl-imidazo[4,5-c]quinolin-2-

one and 7-fluoro-8-(6-fluoro-3-pyridyl)-1-isopropyl-3-methyl-imidazo[4,5-c]quinolin-2-

one are described below.

Intermediate AQ: 7-Fluoro-8-(6-fluoro-3-pyridyl)-1-isopropyl-3-methyl-imidazo[4,5-

c]quinolin-2-one

Dichlorobis(di-tert-butyl(3-sulfopropyl)phosphonio)palladate(Il) (0.05M solution in water,
11.83 mL, 0.59 mmol) was added to a degassed mixture of 8-bromo-7-fluoro-1-isopropyl-
3-methyl-imidazo[4,5-c]quinolin-2-one (4.0 g, 11.83 mmol), (6-fluoropyridin-3-yl)boronic
acid (2.0 g, 14.19 mmol) and 2M potassium carbonate solution (17.74 mL, 35.48 mmol) in
1,4-dioxane (50 mL) and water (12.5 mL). The mixture was purged with nitrogen and
heated to 80°C for 1 h then allowed to cool and concentrated under reduced pressure to
remove. The remaining solution was diluted with DCM (250 mL), washed with water (200
mL) and the organic layer dried with a phase separating cartridge and evaporated to afford
crude product. The crude product was purified by FCC, elution gradient 0 to 10% MecOH
in DCM, to afford the desired material as a white solid (3.70 g, 88 %). NMR Spectrum: 'H
NMR (500MHz, CDCls) 6 1.77 (6H, dd), 3.58 (3H, d), 5.20 (1H, s), 7.11 (1H, ddd), 7.93
(1H, d), 8.06 - 8.14 (1H, m), 8.22 (1H, d), 8.46 - 8.51 (1H, m), 8.72 (1H, s). Mass
Spectrum: m/z (ES+H)[M+H]+=355.3

Dichlorobis(di-tert-butyl(3-sulfopropyl)phosphonio)palladate(Il) (0.05M solution in water)

can be prepared as described below:

Degassed water (30 mL) was added to sodium tetrachloropalladate(IT) (0.410 g, 1.39
mmol) and 3-(di-tert-butylphosphino)propane-1-sulfonic acid (0.748 g, 2.79 mmol) at
ambient temperature under an inert atmosphere. The suspension was stirred for 5 minutes,
then the solid removed by filtration and discarded to leave the desired reagent as a red-

brown solution.
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Intermediate Al: 8-Bromo-7-fluoro-1-isopropyl-3-methyl-imidazo[4,5-c]quinolin-2-
one

CH,
O

el

Brm N—~CH,

F N
A solution of sodium hydroxide (11.29 g, 282.28 mmol) in water (600 mL) was added to a
stirred mixture of 8-bromo-7-fluoro-1-isopropyl-3H-imidazo[4,5-c]quinolin-2-one (61 g,
188.19 mmol), tetrabutylammonium bromide (6.07 g, 18.82 mmol) and methyl iodide
(23.53 mL, 376.37 mmol) in DCM (1300 mL) and the mixture stirred at ambient
temperature for 17 h. The same process was repeated on an identical scale and the reaction
mixtures combined, concentrated and diluted with MeOH (750 mL). The precipitate was
collected by filtration, washed with MeOH (500 mL) and the solid dried under vacuum to
afford the desired material as a white solid (108 g, 85%). NMR Spectrum: 'H NMR
(400MHz, CDCls) 6 1.76 (6H, d), 3.57 (3H, s), 5.13 (1H, t), 7.83 (1H, d), 8.41 (1H, d),
8.69 (1H, s). Mass Spectrum: m/z (ES+)[M+H]+ = 380

Intermediate A2: 8-Bromo-7-fluoro-1-isopropyl-3H-imidazo[4,5-c]quinolin-2-one

CHj

Triethylamine (164 mL, 1173.78 mmol) was added in one portion to 6-bromo-7-fluoro-4-
(isopropylamino)quinoline-3-carboxylic acid (128 g, 391.26 mmol) in DMF (1500 mL)
and the mixture stirred at ambient tempertaure under an inert atmosphere for 30 minutes.
Diphenylphosphoryl azide (101 mL, 469.51 mmol) was added and the solution stirred for a
further 30 minutes at ambient temperature then 3 h at 60°C. The reaction mixture was
poured into ice water, the precipitate collected by filtration, washed with water (1 L) and
dried under vacuum to afford the desired material as a yellow solid (122 g, 96 %). NMR
Spectrum: "H NMR (400MHz, DMSO0-d6) § 1.62 (6H, d), 5.12-5.19 (1H, m), 7.92 (1H, d),
8.57 (1H, d), 8.68 (1H, s), 11.58 (1H, s). Mass Spectrum: m/z (ES+)[M+H]+ = 324
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Intermediate A3: 6-Bromo-7-fluoro-4-(isopropylamino)quinoline-3-carboxylic acid

CH,

2N Sodium hydroxide solution (833 mL, 1666.66 mmol) was added portionwise to ethyl 6-
bromo-7-fluoro-4-(isopropylamino)quinoline-3-carboxylate (148 g, 416.66 mmol) in THF
(1500 mL) at 15°C and the resulting mixture stirred at 60°C for 5 h. The reaction mixture
was concentrated, diluted with water (2 L) and the mixture acidified with 2M hydrochloric
acid. The precipitate was collected by filtration, washed with water (1 L) and dried under
vacuum to afford the desired material as a white solid (128 g, 94 %). NMR Spectrum: 'H
NMR (400MHz, DMSO-d6) 6 1.24-1.36(6H, m), 4.37(1H, s), 7.78(1H, t), 8.55(1H, s),
8.90(1H, s). Mass Spectrum: m/z (ES+)[M+H]+ = 327

Intermediate A4: Ethyl 6-bromo-7-fluoro-4-(isopropylamino)quinoline-3-carboxylate

F N

DIPEA (154 mL, 884.07 mmol) was added portionwise to propan-2-amine (39.2 g, 663.05
mmol) and ethyl 6-bromo-4-chloro-7-fluoroquinoline-3-carboxylate (147 g, 442.04 mmol)
in DMA (600 mL) at ambient temperature and the resulting mixture stirred at 100°C for 4
h. The reaction mixture was poured into ice water, the precipitate collected by filtration,
washed with water (1 L) and dried under vacuum to afford the desired material as a light
brown solid (148 g, 94 %). NMR Spectrum: 'H NMR (400MHz, DMSO-d6) § 1.26-1.33
(9H, m), 4.17-4.25 (1H, m), 4.32-4.37 (2H, m), 7.28 (1H, d), 8.50 (1H, d), 8.59 (1H, d),
8.86 (1H, s). Mass Spectrum: m/z (ES+)[M+H]+ = 355

Intermediate AS: Ethyl 6-bromo-4-chloro-7-fluoroquinoline-3-carboxylate
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DMF (0.535 mL, 6.91 mmol) was added to ethyl 6-bromo-7-fluoro-1-[(4-
methoxyphenyl)methyl]-4-oxo-quinoline-3-carboxylate (200 g, 460.56 mmol) in thionyl
chloride (600 mL) at 10°C under an inert atmosphere and the resulting mixture stirred at
70°C for 3 h. The mixture was evaporated to dryness and the residue azeotroped with
toluene (300 mL) to afford crude product. The crude product was purified by
crystallisation from hexane to afford the desired material as a white solid (147 g, 96 %).
NMR Spectrum: 'H NMR (400MHz, CDCl3) & 1.49 (3H, t), 4.51-4.56 (2H, m), 7.91 (1H,
d), 8.71 (1H, d), 9.26 (1H, s). Mass Spectrum: m/z (ES+)[M+H]+ = 334

Intermediate A6: Ethyl 6-bromo-7-fluoro-1-[(4-methoxyphenyl)methyl]-4-oxo-

quinoline-3-carboxylate

DBU (76 mL, 506.32 mmol) was added slowly to ethyl-2-(5-bromo-2,4-difluoro-benzoyl)-
3-[(4-methoxyphenyl)methylamino ]prop-2-enoate (230 g, 506.32 mmol) in acetone (800
mL) at 10°C over a period of 5 minutes under an inert atmosphere and the resulting
mixture stirred at ambient temperature for 16 h. The precipitate was collected by filtration,
washed with Et20 (3 x 500 mL) and dried under vacuum to afford the desired material as a
white solid (166 g, 75 %). NMR Spectrum: '"H NMR (400MHz, DMSO-d6) & 1.29 (3H, 1),
3.72 (3H, s), 4.22-4.27 (21H, m), 5.57 (2H, s), 6.92-6.95 (2H, m), 7.24 (2H, d), 7.79 (1H,
d), 8.40 (1H, d), 8.89 (1H, s). Mass Spectrum: m/z (ES+)[M+H]+ = 434,

Intermediate A7: Ethyl-2-(5-bromo-2,4-difluoro-benzoyl)-3-[(4-
methoxyphenyl)methylamino]|prop-2-enoate
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(E)-Ethyl 3-(dimethylamino)acrylate (80 mL, 555.50 mmol) was added dropwise to a
mixture of DIPEA (132 mL, 757.50 mmol) and 5-bromo-2,4-difluoro-benzoyl chloride
(129 g, 505.00 mmol) in toluene (600 mL) at ambient temperature under an inert
atmosphere. The resulting solution was stirred at 70°C for 17 h then allowed to cool. (4-
Methoxyphenyl)methanamine (66.0 mL, 505.29 mmol) was added portionwise to the
mixture and the reaction stirred for 3 h at ambient temperature. The reaction mixture was
diluted with DCM (2 L), washed sequentially with water (4 x 200 mL), saturated brine
(300 mL), the organic layer dried over Na2SOs, filtered and evaporated to afford the
desired material as a light brown solid (230 g, 100 %) which was used in the next step
without further purification. NMR Spectrum: 'H NMR (400MHz, CDCl3) & 1.09 (3H, t),
3.82 (3H, s), 4.00-4.10 (2H, m), 4.55 (2H, 1), 6.84-6.96 (3H, m), 7.20-7.29 (2H, m), 7.55
(1H, d), 8.18 (1H, t) Mass Spectrum: m/z (ES+)[M+H]+ = 454

Intermediate A8: 5-Bromo-2,4-difluoro-benzoyl chloride

0
F F

Thionyl chloride (55.4 mL, 759.50 mmol) was added portionwise to a mixture of DMF

(7.84 mL, 101.27 mmol) and 5-bromo-2,4-difluorobenzoic acid (120 g, 506.33 mmol) in

toluene (600 mL) at 15°C over a period of 5 minutes under an inert atmosphere. The

resulting mixture was stirred at 70°C for 4 h then evaporated to dryness and the residue

was azeotroped with toluene to afford the desired material as a brown oil (129 g, 100 %)

which was used directly in the next step without purification. NMR Spectrum: '"H NMR
(400MHz, CDCIl3) ¢ 7.04-7.09 (1H, m), 8.34-8.42 (1H, m).

Intermediate A2 8-Bromo-7-fluoro-1-isopropyl-3H-imidazo[4,5-c]quinolin-2-one can

also be prepared as described below:
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1,3,5-Trichloro-1,3,5-triazinane-2,4,6-trione (5.91 g, 25.45 mmol) was added portionwise
to a stirred suspension of 6-bromo-7-fluoro-4-(isopropylamino)quinoline-3-carboxamide
(16.6 g, 50.89 mmol) and 1,8-diazabicyclo[5.4.0Jundec-7-ene (15.22 mL, 101.79 mmol) in
methanol (200 mL) at 5°C.The resulting suspension was stirred at ambient temperature for
1 h. The reaction was filtered and the solid dried in a vacuum oven for 2 h to afford the
desired material as a pale yellow solid (14.18 g, 86 %). Additional material was obtained
after leaving the filtrate to stand for 2 days and then filtering. The additional solid isolated
was heated in EtOH (50 mL) for 30 minutes then allowed to cool and filtered to provide
additional desired material as a white solid (2.6 mg). Analytical data was consistent with

that obtained from alternative preparations described earlier.

Intermediate A9: 6-Bromo-7-fluoro-4-(isopropylamino)quinoline-3-carboxamide

CHj

Propan-2-amine (2.80 ml, 32.62 mmol) was added to a suspenion of 6-bromo-4-chloro-7-
fluoro-quinoline-3-carboxamide (10 g, 29.65 mmol) and potassium carbonate (8.20 g,
59.31 mmol) in acetonitrile (250 mL) and the mixture stirred at 95°C for 4 h. Further
propan-2-amine (2 mL) was added and the mixture stirred at 95°C for another 4 h then at
ambient temperature overnight. Water was added to the mixture and the solid collected by
filtration and dried under vacuum to afford the desired material (8.25 g, 85 %). NMR
Spectrum: "H NMR (500MHz, DMSO-d6) § 1.25 (6H, d), 4.17 (1H, d), 7.51 (1H, s), 7.69
(1H, d), 8.11 (2H, s), 8.61 (1H, s), 8.67 (1H, d). Mass Spectrum: m/z (ES+)[M+H]+ = 236.

Intermediate A10: 6-Bromo-4-chloro-7-fluoro-quinoline-3-carboxamide
Cl (0]

Br
S NH,

Z
F N

DMEF (0.5 mL) was added to a stirred suspension of 6-bromo-7-fluoro-4-oxo-1H-
quinoline-3-carboxylic acid (22.5 g, 78.66 mmol) in thionyl chloride (140 g, 1179.85
mmol) and the mixture heated to reflux for 2 h. The reaction was allowed to cool,

concentrated in vacuo and the residue azeotroped twice with toluene to afford a yellow
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solid. This solid was added portionwise to a solution of ammonium hydroxide (147 mL,
1179.85 mmol) at 0°C. The white suspension was stirred for 15 minutes then the solid
filtered, washed with water and dried under vacuum to afford the desired material (23.80 g,
100 %) as a white powder. NMR Spectrum: 'H NMR (400MHz, DMSO-d6) § 8.92 (1H, s),
8.59 (1H, d), 8.21 (1H, s), 8.09 (1H, d), 7.98 (1H, s). Mass Spectrum: m/z (ES+)[M+H]+ =
304.8.

Intermediate A11: 6-Bromo-7-fluoro-4-oxo-1H-quinoline-3-carboxylic acid

0] o

Br
WO”
F N

H

A solution of sodium hydroxide (18.34 g, 458.44 mmol) in water (100 mL) was added to a
stirred suspension of ethyl 6-bromo-7-fluoro-4-oxo-1H-quinoline-3-carboxylate (28.8 g,
91.69 mmol) in EtOH (500 mL) at ambient temperature. The reaction mixture was then
stirred at 75°C for 2 h, allowed to cool and the pH adjusted to 4 using 2N hydrochloric
acid. The precipitate was collected by filtration, washed with water and dried under
vacuum to afford the desired material (23.30 g, 89 %) as a white powder. NMR Spectrum:
'H NMR (400MHz, DMSO-d6) & 14.78 (1H, s), 13.45 (1H, s), 8.93 (1H, s), 8.46 (1H, d),
7.70 (1H, d). Mass Spectrum: m/z (ES+)[M+H]+ = 287.8.

Intermediate A12: Ethyl 6-bromo-7-fluoro-4-oxo-1H-quinoline-3-carboxylate

e} (0]

Br:(ji\‘E)Lo/\c Hs

] H
A solution of diethyl 2-[(4-bromo-3-fluoro-anilino)methylene]propanedioate (90 g, 249.88
mmol) in diphenyl ether (600 mL, 3.79 mol) was stirred at 240°C for 2.5 h. The mixture
was allowed to cool to 70°C, the solids collected by filtration and dried in a vacuum oven
to afford the desired material (50g, 64%) as a white solid which was used without further
purification. NMR Spectrum: '"H NMR (500MHz, DMSO-d6, (100°C)) 5 1.26 - 1.33 (3H,

m), 4.25 (2H, q), 7.52 (1H, d), 8.37 (1H, d), 8.48 (1H, s), 12.05 (1H, s). Mass Spectrum:
m/z (ES+)[M+H]+ = 314.
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Intermediate A13: Diethyl 2-[(4-bromo-3-fluoro-anilino)methylene|propanedioate

J

A solution of 4-bromo-3-fluoroaniline (56.6 g, 297.87 mmol) and 1,3-diethyl 2-
(ethoxymethylidene)propanedioate (72.45 g, 335.06 mmol) in EtOH (560 mL) was stirred
at 80°C for 4 h. The reaction mixture was allowed to cool, the solids collected by filtration
and dried in an oven to afford the desired material (90g, 84%) as an off-white solid which
was used without further purification. NMR Spectrum: 'H NMR (400MHz, DMSO-d6) &
1.26 (6H, q), 4.14 (2H, q), 4.22 (2H, q), 7.18 - 7.25 (1H, m), 7.57 (1H, dd), 7.64 - 7.7 (1H,
m), 8.33 (1H, d), 10.62 (1H, d). Mass Spectrum: m/z (ES+)[M+H]+ = 360.

Intermediate B0: 8-(6-Fluoro-3-pyridyl)-1-isopropyl-3-methyl-imidazo[4,5-

c]quinolin-2-one

CHy
o
F HsC
= | N»—<
N N~cH
NY > 3

\

8-Bromo-1-isopropyl-3-methyl-imidazo[4,5-c]quinolin-2-one (4.57 g, 14.27 mmol), (6-
fluoropyridin-3-yl)boronic acid (2.61 g, 18.55 mmol) and 2M potassium carbonate (22 mL,
44.00 mmol) were suspended in 1,4-dioxane (90 mL). The mixture was degassed then
dichloro [1,1°- bis(di-tertbutylphosphino)ferrocene]palladium(II) (0.465 g, 0.71 mmol)
added and the reaction heated to 80 °C for 2 h under an inert atmosphere. The mixture was
allowed to cool, diluted with EtOAc (200 mL) then washed with water (50 mL), brine, and
the organic phase dried over MgSOs, filtered and concentrated in vacuo. The crude product
was purified by FCC, elution gradient 0 to 5% MeOH in DCM, to afford material which
was subsequently triturated with diethyl ether to afford the desired material as an off-white
solid (4.46 g, 93 %). NMR Spectrum: '"H NMR (500MHz, DMSO0-d6) & 1.66 (6H, d), 3.50
(3H, s), 5.36 (1H, p), 7.36 (1H, dd), 7.95 (1H, dd), 8.15 (1H, d), 8.39 - 8.52 (2H, m), 8.72
(1H, d), 8.90 (1H, s). Mass Spectrum: m/z (ES+)[M+H]+ = 337.
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Intermediate B1: 8-Bromo-1-isopropyl-3-methyl-imidazo[4,5-c]quinolin-2-one

CHj

e

=
N

N,N-Dimethylformamide dimethyl acetal (54.2 mL, 408.29 mmol) was added to a solution
of 8-bromo-1-isopropyl-3H-imidazo[4,5-c]quinolin-2-one (25.00 g, 81.66 mmol) in DMF
(375 mL). The mixture was heated to 80°C for 3 h then allowed to cool to ambient
temperature and stirred for 16 h. The precipitate was collected by filtration, washed with
water (4 x 300 mL) and dried under vacuum at 50°C to afford the desired material as a
white solid (23.82 g, 91 %). NMR Spectrum: 'H NMR (500MHz, DMSO-d6) & 1.63 (6H,
d), 3.49 (3H, s), 5.15-5.23 (1H, m), 7.75 (1H, dd), 7.99 (1H, d), 8.44 (1H, d), 8.91 (1H, s).
Mass Spectrum: m/z (ES+)[M+H]+ = 320.

Intermediate B2: 8-Bromo-1-isopropyl-3H-imidazo[4,5-c]quinolin-2-one

CHj

e
7
Triethylamine (45.3 mL, 332.06 mmol) was added to 6-bromo-4-
(isopropylamino)quinoline-3-carboxylic acid (34.22 g, 110.69 mmol) in DMF (342 mL) at
ambient temperature. After stirring at ambient temperature for 30 minutes, diphenyl
phosphorazidate (26.2 mL, 121.76 mmol) was added and the resulting mixture stirred at 60
°C for 2 h. The reaction mixture was poured into water (1500 mL); the precipitate collected
by filtration, washed with water (2 x 700 mL) and dried under vacuum at 50°C to afford
the desired material as a beige solid (29.6 g, 87 %), which was used without further
purification. NMR Spectrum: '"H NMR (500MHz, CDCl3) § 1.64 (6H, d), 5.06 - 5.21 (1H,
m), 7.75 (1H, d), 7.98 (1H, d), 8.43 (1H, s), 8.69 (1H, s), 11.57 (1H, s). Mass Spectrum:
m/z (ES+)[M+H]+ = 306.
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Intermediate B3: 6-Bromo-4-(isopropylamino)quinoline-3-carboxylic acid

CHjy

H3C)\NH o}
Br.
C@*“
e
N

Ethyl 6-bromo-4-(isopropylamino)quinoline-3-carboxylate (38.0 g, 112.69 mmol) was
suspended in methanol (800 mL) and water (200 mL). 10M sodium hydroxide solution
(33.8 mL, 338.07 mmol) was added and the mixture stirred at ambient temperature for 1 h.
THF (200 mL) was added and the resultant mixture stirred for 16 h. Water (400 mL) was
added and the organics removed under reduced pressure. The resulting aqueous solution
was acidified to pH 4-5 with 2M HCI and the precipitate collected by filtration, washed
with water and dried under vacuum to afford the desired material as a white solid (34.7 g,
100 %). NMR Spectrum: '"H NMR (500MHz, DMSO-d6) & 1.33 (6H, d), 4.39 (1H, s), 7.78
(1H, d), 7.92 (1H, dd), 8.38 (1H, d), 8.88 (1H, s). Mass Spectrum: m/z (ES+)[M+H]+ =
309.

Intermediate B4: Ethyl 6-bromo-4-(isopropylamino)quinoline-3-carboxylate

CHj

Propan-2-amine (11.00 ml, 128.02 mmol) was added to a suspenion of ethyl 6-bromo-4-
chloroquinoline-3-carboxylate (36.61 g, 116.38 mmol) and potassium carbonate (32.2 g,
232.77 mmol) in acetonitrile (250 mL) at 0°C. The mixture was stirred at 54 °C under
reflux for 3 h. Further potassium carbonate (10.7 g, 77.6 mmol) and propan-2-amine (3.6
ml, 42.7 mmol) were added and stirring continued at 48°C for a further 16 h. The solvents
were removed in vacuo and the resulting residue partitioned between DCM (400 mL) and
water (500 mL). The aqueous layer was re-extracted with DCM (2 x 200 mL); the
combined organic layers were passed through a phase separating paper and concentrated
under reduced pressure to afford the desired material as a beige solid (38.6 g, 98 %). NMR
Spectrum: 'H NMR (500MHz, CDCl3) & 1.40 (6H, d), 1.43 (3H, t), 4.32 - 4.37 (1H, m),
4.40 (2H, q), 7.72 (1H, dd), 7.81 (1H, d), 8.29 (1H, d), 8.95 (1H, d), 9.10 (1H, s). Mass
Spectrum: m/z (ES+)[M+H]+ = 337.
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Intermediate BS: Ethyl 6-bromo-4-chloroquinoline-3-carboxylate

Cl o}

Bi
b
N

DMF (0.119mL, 1.54mmol) was added to ethyl 6-bromo-1-[(4-methoxyphenyl)methyl]-4-
oxoquinoline-3-carboxylate (160g, 384.37mmol) in thionyl chloride (800mL) at ambient
temperature under air. The resulting mixture was stirred at 75°C for 16 h then the solvent
removed under reduced pressure. The resulting mixture was azeotroped twice with toluene
then n-hexane (500mL) added. The precipitate was collected by filtration, washed with n-
hexane (200mL) and dried under vacuum to afford the desired material (100g, 83%) as a
brown solid. NMR Spectrum: "H NMR (400MHz, CDCl3) 5 1.47 (3H, 1), 4.51 (2H, q), 7.95
(1H, dd), 8.11 (1H, d), 8.60 (1H, d), 9.24 (1H, s). Mass Spectrum: m/z (ES+)[M+H]+ =
314, 316.

On a larger scale, ethyl 6-bromo-1-[(4-methoxyphenyl)methyl]-4-oxoquinoline-3-
carboxylate (5765 g, 13.85 mol) was charged to the vessel with thionyl chloride (28.8 L).
An exotherm from 20-26°C was observed. DMF (4.4 mL) was added with no observed
exotherm and the batch heated to 75°C and stirred for 17 h. HPLC showed 1.3% starting
material remained with 98.0% product. The reaction was concentrated in vacuo and the
residue azeotroped with toluene (25 L). The resulting solid was then slurried in heptane
(18.5 L) for 2.5 h, filtered and washed with heptane (3 x 4 L). The solid was dried under
vacuum at 35°C to give 4077 g of the desired material (93% crude yield) which contained
~5% of ethyl 6-bromo-1-[(4-methoxyphenyl)methyl]-4-oxoquinoline-3-carboxylate in
addition to ~4% hydrolysis product by HPLC (90% pure). The crude material (4077 g) was
returned to the vessel and reprocessed with thionyl chloride (14.5 L) and DMF (2.2 mL).
The mixture was heated to 75°C for 40 h. The thionyl chloride was removed in vacuo and
the residue azeotroped with toluene (10 L). The residue was slurried in heptane (18 L) for
~16 h at 20°C. The solid was collected by filtration, one portion being filtered under
nitrogen and washed with heptane (3 L) to yield 2196 g of desired material (90% NMR
assay, 99% by HPLC). The remainder of the batch was filtered under air and washed with
heptane (3 L) to yield 1905 g of the desired material (§88% NMR assay, 99% by HPLC).
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The yellow solids were combined for further processing (4101 g, 3653 g active, 83% yield,
99% by HPLC).

Intermediate B6: Ethyl 6-bromo-1-[(4-methoxyphenyl)methyl]-4-oxoquinoline-3-

carboxylate

Br P

DBU (102mL, 679.62mmol) was added drop-wise to ethyl 2-(5-bromo-2-fluorobenzoyl)-3-
[(4-methoxyphenyl)methylamino]prop-2-enoate (296.5g, 679.62mmol), in acetone (1.2 L)
at ambient temperature over a period of 2 minutes. The resulting solution was stirred for 16
h then the solid removed by filtration and washed with MTBE to afford the desired
material (180g, 64%) as light yellow solid. NMR Spectrum: "H NMR (400MHz, DMSO-
d6) 6 1.30 (3H ,t), 3.71 (3H, s), 4.25 (2H ,q), 5.60 ( 2H, s), 6.90-6.95 (2H, m), 7.12-7.25
(2H, m), 7.67 (1H, d), 7.80-7.90 (1H, m), 8.30 (1H, d), 8.92 (1H, s). Mass Spectrum: m/z
(ESH[M+HJ+ = 418.

On a larger scale, ethyl 2-(5-bromo-2-fluorobenzoyl)-3-[(4-
methoxyphenyl)methylamino]prop-2-enoate (8434 g, (7730 g assumed active), 17.71 mol)
was charged to the vessel with acetone (23.2 L) at 15°C. DBU (2.8 L, 18.72 mol) was
added over 25 minutes with an observed exotherm from 18-23°C over the addition. A
precipitate formed after ~25 minutes and the batch continued to exotherm reaching a
maximum of 37°C after 1 h. The reaction was stirred at 20°C for 16.5 h at which point
HPLC indicated consumption of starting material and 96.5% product. The resulting
precipitate was collected by filtration washing with TBME (4x 3.4 L). The solid was then
dried under vacuum at 40°C to give 6033 g of the desired material as a white solid (81.6%
yield over 3 steps, 99.8% purity by HPLC). Analytical data was consistent with that

obtained on previous batches.
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Intermediate B7: Ethyl 2-(5-bromo-2-fluorobenzoyl)-3-[(4-
methoxyphenyl)methylamino]|prop-2-enoate

o} e}

(E)-Ethyl 3-(dimethylamino)acrylate (98g, 685.00mmol) was added portion-wise to 5-
bromo-2-fluorobenzoyl chloride (163g, 685mmol) and DIPEA (120mL, 685.00mmol) in
toluene (800mL) at 10°C over a period of 10 minutes. The resulting solution was stirred at
70°C for 16 h then allowed to cool. (4-Methoxyphenyl)methanamine (94g, 685mmol) was
added to the mixture over a period of 20 minutes at ambient temperature. The resulting
solution was stirred for 3 h then the reaction mixture diluted with DCM (4 L), and washed
with water (3 x 1L). The organic phase was dried over Na2SQu, filtered and evaporated to
give the desired material (300g, 100%) as brown oil, which was used immediately in the

subsequent reaction without further purification. Mass Spectrum: m/z (ES+)[M+H]+ = 436.

On a larger scale, 5-bromo-2-fluorobenzoyl chloride (4318 g, 4205 g active, 17.71 mol)
was charged to the vessel as a solution in toluene (7.5 L). DIPEA (3150 mL, 18.08 mol)
was added with no observed exotherm. Ethyl-3-(dimethylamino)acrylate (2532 g, 17.71
mol) was added portionwise over 30 minutes maintaining a batch temperature <40°C. An
exotherm from 21-24°C was noted over the 30 minute addition with a further slow rise to
38°C over 1 h. The reaction was stirred at 20-30°C for 16.5 h. 4-Methoxybenzylamine
(2439 g, 17.78 mol) was added portionwise over 30 mins maintaining a batch temperature
<40°C. An exotherm of 25-30°C was observed over the addition with cooling provided by
a reduced jacket temperature of 15°C. The reaction was stirred for 4 h at 20-30°C after
which HPLC indicated 93.2% of desired material. The batch was split for workup with
cach half of the mixture diluted with DCM (28.6 L) and washed with water (3 x 7.8 L).
The organics were dried over MgSO4 (~550 g) and filtered, washing with DCM (4 L). The
combined organics were then concentrated to give 8444 g of the desired material as an oil
(8434 g, 106% yield, 94.7% purity by HPLC). Analytical data was consistent with that

obtained from previous batches.
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Intermediate BS: S-Bromo-2-fluorobenzoyl chloride

0O

Br
@‘”
F

Thionyl chloride (75.0mL, 1027.36mmol) was added drop-wise to 5-bromo-2-
fluorobenzoic acid (150g, 684.91mmol), in toluene (1.2 L) and DMF (12mL) at ambient
temperature over a period of 1 h. The resulting mixture was stirred at 70°C for 16 h then
the mixture allowed to cool and concentrated in vacuo to afford the desired material (160g,
98%) as light yellow oil, which was used without further purification. NMR Spectrum: 'H
NMR (400MHz, DMSO-d6) 6 7.26 — 7.31 (1H, m), 7.83 (1H, dd), 8.02 (1H, d).

On a larger scale, 3-bromo-6-fluorobenzoic acid (3888 g, 17.75 mol) was charged to the
vessel at 20°C followed by toluene (29.2 L). Thionyl chloride (1950 ml, 26.88 mol) was
added, followed by DMF (310 mL) with no observed exotherm. The mixture was heated to
65-75°C (solution obtained above ~45°C) with no observed exotherm and slight gas
evolution. The reaction was stirred for 40 h at this temperature at which point HPLC
analysis showed 87.6% product, 3.4% starting material. The reaction was concentrated in
vacuo and azeotroped with toluene (18 L) to give 4328 g of the desired material (103%
yield, 87.3% by HPLC).

Example 5
8-[6-[(3R)-3-(Dimethylamino)pyrrolidin-1-yl]-3-pyridyl]-1-[(15,35)-3-

methoxycyclopentyl]-3-methyl-imidazo[4,5-c]quinolin-2-one

H3C\O

A suspension of 8-(6-fluoro-3-pyridyl)-1-[(15,35)-3-methoxycyclopentyl]-3-methyl-
imidazo[4,5-c]quinolin-2-one (75 mg, 0.19 mmol) and (R)-N,N-dimethylpyrrolidin-3-
amine (87 mg, 0.76 mmol) in MeCN (1 mL) was heated to 150 °C for 4 h in a microwave

reactor then the mixture allowed to cool to rambient temperature. The reaction mixture was
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diluted with DCM (40 mL), washed twice with water (2 x 20 mL) and the organic layer
dried over MgSQu, filtered and evaporated to afford crude product. The crude product was
purified by FCC, elution gradient 0 to 6% 2N methanolic ammonia in DCM, to afford the
desired material as a white solid (70.0 mg, 75 %). NMR Spectrum: '"H NMR (500MHz,
DMSO0-d6) 6 1.82 (2H, s), 2.06 - 2.3 (10H, m), 2.36 - 2.45 (1H, m), 2.5 - 2.57 (1H, m),
2.72 -2.86 (1H, m), 3.17 (1H, dd), 3.27 (3H, s), 3.33 - 3.44 (1H, m), 3.48 (3H, s), 3.63
(1H, d), 3.73 (1H, dd), 4.05 - 4.16 (1H, m), 5.55 (1H, q), 6.61 (1H, d), 7.88 (1H, dd), 7.93
(1H, dd), 8.07 (1H, d), 8.27 (1H, d), 8.57 (1H, d), 8.82 (1H, s). Mass Spectrum: m/z
(ESH)[M+H]+ = 487.

The material could also be isolated as a methanesulfonic acid salt using the following

procedure:

The isolated material (64 mg, 0.13 mmol) was suspended in DCM (2 mL) and treated with
methanesulfonic acid (17 mg, 0.18 mmol) in DCM (2 mL). The solution was evaporated to
dryness to afford the desired material as a methaesulfonic acid salt (80 mg, 104 %).

NMR Spectrum: "H NMR (500MHz, DMSO-d6) § 1.7 - 1.95 (1H, m), 2.1 - 2.27 (4H, m),
2.30 (3H, s), 2.37-2.47 (2H, m), 2.52 - 2.57 (1H, m), 2.88 (6H, s), 3.27 (3H, s), 3.42 -
3.49 (1H, m), 3.50 (3H, s), 3.63 (1H, dd), 3.69 - 3.8 (1H, m), 3.94 (1H, dd), 3.98 - 4.07
(1H, m), 4.06 - 4.17 (1H, m), 5.44 - 5.68 (1H, m), 6.73 (1H, d), 7.94 (1H, d), 8.03 (1H, dd),
8.11 (1H, d), 8.32 (1H, s), 8.62 (1H, d), 8.88 (1H, s), 9.83 (1H, s). Mass Spectrum: m/z
(ESH)[M+H]+ = 487.

Intermediate CO: 8-(6-Fluoro-3-pyridyl)-1-[(15,35)-3-methoxycyclopentyl]-3-methyl-

imidazo[4,5-c]quinolin-2-one

\§

8-bromo-1-((15,35)-3-methoxycyclopentyl)-3-methyl-1H-imidazo[4,5-c]quinolin-2(3H)-
one (250 mg, 0.66 mmol), (6-fluoropyridin-3-yl)boronic acid (122 mg, 0.86 mmol) and 2M
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potassium carbonate (1 ml, 2.00 mmol) were suspended in 1,4-dioxane (4 ml),degassed,
then [Pd-118] (22 mg, 0.03 mmol) was added. The reaction was heated to 80 °C for 1 h
under nitrogen and cooled to RT. The reaction mixture was diluted with EtOAc¢ (50 ml)
then washed with water (2 x 25 ml) and then the organic phase was dried over MgSO4,
filtered and concentrated in vacuo. The crude product was purified by FCC, elution
gradient 0 to 3% 2N methanolic ammonia in DCM . Pure fractions were evaporated to
dryness to afford 8-(6-fluoropyridin-3-yl)-1-((15,35)-3-methoxycyclopentyl)-3-methyl-1H-
imidazo[4,5-c]quinolin-2(3H)-one (185 mg, 70.9 %) as an off-white solid.

Intermediate C1: 8-Bromo-1-[(15,35)-3-methoxycyclopentyl]-3-methyl-imidazo[4,5-
c]quinolin-2-one

HSC\O

a

N

=
N

NaH (60% in mineral oil) (0.444 g, 11.11 mmol) was added to a mixture of 8-bromo-1-
[(18,35)-3-methoxycyclopentyl]-3H-imidazo[4,5-c]quinolin-2-one (1.15 g, 3.17 mmol) in
DMF (15 mL) under nitrogen at 0°C then the mixture stirred for 30 minutes. Methyl iodide
(0.596 mL, 9.52 mmol) was added and the reaction mixture was stirred at ambient
temperature for 16 h. Water was slowly added to the reaction and the solid filtered under
vacuum and dried in a vacuum oven for 3 h to afford the desired material as a white solid
(674 mg — slighly contaminated with residual DMF). NMR Spectrum: '"H NMR (500MHz,
DMSO0-d6) 6 1.22 (1H, s), 1.74 - 1.92 (1H, m), 2.11 - 2.24 (3H, m), 2.25 - 2.33 (1H, m),
3.27 (3H, s), 3.49 (3H, ), 4.07 - 4.15 (1H, m), 5.27 - 5.53 (1H, m), 7.74 (1H, dd), 7.98
(1H, dd), 8.36 (1H, s), 8.91 (1H, s). Mass Spectrum: m/z (ES+)[M+H]+ = 376.
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Intermediate C2: 8-Bromo-1-[(15,35)-3-methoxycyclopentyl]-3H-imidazo[4,5-
c]quinolin-2-one

H3C\O

Q
—
B NH
o
N

Diphenyl phosphoryl azide (1.075 ml, 4.99 mmol) was added to a mixture of 6-bromo-4-
[[(18,35)-3-methoxycyclopentylJamino]quinoline-3-carboxylic acid (1.46 g, 4.16 mmol)
and triecthylamine (1.738 mL, 12.47 mmol) in DMF (9 mL) under nitrogen and the reaction
heated at 60 °C for 4 h. The reaction was cooled to ambient temperature, the solid filtered
under vacuum and washed with water. The solid was dried in a vacuum oven overnight to
afford the desired material. An additional crop of material was isolated by repeating the
filtration step and combined with the previous crop (1.15 g, 79 %). NMR Spectrum: 'H
NMR (500MHz, DMSO-d6) 6 1.56 - 1.82 (1H, m), 1.98 (1H, t), 2.08 - 2.31 (3H, m), 2.46
(1H, s), 4.43 (1H, s), 4.78 (1H, d), 5.26 - 5.64 (1H, m), 7.73 (1H, dd), 7.96 (1H, dd), 8.35
(1H, s), 8.67 (1H, s), 11.62 (1H, s). Mass Spectrum: m/z (ES+)[M+H]+ = 348.

Intermediate C3: 6-Bromo-4-[[(15,35)-3-methoxycyclopentyl]amino]quinoline-3-

carboxylic acid

NaOH (2M) (13.98 mL, 27.95 mmol) was added to a mixture of ethyl 6-bromo-4-
[[(18,35)-3-methoxycyclopentylJamino]quinoline-3-carboxylate (2.65 g, 6.99 mmol) in
THF (15 mL) and the reaction heated at 60°C for 5 h. The reaction was cooled to ambient
temperature and the organic solvent removed under reduced pressure. The aqueous residue
was adjusted to pH7 using hydrochloric acid (2M) and the solid was filtered under vacuum
and dried in a vacuum oven for 24 h to afford, the desired material as a grey solid (1.46 g).

Mass Spectrum: m/z (ES+)[M+H]+ =351.
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Intermediate C4: Ethyl 6-bromo-4-[[(15,35)-3-methoxycyclopentyl]amino]quinoline-

3-carboxylate

HyC—O

: NH O
Br A
AN (0] CH,
P
N

Triethylamine (3.90 mL, 27.98 mmol) was added to (15,35)-3-aminocyclopentanol
hydrocloride salt (1g, 7.27 mmol) in acetonitrile (15.6 mL) and stirred for 5 minutes. ethyl
6-bromo-4-chloroquinoline-3-carboxylate (2.2 g, 6.99 mmol) was added and the reaction
mixture was heated at 100 °C for 2 h. The solid was isolated by filtration, dissolved in
DCM and washed with water. The filtrate was concentrated to dryness and the residue
disolved in DCM (25 mL) and washed with water (25 mL). The organics were combined
and dried over a phase separating cartridge and the solvent was removed under reduced
pressure to afford the desired material as an orange solid (2.65 g) and used directly without

further purification. Mass Spectrum: m/z (ES+)[M+H]+ = 379.

Example 6
8-[6-[(3R)-3-(Dimethylamino)pyrrolidin-1-yl]-3-pyridyl]-7-fluoro-1-(cis-3-
methoxycyclobutyl)-3-methyl-imidazo[4,5-c]quinolin-2-one

A mixture of DIPEA (0.159 mL, 0.91 mmol), 8-(6-fluoro-3-pyridyl)-1-(cis-3-
methoxycyclobutyl)-3-methyl-imidazo[4,5-c]quinolin-2-one (120 mg, 0.30 mmol) and (R)-
N,N-dimethylpyrrolidin-3-amine hydrochloride (68.4 mg, 0.45 mmol) in DMSO (2 mL)
was stirred at 150°C for 12 h then allowed to cool to ambient temperature. The reaction
mixture was diluted with EtOAc (50 mL), washed with water (25 mL), brine (25 mL) and
the organic layer dried over NazSOas, filtered and evaporated to afford crude product. The
crude product was purified by preparative HPLC (Waters XBridge Prep C18 OBD column,
Su silica, 19 mm diameter, 100 mm length), using decreasingly polar mixtures of water

containing 0.1% ammonia) and MeCN as eluents, to afford the desired material as a
g
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yellow solid (77 mg, 51.8 %). NMR Spectrum: '"H NMR (300MHz, DMSO-d6) & 1.87-1.93
(1H, m),2.19-2.26 (7H, m), 2.74-3.02(5H, m), 3.18-3.24 (4H, m),3.33-3.43 (1H,m), 3.47
(3H,s),3.63-3.86 (3H, m),4.99-5.05 (1H, t),6.60-6.93 (1H, d), 7.82-7.84 (2H, d), 8.23-8.26
(1H, d), 8.43 (1H, s), 8.85-8.86 (1H,d). Mass Spectrum: m/z (ES+)[M+H]+ =491.

The following compounds were prepared in an analogous fashion from the appropriate

amine and fluoropyridyl intermediate, purified by appropriate chromatographic techniques

and isolated as either the free base, formic acid salt or methanesulfonic acid salt.

Example

Structure

Name

7*

8-[6-[(3R)-3-
(dimethylamino)pyrrolidin-1-
y1]-3-pyridyl]-3-methyl-1-
[(3R)-tetrahydropyran-3-

yl]imidazo[4,5-c]quinolin-2-one

8**

8-[6-[(3R)-3-
(dimethylamino)pyrrolidin-1-
y1]-3-pyridyl]-3-methyl-1-[(35)-
tetrahydrofuran-3-

yl]imidazo[4,5-c]quinolin-2-one

9*

8-[6-[(3R)-3-
(dimethylamino)pyrrolidin-1-
y1]-3-pyridyl]-3-methyl-1-[(35)-
tetrahydropyran-3-

yl]imidazo[4,5-c]quinolin-2-one

10*

N~CH,

8-[6-[(3R)-3-
(dimethylamino)pyrrolidin-1-
y1]-3-pyridyl]-1-(cis-3-
methoxycyclobutyl)-3-methyl-

imidazo[4,5-c]quinolin-2-one
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Structure

Name

11***

8-[6-[(3R)-3-
(dimethylamino)pyrrolidin-1-
v1]-3-pyridyl]-1-(trans-3-
methoxycyclobutyl)-3-methyl-

imidazo[4,5-c]quinolin-2-one

12****

8-[6-[(3R)-3-
(dimethylamino)pyrrolidin-1-
yl]-3-pyridyl]-1-(¢trans-4-
methoxycyclohexyl)-3-methyl-

imidazo[4,5-c]quinolin-2-one

13*

8-[6-[(3R)-3-
(dimethylamino)pyrrolidin-1-
y1]-3-pyridyl]-3-methyl-1-
tetrahydropyran-4-yl-

imidazo[4,5-c]quinolin-2-one

14*

8-[6-[(3R)-3-
(dimethylamino)pyrrolidin-1-
v1]-3-pyridyl]-7-fluoro-3-

s methyl-1-[(3R)-

tetrahydropyran-3-

yl]imidazo[4,5-c]quinolin-2-one

15*

8-[6-[(3R)-3-
(dimethylamino)pyrrolidin-1-
v1]-3-pyridyl]-7-fluoro-3-
methyl-1-[(3S5)-tetrahydropyran-
3-yl]imidazo[4,5-c]quinolin-2-

onec
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Structure

Name

16*

8-[6-[(35)-3-
(dimethylamino)pyrrolidin-1-
y1]-3-pyridyl]-3-methyl-1-
[(3R)-tetrahydropyran-3-

yl]imidazo[4,5-c]quinolin-2-one

17*

8-[6-[(35)-3-
(dimethylamino)pyrrolidin-1-
y1]-3-pyridyl]-3-methyl-1-[(35)-
tetrahydropyran-3-

yl]imidazo[4,5-c]quinolin-2-one

18*

8-[6-[(35)-3-
(dimethylamino)pyrrolidin-1-
y1]-3-pyridyl]-1-(cis-3-
methoxycyclobutyl)-3-methyl-

imidazo[4,5-c]quinolin-2-one

19*

8-[6-[(35)-3-
(dimethylamino)pyrrolidin-1-
v1]-3-pyridyl]-7-fluoro-3-
methyl-1-[(3R)-
tetrahydropyran-3-

yl]imidazo[4,5-c]quinolin-2-one

20%

8-[6-[(35)-3-
(dimethylamino)pyrrolidin-1-
v1]-3-pyridyl]-7-fluoro-3-

s methyl-1-[(35)-tetrahydropyran-

3-yl]imidazo[4,5-c]quinolin-2-

onec
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Structure

Name

21*

8-[6-[(35)-3-
(dimethylamino)pyrrolidin-1-
v1]-3-pyridyl]-7-fluoro-1-(cis-3-
methoxycyclobutyl)-3-methyl-

imidazo[4,5-c]quinolin-2-one

22*****

8-[6-[3-
(dimethylamino)azetidin-1-yl]-
3-pyridyl]-1-[trans-3-
methoxycyclopentyl]-3-methyl-
imidazo[4,5-c]quinolin-2-one —

Isomer 1

23*****

8-[6-[3-
(dimethylamino)azetidin-1-yl]-
3-pyridyl]-1-[trans-3-
methoxycyclopentyl]-3-methyl-
imidazo[4,5-c]quinolin-2-one —

Isomer 2

24*****

8-[6-[3-
(dimethylamino)azetidin-1-yl]-
3-pyridyl]-3-methyl-1-[(35)-
tetrahydropyran-3-

yl]imidazo[4,5-c]quinolin-2-one

25****

8-[6-[3-
(dimethylamino)azetidin-1-yl]-
3-pyridyl]-1-(trans-4-
methoxycyclohexyl)-3-methyl-

imidazo[4,5-c]quinolin-2-one
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Structure

Name

26***

I-cyclobutyl-8-[6-[3-
(dimethylamino)azetidin-1-yl]-
3-pyridyl]-3-methyl-

imidazo[4,5-c]quinolin-2-one

27****

8-[6-[3-
(dimethylamino)azetidin-1-yl]-
3-pyridyl]-3-methyl-1-[(3R)-
tetrahydropyran-3-

yl]imidazo[4,5-c]quinolin-2-one

28*****

8-[6-[3-
(dimethylamino)azetidin-1-yl]-
3-pyridyl]-3-methyl-1-
tetrahydropyran-4-yl-

imidazo[4,5-c]quinolin-2-one

29****

8-[6-[3-
(dimethylamino)azetidin-1-yl]-
3-pyridyl]-7-fluoro-1-[trans-3-
methoxycyclopentyl]-3-methyl-
imidazo[4,5-c]quinolin-2-one —

Isomer 2

30****

8-[6-[3-
(dimethylamino)azetidin-1-yl]-
3-pyridyl]-7-fluoro-1-[trans-3-
methoxycyclopentyl]-3-methyl-
imidazo[4,5-c]quinolin-2-one —

Isomer 1
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Name

31*

8-[6-[3-
(dimethylamino)azetidin-1-yl]-
3-pyridyl]-7-fluoro-1-(cis-3-
methoxycyclobutyl)-3-methyl-

imidazo[4,5-c]quinolin-2-one

32*

8-[6-[4-(dimethylamino)-1-
piperidyl]-3-pyridyl]-1-[trans-
3-methoxycyclopentyl]-3-
methyl-imidazo[4,5-c]quinolin-

2-one — Isomer 2

33*

8-[6-[4-(dimethylamino)-1-
piperidyl]-3-pyridyl]-1-[trans-
3-methoxycyclopentyl]-3-
methyl-imidazo[4,5-c]quinolin-

2-one — Isomer 1

34*

8-[6-[4-(dimethylamino)-1-
piperidyl]-3-pyridyl]-3-methyl-
1-[(3R)-tetrahydropyran-3-

yl]imidazo[4,5-c]quinolin-2-one

35*

8-[6-[4-(dimethylamino)-1-
piperidyl]-3-pyridyl]-3-methyl-
1-[(35)-tetrahydropyran-3-

yl]imidazo[4,5-c]quinolin-2-one

36*

8-[6-[4-(dimethylamino)-1-
piperidyl]-3-pyridyl]-1-(cis-3-
methoxycyclobutyl)-3-methyl-

imidazo[4,5-c]quinolin-2-one
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37**

I-cyclobutyl-8-[6-[4-
(dimethylamino)-1-piperidyl]-3-
pyridyl]-3-methyl-imidazo[4,5-

c]quinolin-2-one

38+

8-[6-[4-(dimethylamino)-1-
piperidyl]-3-pyridyl]-3-methyl-
1-(oxetan-3-yl)imidazo[4,5-

c]quinolin-2-one

39+

8-[6-[4-(dimethylamino)-1-
piperidyl]-3-pyridyl]-3-methyl-

s [I-tetrahydropyran-4-yl-

imidazo[4,5-c]quinolin-2-one

40*

8-[6-[4-(dimethylamino)-1-
piperidyl]-3-pyridyl]-7-fluoro-
3-methyl-1-[(3R)-
tetrahydropyran-3-

yl]imidazo[4,5-c]quinolin-2-one

41*

8-[6-[4-(dimethylamino)-1-
piperidyl]-3-pyridyl]-7-fluoro-
3-methyl-1-[(35)-
tetrahydropyran-3-

yl]imidazo[4,5-c]quinolin-2-one

42*

8-[6-[4-(dimethylamino)-1-
piperidyl]-3-pyridyl]-7-fluoro-
1-(cis-3-methoxycyclobutyl)-3-
methyl-imidazo[4,5-c]quinolin-

2-one
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Name

43*

8-[6-[(3R)-3-(dimethylamino)-
1-piperidyl]-3-pyridyl]-7-
fluoro-1-(cis-3-
methoxycyclobutyl)-3-methyl-

imidazo[4,5-c]quinolin-2-one

44*****

8-[6-[(3R)-3-
(dimethylamino)pyrrolidin-1-
y1]-3-pyridyl]-1-(cis-4-
methoxycyclohexyl)-3-methyl-

imidazo[4,5-c]quinolin-2-one

45*****

8-[6-[4-(dimethylamino)-1-

piperidyl]-3-pyridyl]-1-[(cis-3-
methoxycyclohexyl]-3-methyl-
imidazo[4,5-c]quinolin-2-one —

Isomer 1

46*****

8-[6-[4-(dimethylamino)-1-
piperidyl]-3-pyridyl]-1-[cis-3-
methoxycyclohexyl]-3-methyl-
imidazo[4,5-c]quinolin-2-one —

Isomer 2

47*****

8-[6-[(3R)-3-
(dimethylamino)pyrrolidin-1-
y1]-3-pyridyl]-1-[cis-3-
methoxycyclohexyl]-3-methyl-
imidazo[4,5-c]quinolin-2-one —

Isomer 1
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48*****

\

8-[6-[(3R)-3-
(dimethylamino)pyrrolidin-1-
y1]-3-pyridyl]-1-[cis-3-
methoxycyclohexyl]-3-methyl-
imidazo[4,5-c]quinolin-2-one —

Isomer 2

49*****

8-[6-[3-
(dimethylamino)azetidin-1-yl]-
3-pyridyl]-1-[cis-3-
methoxycyclohexyl]-3-methyl-
imidazo[4,5-c]quinolin-2-one —

Isomer 1

50*****

8-[6-[3-
(dimethylamino)azetidin-1-yl]-
3-pyridyl]-1-[cis-3-
methoxycyclohexyl]-3-methyl-
imidazo[4,5-c]quinolin-2-one —

Isomer 2

51****

8-[6-[(3R)-3-
(dimethylamino)pyrrolidin-1-
v1]-3-pyridyl]-1-[trans-3-
methoxycyclohexyl]-3-methyl-
imidazo[4,5-c]quinolin-2-one —

Isomer 1

52****

8-[6-[(3R)-3-
(dimethylamino)pyrrolidin-1-
v1]-3-pyridyl]-1-[trans-3-
methoxycyclohexyl]-3-methyl-
imidazo[4,5-c]quinolin-2-one —

Isomer 2
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53****

8-[6-[4-(dimethylamino)-1-
piperidyl]-3-pyridyl]-1-[trans-
3-methoxycyclohexyl]-3-
methyl-imidazo[4,5-c]quinolin-

2-one — Isomer 1

54****

8-[6-[4-(dimethylamino)-1-
piperidyl]-3-pyridyl]-1-[trans-
3-methoxycyclohexyl]-3-

* imethyl-imidazo[4,5-c]quinolin-

2-one — Isomer 2

55****

8-[6-[3-
(dimethylamino)azetidin-1-yl]-
3-pyridyl]-1-[trans-3-
methoxycyclohexyl]-3-methyl-
imidazo[4,5-c]quinolin-2-one —

Isomer 2

|
e | o O

8-[6-[3-
(dimethylamino)azetidin-1-yl]-
3-pyridyl]-1-[trans-3-
methoxycyclohexyl]-3-methyl-
imidazo[4,5-c]quinolin-2-one —

Isomer 1

* The reaction was performed in DMSO with an excess (2 — 5 equivalents) of DIPEA

present and heated between 130 — 150°C for 2 — 16 h.

** The reaction was performed in NMP and heated at 130°C for 0.5 — 3 h.
*** The reaction was performed in MeCN and heated at 150°C for 4 h.

*##* The reaction was performed in DMF with an excess of K2COs present and heated

between 80 — 100°C for 16 h.




10

15

20

25

30

WO 2017/076898 PCT/EP2016/076416

74

*E* The reaction was performed in MeCN with an excess (1 — 5 equivalents) of EtsN

present and heated at 80°C for 3 - 16 h.

Examples 22 & 23 were separated from a racemic mixture by preparative chiral HPLC,
eluting isocratically with 30% isopropyl alcohol (modified with 0.1% diethylamine) in
hexane as eluent, to afford Example 22 as the first eluting product and Example 23 as the

second eluting product.

Examples 29 & 30 were separated from a racemic mixture by preparative chiral HPLC,
eluting isocratically with 42% cthanol (modified with 0.1% diethylamine) in hexane as
cluent, to afford Example 30 as the first eluting product and Example 29 as the second

eluting product.

Examples 32 & 33 were separated from a racemic mixture by preparative chiral HPLC,
eluting isocratically with 5% methanol (modified with 0.1% triecthylamine) in acetonitrile
as cluent, to afford Example 33 as the first eluting product and Example 32 as the second

eluting product.

Examples 46, 48 and 50 were derived from Intermediate S0

Examples 45, 47 and 49 were derived from Intermediate TO

Examples 51 & 52 were separated from a racemic mixture by preparative chiral-HPLC,
eluting isocratically with 95% methyl tert-butyl ether in MeOH (modified with
diethylamine) as cluent, to afford Example 51 as the first eluting product and Example 52

as the second eluting product.

Examples 53 & 54 were separated from a racemic mixture by preparative chiral-HPLC,
eluting isocratically with 85% hexane in EtOH (modified with diethylamine) as eluent, to
afford Example 54 as the first eluting product and Example 53 as the second eluting
product.
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Examples 55 & 56 were separated from a racemic mixture by preparative chiral-HPLC,
eluting isocratically with 90% methyl tert-butyl ether in MeOH (modified with
diethylamine) as cluent, to afford Example 56 as the first eluting product and Example 55

as the second eluting product.

Example 7: (Formic acid salt) NMR Spectrum: '"H NMR (300MHz, DMSO-d6) & 1.81-
1.87 (3H, m), 2.17-2.24 (8H, m), 2.63-2.71 (1H, m), 2.82-2.88 (1H, m), 3.16-3.22 (1H, m),
3.37-3.42 (2H, m), 3.48 (3H, s), 3.63-3.67 (1H, m), 3.73-3.79 (1H, m), 3.95 (1H, d), 4.12-
4.26 (2H, m), 4.92-4.99 (1H, m), 6.65 (1H, d), 7.89-7.97 (2H, m), 8.09 (1H, d), 8.16 (1H,
s), 8.27 (1H, d), 8.57 (1H, d), 8.83 (1H, s). Mass Spectrum: m/z (ES+)[M+H]+ = 473.

Example 8: NMR Spectrum: '"H NMR (500MHz, DMSO-d6) & 2.15 - 2.3 (1H, m), 2.32
(3H, s), 2.35-2.45 (1H, m), 2.44 - 2.49 (1H, m), 2.51 - 2.57 (1H, m), 2.89 (6H, s), 3.43 -
3.52 (1H, m), 3.54 (3H, s), 3.64 (1H, dd), 3.67 - 3.82 (1H, m), 3.85 - 3.99 (2H, m), 3.98 -
4.09 (1H, m), 4.1 - 4.22 (2H, m), 4.27 (1H, td), 5.78 - 5.89 (1H, m), 6.72 (1H, d), 7.95 (1H,
dd), 8.04 - 8.22 (2H, m), 8.54 (1H, d), 8.68 (1H, d), 8.89 (1H, s), 9.86 (1H, s). Mass
Spectrum: m/z (ES+)[M+H]+ = 459.

Example 9: NMR Spectrum: '"H NMR (300MHz, DMSO-d6) & 1.79-1.86 (3H, m), 2.14-
2.22 (8H, m), 2.65-2.81 (2H, m), 3.15-3.21 (1H, m), 3.37-3.44 (2H, m), 3.48 (3H, s), 3.65-
3.76 (2H, m), 3.94 (1H, d), 4.15-4.21 (2H, m), 4.91-4.99 (1H, m), 6.65 (1H, d), 7.89-7.97
(2H, m), 8.09 (1H, d), 8.27 (1H, s), 8.57 (1H, d), 8.83 (1H, s). Mass Spectrum: m/z
(ESH[M+H]+ = 473.

Example 10: (Formic acid salt) NMR Spectrum: '"H NMR (400MHz, D20) § 2.33-2.60
(5H, m), 2.64-2.77 (1H, m), 2.94-3.09 (6H, m), 3.10-3.19 (6H, m), 3.36-3.42 (1H, m),
3.54-3.66 (3H, m), 3.83-4.05 (3H, m), 6.33-6.35 (1H, m), 6.81-6.82 (2H, m), 7.07-7.17
(2H, m), 7.52 (1H, s), 8.12 (1H, s), 8.35 (1H, s). Mass Spectrum: m/z (ES+)[M+H]+ =473.

Example 11: (Free base) NMR Spectrum: 'H NMR (500MHz, DMSO-d6) § 1.82 (1H, dd),
2.09 -2.3 (7H, m), 2.56 (2H, ddd), 2.71 - 2.88 (1H, m), 3.11 - 3.27 (6H, m), 3.33 - 3.45
(1H, m), 3.48 (3H, s), 3.63 (1H, d), 3.74 (1H, dd), 4.11 - 4.33 (1H, m), 5.54 (1H, s), 6.61
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(1H, d), 7.87 (1H, dd), 7.95 (1H, dd), 8.04 (1H, d), 8.18 (1H, d), 8.49 - 8.64 (1H, m), 8.81
(1H, s). (Methanesulfonic acid salt) NMR Spectrum: '"H NMR (500MHz, DMSO-d6) &
2.16 -2.29 (1H, m), 2.31 (3H, s), 2.42 - 2.47 (1H, m), 2.56 (2H, ddd), 2.88 (6H, s), 3.18 -
3.26 (5H, m), 3.41 - 3.54 (4H, m), 3.63 (1H, dd), 3.7 - 3.82 (1H, m), 3.94 (1H, dd), 4.01
(1H, q), 4.22 (1H, tt), 5.48 - 5.64 (1H, m), 6.73 (1H, d), 7.91 (1H, dd), 8 - 8.15 (2H, m),
822 (1H, d), 8.64 (1H, d), 8.85 (1H, s), 9.85 (1H, s). Mass Spectrum: m/z (ES+)[M+H]+ =
473.

Example 12: (Free base) NMR Spectrum: "H NMR (400MHz, CDCl3) 6 1.43 - 1.52 (2H,
m), 2.13 (3H, d), 2.36 (3H, d), 2.47 (6H, s), 2.72 - 2.80 (2H, m), 3.03 - 3.08 (1H, m), 3.38 -
3.43 (1H, m), 3.45 (3H, s), 3.46 - 3.57 (2H, m), 3.59 (3H, s), 3.78 (1H, t), 3.94 (1H, t), 4.85
-4.90 (1H, m), 6.55 (1H, d), 7.77 - 7.86 (2H, m), 8.17 - 8.26 (2H, m), 8.55 (1H, d), 8.68
(1H, s). (Methanesulfonic acid salt) NMR Spectrum: 'H NMR (300MHz, MeOH-d4) & 1.36
- 1.58 (2H, m), 2.15 (2H, d), 2.25 - 2.39 (3H, m), 2.60 - 2.77 (6H, m), 2.99 (6H, s), 3.35 -
3.48 (4H, m), 3.55 - 3.68 (4H, m), 3.68 - 3.79 (1H, m), 3.79 - 3.91 (1H, m), 3.97 - 4.14
(2H, m), 4.93 - 5.04 (1H, m), 6.80 (1H, d), 7.94 (1H, dd), 8.06 (1H, dd), 8.16 (1H, d), 8.37
(1H, s), 8.56 (1H, d), 8.79 (1H, s). Mass Spectrum: m/z (ES+)[M+H]J+ = 501.

Example 13: NMR Spectrum: '"H NMR (300MHz, CDCl3) 6 1.93-2.01 (2H, m), 2.45-3.11
(10H, m), 3.51-3.71 (7H, m), 3.72-3.83 (1H, m), 3.93-4.15(2H, m), 4.21-4.29 (2H, m),
5.01-5.18 (1H, m), 6.50-6.59(1H, m), 7.77-7.89 (2H, m), 8.10-8.21(1H, m), 8.35 (1H, s),
8.55-8.59 (1H, m), 8.70 (1H, s). Mass Spectrum: m/z (ES+)[M+H]+ =473.

Example 14: NMR Spectrum: '"H NMR (300MHz, DMS0-d6) 6 1.7-1.9 (3H, m), 2.13 -

2.37 (8H, m), 2.62 - 2.72 (2H, m), 3.1-3.3 (1H, m), 3.35-3.55 (5H, m), 3.68 (1H, s), 3.91
(1H, s), 4.07 - 4.26 (3H, m), 4.90 (1H, s), 6.67 (1H, d), 7.73 - 8.04 (2H, m), 8.20 (1H, d),
8.44 (1H, s), 8.88 (1H, s). Mass Spectrum: m/z (ES+)[M+H[J+ = 491.

Example 15: NMR Spectrum: '"H NMR (300MHz, DMSO-d6) 6 1.73-1.87 (3H, m), 2.11-
2.23 (8H, m), 2.64-2.69 (1H, m), 2.79-2.83 (1H, m), 3.15-3.21 (1H, m), 3.37-3.44 (2H, m),
3.47 (3H, s), 3.63-3.79 (2H, m), 3.91 (1H, d), 4.09-4.22 (2H, m), 4.85-4.93 (1H, m), 6.65
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(1H, d), 7.83-7.90 (2H, m), 8.19 (1H, d), 8.43 (1H, s), 8.89 (1H, s). Mass Spectrum: m/z
(ESH[M+H]+ = 491.

Example 16: (Formic acid salt) NMR Spectrum: "H NMR (300MHz, DMSO-d6) & 1.79-
1.88 (3H, m), 2.13-2.26 (8H, m), 2.62-2.76 (1H, m), 2.82-2.87 (1H, m), 3.17-3.23 (1H, m),
3.37-3.45 (2H, m), 3.48 (3H, s), 3.62-3.79 (2H, m), 3.95 (1H, d), 4.15-4.25 (2H, m), 4.91-
4.99 (1H, m), 6.64 (1H, d), 7.88-7.97 (2H, m), 8.09 (1H, d), 8.17 (1H, s), 8.26 (1H, s), 8.56
(1H, d), 8.83 (1H, d). Mass Spectrum: m/z (ES+)[M+H]+ =473.

Example 17: NMR Spectrum: '"H NMR (300MHz, DMSO-d6) § 1.73-1.93 (3H, m), 2.10 —
2.30 (2H, m), 2.30 (6H, s), 2.60-2.80 (1H, m), 2.80-3.00 (1H, m), 3.20-3.50 (3H, m), 3.50
(3H, s), 3.60 — 3.80 (2H, m), 3.90-4.00 (1H, m), 4.10-4.40 (2H, m), 4.95 (1H, m), 6.64
(1H, d), 7.85-8.00 (2H, m), 8.10 (1H, d), 8.25 (1H, d), 8.57 (1H, d), 8.83 (1H, s). Mass
Spectrum: m/z (ES+)[M+H]+ = 473.

Example 18: NMR Spectrum: '"H NMR (300MHz, DMSO-d6) § 1.80-1.95 (1H, m), 2.22-
2.50 (7H, m), 2.81-2.86 (2H, m), 2.96-3.02 (3H, m), 3.21 (3H, s), 3.32 (1H, s), 3.39-3.43
(1H, m), 3.49 (3H, s), 3.67-3.79 (1H, m), 3.82-3.89 (2H, m), 5.08-5.11 (1H, m), 6.63-6.65
(1H, m), 7.88-7.91 (1H, m), 8.02-8.09 (2H, m), 8.35-8.35 (1H, m), 8.64-8.65 (1H, m), 8.84
(1H, s). Mass Spectrum: m/z (ES+)[M+H]+ = 473.

Example 19: NMR Spectrum: '"H NMR (300MHz, DMSO-d6) 6 1.69-1.90 (3H, m), 2.09-
2.23(8H, m), 2.58-2.85 (2H, m), 3.10-3.21 (1H, t), 3.35-3.45 (2H, m), 3.48 (3H, s), 3.60-
3.80 (2H, m), 3.88-3.95 (1H, d), 4.07-4.21 (2H, m),4.80-4.95 (1H, m), 6.60-6.67 (1H, d),
7.8-7.91 (2H, m), 8.12-8.22 (1H, d), 8.42 (1H, s), 8.87 (1H, s). Mass Spectrum: m/z
(ESH[M+H]+ = 491.

Example 20: NMR Spectrum: '"H NMR (300MHz, DMSO-d6) & 1.70-1.95 (3H, m), 2.05-
2.25 (2H, m), 2.30 (6H, s), 2.55-2.75 (1H, m), 2.75-2.92 (1H, m), 3.15-3.25 (1H, m), 3.30-
3.42 (2H, m), 3.50 (3H, s), 3.70-3.80 (1H, m), 3.80-3.90 (1H, m), 3.85-3.95 (1H, m), 4.05 -
4.25 (2H, m), 4.82-4.98 (1H, m), 6.64 (1H, d), 7.80-7.92 (2H, m), 8.18 (1H, d), 8.43 (1H,
s), 8.88(1H, s). Mass Spectrum: m/z (ES+)[M+H]+ = 491.
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Example 21: NMR Spectrum: '"H NMR (300MHz, DMSO-d6) & 1.87-1.93 (1H, m), 2.19-
2.28 (7H, m), 2.77-2.82 (2H, t), 2.90-3.02 (3H, m), 3.18-3.25 (4H, m), 3.32-3.48 (1H, m),
3.63-3.69 (3H, m), 3.74-3.86 (3H, m), 5.03 (1H, s), 6.61-6.64 (1H, d), 7.83-7.85 (2H, t),
8.25 (1H, s), 8.43 (1H, s), 8.86-8.87 (1H, d). Mass Spectrum: m/z (ES+)[M+H]+ = 491.

Example 22: (Mcthanesulfonic acid salt) NMR Spectrum: "H NMR (300MHz, McOH-d4)
51.90-2.04 (1H, m), 2.19 - 2.41 (3H, m), 2.69 (1H, m), 2.69 - 3.65 (4H, m), 2.94 (6H, s),
3.38 (3H, s), 3.59 (3H, s), 4.11 - 4.30 (4H, m), 4.37 - 4.51 (2H, m), 5.65 (1H, bs), 6.71
(1H, d), 7.93 (1H, d), 8.01 - 8.18 (2H, m), 8.39 (1H, s), 8.52 (1H, s), 8.81 (1H, s). Mass
Spectrum: m/z (ES+)[M+H]+ = 473.

Example 23: (Mcthanesulfonic acid salt) NMR Spectrum: '"H NMR (300MHz, McOH-d4)
&1.87-2.03 (1H, m), 2.30 (3H, m), 2.45 - 2.62 (1H, m), 2.64- 2.82 (4H, m), 2.94 (6H, s),
3.38 (3H, s), 3.59 (3H, s), 4.11 - 4.31 (4H, m), 4.37 - 4.50 (2H, m), 5.50 - 5.78 (1H, bs),
6.71 (1H, d), 7.93 (1H, d), 8.01 - 8.21 (2H, m), 8.39 (1H, s), 8.52 (1H, s), 8.80 (1H, s).
Mass Spectrum: m/z (ES+)[M+H]+ =473.

Example 24: (Free base) NMR Spectrum: 'H NMR (300MHz, McOH-d4) § 1.84 - 2.01
(2H, m), 2.16 - 2.28 (4H, m), 2.28 - 2.43 (3H, s), 2.71 - 2.89 (1H, m), 3.36 -3.48 (1H, m),
3.48 -3.68 (4H, s), 3.89-4.07 (3H, m), 4.13 - 4.27 (3H, m), 4.30 - 4.48 (1H, t), 4.98 - 5.16
(1H, m), 6.61 (1H, d), 7.94 (2H, d), 8.12 (1H, d), 8.34 (1H, d), 8.46 (1H, s), 8.74 (1H, s).
(Methanesulfonic acid salt) NMR Spectrum: '"H NMR (500MHz, DMSO-d6) 6 1.7 - 1.89
(2H, m), 2.08 - 2.2 (1H, m), 2.28 (3H, s), 2.61 - 2.75 (1H, m), 2.80 (6H, s), 3.40 (1H, td),
3.48 (3H, s), 3.93 (1H, d), 4.08 - 4.26 (5H, m), 4.24 - 4.33 (2H, m), 4.9 - 5.02 (1H, m),
6.68 (1H, d), 7.92 (1H, dd), 8.06 (1H, dd), 8.12 (1H, d), 8.29 (1H, d), 8.61 (1H, dd), 8.87
(1H, s), 10.22 (1H, s). Mass Spectrum: m/z (ES+)[M+H]+ = 459.

Example 25: (Free base) NMR Spectrum: 'H NMR (400MHz, CDCl3) § 1.38 - 1.53 (2H,
m), 2.12 (2H, d), 2.34 (6H, s), 2.37 (2H, s), 2.68 - 2.83 (2H, m), 3.35 - 3.43 (2H, m), 3.45
(3H, s), 3.59 (3H, s), 4.03 (2H, t), 4.21 (2H, t), 4.86 (1H, s), 6.48 (1H, d), 7.76 - 7.85 (2H,
m), 8.18 - 8.25 (2H, m), 8.53 (1H, d), 8.69 (1H, s) (Methanesulfonic acid salt) NMR



10

15

20

25

30

WO 2017/076898 PCT/EP2016/076416

79

Spectrum: 'H NMR (300MHz, MeOH-d4) § 1.36 - 1.55 (2H, m), 2.14 (2H, d), 2.34 (2H,
d), 2.60 - 2.79 (5H, m), 2.90 (6H, s), 3.32 - 3.46 (4H, m), 3.58 (3H, s), 4.12 - 4.28 (3H, m),
436 -4.49 (2H, m), 4.93 - 5.03 (1H, m), 6.74 (1H, d), 7.94 (1H, dd), 8.08 (1H, dd), 8.16
(1H, d), 8.36 (1H, s), 8.54 (1H, d), 8.81 (1H, s). Mass Spectrum: m/z (ES+)[M+H]+ = 487.

Example 26: (Free base) NMR Spectrum: 'H NMR (500MHz, DMSO-d6) & 1.79 — 2.00
(2H, m), 2.13 (6H, s), 2.40 - 2.48 (2H, m), 3.07 (2H, pd), 3.22 (1H, ddd), 3.48 (3H, s), 3.78
(2H, dd), 3.95 - 4.18 (2H, m), 5.47 (1H, q), 6.54 (1H, dd), 7.87 (1H, dd), 8.00 (1H, dd),
8.06 (1H, d), 8.33 (1H, d), 8.58 (1H, dd), 8.82 (1H, s). (Methanesulfonic acid salt) NMR
Spectrum: "H NMR (500MHz, DMS0-d6) 6 1.79 - 2.07 (2H, m), 2.29 (3H, s), 2.40 - 2.47
(2H, m), 2.78 (6H, s), 3.07 (2H, pd), 3.49 (3H, s), 4.14 (3H, d), 4.2 - 4.38 (2H, m), 5.49
(1H, s), 6.52 - 6.85 (1H, m), 7.90 (1H, dd), 8.03 - 8.19 (2H, m), 8.35 (1H, d), 8.65 (1H,
dd), 8.85 (1H, s). Mass Spectrum: m/z (ES+)[M+H]J+ = 429.

Example 27: (Formic acid salt) NMR Spectrum: "H NMR (300MHz, D20) & 1.31-1.60
(2H, m), 1.60-1.75 (1H, m), 1.75-2.11 (1H, m), 2.68 (6H, s), 3.15 (3H, s), 3.20-3.41 (1H,
m), 3.45-3.68 (1H, m), 3.85-3.92 (2H, m), 3.92-4.01 (4H, m), 4.02-4.14 (2H, m), 6.12 (1H,
d), 6.78-7.05 (3H, m), 7.16 (1H, d), 7.40 (1H, s), 8.11 (1H, s) 8.33 (1H, s). Mass Spectrum:
m/z (ES+)[M+H]+ = 459.

Example 28: NMR Spectrum: '"H NMR (300MHz, MeOH-d4) 6 1.90 - 2.10 (2 H, m), 2.28
(6H, s), 2.81 - 3.02 (2H, m), 3.32 - 3.43 (1H, m), 3.57 - 3.76 (5H, m), 3.85 - 4.06 (2H, m),

4.14-4.27 (4H, m), 5.12 - 5.30 (1H, m), 6.64 (1H, d), 7.94 (1H, d), 8.05 (1H, d), 8.15 (1H,
d), 8.46 - 8.55 (2H, m), 8.80 (1H, s). Mass Spectrum: m/z (ES+)[M+H]+ = 459.

Example 29: NMR Spectrum: '"H NMR (300MHz, MeOH-d4) 6 1.90 - 2.02 (1H, m), 2.25 -
2.40 (9H, m),2.49 - 2.60 (1H, m), 2.57 - 2.73 (1H, m), 3.33 - 3.35 (4H, m), 3.59 (3H, s),
3.94 (2H, dd), 4.15 - 4.24 (3H, m), 5.60 (1H, t), 6.62 (1H, d), 7.80 (1H, d), 7.90 (1H, d),
8.30 - 8.36 (2H, m), 8.81 (1H, s). Mass Spectrum: m/z (ES+)[M+H]+ = 491.

Example 30: NMR Spectrum: "H NMR (300MHz, McOH-d4) 6 1.92 - 1.98 (1H, m), 2.24 -
2.33 (3H, m), 2.40 (6H, s), 2.48 - 2.60 (1H, m), 2.62 - 2.67 (1H, m), 3.35 (3H, s), 3.49 -
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3.53 (1H, m), 3.59 (3H, s), 3.99 (2H, dd), 4.15 - 4.17 (1H, m), 4.24 (1H, t), 5.55 - 5.63
(1H, m), 6.62 (1H, dd), 7.83 (1H, d), 7.92 (1H, dt), 8.33(1H, d), 8.37 (1H, t), 8.81 (1H, s).
Mass Spectrum: m/z (ES+)[M+H]+ =491.

Example 31: NMR Spectrum: "H NMR (400MHz, CDCl3) § 2.33 (6H, s), 2.85-3.00 (2H,
m), 3.04-3.22 (2H, m), 3.29 (3H, s), 3.33-3.50 (1H, m), 3.57 (3H, s), 3.75-4.00 (1H, m),
4.00-4.15 (2H, m), 4.15-4.30 (2H, m), 4.71-5.00 (1H, m), 6.35-6.50 (1H, d), 7.60-7.91 (2H,
m), 8.12-8.30 (1H, m), 8.43 (1H, s), 8.68 (1H, s). Mass Spectrum: m/z (ES+)[M+H]+ =
477.

Example 32: NMR Spectrum: "H NMR (400MHz, CDCI3) 6 1.59 (2H, td), 1.88 - 2.09 (4H,
m), 2.17 - 2.31 (2H, m), 2.34 (6H, s), 2.48 - 2.63 (1H, m), 2.73 (1H, ddd), 2.93 (3H, td),
3.37 (3H, s), 3.58 (3H, s), 4.19 (1H, dd), 4.44 (2H, d), 5.49 - 5.66 (1H, m), 6.80 (1H, d),
7.81 (2H, td), 8.18 (1H, d), 8.30 (1H, d), 8.56 (1H, d), 8.66 (1H, s). Mass Spectrum: m/z
(ESH)[M+H]+ = 501.

Example 33: NMR Spectrum: "H NMR (400MHz, CDCl3) 6 1.58 (2H, qd), 1.89 - 2.04
(4H, m), 2.34 (8H, s), 2.51 (1H, dddd), 2.73 (1H, ddd), 2.93 (3H, td), 3.37 (3H, s), 3.58
(3H, s), 4.19 (1H, dd), 4.44 (2H, d), 5.5 - 5.68 (1H, m), 6.80 (1H, d), 7.81 (2H, td), 8.18
(1H, d), 8.30 (1H, d), 8.56 (1H, d), 8.66 (1H, s). Mass Spectrum: m/z (ES+)[M+H]J+ = 501.

Example 34: (Formic acid salt) NMR Spectrum: "H NMR (300MHz, DMSO-dé6) & 1.35-
1.55 (2H, m), 1.85-2.00 (4H, m), 2.10-2.20 (1H, m), 2.31 (6H, s), 2.50-2.60 (1H, m), 2.60-
2.80 (1H, m), 2.89 (2H, t), 3.35-3.45 (1H, m), 3.45 (3H, s), 3.90-3.98 (1H, m), 4.10-4.30
(2H, m), 4.40-4.50 (2H, m), 4.88-5.2 (1H, m), 7.01 (1H, d), 7.85-8.00 (2H, m), 8.10 (1H,
d), 8.21 (1H, s), 8.26 (1H, s), 8.60 (1H, s), 8.83 (1H, s). Mass Spectrum: m/z
(ESH[M+H]+ = 487.

Example 35: (Formic acid salt) NMR Spectrum: "H NMR (300MHz, DMSO-dé6) & 1.35-
1.55 (2H, m), 1.85-2.00 (4H, m), 2.10-2.20 (1H, m), 2.31 (6H, s), 2.50-2.80 (2H, m), 2.89
(2H, t), 3.35-3.45 (1H, m), 3.45 (3H, s), 3.90-3.98 (1H, m), 4.10-4.30 (2H, m), 4.40-4.50
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(2H, m), 4.88-5.2 (1H, m), 7.01 (1H, d), 7.85-8.00 (2H, m), 8.10 (1H, d), 8.24 (1H, s), 8.28
(1H, s), 8.60 (1H, s), 8.83 (1H, s). Mass Spectrum: m/z (ES+)[M+H]+ = 487.

Example 36: NMR Spectrum: '"H NMR (300MHz, DMSO-d6) & 1.34-1.43 (2H, m), 1.82-
1.86 (2H, m), 2.20 (6H, s), 2.33-2.37 (1H, m), 2.77-3.05 (6H, m), 3.23 (3H, s), 3.49 (3H,
s), 3.84-3.89 (1H, m), 4.38-4.42 (2H, d), 5.08-5.14 (1H, t), 6.98-7.01 (1H, d), 7.87-8.08
(3H, m), 8.35-8.36 (1H, d), 8.64-8.65 (1H, d), 8.82 (1H, s). Mass Spectrum: m/z
(ESH)[M+H]+ = 487

Example 37: (Mcthanesulfonic acid salt) NMR Spectrum: "H NMR (400MHz, CDCls) &
1.46 - 1.63 (2H, m), 1.8 - 1.98 (2H, m), 2.01 (2H, s), 2.29 (3H, s), 2.34 - 2.39 (1H, m), 2.45
-2.48 (1H, m), 2.52 - 2.54 (1H, m), 2.59 - 2.8 (6H, m), 2.90 (2H, t), 3.01 - 3.15 (2H, m),
3.50 (3H, s), 4.55 (2H, d), 5.50 (1H, p), 7.08 (1H, d), 7.91 (1H, dd), 8.06 (1H, dd), 8.09
(1H, d), 8.37 (1H, d), 8.66 (1H, d), 8.85 (1H, s), 9.36 (1H, s). Mass Spectrum: m/z
(ESH)[M+H]+ = 457

Example 38: NMR Spectrum: '"H NMR (500MHz, DMSO-d6) 6 1.38 (2H, qd), 1.84 (2H,
d), 2.20 (6H, s), 2.36 (1H, ddd), 2.8 - 2.98 (2H, m), 3.54 (3H, s), 4.40 (2H, d), 5.01 - 5.13
(2H, m), 5.27 (2H, t), 6.19 (1H, p), 6.99 (1H, d), 7.96 (1H, dd), 8.04 (1H, dd), 8.11 (1H, d),
8.45 (1H, d), 8.67 (1H, d), 8.90 (1H, s). Mass Spectrum: m/z (ES+)[M+H]J+ = 459

Example 39: NMR Spectrum: '"H NMR (300MHz, DMSO-d6) & 1.29-1.45 (2H, m), 1.80-
1.98 (4H, m), 2.15-2.25 (6H, m), 2.31-2.45 (1H, m), 2.67-2.78 (2H, m), 2.81-2.98 (2H, m),
3.51 (3H, s), 3.53-3.65 (2H, m), 3.98-4.15 (2H, m), 4.35-4.44 (2H, m), 5.04-5.21 (1H, m),
6.90-7.04 (1H, m), 7.89-7.98 (1H, m), 8.01-8.04 (1H, m), 8.04-8.15 (1H, m), 8.31-8.51
(1H, m), 8.61-8.70 (1H, m), 8.85 (1H, s). Mass Spectrum: m/z (ES+)[M+H]+ = 487.

Example 40: (Formic acid salt) NMR Spectrum: '"H NMR (300MHz, McOH-d4) 6 1.55-
1.71 (2H, m), 1.88-1.96 (2H,m), 2.06-2.15 (2H, m), 2.19-2.30 (1H, m), 2.60 (6H,s), 2.72-
3.06 (4H, m), 3.50-3.60 (4H, m), 3.98-4.05 (1H, d), 4.17-4.23 (1H,d), 4.32-4.42 (1H, 1),
4.53-4.65 (2H, d), 4.95-5.17 (1H, m), 7.04-7.07 (1H, d), 7.81-7.85 (1H, d), 7.92-7.96 (1H,
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d), 8.33 (1H, d), 8.46 (1H,s), 8.56 (1H, s), 8.81 (1H, s). Mass Spectrum: m/z (ES+)[M+H]+
=505.

Example 41: NMR Spectrum: '"H NMR (300MHz, DMSO-d6) 1.30-1.50 (2H, m), 1.70-
1.90 (4H, m), 2.10-2.25 (1H, m), 2.19 (6H, s), 2.30-2.42 (1H, m), 2.60-2.75 (1H, m), 2.82-
2.98 (2H, m), 3.30-3.40 (1H, m), 3.48 (3H, s), 3.85-3.95 (1H, m), 4.10-4.25 (2H, m), 4.35-
4.50 (2H, m), 4.82-4.97 (1H, m), 7.00 (1H, d), 7.83-7.93 (2H, m), 8.20 (1H, d), 8.45 (1H,
s), 8.86 (1H, s), Mass Spectrum: m/z (ES+)[M+H]+ = 505.

Example 42: NMR Spectrum: '"H NMR (400MHz, DMSO-d6) 6 1.38 (2H, qd), 1.85 (2H,
d), 2.20 (6H, s), 2.36 (1H, ddd), 2.73 - 2.84 (2H, m), 2.85 - 3.04 (4H, m), 3.19 (3H, s), 3.48
(3H, s), 3.83 (1H, p), 4.40 (2H, d), 5.03 (1H, p), 6.98 (1H, d), 7.78 - 7.89 (2H, m), 8.28
(1H, d), 8.45 (1H, s), 8.85 (1H, s). Mass Spectrum: m/z (ES+)[M+H]+ = 505.

Example 43: NMR Spectrum: 'H NMR (300MHz, DMSO0-d6) 6 1.50-1.70 (1H, m), 1.70-
2.00 (2H, m), 2.10-2.25 (1H, m), 2.70-3.05 (10H, m), 3.05-3.15 (1H, m), 3.18 (3H, s),
3.25-3.45 (2H, m), 3.48 (3H, s), 3.80-3.90 (1H, m), 4.00-4.15 (1H, m), 4.55 (1H, t), 4.90-
5.10 (1H,m), 7.10 (1H, d), 7.78 (1H, d), 7.80-8.00 (1H, m), 8.35 (1H, d), 8.50 (1H, s), 8.85
(1H, s). Mass Spectrum: m/z (ES+)[M+H]+ = 505.

Example 44: (Free base) NMR Spectrum: 'H NMR (300MHz, CDCl3) 6 1.59 - 1.72 (2H,
m), 1.78 (2H, d), 2.15 - 2.44 (3H, m), 2.45 - 2.51 (1H, m), 2.56 (6H, s), 2.84 (2H, bs), 3.17
—3.40 (4H, m), 3.46 - 3.67 (6H, m), 3.71 - 3.85 (1H, m), 3.93 (1H, dd), 4.92 (1H, bs), 6.54
(1H, d), 7.78 (1H, dd), 7.85 - 7.95 (1H, m), 8.20 (1H, d), 8.53 (1H, s), 8.58 - 8.65 (1H, m),
8.70 (1H, s). (Methanesulfonic acid salt) NMR Spectrum: 'H NMR (300MHz, MeOH-d4) &
1.57 - 1.82 (4H, m), 2.21 (2H, dd), 2.28 - 2.43 (1H, m), 2.62 - 2.93 (4H, m), 2.71 (3H, s),
3.00 (6H, s), 3.18 - 3.24 (2H, m), 3.49 - 3.65 (5H, m), 3.69 - 3.90 (2H, m), 3.96 - 4.13 (2H,
m), 4.88-4.92 (1H, m), 6.76 (1H, d), 7.83 (1H, dd), 8.01 (1H, dd), 8.08 (1H, d),8.18-8.51
(1H, m), 8.52 (1H, d), 8.76 (1H, s). Mass Spectrum: m/z (ES+)[M+H]+ = 501.

Example 45: (Free base) NMR Spectrum: '"H NMR (300MHz, McOH-d4) 6 1.25 - 1.40
(1H, m), 1.42 - 1.65 (3H, m), 1.97 - 2.07 (4H, m), 2.17 - 2.28 (1H, m), 2.37 (6H, s), 2.39 -
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2.63 (4H, m), 2.85 - 3.01 (2H, m), 3.39 (3H, 5),3.39-3.51 (1H, m), 3.56 (3H, s), 4.42 - 4.54
(2H, m), 4.86 - 4.93 (1H, m), 6.99 (1H, d), 7.87 (1H, dd), 7.93 (1H, dd), 8.10 (1H, d), 8.27
(1H, s), 8.49 (1H, d), 8.74 (1H, s). (Methanesulfonic acid salt) NMR Spectrum: 'H NMR
(300MHz, MeOH-d4) 1.22 - 1.37 (1H, m), 1.46 - 1.66 (1H, m), 1.67 - 1.87 (2H, m), 2.01 -
2.12 (2H, m), 2.17 - 2.29 (3H, m), 2.35 - 2.59 (3H, m), 2.71 (3H, s), 2.93 (6H, s), 2.94 -
3.12 (2H, m), 3.40 (3H, s), 3.42 - 3.58 (2H, m), 3.60 (3H, s), 4.66 (2H, d), 4.87 - 4.93 (1H,
m), 7.10 (1H, d), 7.97 - 8.12 (2H, m), 8.17 (1H, d), 8.37 (1H, s), 8.56 (1H, d), 8.91 (1H, s).
Mass Spectrum: m/z (ES+)[M+H]+=515.

Example 46: (Free base) NMR Spectrum: "H NMR (300MHz, McOH-d4) & 1.30 (1H, m,
1.53 (3H, m), 2.04 (4H, dd), 2.22 (1H, d), 2.37 (6H, s), 2.38 - 2.35 (4H, m), 2.93 (2H, m),
3.39 (4H, m), 3.56 (3H, s), 4.43 - 4.54 (2H, d), 4.89 (1H, m), 6.99 (1H, d), 7.90 (2H, m),
8.10 (1H, d), 8.27 (1H, s), 8.49 (1H, s), 8.74 (1H, s). (Methanesulfonic acid salt) NMR
Spectrum: "H NMR (300MHz, McOH-d4) 1.25 - 1.40 (1H, m), 1.55 (1H, m), 1.76 (2H, m),
2.05(2H, d), 2.16 - 2.26 (3H, m), 2.44 (3H, m), 2.71 (3H, s), 2.93 (6H, s),2.97 - 3.05 (2H,
t), 3.49 (8H, m), 4.64 (2H, d), 4.90 (1H, m),7.06 (1H, d), 7.92 (1H, dd), 8.09 (1H, d),8.11
(1H, d), 8.28 (1H, s), 8.53 (1H, s), 8.77 (1H, s). Mass Spectrum: m/z (ES+)[M+H]+ = 515.

Example 47: (Free base) NMR Spectrum: "H NMR (300MHz, McOH-d4) § 1.26 - 1.37
(1H, m), 1.47 - 1.67 (1H, m), 1.91 - 2.02 (2H, m), 2.02 - 2.12 (2H, m), 2.17 - 2.28 (1H, m),
2.29-2.39 (1H, m), 2.40 (6H, s), 2.44 - 2.51 (3H, m), 2.95 - 3.07 (1H, m), 3.44 (3H, s),
3.44-3.63 (2H, m), 3.63 (3H, s), 3.71 - 3.83 (1H, m), 3.83 - 3.93 (1H, m), 4.90 - 4.96 (1H,
m), 6.71 (1H, d), 7.85 - 8.03 (2H, m), 8.13 (1H, dd), 8.31 (1H, s), 8.47 (1H, t), 8.72 - 8.80
(1H, m). (Methanesulfonic acid salt) NMR Spectrum: '"H NMR (300MHz, McOH-d4) 5
1.27-1.38 (1H, m), 1.46 - 1.62 (1H, m), 2.01 - 2.12 (2H, m), 2.16 - 2.39 (2H, m), 2.36 -
2.53 (3H, m), 2.55-2.67 (1H, m), 2.71 (3H, s), 2.92 (6H, s), 3.39 (3H, s), 3.40 - 3.52 (1H,
m), 3.54 - 3.59 (1H, m), 3.59 (3H, s), 3.62 - 3.75 (1H, m), 3.78 - 4.00 (2H, m), 3.99 - 4.11
(1H, m), 4.89 - 5.02 (1H, m), 6.79 (1H, d), 7.92 (1H, dd), 8.03 (1H, dd), 8.14 (1H, d), 8.33
(1H, s), 8.54 (1H, d), 8.79 (1H, s). Mass Spectrum: m/z (ES+)[M+H]+ = 501.

Example 48: (Free base) NMR Spectrum: 'H NMR (300MHz, MeOH-d4) & 1.30 (1H, m),
1.44 -1.65 (1H, m), 1.85 - 2.11 (3H, m), 2.33 (1H, m), 2.33 — 2.50 (9H, m), 22.95 (1H, m),
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3.29 (1H, m), 3.33 (1H, d), 3.39 (3H, s), 3.40 - 3.52 (2H, m), 3.54 (3H, s), 3.66 - 3.77 (1H,
m), 3.83 (1H, m), 4.85 (1H, s), 6.64 (1H, d), 7.86 (2H, m, 8.07 (1H, d), 8.22 (1H, 5), 8.42
(1H, dd), 8.70 (1H, s). (Methanesulfonic acid salt) NMR Spectrum: 'H NMR (300MHz,
MeOH-d4) 1.31 (1H, m), 1.53 (1H, m), 1.99 - 2.11 (2H, m), 2.21 (1H, d), 2.26 - 2.53 (4H,
m), 2.71 (4H, m), 3.03 (6H, s), 3.39 (4H, m), 3.59 (4H, m), 3.69 - 3.93 (2H, m), 4.02 - 4.18
(2H, m), 4.95 (1H, s), 6.80 (1H, d), 7.93 (1H, dd), 8.03 (1H, dd), 8.13 (1H, d), 8.32 (1H, s),
8.53 (1H, s), 8.80 (1H, s). Mass Spectrum: m/z (ES+)[M+H]J+ = 501.

Example 49: (Free base) NMR Spectrum: '"H NMR (300MHz, MeOH-d4) & 1.20 - 1.39
(1H, m), 1.44 - 1.64 (1H, m), 1.98 - 2.11 (2H, m), 2.15 - 2.27 (1H, m), 2.30 (6H, s), 2.35 -
2.51 (3H, m), 3.35-3.41 (1H, m), 3.38 (3H, s), 3.41 - 3.52 (1H, m), 3.56 (3H, bs), 3.94 (2H,
dd), 4.20 (2H, t), 491 - 4.96 (1H, m), 6.60 (1H, d), 7.85 (1H, dd), 7.94 (1H, dd), 8.09 (1H,
dd), 8.25 (1H, s), 8.43 (1H, s), 8.73 (1H, s). (Methanesulfonic acid salt) NMR Spectrum:
'HNMR (300MHz, McOH-d4) 1.26 - 1.40 (1H, m), 1.45 - 1.60 (1H, m), 1.99 - 2.11 (2H,
m), 2.21 (1H, d), 2.45 - 2.53 (3H, m), 2.70 (3H, s), 2.94 (6H, s), 3.39 (3H, s), 3.41 - 3.53
(1H, m), 3.60 (3H, s), 4.21 - 4.28 (3H, m), 4.38 - 4.51 (2H, m), 4.93 - 4.99 (1H, m), 6.74
(1H, dd), 7.95 (1H, dd), 8.07 (1H, dd), 8.16 (1H, d), 8.35 (1H, s), 8.55 (1H, d), 8.83 (1H,
8). Mass Spectrum: m/z (ES+)[M+H]+ = 487.

Example 50: (Free base) NMR Spectrum: '"H NMR (300MHz, MeOH-d4) & 1.29 (1H, m),
1.43-1.60 (1H, m), 1.96 - 2.10 (2H, m), 2.21 (1H, d), 2.34 — 2.45 (9H, m), 3.31 — 3.50
(5H, m), 3.55 (3H, s), 3.97 (2H, m), 4.16 - 4.28 (2H, m), 4.89 (1H, m), 6.60 (1H, dd), 7.89
(2H, dd), 8.08 (1H, d), 8.20 - 8.27 (1H, d), 8.43 (1H, dd), 8.72 (1H, s). Methanesulfonic
acid salt) NMR Spectrum: 'H NMR (300MHz, MeOH-d4) 1.31 (1H, m), 1.44 - 1.60 (1H,
m), 1.98 - 2.11 (2H, m), 2.21 (1H, d), 2.44 (3H, m), 2.69 (3H, s), 2.91 (6H, s), 3.39 (4H,
m), 3.59 (3H, s), 4.12 - 4.29 (3H, m), 4.36 - 4.49 (2H, m), 4.96 (1H, m), 6.73 (1H, dd),
7.92 (1H, dd), 8.01 - 8.19 (2H, m), 8.33 (1H, s), 8.53 (1H, dd), 8.80 (1H, s). Mass
Spectrum: m/z (ES+)[M+H]+ = 487.

Example 51: (Free base) NMR Spectrum: '"H NMR (300MHz, MeOH-d4) & 1.49 (1H, s),
178 - 1.83 (1H, m), 1.89 (1H, d), 1.91 - 2.06 (2H, m), 2.15 (1H, d), 2.30 - 2.43 (9H, m),
250 -2.61 (1H, m), 2.76 - 2.87 (1H, m), 2.94 - 3.07 (1H, m), 3.41 (3H, 5), 3.46 - 3.56 (1H,
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m), 3.58 (3H, s), 3.77 (1H, t), 3.81 - 3.92 (2H, m), 5.31 - 5.42 (1H, m), 6.70 (1H, d), 7.93
(1H, dd), 8.03 (1H, dd), 8.13 (1H, d), 8.56 (2H, dd), 8.75 (1H, s). (Methanesulfonic acid
salt) NMR Spectrum: 'H NMR (300MHz, MeOH-d4) 1.48 (1H, t), 1.76 - 1.91 (2H, m),
1.98 (1H, d), 2.13 (1H, d), 2.25 - 2.44 (2H, m), 2.46 - 2.58 (1H, m), 2.57 - 2.67 (1H, m),
2.71 (3H, s), 2.76 - 2.87 (1H, m), 3.02 (6H, s), 3.41 (3H, s), 3.57 (3H, s), 3.59 - 3.68 (1H,
m), 3.69 - 3.93 (3H, m), 4.01 - 4.15 (2H, m), 5.27 - 5.42 (1H, m), 6.78 (1H, d), 7.95 (1H,
dd), 8.07 (1H, dd), 8.13 (1H, d), 8.60 (2H, dd), 8.78 (1H, s). Mass Spectrum: m/z
(ESH[M+H]+ = 501.

Example 52: (Free base) NMR Spectrum: '"H NMR (300MHz, MeOH-d4) & 1.50 (1H, t),
1.78 -1.93 (2H, m), 1.91 - 2.08 (2H, m), 2.15 (1H, d), 2.31 — 2.40 (9H, m), 2.50 - 2.62
(1H, m), 2.81 —2.85 (1H, m), 3.00 (1H, p), 3.41 (3H, s), 3.46 - 3.58 (1H, m), 3.58 (3H, s),
3.77 (1H, t), 3.81 - 3.93 (2H, m), 5.37 (1H, t), 6.70 (1H, d), 7.93 (1H, dd), 8.03 (1H, dd),
8.13 (1H, d), 8.56 (2H, dd), 8.75 (1H, s). (Methanesulfonic acid salt) NMR Spectrum: 'H
NMR (300MHz, MecOH-d4) 1.49 (1H, t), 1.76 - 1.91 (2H, m), 1.99 (1H, d), 2.13 (1H, d),
2.28 -2.44 (2H, m), 2.47 - 2.60 (1H, m), 2.60 - 2.69 (1H, m), 2.71 (3H, s), 2.76 - 2.89 (1H,
m), 3.02 (6H, s), 3.41 (3H, s), 3.58 (3H, s), 3.59 - 3.68 (1H, m), 3.69 - 3.94 (3H, m), 4.01 -
4.17 (2H, m), 5.28 - 5.43 (1H, m), 6.79 (1H, d), 7.97 (1H, dd), 8.08 (1H, dd), 8.14 (1H, d),
8.62 (2H, t), 8.80 (1H, s). Mass Spectrum: m/z (ES+)[M+H]+ = 501.

Example 53: (Free base) NMR Spectrum: '"H NMR (300MHz, MecOH-d4) & 1.28 - 1.33
(1H, m), 1.47 - 1.61 (3H, m), 1.73 - 1.92 (2H, m), 2.02 (3H, t), 2.16 (1H, d), 2.30 - 2.42
(6H, m), 2.48 - 2.62 (2H, m), 2.81 - 2.86 (1H, m), 2.95 (2H, t), 3.44 (3H, s), 3.59 (3H, s),
3.84 (1H, s), 4.52 (2H, d), 5.36 (1H, t), 7.02 (1H, d), 7.94 (1H, dd), 8.03 (1H, dd), 8.13
(1H, d), 8.62 (2H, dd), 8.76 (1H, s). (Methanesulfonic acid salt) NMR Spectrum: '"H NMR
(300MHz, MeOH-d4) 1.41 - 1.56 (1H, m), 1.67 - 1.84 (4H, m), 1.99 (1H, d), 2.18 (3H, t),
2.36 (1H, d), 2.45-2.62 (1H, m), 2.71 (3H, s), 2.79 - 2.88 (1H, m), 2.92 (6H, s), 3.01 (2H,
t), 3.44 (3H, s), 3.47 - 3.56 (1H, m), 3.59 (3H, s), 3.85 (1H, s), 4.67 (2H, d), 5.30 - 5.45
(1H, m), 7.07 (1H, d), 7.97 - 8.10 (2H, m), 8.15 (1H, d), 8.67 (2H, dd), 8.84 (1H, s). Mass
Spectrum: m/z (ES+)[M+H]+ = 515.
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Example 54: (Free base) NMR Spectrum: '"H NMR (400MHz, McOH-d4) & 1.46 - 1.61
(3H, m), 1.73 - 1.83 (1H, m), 1.87 (1H, d), 1.94 - 2.07 (3H, m), 2.16 (1H, d), 2.30 - 2.35
(1H, m), 2.38 (6H, s), 2.48 - 2.61 (2H, m), 2.82 - 2.87 (1H, m), 2.94 (2H, t), 3.43 (3H, s),
3.58 (3H, s), 3.84 (1H, s), 4.52 (2H, d), 5.35 (1H, t), 7.00 (1H, d), 7.93 (1H, dd), 8.01 (1H,
dd), 8.12 (1H, d), 8.60 (2H, dd), 8.75 (1H, s). (Methanesulfonic acid salt) NMR Spectrum:
'H NMR (300MHz, MeOH-d4) 1.41 - 1.57 (1H, m), 1.65 - 1.92 (4H, m), 1.98 (1H, d), 2.17
(3H, 1), 2.35 (1H, d), 2.46 - 2.62 (1H, m), 2.71 (3H, s), 2.79 - 2.88 (1H, m), 2.92 (6H, s),
3.01 (2H, t), 3.43 (3H, s), 3.51 (1H, s), 3.58 (3H, s), 3.84 (1H, s), 4.67 (2H, d), 5.27 - 5.43
(1H, m), 7.06 (1H, d), 7.97 (1H, dd), 8.05 (1H, dd), 8.13 (1H, d), 8.64 (2H, dd), 8.80 (1H,
s). Mass Spectrum: m/z (ES+)[M+H]+ = 515.

Example 55: (Free base) NMR Spectrum: '"H NMR (400MHz, MeOH-d4) & 1.51 (1H, t),
1.75-1.91 (2H, m), 2.00 (1H, d), 2.14 (1H, d), 2.29 (6H, s), 2.34 (1H, d), 2.49 - 2.61 (1H,
m), 2.74 - 2.89 (1H, m), 3.33 - 3.39 (1H, m), 3.40 (3H, s), 3.59 (3H, s), 3.83 (1H, s), 3.94
(2H, dd), 4.22 (2H, dd), 5.30 - 5.41 (1H, m), 6.64 (1H, d), 7.92 (1H, dd), 8.05 (1H, dd),
8.14 (1H, d), 8.53 (1H, s), 8.58 (1H, s), 8.76 (1H, s). (Methanesulfonic acid salt) NMR
Spectrum: 'H NMR (300MHz, McOH-d4) 1.47 (1H, t), 1.75 - 1.90 (2H, m), 1.98 (1H, d),
2.13 (1H, d), 2.32 (1H, d), 2.44 - 2.61 (1H, m), 2.70 (3H, s), 2.76 - 2.88 (1H, m), 2.92 (6H,
s), 3.40 (3H, s), 3.57 (3H, s), 3.78 - 3.87 (1H, m), 4.13 - 429 (3H, m), 4.36 - 4.50 (2H, m),
524 -5.40 (1H, m), 6.72 (1H, d), 7.94 (1H, dd), 8.09 (1H, dd), 8.13 (1H, d), 8.55 - 8.64
(2H, m), 8.79 (1H, s). Mass Spectrum: m/z (ES+)[M+H]+ = 487.

Example 56: (Free base) NMR Spectrum: '"H NMR (400MHz, McOH-d4) & 1.44 - 1.55
(1H, m), 1.77 - 1.92 (2H, m), 2.00 (1H, d), 2.14 (1H, d), 2.30 (6H, s), 2.32 - 2.38 (1H, m),
2.56 (1H, t), 2.76 - 2.87 (1H, m), 3.34 - 3.39 (1H, m), 3.40 (3H, s), 3.59 (3H, s), 3.83 (1H,
s), 3.94 (2H, dd), 4.22 (2H, t), 5.30 - 5.42 (1H, m), 6.64 (1H, d), 7.93 (1H, dd), 8.05 (1H,
dd), 8.14 (1H, d), 8.53 (1H, d), 8.58 (1H, d), 8.77 (1H, s). (Methanesulfonic acid salt) NMR
Spectrum: "H NMR (300MHz, McOH-d4) 1.40 - 1.56 (1H, m), 1.75 - 1.88 (2H, m), 1.99
(1H, d), 2.13 (1H, d), 2.34 (1H, d), 2.46 - 2.62 (1H, m), 2.70 (3H, s), 2.77 - 2.89 (1H, m),
2.95 (6H, s), 3.40 (3H, s), 3.58 (3H, 5), 3.79 - 3.87 (1H, m), 4.18 - 4.31 (3H, m), 4.38 -
4.51 (2H, m), 5.27 - 5.42 (1H, m), 6.73 (1H, d), 7.98 (1H, dd), 8.11 (1H, dd), 8.15 (1H, d),
8.62 (2H, s), 8.82 (1H, s). Mass Spectrum: m/z (ES+)[M+H]+ = 487.
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The preparation of the fluoropyridyl intermediates required for Examples 6 — 56 arc

described below:

Intermediate DO: 8-(6-Fluoropyridin-3-yl)-3-methyl-1-(oxan-4-yl)imidazo[5,4-

c]quinolin-2-one

Monopalladium(IV) disodium tetrachloride (0.975 g, 3.31 mmol) was added to 8-bromo-3-
methyl-1-(oxan-4-yl)imidazo[5,4-c]quinolin-2-one (60.0 g, 165.64 mmol), (6-
fluoropyridin-3-yl)boronic acid (25.7 g, 182.21 mmol), K2CO3 (68.7 g, 496.93 mmol) and
3-(di-tert-butylphosphino)propane-1-sulfonic acid (0.445 g, 1.66 mmol) in 1,4-dioxane
(400 mL) and water (100 mL) at ambient temperature under air. The resulting mixture was
stirred at 80°C for 16 h. The reaction mixture was diluted with water and the precipitate
collected by filtration, washed with water (200 mL) and dried under vacuum. The resulting
solid was dissolved with DCM (18 L) and the mixture filtered through celite to remove
Palladium residues. The solvent was removed under reduced pressure to afford the desired
material (60.0 g, 96 %) as a white solid, which was used without further purification.
NMR Spectrum: 'H NMR (400MHz, CDCl3) § 1.85-2.01 (2H, m), 2.86-3.02 (2H, m),
3.57-3.68 (5H, m), 4.16-4.31 (2H, m), 5.11 (1H, t), 6.98-7.19 (1H, m), 7.83 (1H, dd), 8.16
(1H, td), 8.30 (1H, dd), 8.50 (1H, s), 8.60 (1H, s), 8.77 (1H, s).

Mass Spectrum: m/z (ES+)[M+H]+ = 379.2

The following intermediates were prepared in an analogous fashion from the appropriate

bromo intermediate.

Intermediate Structure Name
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Intermediate Structure Name
Hac—©
\[L 8-(6-fluoro-3-pyridyl)-1-(cis-3-
Intermediate
0 * methoxycyclobutyl)-3-methyl-

imidazo[4,5-c]quinolin-2-one

Intermediate FO

7-fluoro-8-(6-fluoro-3-pyridyl)-1-
(cis-3-methoxycyclobutyl)-3-

*k methyl-imidazo[4,5-c]quinolin-2-
one
8-(6-fluoro-3-pyridyl)-3-methyl-1-

Intermediate
GO+ [(3S)-tetrahydropyran-3-
yl]imidazo[4,5-c]quinolin-2-one
8-(6-fluoro-3-pyridyl)-3-methyl-1-
Intermediate IR vd ;
~tet 3.
HO + [(3R)-tetrahydropyran

yl]imidazo[4,5-c]quinolin-2-one

Intermediate 10

*kd

8-(6-fluoro-3-pyridyl)-3-methyl-1-
(oxetan-3-yl)imidazo[4,5-

c]quinolin-2-one

Intermediate JO

7-fluoro-8-(6-fluoro-3-pyridyl)-3-

=
. N N, methyl-1-[(35)-tetrahydropyran-3-
P yl]imidazo[4,5-c]quinolin-2-one
F N
O
Intermediate Q o 7-fluoro-8-(6-fluoro-3-pyridyl)-3-
KO ** N/ | N/(N\C ! methyl-1-[(3R)-tetrahydropyran-3-
A 3

yl]imidazo[4,5-c]quinolin-2-one
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Intermediate Structure Name
Intermediate 8-(6-fluoro-3-pyridyl)-3-methyl-1-
LQ *** [(3S5)-tetrahydrofuran-3-
yl]imidazo[4,5-c]quinolin-2-one
Intermediate I-cyclobutyl-8-(6-fluoro-3-
M1 #** pyridyl)-3-methyl-imidazo[4,5-
c]quinolin-2-one
Intermediate 8-(6-fluoro-3-pyridyl)-1-(trans-3-
NQ **%* methoxycyclobutyl)-3-methyl-
imidazo[4,5-c]quinolin-2-one
8-(6-fluoro-3-pyridyl)-1-(trans-4-
Intermediate
00 + methoxycyclohexyl)-3-methyl-

imidazo[4,5-c]quinolin-2-one

Intermediate PO

8-(6-fluoro-3-pyridyl)-1-(cis-4-
methoxycyclohexyl)-3-methyl-

\

* Naw N—CH,
_ imidazo[4,5-c]quinolin-2-one
N
hec Q 8-(6-fluoro-3-pyridyl)-1-[trans-3-
Intermediate = o N ,/(O methoxycyclohexyl]-3-methyl-
RO ** N M=cHy  limidazo[4,5-c]quinolin-2-one (1:1

mixture of enantiomers)

Intermediate SO

*%

8-(6-fluoro-3-pyridyl)-1-[cis-3-
methoxycyclohexyl]-3-methyl-
imidazo[4,5-c]quinolin-2-one —

I[somer 1
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Intermediate Structure Name
Hie 8-(6-fluoro-3-pyridyl)-1-[cis-3-
Intermediate N OQN ,/<o methoxycyclohexyl]-3-methyl-
TO ** N Ny TCHs limidazo[4,5-c]quinolin-2-one —
N [somer 2

* The reaction was performed using chloro(2-dicyclohexylphosphino-2',4’,6'-triisopropyl-
1,1'-biphenyl)[2-(2"-amino-1,1'-biphenyl)]palladium(Il) as the catalyst and was stirred at
90°C for 2 h.

** The reaction was performed using Pd(Ph3P)4 as the catalyst and either Cs2CO3 or
Na2COs3 as the base in a mixture of 1,4-dioxane and water as the solvent. The reaction was
heated between 80 - 100°C for 2 - 16 h.

*** The reaction was performed using dichloro[1,1°-bis(di-tert-
butylphosphino)ferrocene]palladium(Il) as the catalyst and KoCOs as the base in a mixture
of 1,4-dioxane and water as the solvent. The reaction was heated between 80°C for 1 h.
%+ The reaction was performed using dichloro [1,1°- bis(di-
tertbutylphosphino)ferrocene]palladium(II) as the catalyst and K2COs3 as the base in a
mixture of 1,4-dioxane and water as the solvent. The reaction was heated between 80°C for

1 h.

Intermediate E0: NMR Spectrum: '"H NMR (400MHz, DMSO-d6) & 2.83 (2H, s), 3.01
(2H, d), 3.20 (3H, s), 3.51 (3H, s), 3.86 (1H, s), 5.07 - 5.18 (1H, m), 7.37 (1H, d), 7.96
(1H, d), 8.16 (1H, d), 8.49 (2H, d), 8.75 (1H, s), 8.92 (1H, s). Mass Spectrum: m/z
(ESH[M+H]+ = 379

Intermediate FO: NMR Spectrum: '"H NMR (300MHz, DMSO-d6) & 2.76 — 2.81 (2H, m),
2.91-3.05(2H, m), 3.13 (3H, s), 3.49 (3H, s), 3.78-3.82 (1H, qu), 5.07-5.10 (1H, qu),7.40
(1H, dd), 7.94 (1H, d),8.32 (1H, td), 8.45 (d) 8.59 (1H, s),8.95 (1H, s). Mass Spectrum:
m/z (ES+)[M+H]+ = 397

Intermediate G0: NMR Spectrum: '"H NMR (300MHz, DMSO-d6) & 1.83-1.86 (2H, m),
2.15-2.19 (1H, m), 2.49-2.64 (1H, m), 3.38-3.41 (1H, m), 3.49 (3H, s), 3.93 (1H, d), 4.15-
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4.26 (2H,m), 4.91-5.10 (1H,m), 7.42 (1H, dd), 7.96 (1H,dd), 8.13 (1H, d), 8.38 (1H,s), 8.44
(1H, td), 8.72 (1H,d), 8.96 (1H,s). Mass Spectrum: m/z (ES+)[M+H]+=379.1

Intermediate HO: NMR Spectrum: '"H NMR (300MHz, DMSO-d6) & 1.80-1.83 (2H, m),
2.15-2.18 (1H, m), 2.49-2.73 (1H, m), 3.37-3.41 (1H, m), 3.49 (3H, s), 3.93 (1H, d), 4.16-
4.26 (2H,m), 4.90-5.10 (1H,m), 7.42 (1H, dd), 7.97 (1H,dd), 8.14 (1H, d), 8.38 (1H,s), 8.45
(1H, td), 8.71 (1H,d), 8.95 (1H,s). Mass Spectrum: m/z (ES+)[M+H]+ = 379

Intermediate 10: NMR Spectrum: 'H NMR (500MHz, DMSO-ds) & 3.55 (3H, s), 5.07
(2H, dd), 5.28 (2H, t), 6.09 - 6.31 (1H, m), 7.29 - 7.43 (1H, m), 8.02 (1H, dd), 8.18 (1H, d),
8.49 (1H, ddd), 8.56 (1H, d), 8.77 (1H, d), 8.97 (1H, s). Mass Spectrum: m/z
(ESH[M+H]+ = 351

Intermediate J0: NMR Spectrum: '"H NMR (500MHz, DMSO-d6) 6 1.71 - 1.87 (2H, m),
2.14 (1H, d), 2.57 - 2.76 (1H, m), 3.32 - 3.42 (1H, m), 3.49 (3H, s), 3.90 (1H, d), 4.06 -
4.16 (1H, m), 4.21 (1H, t),4.79 - 5.1 (1H, m), 7.36 - 7.54 (1H, m), 7.97 (1H, d), 8.32 (1H,
d), 8.37 (1H, tt), 8.62 (1H, s), 8.95 (1H, s). Mass Spectrum: m/z (ES+)[M+H]+ = 397

Intermediate K0: NMR Spectrum: '"H NMR (300MHz, DMS0-d6) & 1.75-1.91(2H, m),
2.10-2.20(1H, m), 2.59-2.78(1H, m), 3.30-3.41 (1H, m), 3.50(3H,s), 3.89-3.95(1H,d) 4.04-
4.15 (1H, d), 4.20-4.32(1H,¢t), 4.80-5.00(1H,t),7.34-7.39(1H,d), 7.89-7.95(1H, d), 8.30-
8.40(2H, m), 8.59(1H,s),8.95 (1H, s). Mass Spectrum: m/z (ES+)[M+H]+ = 397

Intermediate L0: NMR Spectrum: 'H NMR (500MHz, DMSO-ds) & 2.33 - 2.44 (1H, m),
2.53-2.67 (1H, m), 3.55 (3H, s), 3.91 (1H, td), 4.13 - 4.22 (2H, m), 4.27 (1H, td), 5.79 -

59 (1H, m), 7.3 - 7.41 (1H, m), 8.02 (1H, dd), 8.18 (1H, d), 8.49 (1H, ddd), 8.68 (1H, d),
8.77 (1H, d), 8.96 (1H, s). Mass Spectrum: m/z (ES+)[M+H]J+ = 365

Intermediate M0: NMR Spectrum: '"H NMR (300MHz, DMSO-de) § 1.77 - 2.01 (2H, m),
2.46 (2H, ddt), 3.09 (2H, pd), 3.51 (3H, s), 5.53 (1H, p), 7.32 - 7.44 (1H, m), 7.96 (1H, dd),
8.15 (1H, d), 8.43 - 8.54 (2H, m), 8.75 (1H, d), 8.91 (1H, s). Mass Spectrum: m/z
(ESH[M+H]+ = 349
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Intermediate NO: NMR Spectrum: '"H NMR (500MHz, DMSO-d6) § 2.52 - 2.63 (2H, m),
3.15-3.2 (2H, m), 3.21 (3H, s), 3.50 (3H, s), 4.14 - 4.37 (1H, m), 5.58 (1H, tt), 7.37 (1H,
ddd), 7.94 (1H, dd), 8.08 - 8.22 (1H, m), 8.32 (1H, d), 8.44 (1H, ddd), 8.72 (1H, dd), 8.89
(1H, s). Mass Spectrum: m/z (ES+)[M+H]+ = 379

Intermediate O0: NMR Spectrum: 'H NMR (400MHz, MeOH-d4)  1.45 - 1.53 (2H, m),
2.16 (2H, d), 2.34 (2H, d), 2.60 - 2.80 (2H, m), 3.37 - 3.41 (1H, m), 3.43 (3H, s), 3.61 (3H,
s),4.94 - 5.06 (1H, m), 7.29 (1H, dd), 8.00 (1H, d), 8.24 (1H, d), 8.35 - 8.45 (1H, m), 8.47
(1H, s), 8.66 (1H, s), 8.86 (1H, s). Mass Spectrum: m/z (ES+)[M+H]+ = 407

Intermediate P0: NMR Spectrum: '"H NMR (300MHz, CDCl3) § 1.64 (2H, t), 1.77 (2H,
d),2.14-2.28 (2H, m),2.64 - 2.78 (2H, m), 3.07 (3H, br), 3.56 (1H, s), 3.64 (3H, s), 4.98
(1H, br), 7.10 (1H, dd), 7.77 (1H, dd), 8.11 - 8.23 (1H, m), 8.26 (1H, d), 8.56 (1H, s), 8.64
(1H, s), 8.76 (1H, s). Mass Spectrum: m/z (ES+)[M+H[J+ = 407

Intermediate R0: NMR Spectrum: 'H NMR (300MHz, CDCl3) 6 1.40 - 1.54 (1H, m), 1.74
- 1.86 (2H, m), 1.98 (1H, d), 2.13 (1H, d), 2.35 (1H, d), 2.54 (1H, t), 2.89 - 2.96 (1H, m),
3.39 (3H, s), 3.59 (3H, s), 3.83 (1H, s), 5.28 (1H, 1), 7.11 (1H, dd), 7.85 (1H, dd), 8.14 -
8.24 (1H, m), 8.31 (1H, d), 8.68 (2H, d), 8.72 (1H, s). Mass Spectrum: m/z (ES+)[M+H]+
=407

Intermediate S0: NMR Spectrum: "H NMR (300MHz, CDCl3) § 1.92 (1H, dd), 2.02 - 2.12
(1H, m), 2.50 (1H, m), 3.16 (4H, d), 3.35 (3H, s), 3.48 (3H, s), 4.11 (1H, m), 4.88 (1H, m),
7.38 (1H, dd), 7.91 - 7.98 (1H, d), 8.14 (1H, d), 8.30 (1H, s), 8.42 (1H, d), 8.68 (1H, d),
8.88 (1H, s). Mass Spectrum: m/z (ES+)[M+H]+ = 407

Intermediate T0: NMR Spectrum: '"H NMR (300MHz, CDCl3) 8 1.14 - 1.59 (2H, m), 1.96
-2.12 (2H, m), 2.21 (1H, d), 2.48-2.59 (3H, m), 3.34 - 3.35 (1H, m), 3.38 (3H, s), 3.61
(3H, ), 4.79 - 4.83 (1H, m), 7.13 (1H, ddd), 7.47 - 7.50 (1H, m), 7.65 (1H, dd), 7.79 (1H,
dd), 8.27 (1H, d), 8.56 (1H, d), 8.75 (1H, s). Mass Spectrum: m/z (ES+)[M+H]+ = 407
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Intermediate D1: 8-Bromo-3-methyl-1-(oxan-4-yl)imidazo[5,4-c]quinolin-2-one
O
oy
—
Br\@f%(N\C
N/

A solution of sodium hydroxide (10.34g, 258.48mmol) in water (900mL) was added to a

Hy

stirred mixture of 8-bromo-1-(oxan-4-yl)-3H-imidazo[4,5-c]quinolin-2-one (60.0g,
172.32mmol), iodomethane (48.9g, 344.63mmol) and tetrabutylammonium bromide
(5.55g, 17.23mmol) in DCM (1500mL) at ambient temperature under air. The resulting
mixture was stirred for 16 h then the DCM removed under reduced pressure. The
precipitate was collected by filtration, washed with water (200mL) and dried under
vacuum to afford the desired material (58.0g, 93%) as a brown solid, which was used
without further purification. NMR Spectrum: "H NMR (400MHz, CDCl3) § 1.81-1.98 (2H,
m), 2.82-3.00 (2H, m), 3.60 (3H, s), 3.63 (2H, td), 4.05-4.35 (2H, m), 4.93 (1H, t), 7.69
(1H, dd), 8.03 (1H, d), 8.36 (1H, s), 8.71 (1H, s). Mass Spectrum: m/z (ES+)[M+H]+ =
364.

On a larger scale, 8-bromo-1-(oxan-4-yl)-3H-imidazo[4,5-c]quinolin-2-one (1300 g, 3.73
mol) was charged to the vessel along with tetrabutylammonium bromide (130 g, 0.40 mol)
and 2-MeTHF (20.8 L). A solution of NaOH (240 g, 6.00 mol) in water (20.8 L) was then
added over 5 minutes with an observed exotherm from 18-24°C. The biphasic mixture was
heated to 42-48°C before the addition of methyl iodide (465 mL, 7.47 mol) as a solution in
2-MeTHF (930 mL). The reaction was stirred at 45°C for 17 h at which point HPLC
analysis showed 2.9% starting material and 97.1% product. The reaction mixture was
combined with that of the other large scale batches for concentration in vacuo. The
resulting aqueous suspension was then returned to the vessel and slurried for 1 h with the
product material obtained from the development batches combined at this point. The
product was then isolated by filtration, washing with water (2 x 12 L) before oven drying
under vacuum at 40°C. In total 3479 g of 8-bromo-3-methyl-1-(oxan-4-yl)imidazo[5,4-
c]quinolin-2-one was isolated. Analytical data was consistent with that obtained from

previous batches.
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The following intermediates were prepared in an analogous fashion from the appropriate

3H-imidazo[4,5-c]quinolin-2-one intermediate:

Intermediate F1

Intermediate Structure Name
pHs .
o 8-Bromo-1-(cis-3-
Intermediate H>§L //(o methoxycyclobutyl)-3-
N
E1l Br " NecH, methylimidazo[4,5-c]quinolin-2-
X
P one
N
CH,
o 8-Bromo-7-fluoro-1-(cis-3-

methoxycyclobutyl)-3-

Br NecH, methylimidazo[4,5-c]quinolin-2-
~
- 7 one
[¢]
Intermediate (/ZN __/(O 8-bromo-3-methyl-1-[(35)-oxan-3-
G1 Br Ny Ok yl]imidazo[5,4-c]quinolin-2-one
N/
(¢]
Intermediate o
N _/( 8-bromo-3-methyl-1-[(3R)-oxan-3-
Hl Br H N\C H 1 . . . .
. SN 3 yl]imidazo[5,4-c]quinolin-2-one
N/

Intermediate 11

8-bromo-3-methyl-1-(oxetan-3-

" Br N—~CH, . Ny
X yl)imidazo[5,4-c]quinolin-2-one
N/
O
(/Z o 8-bromo-7-fluoro-3-methyl-1-
Intermediate J1 A _/( o
i . h Nech [(35)-oxan-3-yl]imidazo[5,4-

c]quinolin-2-one
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Intermediate Structure Name

O
Intermediate (72 o 8-bromo-7-fluoro-3-methyl-1-
K1 v~

g M NecH [(3R)-oxan-3-yl]imidazo[5.,4-
AN 3
m c]quinolin-2-one
F N
(e}

Intermediate 8-bromo-3-methyl-1-[(35)-
L1 Q N ,/(O tetrahydrofuran-3-yl]imidazo[4,5-
H
B Ny oM c]quinolin-2-one
N/
Intermediate q o 8-bromo-1-cyclobutyl-3-methyl-
M1 N"/< imidazo[4,5-c]quinolin-2-one
Br N TCHs
N/

* The reaction had not proceeded to completion so additional methyl iodide, sodium
hydroxide and tetrabutylammonium bromide were added and the reaction stirred a further
16 — 18 h.

** The reaction was stirred for 72 h at ambient temperature.

Intermediate E1: NMR Spectrum: 'H NMR (400MHz, DMSO0-d6) § 2.72 - 2.86 (2H, m),
2.9-3.08 (2H, m), 3.22 (3H, s), 3.49 (3H, s), 3.85 - 3.89 (1H, m), 4.88 - 5.06 (1H, m), 7.74
(1H, dd), 7.98 (1H, d), 8.50 (1H, d), 8.92 (1H, s). Mass Spectrum: m/z (ES+)[M+H]+ =
362, 364.

Intermediate F1: NMR Spectrum: '"H NMR (300MHz, DMSO-d6) 6 2.70-2.85(2H, m),
2.93-3.07(2H, m), 3.22(3H, s), 3.48(3H, s), 3.73-4.00(1H, m), 4.86-5.15(1H, m), 7.75-
8.07(1H, d), 8.52-8.73(1H, d), 8.93(1H, s). Mass Spectrum: m/z (ES+)[M+H]+ = 380.

Intermediate G1: NMR Spectrum: 'H NMR (300MHz, DMSO-d6) & 1.82 — 1.88 (2H, m),
2.09 -2.15 (1H, m), 2.55 -2.78 (1H, m), 3.30 - 3.47 (1H, m) 3.48 (3H, s), 3.92 (1H,d), 4.02
-4.22 (2H, m), 4.68-4.88 (1H, m), 7.75 (1H, d), 7.99 (1H, d), 8.35 (1H, s), 8.92 (1H, s).
Mass Spectrum: m/z (ES+)[M+H]+ = 362.2.
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Intermediate H1: NMR Spectrum: '"H NMR (300MHz, DMSO-d6) § 1.80-1.86 (2H, m),
2.07-2.12 (1H, m), 2.61-2.75 (1H, m), 3.32-3.46 (1H, m), 3.47 (3H, s), 3.92-3.98 (1H, m),
4.01-4.20 (2H,m), 4.72-4.83 (1H,m),7.76 (1H,dd), 8.00 (1H,d), 8.34 (1H,d), 8.92 (1H,s).
Mass Spectrum: m/z (ES+)[M+H]+ = 362, 364.

Intermediate 11: NMR Spectrum: '"H NMR (400MHz, DMSO-dé6) & 3.53 (3H, s), 5.01
(2H, dd), 5.22 (2H, 1), 6 - 6.18 (1H, m), 7.77 (1H, dd), 8.00 (1H, d), 8.51 (1H, d), 8.97 (1H,
s). Mass Spectrum: m/z (ES+)[M+H]+ =334, 336

Intermediate J1: NMR Spectrum: 'H NMR (400MHz, DMSO-d6) § 1.88-190 (2H, m),
2.09 (1H, d), 2.70 (1H, ddd), 3.36 - 3.44 (1H, m), 3.47 (3H, s), 3.94 (1H, d), 4.07 (1H, dd),
4.15 (1H, t), 4.79 (1H, ddd), 7.97 (1H, d), 8.48 (1H, d), 8.93 (1H, s). Mass Spectrum: m/z
(ESH[M+H]+ = 380, 382.

Intermediate K1: NMR Spectrum: '"H NMR (400MHz, DMSO-d6) § 1.86 (2H, dd), 2.11
(1H, d), 2.69 (1H, ddd), 3.37 - 3.45 (1H, m), 3.48 (3H, s), 3.95 (1H, d), 4.08 (1H, dd), 4.18
(1H, t), 4.80 (1H, ddd), 7.98 (1H, d), 8.50 (1H, d), 8.94 (1H, s). Mass Spectrum: m/z
(ESH)[M+H]+ = 380, 382.

Intermediate L1: NMR Spectrum: '"H NMR (400MHz, DMSO-ds) 8 2.40 - 2.48 (1H, m),
2.58-2.67 (1H, m), 3.63 (3H, s), 3.98 - 4.05 (1H, m), 4.19 - 4.28 (2H, m), 4.46 - 4.51 (1H,
td), 5.68 - 5.76 (1H, m), 7.72 (1H, d), 8.07 (1H, d), 8.67 (1H, d), 8.76 (1H, s). Mass
Spectrum: m/z (ES+)[M+H]+ = 348.

Intermediate M1: NMR Spectrum: "H NMR (400MHz, CDCl3) & 1.95 - 2.12 (2H, m),
2.52-2.59 (2H, m), 3.17 - 3.28 (2H, m), 3.59 (3H, s), 5.18 - 5.27 (1H, m), 7.8 (1H, d),
8.02 (1H, d), 8.37 (1H, d), 8.70 (1H, s). Mass Spectrum: m/z (ES+)[M+H]J+ = 332.

Intermediate N1: 8-Bromo-1-(¢rans-3-methoxycyclobutyl)-3-methyl-imidazo[4,5-

c]quinolin-2-one
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H N

Z
N

To a suspension of 8-bromo-1-(trans-3-hydroxycyclobutyl)-3H-imidazo[4,5-c]quinolin-2-
one (1.8 g, 5.39 mmol) in DMF (20 mL) under nitrogen at RT was added NaH (60% in

H “\‘:L 40

mineral oil) (0.75 g, 18.75 mmol) and the solution was stirred for 30 minutes. Methyl
iodide (1 mL, 15.99 mmol) was added and the reaction mixture stirred at ambient
temperature for one h. A second identical reaction was perfomed using 8-bromo-1-((trans)-
3-hydroxycyclobutyl)-1H-imidazo[4,5-c]quinolin-2(3H)-one (0.5 g, 1.50 mmol), DMF (5
mL), NaH (60% in mineral oil) (0.22 g, 5.50 mmol) and methyl iodide (0.3 mL, 4.80
mmol) and the reactions combined. The combined reaction mixture was carefully
quenched with water and then stirred in water for thirty minutes. The solid was filtered off,
washed thoroughly with water then dried to afford the desired material as an off white
solid (1.965 g, 79 %).

NMR Spectrum: '"H NMR (500MHz, DMSO-d6) 8 2.5 - 2.56 (2H, m), 3.11 - 3.21 (2H, m),
3.23 (3H, s), 3.48 (3H, s), 4.20 (1H, dt), 5.34 - 5.54 (1H, m), 7.72 (1H, dd), 7.95 (1H, d),
8.28 (1H, d), 8.90 (1H, s). Mass Spectrum: m/z (ES+)[M+H]+ = 362, 364.

The following intermediates were prepared in an analogous fashion from the appropriate

3H-imidazo[4,5-c]quinolin-2-one intermediate:

Intermediate Structure Name

Hy,C—C.,
8-bromo-1-(trans-4-
Intermediate 3

N’/( methoxycyclohexyl)-3-methyl-

o1* Br N CHs
_ imidazo[4,5-c]quinolin-2-one
N
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Intermediate Structure Name
HaC—C
8-bromo-1-(cis-4-
Intermediate 7
N’/< methoxycyclohexyl)-3-methyl-
P1* Br A TCHs
_ imidazo[4,5-c]quinolin-2-one
. 4 HaC, O/Q o 8-bromo-1-[(3-methoxycyclohexyl]-
ntermediate
N’(M 3-methyl-imidazo[4,5-c]quinolin-2-
Q1+ Br A CHs
P one (1:1:1: mixture of isomers)
HaC, Q 8-bromo-1-[(trans-3-
Intermediate ° N_(O methoxycyclohexyl]-3-methyl-
R1** Br N CHs  limidazo[4,5-c]quinolin-2-one (1:1
N mixture of enantiomers)
oG Q 8-bromo-1-[(cis-3-
Intermediate © N,_/<O methoxycyclohexyl]-3-methyl-
S1+* Br. N "CHa  limidazo[4,5-c]quinolin-2-one —
7 Isomer 1
HaC, ,Q 8-bromo-1-[(cis-3-
Intermediate ° N,,/<O methoxycyclohexyl]-3-methyl-
T1%** Br N/ "¢ limidazo[4,5-c]quinolin-2-one —
N Isomer 2

* The reaction was stirred at 0°C for 1 h then at ambient temperature overnight

** Intermediates R1, S1 and T1 were separated from a racemic mixture, Intermediate

Q1, by Supercritical Fluid Chromatography using an SFC prep 350 machine and a
CHIRALPAK AD-H SFC (5*25cm, Sum) column (Flow rate 150 mL/min, Pressure 100
bar, Temperature 34°C, Mobile Phase A: CO2: 50, Mobile Phase B: MeOH: 50).

Intermediate R1 was cluted first followed by Intermediate S1 and finally Intermediate

T1. Intermediate T1 was subsequently purified again using the SFC prep 350 machine
and a CHIRALPAK AD-H SFC (5*25cm, Sum) column (Flow rate 150 mL/min, Pressure
100 bar, Temperature 34°C, Mobile Phase A: CO2: 60, Mobile Phase B: MeOH: 40).
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Intermediate O1: NMR Spectrum: '"H NMR (300MHz, CDCl3) § 1.40 - 1.60 (2H, m), 2.08
(2H, d), 2.35 (2H, d), 2.63-2.77 (2H, m), 3.33 - 3.44 (1H, m), 3.45 (3H, s), 3.57 (3H, s),
4.68 (1H, s), 7.70 (1H, dd), 8.05 (1H, d), 8.30 (1H, s), 8.70 (1H, s). Mass Spectrum: m/z
(ESH[M+H]+ = 390.

Intermediate P1: NMR Spectrum: "H NMR (400MHz, CDCl3) & 1.64-1.77 (4H, m), 2.21 -
2.32 (2H, m), 2.65 (2H, s), 3.56 (3H, s), 3.65 (4H, d), 4.98 (1H, s), 7.71 (1H, dd), 8.03 (1H,
d), 8.74 (1H, s), 8.83 (1H, s). Mass Spectrum: m/z (ES+)[M+H]+ = 390.

Intermediate R1: NMR Spectrum: '"H NMR (400MHz, CDCl3)  1.40 - 1.63 (1H, m), 1.75
- 1.94 (2H, m), 2.01 (1H, d), 2.09 (1H, d), 2.32 (1H, d), 2.45-2.52 (1H, m), 2.84 (1H, d),
3.50 (3H, s), 3.57 (3H, s), 3.81-3.84 (1H, m), 5.10 (1H, t), 7.70 (1H, dd), 8.03 (1H, d), 8.66
(1H, d), 8.70 (1H, s). Mass Spectrum: m/z (ES+)[M+H]+ = 390.

Intermediate S1: NMR Spectrum: 'H NMR (400MHz, CDCIz) & 1.40-1.53 (2H, m), 1.96 -
2.13 (2H, m), 2.22 (1H, d), 2.44-2.54 (3H, m), 3.37-3.42 (1H, m), 3.42 (3H, s), 3.60 (3H,
s), 4.66 (1H, s), 7.70 (1H, dd), 8.06 (1H, d), 8.29 (1H, s), 8.73 (1H, s). Mass Spectrum: m/z
(ESH)[M+HJ+ = 390.

Intermediate T1: NMR Spectrum: '"H NMR (300MHz, CDCl3) § 1.40-1.53 (2H, m), 1.96 -
2.13 (2H, m), 2.22 (1H, d), 2.44-2.54 (3H, m), 3.37-3.42 (1H, m), 3.42 (3H, s), 3.60 (3H,
s), 4.66 (1H, s), 7.70 (1H, dd), 8.06 (1H, d), 8.29 (1H, s), 8.73 (1H, s). Mass Spectrum: m/z
(ESH[M+H]+ = 390.

Intermediate D2: 8-Bromo-1-(oxan-4-yl)-3H-imidazo[4,5-¢]quinolin-2-one
(@]
o
=
BrmNH
X
N/

Triethylamine (143mL, 1025.07mmol) was added to 6-bromo-4-(oxan-4-
ylamino)quinoline-3-carboxylic acid (120g, 341,69mmol) in DMF (600mL) at ambient
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temperature under air. The resulting mixture was stirred for 30 minutes then diphenyl
phosphorazidate (113g, 410,03mmol) was added. The resulting mixture was stirred for 30
minutes at ambient temperature then at 60°C for 2 h. The solvent was removed under
reduced pressure and the reaction mixture diluted with water. The precipitate was collected
by filtration, washed with water (250mL) and dried under vacuum to afford the desired
material (120g, 101%) as a brown solid, which was used without further purification. NMR
Spectrum: "H NMR (400MHz, DMSO-d6) & 1.72-1.95 (2H, m), 2.59-2.80 (2H, m), 3.58
(2H, td), 3.98-4.11 (2H, m), 4.75-5.04 (1H, m), 7.75 (1H, dd), 7.97 (1H, d), 8.43 (1H, s),
8.71 (1H, s), 11.71 (1H, s). Mass Spectrum: m/z (ES+)[M+H]+ = 348.

On a larger scale, 6-bromo-4-(oxan-4-ylamino)quinoline-3-carboxylic acid (2011 g, (2005
g active), 5.71 mol) was added to the vessel with DMF (18.2 L). Triethylamine (4.7 L,
33.72 mol) was added with an endotherm observed from 21-18°C. Diphenyl
phosphorazidate (1600 mL, 7.42 mol) was added over 10 minutes with an observed
exotherm from 21°C to 23°C over the addition. The exotherm continued with the batch
reaching 55°C after 1 h (jacket held at 30°C) with gas evolution. The reaction initially
went into solution with a precipitate then forming after ~30 minutes. Once the temperature
had stabilised the batch was analysed by HPLC showing consumption of starting material
and 99% product. The batch was heated to 60°C for h with HPLC again indicating
consumption of starting material and 98% product. The batch was concentrated in vacuo to
a minimum volume (~3 volumes) and the residue added to water (17 L) rinsing in with a
further portion of water (10 L). The mixture was slurried for 1 h and filtered, washing with
water (2x 17 L). The solid was then returned to the vessel and slurried in sat. NaHCO3
solution (10 L) and MeOH (495 mL) for 1 h. The solid was collected by filtration, washing
with water (2x 3.5 L) and then oven dried in vacuo at 40°C for 116 h to obtain 2023 g of

desired material. Analytical data was consistent with that obtained from previous batches.

The following 3H-imidazo[4,5-c]quinolin-2-one intermediates were prepared in a similar

fashion from the appropriate carboxylic acid intermediates:

Intermediate Structure Name
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Intermediate

Structure

Name

Intermediate E2

=0

Hy

Br

o
\_/ §LO

8-Bromo-1-(cis-3-
methoxycyclobutyl)-3H-

imidazo[4,5-c]quinolin-2-one

Intermediate F2

O<n

gaf
N

Br

A/

8-Bromo-7-fluoro-1-(cis-3-
methoxycyclobutyl)-3H-

imidazo[4,5-c]quinolin-2-one

=z
B

B

=
\ 7/

Intermediate G2 8-bromo-1-[(35)-oxan-3-yl]-3H-
* Br N imidazo[4,5-c]quinolin-2-one
N/
0
Intermediate H2 QN ’/(O 8-bromo-1-[(3R)-oxan-3-yl]-3H-
* Br A imidazo[4,5-c]quinolin-2-one
N/
Intermediat O\:L
ntermediate o
[ N—/( 8-bromo-1-(oxetan-3-yl)-3H-
v NH
° = imidazo[4,5-c]quinolin-2-one
N/
Intermediate °
(/Z o 8-bromo-7-fluoro-1-[(3.5)-oxan-3-
J2* w4 - .
I H yl]-3H-imidazo[4,5-c]quinolin-2-
AN
_ one
F N
Intermediate Q
o 8-bromo-7-fluoro-1-[(3R)-oxan-3-
KZ*
e
N

yl]-3H-imidazo[4,5-c]quinolin-2-

onec
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Intermediate Structure Name
Intermediate ° 8-bromo-1-[(35)-tetrahydrofuran-3-
L2%* QN 2 yl]-3H-imidazo[4,5-c]quinolin-2-
H
o Sy one
N/
Intermediate [L o 8-bromo-1-cyclobutyl-3H-
M2%* ] N"/<N ! imidazo[4,5-c]quinolin-2-one
' AN
N/
Intermediate HO 8-bromo-1-(trans-3-
* - -
N2 A hydroxycyclobutyl)-3H
Br S imidazo[4,5-c]quinolin-2-one
N/
Hyc—C., 8-bromo-1-(trans-4-
Intermediate Q o methoxycyclohexyl)-3H-
N - .
02* Br (N imidazo[4,5-c]quinolin-2-one
N/
H,Cc—© 8-bromo-1-(cis-4-
Intermediate Q o methoxycyclohexyl)-3H-
A
P2+ Br LN imidazo[4,5-c]quinolin-2-one
N/
/Q 8-bromo-1-(3-hydroxycyclohexyl)-
Intermediate "o \ ,/(O 3H-imidazo[4,5-c]quinolin-2-one
Q2%* Br A (mixture of isomers)
N/

* The reaction was stirred at 60°C for 60 — 90 mins.

** The reaction was stirred at 60°C overnight.

Intermediate E2: NMR Spectrum: '"H NMR (400MHz, DMSO-d6) 8 2.75 - 2.82 (2H, m),
2.9-3.05(2H, m), 3.22 (3H, s), 3.80 - 3.90 (1H, m), 4.85 - 4.99 (1H, m), 7.71 (1H, dd),
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7.94 (1H, d), 8.48 (1H, d), 8.69 (1H, s), 10.42 (1H, s). Mass Spectrum: m/z (ES+)[M+H]+
= 348, 350.

Intermediate F2: NMR Spectrum: 'H NMR (300MHz, CDCl3) 8 2.75 (2H, m), 2.95 (2H,
m), 3.25 (3H, s), 3.85 (1H, m), 4.75 (1H, m), 8.00 (1H, d), 8.62-8.58 (2H, t). Mass
Spectrum: m/z (ES+)[M+H]+ = 366.

Intermediate G2: NMR Spectrum: '"H NMR (300MHz, DMSO-d6) § 1.84-2.11 (3H, m),
2.62-2.76 (1H, m), 3.35-3.44 (1H, m), 3.92-4.22 (3H, m), 4.71-4.80 (1H,m), 7.76 (1H, dd),
7.98 (2H,d), 8.32 (1H, dd), 8.71 (1H, s),11.85 (1H, bs). Mass Spectrum: m/z (ES+)[M+H]+
=350.

Intermediate H2: NMR Spectrum: '"H NMR (300MHz, DMSO-d6) & 1.82-2.11 (3H, m),
2.61-2.75 (1H, m), 3.34-3.43 (1H, m), 3.91-4.21 (3H, m), 4.69-4.78 (1H,m), 7.75 (1H, dd),
7.99 (2H,d), 8.33 (1H, dd), 8.69 (1H, s),11.70 (1H, bs). Mass Spectrum: m/z (ES+)[M+H]+
=350.

Intermediate 12: NMR Spectrum: 'H NMR (500MHz, DMSO-d6, 100°C) & 4.98 (2H, dd),
5.19 (2H, t), 5.97 - 6.06 (1H, m), 7.74 (1H, dd), 7.96 (1H, d), 8.50 (1H, d), 8.71 (1H, s),
11.75 (1H, s).. Mass Spectrum: m/z (ES+)[M+H]+ = 321.

Intermediate J2: NMR Spectrum: 'H NMR (400MHz, DMSO-d6) § 1.77 - 1.93 (2H, m),
2.10 (1H, d), 2.68 (1H, qd), 3.34 - 3.44 (1H, m), 3.94 (1H, d), 4.08 (1H, dd), 4.18 (1H, t),
4.75 (1H, ddd), 7.94 (1H, d), 8.48 (1H, d), 8.69 (1H, s), 11.63 (1H, s). Mass Spectrum: m/z
(ESH)[M+H]+ = 366, 368.

Intermediate K2: NMR Spectrum: '"H NMR (400MHz, DMSO-d6) § 1.7 - 1.93 (2H, m),
2.10 (1H, d), 2.63 - 2.75 (1H, m), 3.49 - 3.61 (1H, m), 3.84 - 4.03 (1H, m), 4.08 (1H, dd),
4.19 (1H, 1), 4.76 (1H, 1), 7.95 (1H, d), 8.49 (1H, d), 8.70 (1H, s), 11.66 (1H, s). Mass
Spectrum: m/z (ESH)[M+H]+ = 366, 368.

Intermediate L2: Mass Spectrum: m/z (ES+)[M+H]+ = 334.
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Intermediate M2: Mass Spectrum: m/z (ES+)[M+H]J+ = 318.

Intermediate N2: NMR Spectrum: '"H NMR (500MHz, DMSO-d6) § 2.32 - 2.44 (2H, m),
3.18 -3.28 (2H, m), 4.45 (1H, d), 5.26 (1H, d), 5.42 (1H, ddd), 7.71 (1H, dd), 7.93 (1H, d),
8.29 (1H, d), 8.65 (1H, s), 11.56 (1H, s). Mass Spectrum: m/z (ES+)[M+H]+ = 334, 336.

Intermediate O2: NMR Spectrum: '"H NMR (300MHz, DMSO-d6) § 1.41 (2H, q), 1.96
(2H, d), 2.17 (2H, d), 2.49 (2H, d), 3.23 (1H, d), 3.32 (2H, s), 4.65 (1H, t), 7.73 (1H, dd),
7.95 (1H, d), 8.32 (1H, d), 8.66 (1H, s), 11.58 (1H, s). Mass Spectrum: m/z (ES+)[M+H]+
=376.

Intermediate P2: NMR Spectrum: 'H NMR (400MHz, CDCl3) & 1.73 (4H, dd), 2.30 (2H,
d), 2.69 (2H, s), 3.59 (3H, s), 3.69 (1H, s), 4.99 (1H, s), 7.74 (1H, dd), 8.05 (1H, d), 8.88
(1H, s), 10.39 (1H, s). Mass Spectrum: m/z (ES+)[M+H]+ = 376.

Intermediate Q2: Mixture of cis and frans isomers (ratio 1:2, unassigned) NMR Spectrum:
'H NMR (400MHz, DMSO-d6) & 1.09 — 1.34 (2H, m), 1.35 — 1.58 (2H, m), 1.58 — 1.79
(1H, m), 1.78 - 2.07 (6H, m), 2.07 — 2.47 (4H, m), 3.01 — 3.15 (1H, m), 3.51 - 3.73 (1H,
m), 4.19 (1H, s), 4.53 —4.77 (1H, m), 4.8 —4.96 (2H, m), 5.03 (1H, s), 7.74 (2H, 2 x d),
7.97 (2H, 2 x d), 8.31 (1H, s), 8.55 (1H, s), 8.66 (1H, s), 8.68 (1H, s), 11.56 (1H, s), 11.62
(1H, s). Mass Spectrum: m/z (ES+)[M+H]+ = 362.

Intermediate D3: 6-Bromo-4-(oxan-4-ylamino)quinoline-3-carboxylic acid

L
NH O
Br.
C@)L“
P
N

A solution of sodium hydroxide (79g, 1977.60mmol) in water (1500mL) was added to a
stirred mixture of ethyl 6-bromo-4-(oxan-4-ylamino)quinoline-3-carboxylate (150g,
395.52mmol) in MeOH (1500mL) at ambient temperature under air. The resulting mixture

was stirred at 70°C for 2 h then the solvent removed under reduced pressure. The reaction
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mixture was adjusted to pH=3 with 2M hydrochloric acid. The precipitate was collected by
filtration, washed with water (500mL) and dried under vacuum to afford the desired
material (120g, 86%) as a white solid, which was used without further purification. NMR
Spectrum: "H NMR (400MHz, DMSO-d6) & 1.75-1.82 (2H, m), 2.05-2.09 (2H, m), 3.85-
3.94 (5H, m), 7.95 (1H, d), 8.18 (1H, d), 8.65 (1H, s), 9.01 (1H, s). Mass Spectrum: m/z
(ESH[M+H]J+=351.1.

On a larger scale, ethyl 6-bromo-4-(oxan-4-ylamino)quinoline-3-carboxylate (1925 g, 5.08
mol) was charged to the vessel with EtOH (12.5 L). 2M NaOH (12.5 L, 25.03 mol) was
then added with an exotherm from 22-35°C over the 20 minute addition. The batch was
heated to 70-80°C for 17 h at which point HPLC indicated 98.3% product and <1%
starting material. The batch was concentrated in vacuo to remove EtOH and returned to the
vessel. A 2M HCI solution (13 L) was then added until pH 5-6 was obtained maintaining a
batch temperature below 50°C. An exotherm from 20-32°C was observed over the 40
minute addition. A precipitate formed which was slurried at 20-25°C for 1.5 h before
filtration, washing with water until pH neutral (3x 7 L). The collected solid was dried
under vacuum at 70°C to give 1794 g of desired material. Analytical data was consistent

with that obtained from previous batches.

The following carboxylic acid intermediates were prepared in a similar fashion from the

appropriate ester precursor:

Intermediate Structure Name

6-Bromo-4-[(cis-3-
Intermediate

E3 methoxycyclobutyl)amino]quinoline-

3-carboxylic acid
N

6-Bromo-7-fluoro-4-[(cis-3-
Intermediate ) o
methoxycyclobutyl)amino]quinoline-

3-carboxylic acid

THs
(0]
00
NH O
H
X OH
o
¢Ha
@]
0
NH O
H
X OH
<
N

Br
F3 Br
F
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Intermediate Structure Name
o
Intermediate Q\
G SNH 0 6-bromo-4-[[(35)-oxan-3-
» o Xy SoH ylJamino]quinoline-3-carboxylic acid
N/
0
Intermediate le\
3 e o 6-bromo-4-[[(3R)-oxan-3-
s Br Xy SoH ylJamino]quinoline-3-carboxylic acid

Intermediate 13

6-bromo-4-(oxetan-3-

Br.
*rk \dj/u\o : ylamino)quinoline-3-carboxylic acid
N/
Intermediate o 6-bromo-7-fluoro-4-[[(35)-
J3#H* Q'\N H O tetrahydropyran-3-
o Ny~ CoH ylJamino]quinoline-3-carboxylic acid
F N/
Intermediate ° 6-bromo-7-fluoro-4-[[(3R)-
K3#*** KJH\N H O tetrahydropyran-3-
o Yy~ CoH ylJamino]quinoline-3-carboxylic acid
F N/
Intermediate <OJ\ 6-bromo-4-[[(35)-tetrahydrofuran-3-
L3*%* ISNH OO ylJamino]quinoline-3-carboxylic acid
Br Xy~ “oH
N/
Intermediate & 6-bromo-4-
M3#*#* N (cyclobutylamino)quinoline-3-
Br Xy~ “oH .
\@Ej)L carboxylic acid
N
Intermediate HO 6-bromo-4-[(trans-3-
N3 *** NH O hydroxycyclobutyl)amino]quinoline-

3-carboxylic acid
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Intermediate Structure Name
o0 6-bromo-4-[(trans-4-
Intermediate O\N H o methoxycyclohexyl)amino]quinoline-
03#+* Brww 3-carboxylic acid
N
HBC/O\O\ 6-bromo-4-[(cis-4-
Intermediate NH O methoxycyclohexyl)amino]quinoline-
P3**+* Br\@fj/mo H 3-carboxylic acid
7
6-bromo-4-[(3-
Intermediate H O/O\N H O hydroxycyclohexyl)amino]quinoline-
Q3#¥* Br@\)j)LOH 3-carboxylic acid (mixture of
s isomers)

* The reaction was performed using a mixture of THF, MeOH and water as the solvent.

** The reaction was stirred between 60 — 70°C for 1 - 3 h.

*** The reaction was performed using a mixture of THF and water as the solvent and

heated at 60°C for 3 — 16 h.

Intermediate E3: Mass Spectrum: m/z (ES+)[M+H]+ = 351

Intermediate F3: NMR Spectrum: '"H NMR (400MHz, DMSO-d6) & 1.98-1.91 (2H, m),
2.88-2.84 (2H, m), 3.17 (1H, s), 3.77-3.70 (1H, t), 4.22-4.19 (1H, t), 7.73 (1H, d), 8.44
(1H, d), 8.88 (1H, s), 13.27 (1H, s). Mass Spectrum: m/z (ES+)[M+H]+ = 369.

Intermediate G3: NMR Spectrum: '"H NMR (300MHz, DMSO-d6) § 1.50-1.57 (1H, m),
1.61-1.82 (2H, m), 1.98- 2.13 (1H, m), 3.48-3.72 (3H, m), 3.89 (1H, d), 4.15 -4.26 (1H,
m), 7.77 (1H, dd), 7.95 (1H, d), 8.31(1H, d), 8.90 (1H,s), 13.38 (1H, bs). Mass Spectrum:
m/z (ESH[M+H]J+ = 351.

Intermediate H3: NMR Spectrum: '"H NMR (300MHz, DMSO-d6) § 1.50-1.56 (1H, m),
1.62 - 1.83 (2H, m), 1.99- 2.12 (1H, m), 3.50-3.71 (3H, m), 3.89 (1H, d), 4.16 -4.28 (1H,
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m), 7.78 (1H, dd), 7.94 (1H, d), 8.30(1H, d), 8.94 (1H,s), 13.50 (1H, bs). Mass Spectrum:
m/z (ESH[M+H]J+ = 351.

Intermediate I3: NMR Spectrum: 'H NMR (500MHz, DMSO-ds) & 4.62 (2H, t), 4.91 (2H,
t), 5.02 -5.13 (1H, m), 7.78 (1H, d), 7.90 (1H, dd), 8.15 (1H, s). Mass Spectrum: m/z
(ESH[M+HJ+ = 321.

Intermediate J3: NMR Spectrum: 'H NMR (300MHz, DMSO-d6) § 1.51 (1H, m), 1.74
(2H, m), 2.04 (1H, m), 3.60 (3H, m), 3.82 (1H, d), 4.15 (1H, m), 7.73 (1H, m), 8.44 (1H,
m), 8.92 (1H, s). Mass Spectrum: m/z (ES+)[M+H]+ = 369.

Intermediate K3: Mass Spectrum: m/z (ES+)[M+H]+ = 369.

Intermediate L3: NMR Spectrum: '"H NMR (400MHz, DMSO-ds) § 1.95 - 2.05 (1H, m),
2.31-2.41(1H, m), 3.79 - 3.87 (2H, m), 3.89 - 3.95 (2H, m), 4.82 - 4.92 (1H, m), 7.78
(1H, d), 7.92 - 7.94 (1H, m), 8.44 (1H, d), 8.90 (1H, s), 13.3 (1H, s). Mass Spectrum: m/z
(ESH)[M+H]J+ = 337.

Intermediate M3: NMR Spectrum: '"H NMR (400MHz, DMSO-ds) § 1.81 - 1.95 (3H, m),
2.01-2.15(3H, m), 4.53 - 4.55 (1H, m), 7.74 (1H, d), 7.88 (1H, d), 8.25 (1H, s), 8.89 (1H,
s), 13.27 (1H, s). Mass Spectrum: m/z (ES+)[M+H]+ = 321.

Intermediate N3: NMR Spectrum: 'H NMR (500MHz, DMSO-ds) 8 2.27 - 2.46 (4H, m),
436 (1H, s), 4.71 (1H, d), 5.28 (1H, s), 7.75 (1H, d), 7.92 (1H, dd), 8.22 (1H, dd), 8.85
(1H, s). Mass Spectrum: m/z (ES+)[M+H]+ = 337.

Intermediate O3: Mass Spectrum: m/z (ES+)[M+H]+ = 379.

Intermediate P3: NMR Spectrum: 'H NMR (400MHz, DMSO-d6) § 1.66 (2H, s), 1.84
(6H, s), 3.27 (3H, s), 3.41 (1H, s), 7.96 (1H, d), 8.19 (1H, d), 9.02 (1H, s). Mass Spectrum:
m/z (ESH[M+H]+ = 379.
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Intermediate Q3: Mixture of cis and frans isomers (ratio 1:2, unassigned) NMR Spectrum:
'H NMR (400MHz, DMSO-d6) § 1.09 — 1.25 (2H, m), 1.26 — 1.46 (4H, m), 1.48 — 1.66
(2H, m), 1.68 — 1.92 (4H, m), 1.92 - 2.10 (3H, m), 2.27 (1H, d), 3.49 — 3.64 (2H, m), 3.99
(1H, s), 4.10 (2H, s), 4.51 (1H, s), 4.72 (1H, s), 4.83 (1H, s), 7.84 (2H, 2 x d), 8.01 (2H, 2 x
d), 8.42 (1H, s), 8.48 (1H, s), 8.91 (2H, 2 x s). Mass Spectrum: m/z (ES+)[M+H]+ = 365.

Intermediate D4: Ethyl 6-bromo-4-(oxan-4-ylamino)quinoline-3-carboxylate

L

NH O

Br PN
~ O CHj
s
N

DIPEA (139mL, 794.75mmol) was added to ethyl 6-bromo-4-chloroquinoline-3-
carboxylate (100g, 317.90mmol) and tetrahydro-2H-pyran-4-amine (35.4g, 349.69mmol)
in DMA (1000mL) at ambient temperature under air. The resulting mixture was stirred at
60°C for 16 h then the solvent removed under reduced pressure. The mixture was
azeotroped twice with toluene to afford the desired material (150g, 124%) as a brown
solid, which was used without further purification. NMR Spectrum: '"H NMR (400MHz,
DMSO-d6) 6 1.36 (3H, t), 1.58-1.75 (2H, m), 1.90-2.02 (2H, m), 3.40 (2H, t), 3.81-3.98
(2H, m), 3.98-4.19 (1H, m), 4.37 (2H, q), 7.82 (1H, d), 7.92 (1H, dd), 8.56 (1H, s), 8.86
(1H, s). Mass Spectrum: m/z (ES-)[M-H]- = 378, 380.

On a larger scale, ethyl 6-bromo-4-chloroquinoline-3-carboxylate (2196 g, (1976 g active),
6.28 mol) was charged to the vessel with DMA (16 L). Tetrahydro-2H-pyran-4-amine
(1224 g, 12.10 mol) was added over 10 minutes with an observed exotherm of 21-27°C.
DIPEA (3.5 L, 20.09 mol) was added with no observed exotherm. The mixture was heated
to 75-85°C and the resulting solution stirred for 18.5 h at 80°C. HPLC indicated
consumption of starting material and 99.2% product. The reaction was cooled to 50°C and
then poured into water (50 L). The resulting suspension was stirred for 2 h at ambient
temperature and the solids isolated by filtration, washing with water (8 L then 2 x 4L). The
solid was dried under vacuum at 40°C for 55 h to give 2307 g of desired material.

Analytical data was consistent with that obtained from previous batches.
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The following ester intermediates were prepared in an analogous fashion from the

appropriate amine and either ethyl 6-bromo-4-chloro-7-fluoroquinoline-3-carboxylate or

ethyl 6-bromo-4-chloroquinoline-3-carboxylate:

Intermediate Structure Name
fh
© Ethyl 6-bromo-4-[(cis-3-
Intermediate H>Q\ ) o
goNeR methoxycyclobutyl)amino]quinoline-
E4* Br B 0" ™cH
: 3-carboxylate
N/
fHa
© Ethyl 6-bromo-7-fluoro-4-[(cis-3-
Intermediate H>Q\ ) L
g8 methoxycyclobutyl)amino]quinoline-
F4** Br Xy Yo" > cH
: 3-carboxylate
F N/
0
Intermediate O\
G4 NNH O cthyl 6-bromo-4-[[(35)-oxan-3-
H
e Br\@fj)‘\o/\c H, yl]Jamino]quinoline-3-carboxylate
N/
o
Intermediate l/\l\
H4 NH O cthyl 6-bromo-4-[[(3R)-oxan-3-
H
on Br Xy o cH, yl]Jamino]quinoline-3-carboxylate
N/
0\1
Intermediate 14 NH O cthyl 6-bromo-4-(oxetan-3-
Br
Fkkdd \©5j/u\o/\c Ha ylamino)quinoline-3-carboxylate
/
N
Intermediate O\ ethyl 6-bromo-7-fluoro-4-[[(35)-
J4F** LONH OO tetrahydropyran-3-
Br = o/\(; H . . .
s yl]Jamino]quinoline-3-carboxylate
F N
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Intermediate Structure Name
Intermediate o ethyl 6-bromo-7-fluoro-4-[[(3R)-
K4#** L/jl:N H o tetrahydropyran-3-
Br:@ES)Lo/\C H,  [yl]Jamino]quinoline-3-carboxylate
F N
Intermediate <OJ\ cthyl 6-bromo-4-[[(35)-
| OV R LONHOO tetrahydrofuran-3-
Br Xy Yo e, lami o
yl]Jamino]quinoline-3-carboxylate
N
Intermediate g\ cthyl 6-bromo-4-
M4 R (cyclobutylamino)quinoline-3-
Br. P
Xy N0 cH,
w carboxylate
N/
Intermediate HO__ cthyl 6-bromo-4-[(trans-3-
N4 *#* HnH\N H 0 hydroxycyclobutyl)amino]quinoline-
o A 07 CH, 3-carboxylate
N/
e O O\ cthyl 6-bromo-4-[(trans-4-
Intermediate NH O methoxycyclohexyl)amino]quinoline-
O4*** o Ny Yo" cH,  B-carboxylate
N/
HsC/O\O\ cthyl 6-bromo-4-[(cis-4-
Intermediate NH O methoxycyclohexyl)amino]quinoline-
Pgxs Br Xy o cH,  [B-carboxylate
~
N
C cthyl 6-bromo-4-[(3-
Intermediate HO NH O hydroxycyclohexyl)amino]quinoline-
Q4x** o NXy” Yo"cH,  [3-carboxylate (mixture of isomers)
2
N

* The reaction was stirred at 75°C for 5 h.
** The reaction was stirred at 85°C for 3 h.

*** The reaction was stirred at 80°C for 2 - 16 h.
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**%* The reaction was stirred at 90°C for 1 - 3 h.

RE* The reaction was stirred at 100°C for 16 h optionally using EtzN as the base.

Intermediate E4: NMR Spectrum: '"H NMR (300MHz, DMSO-d6) & 1.38 (3H, t), 1.85-
1.98(2H, m), 2.75-7.89 (2H, m), 3.17 (3H, s), 3.65-3.78 (1H, m), 3.98-4.05 (1H, m), 4.35
(2H, q), 7.60 (1H, d), 7.70 (1H, dd), 8.40 (1H,d), 8.84-8.85 (1H, m). Mass Spectrum: m/z
(ESH[M+H]+ = 379.

Intermediate F4: NMR Spectrum: 'H NMR (400MHz, CDCls) & 1.44-1.41 (3H, t), 2.21-
2.14 (2H, m), 3.05-2.98 (2H, m), 3.30 (3H, s), 3.94-3.75 (1H, m), 4.11-4.06 (1H, m), 4.43-
4.37 (2H, d), 7.70 (1H, d), 8.29 (1H, d), 9.07 (1H, d), 9.69 (1H, s). Mass Spectrum: m/z
(ESH)[M+H]+ = 397.

Intermediate G4: NMR Spectrum: "H NMR (300MHz, DMSO-d6) § 1.36 (3H, t), 1.70-
1.74 (1H, m), 1.75-1.77 (2H, m), 2.03-2.05 (1H, m), 3.58-3.61 (3H, m), 3.80-3.85 (1H, m),
4.01-4.03 (1H, m), 4.35 (2H, q), 7.80 (1H, d), 7.89 (1H, dd), 8.58 (1H, s), 8.67 (1H, d),
8.93 (1H, s). Mass Spectrum: m/z (ES+)[M+H]+ = 380.8.

Intermediate H4: NMR Spectrum: '"H NMR (400MHz, DMSO-d6) & 1.50 - 1.56(1H, m),
1.62 —1.84 (2H, m), 1.99 — 2.13 (1H, m), 3.51 — 3.73 (3H, m), 3.89 (1H, d), 4.12 -4.22
(1H, m), 7.77 (1H, d), 7.90 (1H, d), 8.31 (1H, s), 8.94 (1H, 5), 13.41 (1H, bs). Mass
Spectrum: m/z (ES+)[M+H]+ = 379.

Intermediate 14: NMR Spectrum: "H NMR (300MHz, DMSO-d6) & 1.34 (3H, t), 4.34
(2H, q), 4.62 - 4.68 (2H, m), 4.77 (1H, q), 4.86 (2H, t), 7.78 (1H, d), 7.85 (1H, ddd), 8.42
(1H, d), 8.73 (1H, d), 8.79 (1H, s). Mass Spectrum: m/z (ES+)[M+H]+ = 353.

Intermediate J4: NMR Spectrum: 'H NMR (300MHz, DMSO-d6) § 1.33 (3H, m), 1.51
(1H, m), 1.74 (2H, m), 2.04 (1H, m), 3.60 (3H, m), 3.82 (1H, d), 4.02 (1H, m), 4.35 (2H,
m), 7.73 (1H, m), 8.49 (1H, m), 8.79 (1H, m), 8.88 (1H, s). Mass Spectrum: m/z
(ESH[M+HJ+ = 397.
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Intermediate K4: Mass Spectrum: m/z (ES+)[M+H]+ = 397.

Intermediate L4: NMR Spectrum: '"H NMR (400MHz, CDCl3) 6 1.45 (3H, t),2.12 - 2.19
(1H,m), 2.48 - 2.55 (1H, m), 3.87 - 4.04 (2H, m), 4.12 (2H, td), 4.43 (2H, q), 4.76 - 4.86
(1H, m), 7.80 (1H, dd), 7.95 (1H, d), 8.34 (1H, d), 9.14 (1H, s), 9.64 (1H, s). Mass
Spectrum: m/z (ES+)[M+H]+ = 365.

Intermediate M4: NMR Spectrum: '"H NMR (400MHz, CDCl3) § 1.45 (3H, t), 1.77 - 2.01
(2H, m), 2.16 - 2.31 (2H, m), 2.58 - 2.71 (2H, m), 4.45 (3H, m), 7.74 (1H, dd), 7.82 (1H,
d), 8.23 (1H, d), 9.09 (1H, s), 9.57 (1H, d) Mass Spectrum: m/z (ES+)[M+H]+ = 349.

Intermediate N4: NMR Spectrum: '"H NMR (500MHz, DMSO-d6) & 1.34 (3H, t), 2.34
(4H, t),4.33 (3H, q), 4.56 (1H, q), 5.21 (1H, d), 7.75 (1H, d), 7.85 (1H, dd), 8.31 (1H, d),
8.85 (1H, s), 9.13 (1H, d). Mass Spectrum: m/z (ES+)[M+H]+ = 366.

Intermediate O4: NMR Spectrum: '"H NMR (400MHz, CDCI3) & 1.40-1.59 (1H, 4H), 1.45
(3H, 1), 2.08 - 2.18 (2H, m), 2.18 - 2.27 (2H, m), 3.23 - 3.34 (1H, m), 3.39 (3H, s), 3.99-
4.05 (1H, m), 4.41 (2H, q), 7.75 (1H, dd), 7.83 (1H, d), 8.27 (1H, d), 9.08 (1H, d), 9.12
(1H, s) Mass Spectrum: m/z (ES+)[M+H]+ = 407.

Intermediate P4: NMR Spectrum: 'H NMR (400MHz, DMSO-d6) § 1.35 (3H, t), 1.54-
1.61 (2H, m), 1.63 - 1.83 (6H, m), 3.24 (3H, s), 3.96 (1H, d), 4.35 (2H, q), 7.78 (1H, d),
7.87 (1H, dd), 8.44 (1H, d), 8.61 (1H, d), 8.87 (1H, s). Mass Spectrum: m/z (ES+)[M+H]+
=407.

Intermediate Q4: Mixture of cis and frans isomers (ratio 1:2, unassigned) NMR Spectrum:
'H NMR (400MHz, DMSO-d6) § 1.06 — 1.2 (2H, m), 1.21 — 1.42 (10H, m), 1.42 — 1.61
(2H, m), 1.63 — 1.86 (4H, m), 1.87 - 2.01 (2H, m), 2.20 (1H, d), 3.39 - 3.57 (2H, m), 3.71
—3.87 (1H, m), 3.95 (1H, s), 4.22 — 4.48 (5H, m), 4.61 (1H, s), 4.79 (1H, s), 7.77 (1H, s),
7.80 (1H, s), 7.84 — 7.90 (2H, m), 8.35 (1H, d), 8.42 (2H, 2 x d), 8.69 (1H, d), 8.84 (1H, s),
8.88 (1H, s). Mass Spectrum: m/z (ES+)[M+H]+ = 393.
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The preparation of 8-(6-Fluoro-3-pyridyl)-1-[(1R,3R)-3-methoxycyclopentyl]-3-methyl-
imidazo[4,5-c]quinolin-2-one: 8-(6-fluoro-3-pyridyl)-1-[(15,35)-3-methoxycyclopentyl]-3-

methyl-imidazo[4,5-c]quinolin-2-one (1:1 mixture) is described below:

Intermediate UQ: 8-(6-Fluoro-3-pyridyl)-1-[(1R,3R)-3-methoxycyclopentyl]-3-methyl-
imidazo[4,5-c]quinolin-2-one: 8-(6-fluoro-3-pyridyl)-1-[(15,35)-3-

methoxycyclopentyl]-3-methyl-imidazo[4,5-c]quinolin-2-one (1:1 mixture)

HSC\O

A mixture of 8-bromo-1-[(1R,3R)-3-methoxycyclopentyl]-3-methylimidazo[4,5-
c]quinolin-2-one: 8-bromo-1-[(15,35)-3-methoxycyclopentyl]-3-methylimidazo[4,5-
c]quinolin-2-one (1:1 mixture) (1.5 g, 3.99 mmol), (6-fluoropyridin-3-yl)boronic acid
(0.674 g, 4.78 mmol) and chloro(2-dicyclohexylphosphino-2',4',6'-triisopropyl-1,1'-
biphenyl)[2-(2'-amino-1,1'-biphenyl)]palladium(II) (0.314 g, 0.40 mmol) in dioxane:water
(10:1 mixture) (16.5 mL) was heated to 120 °C for 45 mins in the microwave reactor then
allowed to cool and concentrated in vacuo. The crude product was purified by FCC, elution
gradient 0 to 10% MeOH in DCM, to afford the desired material as a yellow solid (1.20 g,
77 %). NMR Spectrum: 'H NMR (400MHz, CDCl3) 8 1.91 - 1.99 (1H, m), 2.21- 2.36 (3H,
m), 2.58 - 2.78 (2H, m), 3.38 (3H, s), 3.62 (3H, s), 4.15-4.17 (1H, m), 5.52 - 5.65 (1H,
m), 7.12 (1H, dd), 7.83 (1H, dd), 8.13 (1H, td), 8.31 (1H, d), 8.40 (1H, d), 8.59 (1H, d),
8.76 (1H, s). Mass Spectrum: m/z (ES+)[M+H]+ = 393.

Intermediate Ul: 8-bromo-1-[(1R,3R)-3-methoxycyclopentyl]-3-methylimidazo[4,5-
c]quinolin-2-one: 8-bromo-1-[(15,35)-3-methoxycyclopentyl]-3-methylimidazo([4,5-

c|quinolin-2-one (1:1 mixture)
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HyCug HyCug
o)

o Q
'N—-< \*"<
Br X N—c Hy Br X N—c Hj
L -
N

A mixture of 6-bromo-4-[[(1R,3R)-3-methoxycyclopentyl]amino]quinoline-3-carboxylic
acid: 6-bromo-4-[[(15,35)-3-methoxycyclopentyl Jamino]quinoline-3-carboxylic acid (1:1
mixture) (13g, 35.8mmol), tetrabutylammonium bromide (1.16g, 3.60mmol), iodomethane
(7.645g, 53.86mmol) and sodium hydroxide (2.15g, 53.75mmol) in DCM (600mL) and
water (380mL) was stirred at ambient temperature overnight. The resulting solution was
concentrated under vacuum to remove the organics and the solids collected by filtration,
washed with water (5x10mL) and dried in a vacuum oven to afford the desired material
(racemic mixture) (9.8g, 73%) as a off-white solid. NMR Spectrum: 'H NMR (400MHz,
DMSO-d6) 6 1.81-1.87 (1H, m), 2.33-2.51 (4H, m), 2.45-2.51 (1H, m), 3.28 (3H, s), 3.49
(3H, s), 4.02-4.21 (1H, m), 5.40 (1H, p), 7.73 (1H, dd), 7.98 (1H, d), 8.35 (1H, d), 8.91
(1H, s). Mass Spectrum: m/z (ES+H)[M+H]+=375.9.

Intermediate U2: 8-bromo-1-[(1R,3R)-3-methoxycyclopentyl]-3H-imidazo[4,5-
c]|quinolin-2-one: 8-bromo-1-[(15,35)-3-methoxycyclopentyl]-3H-imidazo[4,5-
c|quinolin-2-one (1:1 mixture)

H3C\ Hsc\

0 0

S QL

A mixture of 6-bromo-4-[[(1R,3R)-3-methoxycyclopentyl]amino]quinoline-3-carboxylic

N\ /
\ /

acid: 6-bromo-4-[[(15,35)-3-methoxycyclopentyl Jamino]quinoline-3-carboxylic acid (1:1
mixture) (17g, 46.54mmol), tricthylamine (14.1g, 139.34mmol) in DMF (270mL) was
stirred at ambient temperature for 1 h. Diphenyl phosphorazidate (25.6g, 93.02mmol) was
added dropwise with stirring and the solution stirred at ambient temperature for a further
20 minutes before being heated to 60°C for 1 h. The reaction was allowed to cool and

concentrated under vacuum. The residue was diluted with water (300mL), the solids
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collected by filtration and dried in an oven under reduced pressure to afford the desired
material (as a racemic mixture) (13g, 77%) as a off-white solid. Mass Spectrum: m/z

(ESH)[M+H]+ = 362.2.

Intermediate U3: 6-bromo-4-[[(1R,3R)-3-methoxycyclopentyl]amino]quinoline-3-
carboxylic acid: 6-bromo-4-[[(15,35)-3-methoxycyclopentyl]amino]quinoline-3-
carboxylic acid (1:1 mixture)

H3C~0 H;C~0

B Br
P P
N N

2N Sodium hydroxide (150mL) was added to a mixture of ethyl 6-bromo-4-[[(1R,3R)-3-
methoxycyclopentylJamino]quinoline-3-carboxylate: ethyl 6-bromo-4-[[(15,35)-3-
methoxycyclopentyl]amino]quinoline-3-carboxylate (1:1 mixture) (18.6g, 47.2mmol) in
MeOH (500mL) and water (100mL) and the resulting solution stirred for 15 h at ambient
temperature. The mixture was concentrated under vacuum and the residue diluted with
water (300mL). The pH value of the solution was adjusted to 5 with 2N hydrochloric acid,
the solids collected by filtration and dried in an oven under reduced pressure to afford the
desired material (as a racemic mixture) (17.1g) as a off-white solid. NMR Spectrum: 'H
NMR (400MHz, DMSO-d6) 6 1.60-1.71 (2H, m), 1.81-1.88 (1H, m), 1.96-2.02 (1H, m),
2.03-2.10 (2H, m), 3.21 (3H, s), 3.91-3.96 (1H, m), 4.51-4.72 (1H, m), 7.77 (1H, d), 7.93
(1H, d), 8.45 (1H, d), 8.85 (1H, s), 13.30 (1H, bs). Mass Spectrum: m/z (ES+)[M+H]+ =
365.2.

Intermediate U4: Ethyl 6-bromo-4-[[(1R,3R)-3-methoxycyclopentyl|amino|quinoline-
3-carboxylate: ethyl 6-bromo-4-[[(15,35)-3-methoxycyclopentyl]amino]quinoline-3-
carboxylate (1:1 mixture)

HaC—0O H3C—0

.. G &
Br A~ Br A~
X 07 “CH, X 07 "CH,
2
N N
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A mixture of ethyl 6-bromo-4-chloroquinoline-3-carboxylate (15g, 47.69mmol), (trans)-3-
methoxycyclopentan-1-amine (racemic mixture) (8.09g, 26.68mmol) and DIPEA (19.68g,
152.27mmol) in DMA (100mL) was stirred at 80°C for 4 h under an inert atmosphere. The
reaction was quenched by the addition of water (500mL), the solids collected by filtration
and dried in an oven under reduced pressure to afford the desired material (as a racemic

mixture) (18.6 g) as a light brown solid. Mass Spectrum: m/z (ES+)[M+H]+ = 393, 395.

Intermediate V1: 8-bromo-7-fluoro-1-[(1R,3R)-3-methoxycyclopentyl]-3-methyl-
imidazo[4,5-c]quinolin-2-one and 8-bromo-7-fluoro-1-[(15,35)-3-

methoxycyclopentyl]-3-methyl-imidazo[4,5-c]quinolin-2-one (1:1 mixture)

A mixture of 8-bromo-7-fluoro-1-[(1R,3R)-3-methoxycyclopentyl]-3H-imidazo[4,5-
c¢]quinolin-2-one: 8-bromo-7-fluoro-1-[(15,35)-3-methoxycyclopentyl]-3H-imidazo[4,5-
c¢]quinolin-2-one (1:1 mixture) (2.8 g, 7.33 mmol), sodium hydroxide (440 mg, 11.00
mmol,), tetrabutylammonium bromide (240 mg, 0.75 mmol) and methyl iodide (1.6 g,
11.27 mmol) in DCM (150 mL) and water (100 mL) was stirred for 12 h at ambient
temperature. The resulting mixture was concentrated in vacuo and the residue triturated
with water. The solids were collected by filtration and dried to afford the desired material
as a white solid (2.5 g, 86%). NMR Spectrum: 'H NMR (300MHz, DMSO-dé6) & 1.76 -
1.86 (1H, m), 2.11 — 2.32 (4H, m), 2.41 - 2.44 (1H, m), 3.27 (3H, s), 3.30 (3H, 5), 4.12 -
4.15 (1H, m), 5.38 — 5.45 (1H, m), 7.96 (1H, d), 8.53 (1H, d), 8.94 (1H, s). Mass Spectrum:
m/z (ESH)[M+H]+ = 394.

Intermediate V2: 8-bromo-7-fluoro-1-[(1R,3R)-3-methoxycyclopentyl]-3H-
imidazo[4,5-c]quinolin-2-one and 8-bromo-7-fluoro-1-[(15,35)-3-

methoxycyclopentyl]-3H-imidazo[4,5-c]|quinolin-2-one (1:1 mixture)
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H3C\O

o a

"N—4Z N—%{
P P
F F N

A mixture of 6-bromo-7-fluoro-4-[[(1R,3R)-3-methoxycyclopentyl]Jamino]quinoline-3-

=z

carboxylic acid: 6-bromo-7-fluoro-4-[[(15,35)-3-methoxycyclopentylJamino]quinoline-3-
carboxylic acid (1:1 mixture) (2.9 g, 7.53 mmol) and triethylamine (2.3 g, 22.73 mmol) in
DMA (20 mL) was stirred at ambient temperature for 30 mins. Diphenyl phosphorazidate
(2.5 g, 9.09 mmol) was added and the resulting solution stirred for 2 h at 60°C. The
reaction mixture was allowed to cool and the solids collected by filtration. The solid was
dried in an oven under reduced pressure to afford the desired material as a white solid (2.8
g, 97%). NMR Spectrum: '"H NMR (300MHz, DMSO-d6) & 1.78 - 1.88 (1H, m), 2.11 —
2.31 (4H, m), 2.41 - 2.45 (1H, m), 3.27 (3H, s), 4.08 — 4.15 (1H, m), 5.34 — 5.39 (1H, m),
7.92 (1H, d), 8.51 (1H, d), 8.68 (1H, s). Mass Spectrum: m/z (ES+)[M+H]+ = 380.

Intermediate V3: 6-bromo-7-fluoro-4-[[(1R,3R)-3-
methoxycyclopentyl]Jamino]quinoline-3-carboxylic acid and 6-bromo-7-fluoro-4-
[[(15,35)-3-methoxycyclopentyl]amino]quinoline-3-carboxylic acid (1:1 mixture)

H3C HsC

e}

O

“NH 0 NH O
Br Br

o P
F N F N

A mixture of ethyl 6-bromo-7-fluoro-4-[[(1R,3R)-3-methoxycyclopentyl]Jamino]quinoline-
3-carboxylate: ethyl 6-bromo-7-fluoro-4-[[(15,35)-3-

0

methoxycyclopentyl]lamino]quinoline-3-carboxylate (1:1 mixture) (3.4 g, 8.23 mmol) and
2N sodium hydroxide (12 mL) in MeOH (15 mL) and THF (15 mL) was stirred for 12 h at
ambient temperature. The pH of the solution was adjusted to 3 with 1M HCI and the
resultant solid collected by filtration and dried to afford the desired material as a white
solid (2.9 g, 91%). NMR Spectrum: '"H NMR (300MHz, DMSO-d6) § 1.61 - 1.71 (2H, m),
1.76 - 1.86 (1H, m), 1.92 - 2.03 (1H, m), 2.11 - 2.26 (2H, m), 3.21 (3H, s), 3.86 —3.96 (1H,
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m), 4.56 — 4.64 (1H, m), 7.70 (1H, d), 8.56 (1H, d), 8.88 (1H, s), 13.31 (1H, s). Mass
Spectrum: m/z (ES+)[M+H]+ = 383.

Intermediate V4: Ethyl 6-bromo-7-fluoro-4-[[(1R,3R)-3-
methoxycyclopentyllJamino]quinoline-3-carboxylate and Ethyl 6-bromo-7-fluoro-4-
[[(15,35)-3-methoxycyclopentyl]amino]quinoline-3-carboxylate (1:1 mixture)

H,C HsCs

~0

‘NH 0 NH O
Br A~ Br A~
N 07 CH, S 0" CH,
o 7
F N F

A mixture of ethyl 6-bromo-4-chloro-7-fluoroquinoline-3-carboxylate (2 g, 6.01 mmol),

0

(1R,3R)-3-methoxycyclopentanamine hydrochloride and (15,35)-3-
methoxycyclopentanamine hydrochloride (1:1 mixture) (1.4 g, 9.21 mmol) and DIPEA
(1.6 g, 12.38 mmol) in DMA (10 mL) was stirred for 2 h at 80°C. The reaction mixture
was allowed to cool and the residue triturated with water. The solids were collected by
filtration and dried to afford the desired material as a white solid (2.4 g, 97%). Mass
Spectrum: m/z (ESH)[M+H]+=411.

Example 57

7-Fluoro-1-(cis-3-methoxycyclobutyl)-3-methyl-8-[6-[4-(methylamino)-1-piperidyl]-3-
pyridyl]imidazo[4,5-c]quinolin-2-one

\

A mixture of 7-fluoro-8-(6-fluoro-3-pyridyl)-1-(cis-3-methoxycyclobutyl)-3-methyl-
imidazo[4,5-c]quinolin-2-one (120mg, 0.30 mmol), tert-butyl methyl(piperidin-4-
yl)carbamate dihydrochloride (130 mg, 0.45 mmol) and DIPEA (0.106 mL, 0.61 mmol) in
DMSO (2 mL) was stirred at 130°C for 5 h. The crude product, 3-tert-butyl-1-[1-[5-[7-
fluoro-1-(3-methoxycyclobutyl)-3-methyl-2-oxo0-imidazo[4,5-c]quinolin-8-yl]-2-pyridyl]-
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4-piperidyl]-1-methyl-urea, was purified by flash C18 chromatography, elution gradient 5
to 45% MeCN in (0.1% FA) water, and the appropriate fractions combined and
concentrated in vacuo. The residue was treated with TFA (2 mL, 25.96 mmol) in DCM
(3.0 mL) and the mixture stirred at ambient temperature for 12 h. The solvent was removed
under reduced pressure and the crude product purified by preparative HPLC (Waters
XBridge Prep C18 OBD column, Sum silica, 19 mm diameter, 100 mm length), using
decreasingly polar mixtures of water (containing 0.1% AMMONIA) and MeCN as cluents,
to afford the desired material as a yellow solid (40.0 mg, 26.9 %). NMR Spectrum: 'H
NMR (300MHz, DMSO-d6) 6 1.30-1.50 (2H, m), 1.90-2.10 (2H, m), 2.45 (3H, s), 2.72-
2.88 (2H, m), 2.88-3.05 (5H, m), 3.15 (3H, s), 3.45 (3H, s), 3.75-3.90 (1H,m), 4.32-4.45
(2H, m), 4.95-5.15 (1H,m), 7.02 (1H, s), 7.80-7.92(2H, m), 8.25-8.30(1H, d), 8.35 (1H, s),
8.25-8.40 (1H, m), 8.85 (1H, s). Mass Spectrum: m/z (ES+)[M+H]+ = 491.

The following examples were prepared in an analogous fashion from the appropriate

intermediates.
Example Structure Name
) C’H\G C? 3-methyl-8-[6-[4-(methylamino)-1-
3 / o . . _ _ . _ _ _
sg N~ | " ’_( piperidyl]-3-pyridyl]-1-[(3R)
N Ny ¢ ftetrahydropyran-3-yl]imidazo[4,5-
N c]quinolin-2-one
N o 3-methyl-8-[6-[4-(methylamino)-1-
A QL
N iperidyl]-3-pyridyl]-1-[(35)-
50 2 N,(N piperidyl]-3-pyridyl]-1-[(35)
N X CHsltetrahydropyran-3-yl]imidazo[4,5-
N c]quinolin-2-one
C/H Hyc—O 1-(cis-3-methoxycyclobutyl)-3-
Hi
O .
(0% \Oq 2 D\N ’/< methyl-8-[6-[4-(methylamino)-1-
AN Ny M piperidyl]-3-pyridyl]imidazo[4,5-
N c]quinolin-2-one
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Example Structure Name
H Q 3-methyl-8-[6-[4-(methylamino)-1-
H3C/ . . .
- U 2 N //(O piperidyl]-3-pyridyl]-1-

Ny CHs [tetrahydropyran-4-yl-imidazo[4,5-

N c]quinolin-2-one

* The displacement reaction was performed at 130°C for 16 h and the deprotection carried
out at ambient temperature for 30 minutes.
** The displacement reaction was performed at 130°C for 3 - 5 h and the deprotection

carried out at ambient temperature for 1 h.

Example 58: NMR Spectrum: 'H NMR (300MHz, DMSO-d6)  1.42 (2H, m), 1.82 (2H,
m), 2.01 (2H, d), 2.15 (1H, d), 2.50 (3H, s), 2.70 (1H, m), 2.95 (2H, t), 3.10 (1H, m), 3.40
(1H, m), 3.48 (3H, s), 3.92 (1H, d), 4.18 (2H, m), 4.45 (2H, d), 4.93 (1H, bs), 7.06 (1H, d),
7.90 - 8.89 (7TH, m). Mass Spectrum: m/z (ES+)[M+H]+ =473.

Example 59: NMR Spectrum: 'H NMR (300MHz, MeOH-d4) & 1.65 (2H, q), 1.95 (2H,
m), 2.25 (3H, m), 2.76 (3H, s), 2.85 (1H, m), 3.12 (2H, t), 3.40 (1H, m), 3.60 (4H, m), 4.05
(1H, d), 4.22 (1H, d), 4.40 (1H, t), 4.60 (2H, d), 5.19 (1H, bs), 7.20 (1H, d), 8.15 (1H, d),
8.27 (2H, s), 8.60 (2H, d), 9.10 (1H, s). Mass Spectrum: m/z (ES+)[M+H]+ = 473.

Example 60: NMR Spectrum: '"H NMR (300MHz, DMS0-d6) & 1.10-1.30 (2H, m), 1.87-
1.91 (2H, m), 2.32 (3H, s), 2.49-2.63 (1H, m), 2.77-2.85 (2H, m), 2.95-3.05 (4H, m), 3.20
(3H, s), 3.49 (3H, s), 3.84-3.89 (1H, m), 4.25-4.29 (2H, m), 5.08-5.14 (1H, m), 6.98 (1H,
d), 7.87-7.91 (1H, m), 8.01-8.08 (2H, m), 8.36 (1H, d), 8.64 (1H, d), 8.83 (1H, s). Mass
Spectrum: m/z (ES+)[M+H]+ = 473.

Example 61: NMR Spectrum: '"H NMR (300MHz, DMSO-d6) & 1.20-1.24 (2H, m), 1.85-
1.93 (4H, m), 2.30 (3H, s), 2.49-2.54 (1H, m), 2.69-2.74 (2H, m), 2.97-3.06 (2H, m), 3.32
(3H, s), 3.54-3.62 (2H, m), 4.05-4.10 (2H, m), 4.23-4.27 (2H, m), 5.00-5.13 (1H, m), 6.99
(1H, d), 7.91-7.94 (1H, m), 7.98-8.02 (1H, m), 8.08-8.11 (1H, m), 8.37 (1H, s), 8.62 (1H,
d), 8.85 (1H, s). Mass Spectrum: m/z (ES+)[M+H]+ = 473.
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BIOLOGICAL ASSAYS

The following assays were used to measure the effects of the compounds of the
present invention: a) ATM cellular potency assay; b) PI3K cellular potency assay; c¢)
mTOR cellular potency assay; d) ATR cellular potency assay. During the description of the
assays, generally:

1. The following abbreviations have been used: 4NQO = 4-Nitroquinoline N-oxide;
Ab = Antibody; BSA = Bovine Serum Albumin; CO2= Carbon Dioxide; DMEM =
Dulbecco's Modified Eagle Medium; DMSO =Dimethyl Sulphoxide; EDTA =
Ethylenediaminetetraacetic Acid; EGTA = Ethylene Glycol Tetraacetic Acid,
ELISA = Enzyme-linked Immunosorbent Assay; EMEM = Eagle's Minimal
Essential Medium; FBS = Foetal Bovine Serum; h = H(s); HRP = Horseradish
Peroxidase; i.p. = intraperitoneal; PBS = Phosphate buffered saline; PBST =
Phosphate buffered saline / Tween; TRIS = Tris(Hydroxymethyl)aminomethane;
MTS reagent: [3-(4,5-dimethylthiazol-2-yl)-5-(3-carboxymethoxyphenyl)-2-(4-
sulfophenyl)-2H-tetrazolium, inner salt, and an electron coupling reagent
(phenazine methosulfate) PMS; s.c. sub-cutaneously.

it.  1Cso values were calculated using a smart fitting model in Genedata. The 1Cso value

was the concentration of test compound that inhibited 50% of biological activity.

Assay a): ATM Cellular Potency

Rationale:

Cellular irradiation induces DNA double strand breaks and rapid intermolecular
autophosphorylation of serine 1981 that causes dimer dissociation and initiates cellular
ATM kinase activity. Most ATM molecules in the cell are rapidly phosphorylated on this
site after doses of radiation as low as 0.5 Gy, and binding of a phosphospecific antibody is
detectable after the introduction of only a few DNA double-strand breaks in the cell.

The rationale of the pATM assay is to identify inhibitors of ATM in cells. HT29

cells are incubated with test compounds for 1h prior to X-ray-irradiation. 1h later the cells
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are fixed and stained for pATM (Ser1981). The fluorescence is read on the arrayscan

imaging platform.

Method details:

HT29 cells (ECACC #85061109) were seeded into 384 well assay plates (Costar
#3712) at a density of 3500 cells / well in 40ul EMEM medium containing 1% L
glutamine and 10% FBS and allowed to adhere overnight. The following morning
compounds of Formula (I) in 100% DMSO were added to assay plates by acoustic
dispensing. After 1h incubation at 37°C and 5% COz, plates (up to 6 at a time) were
irradiated using the X-RAD 320 instrument (PXi) with equivalent to ~600cGy. Plates were
returned to the incubator for a further 1h. Then cells were fixed by adding 20ul of 3.7%
formaldehyde in PBS solution and incubating for 20 minutes at r.t. before being washed
with 50ul / well PBS, using a Biotek EL405 plate washer. Then 20ul of 0.1% Triton X100
in PBS was added and incubated for 20 minutes at r.t., to permeabalise cells. Then the
plates were washed once with 50ul / well PBS, using a Biotek EL405 plate washer.

Phospho-ATM Ser1981 antibody (Millipore #MAB3806) was diluted 10000 fold in
PBS containing 0.05% polysorbate/Tween and 3% BSA and 20ul was added to each well
and incubated over night at r.t. The next morning plates were washed three times with 50ul
/ well PBS, using a Biotek EL405 plate washer, and then 20ul of secondary Ab solution,
containing 500 fold diluted Alexa Fluor® 488 Goat anti-rabbit IgG (Life Technologies,
A11001) and 0.002mg/ml Hoeschst dye (Life technologies #H-3570), in PBS containing
0.05% polysorbate/Tween and 3% BSA, was added. After 1h incubation at r.t., the plates
were washed three times with 50ul / well PBS, using a Biotek EL405 plate washer, and
plates were sealed and kept in PBS at 4°C until read. Plates were read using an ArrayScan
VTI instrument, using an XF53 filter with 10X objective. A two laser set up was used to
analyse nuclear staining with Hoeschst (405nm) and secondary antibody staining of

pSer1981 (488nm).

Assay b): ATR Cellular Potency

Rationale:
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ATR is a PI 3-kinase-related kinase which phosphorylates multiple substrates on
serine or threonine residues in response to DNA damage during or replication blocks.
Chk1, a downstream protein kinase of ATR, plays a key role in DNA damage checkpoint
control. Activation of Chk1 involves phosphorylation of Ser317 and Ser345 (the latter
regarded as the preferential target for phosphorylation/activation by ATR). This was a cell
based assay to measure inhibition of ATR kinase, by measuring a decrease in
phosphorylation of Chk1 (Ser 345) in HT29 cells, following treatment with compound of
Formula (I) and the UV mimetic 4NQO (Sigma #N&141).

Method details:

HT29 cells (ECACC #85061109) were seeded into 384 well assay plates (Costar
#3712) at a density of 6000 cells / well in 40ul EMEM medium containing 1% L
glutamine and 10% FBS and allowed to adhere overnight. The following morning
compound of Formula (I) in 100% DMSO were added to assay plates by acoustic
dispensing. After 1h incubation at 37°C and 5% CO2,40nl of 3mM 4NQO in 100% DMSO
was added to all wells by acoustic dispensing, except minimum control wells which were
left untreated with 4NQO to generate a null response control. Plates were returned to the
incubator for a further 1h. Then cells were fixed by adding 20ul of 3.7% formaldehyde in
PBS solution and incubating for 20 mins at r.t. Then 20ul of 0.1% Triton X100 in PBS was
added and incubated for 10 minutes at r.t., to permeabalise cells. Then the plates were
washed once with 50ul / well PBS, using a Biotek EL405 plate washer.

Phospho-Chk1 Ser 345 antibody (Cell Signalling Technology #2348) was diluted
150 fold in PBS containing 0.05% polysorbate/Tween and 15ul was added to each well
and incubated over night at r.t. The next morning plates were washed three times with 50ul
/ well PBS, using a Biotek EL405 plate washer, and then 20ul of secondary Ab solution,
containing 500 fold diluted Alexa Fluor 488 Goat anti-rabbit IgG (Molecular Probes #A-
11008) and 0.002mg/ml Hoeschst dye (Molecular Probes #H-3570), in PBST, was added.
After 2h incubation at r.t., the plates were washed three times with 50ul / well PBS, using a
Biotek EL405 plate washer, and plates were then sealed with black plate seals until read.

Plates were read using an ArrayScan VTI instrument, using an XF53 filter with 10X
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objective. A two laser set up was used to analyse nuclear staining with Hoeschst (405nm)

and secondary antibody staining of pChk1 (488nm).

Assay c): PI3K Cellular Potency

Rationale:

This assay was used to measure PI3K-a inhibition in cells. PDK 1 was identified as
the upstream activation loop kinase of protein kinase B (Akt1), which is essential for the
activation of PKB. Activation of the lipid kinase phosphoinositide 3 kinase (PI3K) is
critical for the activation of PKB by PDKI1.

Following ligand stimulation of receptor tyrosine kinases, PI3K is activated, which
converts PIP2 to PIP3, which is bound by the PH domain of PDK1 resulting in recruitment
of PDK1 to the plasma membrane where it phosphorylates AKT at Thr308 in the activation
loop.

The aim of this cell-based mode of action assay is to identify compounds that
inhibit PDK activity or recruitment of PDK1 to membrane by inhibiting PI3K activity.
Phosphorylation of phospho-Akt (T308) in BT474c cells following treatment with

compounds for 2h is a direct measure of PDK1 and indirect measure of PI3K activity.

Method details:

BT474 cells (human breast ductal carcinoma, ATCC HTB-20) were seeded into
black 384 well plates (Costar, #3712) at a density of 5600 cells / well in DMEM containing
10% FBS and 1% glutamine and allowed to adhere overnight.

The following morning compounds in 100% DMSO were added to assay plates by
acoustic dispensing. After a 2h incubation at 37°C and 5% COz, the medium was aspirated
and the cells were lysed with a buffer containing 25mM Tris, 3mM EDTA, 3mM EGTA,
50mM sodium fluoride, 2mM Sodium orthovanadate, 0.27M sucrose, 10mM f3-
glycerophosphate, SmM sodium pyrophosphate, 0.5% Triton X-100 and complete protease
inhibitor cocktail tablets (Roche #04 693 116 001, used 1 tab per 50ml lysis buffer).

After 20 minutes, the cell lysates were transferred into ELISA plates (Greiner #
781077) which had been pre-coated with an anti total-AKT antibody in PBS buffer and
non-specific binding was blocked with 1% BSA in PBS containing 0.05% Tween 20.
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Plates were incubated over night at 4°C. The next day the plates were washed with PBS
buffer containing 0.05% Tween 20 and further incubated with a mouse monoclonal anti-
phospho AKT T308 for 2h. Plates were washed again as above before addition of a horse
anti-mouse-HRP conjugated secondary antibody. Following a 2h incubation at r.t., plates
were washed and QuantaBlu substrate working solution (Thermo Scientific #15169,
prepared according to provider’s instructions) was added to each well. The developed
fluorescent product was stopped after 60 minutes by addition of Stop solution to the wells.
Plates were read using a Tecan Safire plate reader using 325nm excitation and 420nm
emission wavelengths respectively. Except where specified, reagents contained in the Path
Scan Phospho AKT (Thr308) sandwich ELISA kit from Cell Signalling (#7144) were used
in this ELISA assay.

Assay d): mTOR Cellular Potency

Rationale:

This assay was used to measure mTOR inhibition in cells. The aim of the phospho-AKT
cell based mechanism of action assay using the Acumen Explorer is to identify inhibitors
of either PI3Ka or mTOR-Rictor (Rapamycin insensitive companion of mTOR). This is
measured by any decrease in the phosphorylation of the Akt protein at Serd73 (AKT lies
downstream of PI3Ka in the signal transduction pathway) in the MDA-MB-468 cells

following treatment with compound.

Method details:

MDA-MB-468 cells (human breast adenocarcinoma #ATCC HTB 132) were
seeded at 1500 cells / well in 40ul of DMEM containing 10% FBS and 1% glutamine into
Greiner 384 well black flat-bottomed plates. Cell plates were incubated for 18h in a 37°C
incubator before dosing with compounds of Formula (I) in 100% DMSO using acoustic
dispensing. Compounds were dosed in a 12 point concentration range into a randomised
plate map. Control wells were generated either by dosing of 100% DMSO (max signal) or
addition of a reference compound (a PI3K-f inhibitor) that completely eliminated the
pAKT signal (min control). Plates were incubated at 37°C for 2h; cells were then fixed by
the addition of 10ul of a 3.7% formaldehyde solution. After 30 minutes the plates were
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washed with PBS using a Tecan PW384 plate washer. Wells were blocked and cells
permeabilised with the addition of 40ul of PBS containing 0.5% Tween20 and 1%
Marvel™ (dried milk powder) and incubated for 60 minutes at r.t. The plates were washed
with PBS containing 0.5% (v/v) Tween20 and 20ul rabbit anti-phospho AKT Ser473 (Cell
Signalling Technologies, #3787) in same PBS-Tween + 1% Marvel™ was added and
incubated overnight at 4°C.

Plates were washed 3 times with PBS + 0.05% Tween 20 using a Tecan PW384.
20ul of secondary antibody Alexa Fluor 488 anti-Rabbit (Molecular Probes, #A11008)
diluted in PBS + 0.05% Tween20 containing 1% Marvel™ was added to each well and
incubated for 1h at r.t. Plates were washed three times as before then 20ul PBS added to
cach well and plates sealed with a black plate sealer.

The plates were read on an Acumen plate reader as soon as possible, measuring
green fluorescence after excitation with 488nm laser. Using this system ICso values were
generated and quality of plates was determined by control wells. Reference compounds

were run each time to monitor assay performance.

Table 2: Potency Data for Examples 1 - 61 in Assays a) - d)

Assay ¢) Assay d)
Assay a) ATM | Assay b) ATR
Example PI3Ka Cell mTOR Cell
Cell ICso (uM) | Cell ICsp (uM)
1Cso (nM) 1Cso (uM)
1 0.00111 1.51 0.47
2 0.0127 6.76
3 0.0021 >30 193
4 0.00761 18 0.243
5 0.000312 0.284
6 0.0017 >30
7 0.000626 1.42 1.22 0.616
8 0.00104 0.261
9 0.000842 2.48
10 0.000752 3.21
11 0.00077 1.08
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Assay ¢) Assay d)
Example Assay2) ATM | Assay b) ATR PI3Ka Cell mTOR Cell
Cell ICso (pM) | Cell ICsp (nM)
ICs0 (nM) ICso (nM)
12 0.000434 0.223
13 >0.0239
14 0.00151
15 0.00146 >30
16 0.0186 >22.3
17 0.0137 >30
18 0.0127 17.5
19 0.0634 >30
20 0.0365 >30 >10 >30
21 0.0258 >30
22 0.0134 6.71
23 0.0228 >24
24 0.0166 9.23
25 0.00661 2.52
26 0.00929 >20.1
27 0.0059 5.95
28 0.0195 18.8
29 0.00968 >30
30 0.0249 >30
31 0.0338 >30 >30 12.8
32 0.000307 >30 0.663 1.5
33 0.000332 >25.7 1.09 NV
34 0.000395 >30 2
35 0.0014 >30 16.5
36 0.000357 >30 0.987 39
37 0.000911 >30
38 0.00391 >30
39 0.00269 >30
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Assay ¢) Assay d)
Example Assay2) ATM | Assay b) ATR PI3Ka Cell mTOR Cell
Cell ICso (pM) | Cell ICsp (nM)
ICs0 (nM) ICso (nM)

40 0.00324 >30 22.1
41 0.00202 >30
42 0.00154 >30 >30 >15.3
43 0.072 >30
44 0.000889 1.12
45 0.000618 >30
46 0.0077 >10
47 0.0027 1.8
48 0.00234 0.201
49 0.0153 1.91
50 0.0167 1.97
51 0.000589 0.0906
52 0.000112 0.0616
53 0.000269 >21.4
54 0.000061 >25.6
55 0.00338 0.804
56 0.0157 1.19
57 0.00116 >30 >30 7.72
58 0.00225 >21.8
59 0.00138 >30
60 0.000502 >30 0.292 0.989
61 0.000753 >25.5

Table 3 shows comparative data for certain Compounds of CN102399218A and
CN102372711A in tests a) b) ¢) and d).
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Table 3: Potency Data for Certain Compounds of CN102399218A and CN102372711A in

Assays a) - d)

Assay ¢) Assay d)
Reference Assay a) ATM | Assay b) ATR
PI3Ka Cell mTOR Cell
Compound Cell ICs0 (uM) | Cell ICso (uM)
1Cso (nM) I1Cso (nM)

CN102372711A

0.125 0.281 0.188 0.237
Compound 1
CN102372711A

0.0112 0.0686 0.102 0.0729
Compound 4
CN102372711A

0.0265 0.0644 0.153 0.113
Compound 5
CN102399218A
Compound 60 1.76 >0.0771 4.67 231
CN102399218A
Compound 61 3.46 1.48 1.73 0.177
CN102399218A

0.08 0.0563 0.149 0.0155
Compound 62
CN102399218A
Compound 64 0.216 0.162 0.247 0.287
CN102399218A
Compound 94 0.494 0.0129 0.0804 0.0414
CN102399218A

0.0741 0.0686 0.0131 0.0469

Compound 114




10

15

20

25

WO 2017/076898 PCT/EP2016/076416

131

Claims

1. A compound of Formula (I):

)

or a pharmaceutically acceptable salt thereof, where:

Rl is azetidinyl, pyrrolidinyl or piperidinyl, each of which is substituted by
one methylamino group or one dimethylamino group;

R?is:

- isopropyl,

- C4-Cs cycloalkyl optionally substituted with one methoxy group,

- oxetanyl,

- tetrahydrofuranyl, or

- tetrahydropyranyl;

R3 is hydro or methyl; and

R* is hydro or fluoro.

2. The compound of Formula (I), or a pharmaceutically acceptable salt thereof, as

claimed in claim 1, where R! is azetidin-1-yl, pyrrolidin-1-yl or piperidin-1-yl, each

of which is substituted by one dimethylamino group or one methylamino group.

3. The compound of Formula (I), or a pharmaceutically acceptable salt thereof, as

claimed in claim 1 or claim 2, where R! is 3-(dimethylamino)azetidin-1-yl, 3-
(dimethylamino)pyrrolidin-1-yl, 3-(dimethylamino)piperidin-1-yl, 4-
(dimethylamino)piperidin-1-yl or 4-(methylamino)piperidin-1-yl.

4. The compound of Formula (I), or a pharmaceutically acceptable salt thereof, as

claimed in any one of the preceding claims, where R? is cyclobutyl, 3-
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methoxycyclobut-1-yl, 3-methoxycyclopent-1-yl, 3-methoxycyclohex-1-yl, 4-

methoxycyclohex-1-yl, isopropyl, oxetan-3-yl, tetrahydrofuran-3-yl,
tetrahydropyran-3-yl or tetrahydropyran-4-yl.

5. The compound of Formula (I), or a pharmaceutically acceptable salt thereof, as

claimed in any one of the preceding claims, where R* is methyl.

6. The compound of Formula (I), or a pharmaceutically acceptable salt thereof as

claimed in any one of the preceding claims, where R* is hydro.

7. The compound of Formula (I), or a pharmaceutically acceptable salt thereof, as

claimed in claim 1, where:

R! is 3-(dimethylamino)azetidin-1-yl, 3-(dimethylamino)pyrrolidin-1-yl, 3-
(dimethylamino)piperidin-1-yl, 4-(dimethylamino)piperidin-1-yl or 4-
(methylamino)piperidin-1-yl;

R? is cyclobutyl, 3-methoxycyclobut-1-yl, 3-methoxycyclopent-1-yl, 3-
methoxycyclohex-1-yl, 4-methoxycyclohex-1-yl, isopropyl, oxetan-3-yl,
tetrahydrofuran-3-yl, tetrahydropyran-3-yl or tetrahydropyran-4-yl;

R? is methyl; and

R* is hydro or fluoro.

8. The compound of Formula (I), or a pharmaceutically acceptable salt thereof, as

claimed in claim 1, where the compound is selected from the group consisting of:
8-[6-[(3R)-3-(Dimethylamino)pyrrolidin-1-yl]-3-pyridyl]-1-isopropyl-3-
methyl-imidazo[4,5-c]quinolin-2-one;
8-[6-[(395)-3-(Dimethylamino)pyrrolidin-1-yl]-3-pyridyl]-1-isopropyl-3-
methyl-imidazo[4,5-c]quinolin-2-one;
8-[6-[4-(Dimethylamino)-1-piperidyl]-3-pyridyl]-7-fluoro-1-isopropyl-3-
methyl-imidazo[4,5-c]quinolin-2-one;
8-[6-[3-(Dimethylamino)azetidin-1-yl]-3-pyridyl]-1-isopropyl-3-methyl-

imidazo[4,5-c]quinolin-2-one;
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8-[6-[(3R)-3-(Dimethylamino)pyrrolidin-1-yl]-3-pyridyl]-1-[(1§,35)-3-
methoxycyclopentyl]-3-methyl-imidazo[4,5-c]quinolin-2-one;
8-[6-[(3R)-3-(Dimethylamino)pyrrolidin-1-yl]-3-pyridyl]-7-fluoro-1-(cis-3-
methoxycyclobutyl)-3-methyl-imidazo[4,5-c]quinolin-2-one;
8-[6-[(3R)-3-(Dimethylamino)pyrrolidin-1-yl]-3-pyridyl]-3-methyl-1-[(3R)-
tetrahydropyran-3-yl]imidazo[4,5-c]quinolin-2-one;
8-[6-[(3R)-3-(Dimethylamino)pyrrolidin-1-yl]-3-pyridyl]-3-methyl-1-[(35)-
tetrahydrofuran-3-yl]imidazo[4,5-c]quinolin-2-ong;
8-[6-[(3R)-3-(Dimethylamino)pyrrolidin-1-yl]-3-pyridyl]-3-methyl-1-[(35)-
tetrahydropyran-3-yl]imidazo[4,5-c]quinolin-2-one;
8-[6-[(3R)-3-(Dimethylamino)pyrrolidin-1-yl]-3-pyridyl]-1-(cis-3-
methoxycyclobutyl)-3-methyl-imidazo[4,5-c]quinolin-2-one;
8-[6-[(3R)-3-(Dimethylamino)pyrrolidin-1-yl]-3-pyridyl]-1-(trans-3-
methoxycyclobutyl)-3-methyl-imidazo[4,5-c]quinolin-2-one;
8-[6-[(3R)-3-(Dimethylamino)pyrrolidin-1-yl]-3-pyridyl]-1-(trans-4-
methoxycyclohexyl)-3-methyl-imidazo[4,5-c]quinolin-2-one;
8-[6-[(3R)-3-(Dimethylamino)pyrrolidin-1-yl]-3-pyridyl]-3-methyl-1-
tetrahydropyran-4-yl-imidazo[4,5-c]quinolin-2-one;
8-[6-[(3R)-3-(Dimethylamino)pyrrolidin-1-yl]-3-pyridyl]-7-fluoro-3-
methyl-1-[(3R)-tetrahydropyran-3-yl]imidazo[4,5-c]quinolin-2-one;
8-[6-[(3R)-3-(Dimethylamino)pyrrolidin-1-yl]-3-pyridyl]-7-fluoro-3-
methyl-1-[(35)-tetrahydropyran-3-yl]imidazo[4,5-c]quinolin-2-one;
8-[6-[(395)-3-(Dimethylamino)pyrrolidin-1-yl]-3-pyridyl]-3-methyl-1-[ (3R)-
tetrahydropyran-3-yl]imidazo[4,5-c]quinolin-2-one;
8-[6-[(395)-3-(Dimethylamino)pyrrolidin-1-yl]-3-pyridyl]-3-methyl-1-[(35)-
tetrahydropyran-3-yl]imidazo[4,5-c]quinolin-2-one;
8-[6-[(395)-3-(Dimethylamino)pyrrolidin-1-yl]-3-pyridyl]-1-(cis-3-
methoxycyclobutyl)-3-methyl-imidazo[4,5-c]quinolin-2-one;
8-[6-[(395)-3-(Dimethylamino)pyrrolidin-1-yl]-3-pyridyl]-7-fluoro-3-methyl-
1-[(3R)-tetrahydropyran-3-yl]imidazo[4,5-c]quinolin-2-ong;
8-[6-[(395)-3-(Dimethylamino)pyrrolidin-1-yl]-3-pyridyl]-7-fluoro-3-methyl-
1-[(35)-tetrahydropyran-3-yl]imidazo[4,5-c]quinolin-2-one;
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8-[6-[(395)-3-(Dimethylamino)pyrrolidin-1-yl]-3-pyridyl]-7-fluoro-1-(cis-3-
methoxycyclobutyl)-3-methyl-imidazo[4,5-c]quinolin-2-one;
8-[6-[3-(Dimethylamino)azetidin-1-yl]-3-pyridyl]-1-[trans-3-
methoxycyclopentyl]-3-methyl-imidazo[4,5-c]quinolin-2-one;
8-[6-[3-(Dimethylamino)azetidin-1-yl]-3-pyridyl]-3-methyl-1-[(35)-
tetrahydropyran-3-yl]imidazo[4,5-c]quinolin-2-one;
8-[6-[3-(Dimethylamino)azetidin-1-yl]-3-pyridyl]-1-(trans-4-
methoxycyclohexyl)-3-methyl-imidazo[4,5-c]quinolin-2-one;
1-Cyclobutyl-8-[6-[3-(dimethylamino)azetidin-1-yl]-3-pyridyl]-3-methyl-
imidazo[4,5-c]quinolin-2-one;
8-[6-[3-(Dimethylamino)azetidin-1-yl]-3-pyridyl]-3-methyl-1-[(3R)-
tetrahydropyran-3-yl]imidazo[4,5-c]quinolin-2-one;
8-[6-[3-(Dimethylamino)azetidin-1-yl]-3-pyridyl]-3-methyl-1-
tetrahydropyran-4-yl-imidazo[4,5-c]quinolin-2-one;
8-[6-[3-(Dimethylamino)azetidin-1-yl]-3-pyridyl]-7-fluoro-1-[trans-3-
methoxycyclopentyl]-3-methyl-imidazo[4,5-c]quinolin-2-one;
8-[6-[3-(Dimethylamino)azetidin-1-yl]-3-pyridyl]-7-fluoro-1-(cis-3-
methoxycyclobutyl)-3-methyl-imidazo[4,5-c]quinolin-2-one;
8-[6-[4-(Dimethylamino)-1-piperidyl]-3-pyridyl]-1-[trans-3-
methoxycyclopentyl]-3-methyl-imidazo[4,5-c]quinolin-2-one;
8-[6-[4-(Dimethylamino)-1-piperidyl]-3-pyridyl]-3-methyl-1-[(3R)-
tetrahydropyran-3-yl]imidazo[4,5-c]quinolin-2-one;
8-[6-[4-(Dimethylamino)-1-piperidyl]-3-pyridyl]-3-methyl-1-[(35)-
tetrahydropyran-3-yl]imidazo[4,5-c]quinolin-2-one;
8-[6-[4-(Dimethylamino)-1-piperidyl]-3-pyridyl]-1-(cis-3-
methoxycyclobutyl)-3-methyl-imidazo[4,5-c]quinolin-2-one;
1-Cyclobutyl-8-[6-[4-(dimethylamino)-1-piperidyl]-3-pyridyl]-3-methyl-
imidazo[4,5-c]quinolin-2-one;
8-[6-[4-(Dimethylamino)-1-piperidyl]-3-pyridyl]-3-methyl-1-(oxetan-3-
yl)imidazo[4,5-c]quinolin-2-one;
8-[6-[4-(Dimethylamino)-1-piperidyl]-3-pyridyl]-3-methyl-1-
tetrahydropyran-4-yl-imidazo[4,5-c]quinolin-2-one;
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8-[6-[4-(Dimethylamino)-1-piperidyl]-3-pyridyl]-7-fluoro-3-methyl-1-
[(3R)-tetrahydropyran-3-yl]imidazo[4,5-c]quinolin-2-one;
8-[6-[4-(Dimethylamino)-1-piperidyl]-3-pyridyl]-7-fluoro-3-methyl-1-[(3.5)-
tetrahydropyran-3-yl]imidazo[4,5-c]quinolin-2-one;
8-[6-[4-(Dimethylamino)-1-piperidyl]-3-pyridyl]-7-fluoro-1-(cis-3-
methoxycyclobutyl)-3-methyl-imidazo[4,5-c]quinolin-2-one;
8-[6-[(3R)-3-(Dimethylamino)-1-piperidyl]-3-pyridyl]-7-fluoro-1-(cis-3-
methoxycyclobutyl)-3-methyl-imidazo[4,5-c]quinolin-2-one;
8-[6-[(3R)-3-(Dimethylamino)pyrrolidin-1-yl]-3-pyridyl]-1-(cis-4-
methoxycyclohexyl)-3-methyl-imidazo[4,5-c]quinolin-2-one;
8-[6-[4-(Dimethylamino)-1-piperidyl]-3-pyridyl]-1-[(cis-3-
methoxycyclohexyl]-3-methyl-imidazo[4,5-c]quinolin-2-one;
8-[6-[(3R)-3-(Dimethylamino)pyrrolidin-1-yl]-3-pyridyl]-1-[ cis-3-
methoxycyclohexyl]-3-methyl-imidazo[4,5-c]quinolin-2-one;
8-[6-[3-(Dimethylamino)azetidin-1-yl]-3-pyridyl]-1-[ cis-3-
methoxycyclohexyl]-3-methyl-imidazo[4,5-c]quinolin-2-one;
8-[6-[(3R)-3-(Dimethylamino)pyrrolidin-1-yl]-3-pyridyl]-1-[trans-3-
methoxycyclohexyl]-3-methyl-imidazo[4,5-c]quinolin-2-one;
8-[6-[4-(Dimethylamino)-1-piperidyl]-3-pyridyl]-1-[trans-3-
methoxycyclohexyl]-3-methyl-imidazo[4,5-c]quinolin-2-one;
8-[6-[3-(Dimethylamino)azetidin-1-yl]-3-pyridyl]-1-[trans-3-
methoxycyclohexyl]-3-methyl-imidazo[4,5-c]quinolin-2-one;
7-Fluoro-1-(cis-3-methoxycyclobutyl)-3-methyl-8-[6-[4-(methylamino)-1-
piperidyl]-3-pyridyl]imidazo[4,5-c]quinolin-2-one;
3-Methyl-8-[6-[4-(methylamino)-1-piperidyl]-3-pyridyl]-1-[(3R)-
tetrahydropyran-3-yl]imidazo[4,5-c]quinolin-2-one;
3-Methyl-8-[6-[4-(methylamino)-1-piperidyl]-3-pyridyl]-1-[(35)-
tetrahydropyran-3-yl]imidazo[4,5-c]quinolin-2-one;
1-(cis-3-Methoxycyclobutyl)-3-methyl-8-[ 6-[4-(methylamino)-1-piperidyl]-
3-pyridyl]imidazo[4,5-c]quinolin-2-one; and
3-Methyl-8-[6-[4-(methylamino)-1-piperidyl]-3-pyridyl]-1-tetrahydropyran-

4-yl-imidazo[4,5-c]quinolin-2-one.
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15.
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A pharmaceutical composition which comprises a compound of Formula (I), or a
pharmaceutically acceptable salt thereof, as claimed in any one of claims 1 to 8, and

at least one pharmaceutically acceptable excipient.

A compound of Formula (I), or a pharmaceutically acceptable salt thereof, as

claimed in any one of claims 1 to 8, for use in therapy.

A compound of Formula (I), or a pharmaceutically acceptable salt thereof, as

claimed in any one of claims 1 to 8, for use in the treatment of cancer.

A compound of Formula (I), or a pharmaceutically acceptable salt thercof, for use
in the treatment of cancer according to claim 11, where the compound of Formula

(I) is administered simultancously, separately or sequentially with radiotherapy.

A compound of Formula (I), or a pharmaceutically acceptable salt thereof, for use
in the treatment of cancer according to claim 11, where the compound of Formula
(D) is administered simultaneously, separately or sequentially with at least one
additional anti-tumour substance selected from cisplatin, oxaliplatin, carboplatin,
valrubicin, idarubicin, doxorubicin, pirarubicin, irinotecan, topotecan, amrubicin,
epirubicin, etoposide, mitomycin, bendamustine, chlorambucil, cyclophosphamide,
ifosfamide, carmustine, melphalan, bleomycin, olaparib, durvalumab, AZD1775

and AZD6738.

Use of a compound of Formula (I), or a pharmaceutically acceptable salt thereof, as
claimed in any one of claims 1 to 8, in the manufacture of a medicament for the

treatment of cancer.

A method for treating cancer in a warm-blooded animal in need of such treatment,
which comprises administering to said warm-blooded animal a therapeutically
effective amount of a compound of Formula (I), or a pharmaceutically acceptable

salt thereof, as claimed in any one of claims 1 to 8.
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M —3 -2 T KR 3[4, 5—c ] k-2 ;

[0172]  8-[6-[ (3S) —3— (A AR (L) mb i e —1 -2 ] -3-mb i 56 1 -3-F 3 1-[ (3S) -PU &t
MR —3—3E TR Wk 3[4, 5—c ] bR —2 i ;

[0173] 8- [6-[ (3S) —3— (= A BL & 2E) MEms he—1-JE ] -3 mg B ] -1- OB -3-F A8 T
5E) —3-H HE-WKMEIF: (4, 5-c ] Wbk —2— il ;

[0174]  8-[6-[ (3S) —3— (= FH B S Jk) Mk o — 12k ] -3 -k g ] - 79 —3-F 2 -1-[ (3R) -
VU S IR —3 - 22 J Ik e JF: [4, 5—c ] k-2~ i 5

[0175]  8-[6-[ (3S) —3— (= F B2 Jk) Mk g ot —1-2k ] -3 -k g 5 ] - 79 —3-F H-1-[ (39) -
VU S IR —3— 22 T K M JF: (4, 5—c ] W bk —2— il 5

[0176]  8-[6-[ (3S) —3— (- FH AR L) Mb R b —1 -2 ] -3 -k e 22 ] -7 98— 1 (X -3 FH 4 2
IRT L) —3-H B -IR M 3[4, 5-c ] k-2 i ;

[0177]  8-[6-[3- (CH HE ) BARIH T hi-1-5]-3-mtre ] -1-[ (1S, 3S) -3-H S I
I3 ] -3~ FH BRI I [4 ) 5—c ] W bk —2— i 5

[0178]  8-[6-[3- (HIEEEIE) B A T i 1-%]-3-mkme 2] -1-[ (IR, 3R) -3-H & FE IR
I3 A ] -3 FH BRI [4 ) 5—c ] W bk —2— i 5

[0179]  8-[6-[3- (= HI &) BRI T hi-1-5]-3-mbre ] -3-H H-1-[ (3S) -IY At
M —3 -2 T KM 3[4, 5-c ] k-2 ;

[0180]  8-[6-[3- (A RRE L) AR T hi—1-2&]-3-mtng 2t ] -1- (R X-4-FEHEHR D
5E) —3-H HE KM IF: (4, 5-c ] Wbk —2— il ;

[0181]  1-3F T H-8-[6-[3— (- F AL EIE) BAIA T e 126 ] -3-nbme k] -3 S -k e I
[4,5-c] -2 ;

[0182]  8-[6-[3- (- HI L) BRI T bi-1-5]-3-mbre ] -3-H H-1-[ (3R) -PY &t
MR —3—3& TR Wk 3[4, 5—c ] I IpR—2 i ;

[0183]  8-[6-[3- (CHIJEGEE) A A T f—1-28 ] -3-mbme & ] -3 F -1 - DU Stk iR -4 -
FE-R M IE (4, 5 ] ibk—2— i ;

[0184]  8-[6-[3- (- HIZEEHE) B AHFF T hi-1-26]-3-mbrme 2] -7-%-1-[ (1S,39) -3-H &
FEIR I ] -3 F FE -k 3[4, 5-c ] IR —2— i ;

[0185]  8-[6-[3- (- HIZEEHE) B AFF T hi-1-2E]-3-mbme 2] -7-%-1-[ (IR, 3R) -3-H %
FEIR I ] -3 F FE -k I [4, 5-c ] R —2— i ;

[0186]  8-[6-[3- (HI &) BRI T hi-1-28] -3-mbme 22 ] -7-%-1- (Oia-3-F 4 2
IRT L) —3-H KM 3[4, 5-c ] MRk —2- i 5

[0187]  8-[6-[4- (- HELEIL) —1-WRMEHE ] -3-ntne JL]-1-[ (1S, 3S) —3-H &I R 3L -
3—FH JE -k 5[4, 5-c ] s bk —2— 8

[0188]  8-[6-[4- (- HIBEGIE) —1-WRMeE 5 ] -3-ntme & ] -1-[ (IR, 3R) -3-H A& IF L ] -
3—FH JE -k 5F: (4, 5-c ] s bk —2— 8
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[0189]  8-[6-[4- (- HI L&) —1-WRHE 5] -3-Mbng %] -3-F -1-[ (3R) —PU &tk iR -3~
FETRME I [4, 5—c ] bk — 21 ;

[0190]  8-[6-[4- (= H L&) —1-WRHE 5 ] -3-Mbng 5] -3-F -1 (3S) —PU &tk iR -3
FETRME I [4, 5—c ] bk — 21 ;

[0191]  8-[6-[4— (- HHIIEEHL) —1-WRiE R ] -3-mkng i ] -1- O a-3-F L30T 3E) -3-H
BRI [4, 5—c ] MEmpk— 21 ;

[0192]  1-BAT 2&-8-[6-[4- (CHBRE L) —1-WR e JE ] -3 Mt ng 5k ] -3 F Bk e 3[4, 5-
c ] Rk —2- i ;

[0193]  8-[6-[4— (- HIJEEHL) —1-WRiE FE ] -3-nkng ] -3-H 3e—1- (G 2430 T he-3-35) nk
W[4, 5—c ] EEmk—2— ;

[0194]  8-[6-[4- (= H HEE L) — 1 -WRME 2 ] -3 - Mk mg 2 ] -3 R -1 DU Stk e — 42— R e
I (4, 5-c] wEmk—2— ;

[0195]  8-[6-[4- (HAEEIL) —1-WRuE ] -3-mbme 2 ] -7-9-3-F & -1-[ (3R) -PU At
WRj—3 i J DKM 3[4, 5—c ] bR —2 il ;

[0196]  8-[6-[4- (HREEIL) —1-WRuE ] -3-mbme 2 ] -7-9-3-F & -1-[ (3S) -PU At
MR —3—3& TR Wk 3[4, 5—c ] I IpR—2 i ;

[0197]  8-[6-[4- (= H A& HL) —1-WRmE 2 | -3-mEme 26 1 -7- 98- 1- OBal-3-H A 30T
5e) -3 F BRI IF: (4, 5—c ] nEpR—2— 8 ;

[0198]  8-[6-[ (3R) —3— (- FH AR L) —1-WRME F5 ] -3-Mbmg 2 ] -7- 51— Ol =0-3-F A 2L 30
THE) -3 F IR I (4, 5-c ] MR- 2 i ;

[0199]  8-[6-[ (3R) —3— (= H B2 ) ML i e —1-Jk ] -3k iE 2 ] - 1- (i -4-H A 3 2
5E) —3—F BRI I (4, 5—c ] nER—2— 8 ;

[0200]  8-[6-[4- (- HIREIL) —1-URE ] -3-MEnE ] -1-[ (1S, 3R) -3-F AL L ] -
3—F JL-IK M 5F: (4, 5-c ] bk —2 -l ;

[0201]  8-[6-[4- (- HI LA —1-WRiE 2] -3-mEmg 2] -1-[ (IR, 3S) -3-F A I O 5 ] -
3—F BRI 5F: (4, 5-c ] Wbk —2 -l ;

[0202]  8-[6-[ (3R) —3— (= FH AR ZHE) mbng br—1-J]-3-mbmg Bk ]-1-[ (1S, 3R) —3-H & B30
O 2k ] -3 H -k M 3[4, 5-c ] k-2 i ;

[0203]  8-[6-[ (3R) —3— (- FH AR &L) mbmg b —1-2& ] -3-mkme £ 1-1-[ (IR, 3S) —3-FH A LI
O 2k ] -3 H -k M 3[4, 5-c ] k-2 il ;

[0204]  8-[6-[3- (CHIAEZIL) WAL T be-1-J&]-3-mtrg ] -1-[ (1S, 3R) -3-H A JL R
O 2k ] -3 H -k M 3[4, 5-c ] k-2 il ;

[0205]  8-[6-[3- (CHI ) BRI T hi-1-%]-3-mtre ] -1-[ (IR, 3S) —3-H S L3
O 2k ] -3 H -k M 3[4, 5-c ] k-2 il ;

[0206]  8-[6-[ (3R) —3— (= FH AR ZHE) MLng br—1-J ] -3-mtmg 3] -1-[ (1S, 3S) -3-H & 2L
O 2k ] -3 H -k M 3[4, 5-c k-2 i ;

[0207]  8-[6-[ (3R) —3— (= FH AR ZJE) mbng br—1-J]-3-mtng 3] -1-[ (IR, 3R) —3-F & JL 30
O 2k ] -3 H -k M 3[4, 5-c ] k-2 il ;

[0208]  8-[6-[4- (-HIFEEIEL) ~1-WRmEFE ] -3-ntme L] -1-[ (1S, 3S) -3-H A LI L 5 ] -
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3—FH -k 5 (4, 5-c ] s bk —2— 8

[0209]  8-[6-[4- (= HIHEE L) —1-WRmE 2] -3-mEmg 2] -1-[ (IR, 3R) —3-F S I OV 5L ] -
3—F LKL 34 [4 , 5—c ] bR —2—fifd

[0210]  8-[6-[3- (HIEEEIE) WA T i 1-]-3-mkme ] -1-[ (1S, 3S) -3-H & HE IR
O 28 ] -3 FH LRI 3[4, 5—c ] WEmbk—2— i ;

[0211]  8-[6-[3- (B EIE) B A T i 1-%]-3-mkme 2] -1-[ (1S, 3S) -3-H & FE I
O 28 ] -3 FH R 3[4, 5—c ] Embk—2— i ;

[0212]  7-%—1- (WX -3-F 428 3R T 88) -3 38— [6- [4— (B HL) — 1 -WRMeE £ ] -3-1it
e FE T KR I (4, 5-c ] iR -2 ;

[0213]  3-FHAE-8-[6-[4- (HF AL L) —1-WRME ] -3-MEme 2] -1-[ (3R) —PU Sk M -3 2]
K I 3[4, 5—c ] W bk — 2 ;

[0214]  3-FHEE-8-[6-[4- (HF AL L) —1-WRME ] -3-MEme 2] -1-[ (3S) —PU Sk M -3-2]
WK - (4, 5—c ] P ik—2— Pl 5

[0215]  1- (fia-3-H A JE 3R T 3k) -3 F -8 [6-[4- (H JL & 3E) —1-WR e 3 ] -3tk g %5
KM I (4, 5—c ] E k-2 ; LA K

[0216]  3-HIJE-8-[6-[4- (FIEEIE) —1-WR g 3 ] -3 -ntb i 5 ] - 1 - DY itk PR —4— JE - K e I
[4,5—c]WEmk—2-M .

[0217]  FE—ANSZitfl e, 324t 78-[6-[ (3R) —3— (- FHIL G IL) ML -1 -3k ] -3k e 5 -
3—H 3-1-[ (3R) VUM i -3 3 T KMk - [4, 5—c ] bk —2— 8 , B L 2424 b ml 552 1K) 26
[0218]  FE—ANSiifsld , $2 4t 78-[6-[ (3R) —3— (- FHIL G IL) ML fe—1 -3k ] -3-mk g 5 -
3-H JE-1-[ (3R) ~VU S ML IR —3—2& ] ke I [4, 5—c ] E Ik —2 i

[0219]  FE—ANSZiifol e, $24t 78-[6-[ (3R) —3— (- FHIL G IL) ML -1 -3k ] -3-mk g 5 -
3-HJE-1-[ (3R) —PU St i —3—J WKL JF: [4, 5—c ] MR Ibk—2— P 1) 24 %% BT 4252 1) 26

[0220]  7E—/Nsijififol A, 3240t 7 8-[6-[ (3S) —3— (- FHJEE( L) Myms hi—1 -3 ) -3 Mg me 3t ] -
3—H 3-1-[ (3R) VUM i -3 3L T KMk - [4, 5-c ] e k-2 , B L 2424 b ml 552 1K) 26
[0221]  fE— A sEjifpld, 240t 7 8-[6-[ (3S) —3— (- FH S & L) Myms hi—1 -3 ) -3-HEme 3 ] -
3-H JE-1-[ (3R) ~VU S ML IR —3—2& ] ke I [4, 5—c ] Ik —2 i

[0222]  fE— A szjifpld, 240t 7 8-[6-[ (3S) —3— (- FE S & L) Mms hi—1-38 ) -3-Hpme 3t ] -
3-HJE-1-[ (3R) —PU St g —3—J WKL JF: [4, 5—c ] MR Ibk—2— 1) 24 %% BT 252 1) 26

[0223]  fE—AsLpfi b, 324t 17 8-[6-[3— (S H L& L) BRI T fi—1-2&]-3-mbmg 2t ] -
1= R -3~ F JE KM I [4, 5-c ] Emf—2- i , 5 H 24 2% Enl 52 1

[0224]  FE—ANsta il , $efit 18- [6-[3— (CFF AR AL) B A T hi—1-28]-3-nbng %] -
1— 55 TR -3 FF J -k M - (4, 5—c ] Wbk —2— i

[0225]  fE—ANsfta il , $efit 18- [6-[3— ( FH AR AL) A A T hi—1-28]-3-nbng %] -
1-57 PR J -3 F -k - (4, 5-c Wbk -2 ) 242 Ll 52 i .

[0226] A5 B 4 o IR 1 A6 9 F0 6 8 DLV 7040 T SRR A 8 SXAF AR o 5, 35 551
IR AT UL KB T, - KA ——KEW . ——KEW . =K EWa ] B AR 2L
AR W R B A 20 (D AL A Y BT 1% By b AR S IR 3, BRI 7R IR 22T 5K
LA ATMBA G TS 1 (O RE FE L, 3] dn s FH A ST s 3 1 e 0 22 11
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[0227] 7158 BH A5 Py 38 1) 3% 24 S M0 AN ER 1) iR RE L E A T [R) R 3R A7 A AR i 7 T
HAX O KA EY, Hb gt FAL R i — e A B (B B4 30 (D e
G P A B AN RIE TR CEU OB A AL ER , B A — AN B AN AR TR HECHIE AL
EY

[0228] 715t B 5 B ik () A & W0 AN &6 R DL 32 AR S A AR R R 5 AR AE  “ AR S A A7
FE LA AR, AL T SR T IR R P AR B A P o A R B BE 30 (D AL &
FITAT LA SRR S R D A A X 28 B AR S A A L AT ATMISE 3 PR I R JE

(02291 HATZ (D AL & Bl inar bl B0 (0D fitk &4 -

2 0
R\
N
3
% N—R
[0230] e
rR* N
amn

(02317 EH R LR ROFIR 2 A A SCAEAR] S 1 o BT s SR, O ELXOR: 1 2 2 1] (49l
B &, B A R 1)) 5 EA D AL S

R N
~

[0232] N |

(110)

[0233] w2k (AR R U AR SCATAn] S i 51 v B s SCH 5 5 ELY A2 IR W09 7R T . — T
PR A L AT (19 G R, B PR AR I s s = SRR A Bk A1) 2R AT I SR i) 4% o 12 S B ] LAFE AR
SN 3 B RN R BB AR SR A R AT, AR R SRR (51 DY A — 2R SR B AR B £ TR AR
(I11)) ATikH B ECAAR (1] fnXantphosEYS—phos)  PA M 3&E A& BIHE (151 2 bk B e 5% = 20 1) A7 1E
AT

[0234] PR EA X TD Bk &M RA X (D P& R AR A R R o2 F Hr,
It HARE 7 5 — At .

[0235] f—/\pkﬁﬁfﬂqj et T BANAD MGy, Hd:

[0236] AT — A B AR L T U T Ca—Co PN Je 2 L S P 2 B30 T e 22 L DU &Rk
”ﬁ'@%\jilﬂl NGRS

[0237] RO EL I

[0238] RS EH ;I H

[0239]  XJ&Eg Ze k[ o 7E—ANSLtE ], XOR L R Bl - Bl = R R R 2 A A — A
SEH A, XA IR R T

[0240]  FE—Nsptafpldh, 34t T B AR D ffb &aldiih, .
[0241]  R%ZSFPHIE IR T3 3-FH AR T -1-2E .3 Eﬁﬁ% DZ H-HAERES -1

B A-H A O -1 VA AN T -3 DU AR R -3 L DU A H:ﬂf'i 32 L B Y St g -
4-3E,
[0242]  R*&EHH 2
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[0243]  RUBS S ;I H

[0244] X2 B[] A0 — NSt b, X2 IR BREUR 7Bk = U IR Eh R A AR — A
SEH A R IRJE T

[0245]  fE B (ID) M4k & 9E I Eh i 58 S AT ArT STt 51 , SRR AR 2 pLIR SR A =2
2y bl il B (D A S iE & el i -kt . BA X TD ik &
YRR I Rk vT DA IE I R AR N 51 R 25 A T A B 5 1E S I CHLER BUA AR 42
fihi SR T B o BRI RS ER 451 G mT LA % SR ER L LB ER B R AN R 1) TE LR SR 1 » BR
ERIE AT LUAE B MR RIE R, ZENREH : =R AR AR SRR R AR F IR
AR VE DR BRI AR LR N EIR A RR  CREIR £ —RAIR R IR L O IR
PIREIR 2% TR P IR A R - AT Pt 4 FH I WP e DA S T HR 2R R

[0246] DRIk, 7E— sl rh , $Eft 7 B A AD KE e 2, bz i & gk
SRR L IR R BEIR Eh L S IR ER TR E L BoRIR AR IR AR L AR AR VR AR R
FREh e SR EE VIR AR AL A IR AR L LR 21 N BAPR &1 R IR £h . LR £ L £ TR s
ARREIR AR L O IR AR (IR ER 28 AR AR LSRR L A R AT B 2R B IV fi B HR R
fE R R o

[0247]  fE—ANsejtafpl, 34t 7 HA 0 D b & e 2L, Kz & it 8 4., 1%
ZH FH DA 2 k-

[0248]  8—JR-T-%— 157 &3 F Sk M IF: [4, 5—c ] Mk —2— 8 ;

[0249]  8—yR-1-S7 PN 3E-3-FF SR M IF: [4, 5—c ] bk —2— 8l 5

[0250]  8—yR-1-[ (1S, 3S) —3-H S FEIA [k ] -3 FH Sk e JF: (4, 5—c ] bk —2— il ;

[0251]  8—yR-3-HJk-1- A ZLIF O b —4-38) BRME I [5, 4—c ] e mph—2 - ;

[0252]  8—yR-1- (Milx—-3—H AU B 2R T 3k) —3—HH JLIR ML 3[4, 5—c ] W mph—2— i ;

[0253]  8—yR—1- (il xX—3—H AU J FH AR 30 T 2) —3—FH ke JF: (4, 5—c ] mpk—2— il ;

[0254]  8—yR-T-9—1— OMixU-3—H S BE PR T k) —3—HH LKL 3[4, 5—c ] M mpR—2— i ;

[0255]  8—yR-3-HIJE-1-[ (3S) —SA Ze I L b —3—FL I WKL I [5, 4—c ] W Iph—2— i ;

[0256]  8—yR-3-H1JE-1-[ (3R) —SA ZeIA T br—3—-FL I WKL I [5, 4—c ] M IpR—2— i ;

[0257]  8—JR-T-9—3-F k-1 A ZIA T b —4-38) BRE I [5, 4—c ] e nph—2— i ;

[0258]  8-iR-7-3—3-H -1 (3S) A I i —3—FE I WKW I [5, 4—c ] M IbR—2— ] ;

[0259]  8-iR-7-%—3-H E-1-[ (BR) A I e —3-FE I WKW [5, 4—c ] M Ibk—2— ] ;

[0260]  8-iR-3-H14E-1-[ (3S) —~DYS R —3—FE I KM IF [4, 5—c ] &Rk —2—- il ;

[0261]  8—yR—1-3F | FL—-3-F HL-Bkme 3[4, 5—c ] k-2 ;

[0262]  8—yR-1- (Je3\-3-H S JEI T 28) —3-H JE-IR ML I [4, 5-c ] EIpR -2 i ;

[0263]  8—yR-1- (Je3\-4-H EIE L IE) —3-H JE-IRME T[4, 5-c ] EIpR—2- i ;

[0264]  8—JR-1- (Wi -4 H IR L 2E) —3-H JE-IR MR I [4, 5-c ] EIpR -2 i ;

[0265]  8—yR-1-[ (3-FHEAZEIA L 2] -3 H L -IR M IF: (4, 5—c ] W IpR—2— i ;

[0266]  8—yR-1-[ (e x\-3-F A FEIR L FE | -3 FF LK 5 [ 4, 5-c ] HE MM — 2 ;

[0267]  8—yR-1-[ OM=0-3-F AL PR L AL ] -3 FH K ML 3 [4, 5—c ] R Ibk -2 ; LA &%

[0268]  8—yR—1-[ (Mixl—3—F S I PR 0k ] -3 H JE K Mk 5[4, 5—c ] R Ibk—2— i

[0269]  H A (1D F(1V) B4 -& 9 n] DLk 5 550358 43 A BT 7 0 T8 2 AU v il
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%

[0270]  FE—/NSjtafsl o, B4 1 7E SIRIGE 43w B R R BT BT R A4 A R AT AT —
(02711 fESNFLATMBEG IV L &5 2R, WA A X (D MG R 25 Bz 1
ERAEST IR () a0 7E 22 A8 40 B ATMISER A 3 (1 55 8 B R 22 IR, B R E Va7 ) 2
FHT

[0272]  FE3& K SR IO R o X 0046 A 1 B8 1t Ja i AN R MR e hE P 2, [ A9 VR 7 TR
PO BB YT IR R A v JRe N iR s R T 3

[0273]  “ATMIEgHHlvE 1" = 8 /E R BA =0 (D B &V H 2% ol #2 1) 2h 147
T BB )20 B, AT 03 PR AR T AEAAFE B A =0 (D) b & e 24 % bl 42
SZ IR ER T ATMBOEE )7 1 PR AR o b2 P B T U IR T BA S (D b & e 24522 -
A EERZ I RS AT 1) BB A ELAE A, s R F B =0 (D b & sk L 255 b al 8252 11
#h 55— Fhek 2 s sk >R 5 e A TN P4 1) FE A IR 22 A ECAE L ol an, B =X (D B4k &4)
B 22 ERr ez i mr DU I BB S ATMB AR 45 & B (B e 4) 51 55— R &
B AR ATMIS g v P  Blod it (B 2 B A) 480) PR ARAF AE T 4 B sl LA 1 ATV G 1) B R P A1
ATME G -

[0274]  RAB Y7L B B A HIEH KIS S AN , DAE 58 4 0 43 2% Al HL IR i —
Tl — L By 4 0, B DAGE L X V8 70 s B R AT A IE BOAME o RS TR I B HE T BRAEA
FHS BARTR 78 o RIE “VRITIR” F0 YR T7 Hb” B2 DL AR N ) 7 205 R

[0275]  RAE “TRy” & 76 H A F w1 S0, ARG 15250 A e 41 9 BT Ak e P i
B, FLH 500 O 2k e e LB B B AR 3P0 e 0 1) B BT AL B X B
T AE DR R TR R (1) % Jg

[0276]  RiE “VAJT” (treatment) 5 “J7¥E” (therapy) [\ SCHbAE FH . St , RiE V697
(treat) AT RLA “Tti iNy7i%” (applying therapy) , Horp “S7%” (therapy) & WA ST E X
iR

[0277]  fE—A szl b, 324t 7 BA 0 (D Btk Sl 252 Bz i ik, 7807k
.

[0278]  fE—ANsjtafildh , $eft 7 B A (D M S s I 25 % E ol 82 i s e 2 A e
Hr ) i

[0279]  FE— sl , 324t 7 B (D Mtk S ek 252 Bl ez i i, F 75
ATMBAEG A T IR B 1R 97 A

[0280]  7E— st gl , $2 4t T B (D Mtk S ek 252 Ll sz i i, 75
ATMIEEE T BB G T A8 Forb a2z B ATMIEORG 25 PR 5 T3 A2 i

[0281]  FE— st gl , 324t 7 BA 2 (D Mtk S ek 252 Ll ez i i, 78
ATMI B A S 95 (1 36 7 R A S e b i E ATl A S 1 5 075 2 465 i B P e I J B 4
PRLJRE 5 i < DN SR L /R I 1 R B L vk £ 98 1 A R £ A 1 1 S S R LR Sk B
S bR A0 o LR T A g /) 4 B T e B A /) 40 o

[0282]  FE—AsEptifpld, $2 4t 7 B (D Mtk S ek 252 Ll ez i i, 78
ATMBLREA T R B VA7 F A LA 12 b ATV A 5 00 2075 A2 435 1 L o

[0283]  7E—A szitif b, $2 4t 7 BA 30 (D Btk Sl 252 bz i ik, T 78
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IR N S A ER

[0284]  fE— s, Jeft 7 BA (D M & Ws 2552 Bl sz n#h, i TAERL T
PRAAIG T S - 45 i EL P e < T T B RS S L O SR | kT8 P K BN AR £ R AR
IR EE AR P 1 I S B A L S S5 S DR 2 P 7L AR A T ) 2 i e
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B ria sy oAl AL Hrp iz B (D A el 3L 255 BT 852 1) 3k 50 8 gt A)
R < 43 S B Hb 25 T

[0366]  7E—ANsitifrh , $2 4t 7 BA 0 (D Btk Sl 252 bz i i, 754
H sy AR, bz B A 2 (D B ek 24 2% - a] 8252 1 S5 FOLF TR T [H] i
b 3 50 B H s T

[0367]  FOLFIRI & f{ WH IR 5—9RU R M NE LA S (AL BRI A S 45 2577 %R

[0368]  7E—A szt rh , $24t 7 BA 30 (D Btk el L 252 bz i &, T 78
ey A A, Hdix BAA (D MG a2 % Fnl 852 1 36 5 SR i Je 4 [ i) b L 4y
Sl b B 2 T o

[0369]  7E—ANsitafl b, 324t 7 BA 0 (D ffb B L 252 bl sz i &, T B e
ey Al A, iz BAA X (D MG a2 % Fnl 8252 1 36 5 SR i Je 4 () i) ¢ L 4y
Sl b B 2 T

[0370]  7E—A szl rh, 324t 7 BA 0 (D Btk el L 252 bz i i, T 78
ey Al A, Hdiz BAA X (D MG a2 % Fnl 8252 1 36 5 ¥ 40 B BEpt (A it ¢ L 4y
Sl b B 2 T o

[0371]  FE—ANsitafl b, 324t 7 BA =0 (D ftb B 252 BTz i &, B 75 e
ey Al A, Hdix BAA X (D MG a2 % Fnl 8252 1 36 5 ¥ 40 B BEpt (A st ¢ L 4y
Sl b B 2 T o

[0372]  FE—A szl rh, 324t 7 BA 0 (D Bt Sl 252 Bz i i, 78/ 4
F St e v o7 e A, Rz B (D A A el L 252 BT B2 1 3 533 8 Bt A
R < 43 S I Hb 25 T

[0373]  FE—A sz rh, 324t 7 B0 (D Btk el L 252 bz i i, 78
ey Al A, Hdix BAA X (D MG a2 % Fnl 8252 1 38 5 S % T 7 V205 [ st L 4y
OB 25 T o AE— AN L TR A T UL b (11) T I 2 i —
U EZLR

[0374]  FE—A szl rh, 324t 7 BA 0 (D Btk el L 252 bz i i, 78
ey A A, Hdix B A (D MG e 2% B2 1) Eh 5 9i-PD-L1ddk (9 dn
{RE FPT) k(5] S 3 23 1) M B3 H 25 T

[0375]  #i#iE y—Asentfsl, de it 7R 2R S ey

[0376]  a) kb T2 —E I AL B (D MG 2452 Bl 42 i 3

[0377]  b) kT 53 M BRLAE 7R (1 S 53 AT 47T P 420 )i

[0378] ) & BT I 8 — B 7 B A S A B A B ) A5 R 25 B 5 DA AT ik th
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(03791 d) fsf U BH 5 o FE— AN St b, 2o Mg o) o B FE e e 7).

(03801  7EH e 77 4 B2 A AR A S it 451 vh , iz BT IRg 7 =2 41 1 DA B S (Bv) R IX e 24 7
W —FhE 2

[0381]  H A (D MEY L% B2 ] AR A IH M4 T %249
HEWRLE— Pk 2 Mg ErT sz BT )

[0382] DRIk, 72— skl rh, Se 7 A S B (D Mk &2y Bl sz i #h
DA 2 /b —Fh2j 5 BT 2 (IR A 25 540

[0383] &t Xh A0 7 T EARLL & Wi g £ — Fh a2 Fh 2 2 b nT 42 52 1 % 7R Bk T
WL FAE, ings 7 77 XA AR A SR X & S 10 24 57 b AT 4252 10 R 771 2 A 43
HARN R EFIR I B W, #5d FHandbookofPharmaceutical Excipients [ £ FKE 77
T, SR, 9 E £ 25 it (Pharmaceutical Press) , HiRowe,Ray C;Sheskey,Paul
J:;Quinn,Mariangs 5 . 25%% ] 852 R 70 mT DL ARG an , 72575 FRoRe 551 s 2 dA AR e 771
VAR TR 5 E TR SRR RG50S AR AR S T R Bl R BEAR I LA A B AR T o AR A R R
N GUR BRG] A2 , FEe 22 Bl (OB AT T 2 T —FhDnge , ¢ Hoo] T o] B A
YEH, XL TG WP AR AE 2 ADOE 75T HAZ4H & Wb A7 22 TR L FLAm R 771

[0384] XM GV TIE A T LA R B D IRAE T (1 a4 4 7 551 B 771 A Bl R
P35 7K B s T VR L) < T 40 B0 7 RO 771 B R R B ) RS (e Sy
FLE VB BRI B K B MR VA TR BB TR S 18 I R N4 T (A S AR R
BRI EAD B RNGE T AR Rk oK) 8l B AE T (BandE 8 Tk A
BN VLA BULA 25 245 5 6 B /K PR B MR D 8RN T B 4e 2545 7 AR 7 X L6 2
A AT DL I AR ST RN )RR P ORIRAS B E T UIRAE I A S HmT &6 A2
a3 s AN, — Y, 22 P €571 BRI R S AR 7R AT/ BT 55

[0385]  ELA K (1) LA Y8 LLTEH 2. 5-5000mg /m* B #4434 1) — A B4 5]
BIKZ0.05-100mg/ ke T iR - M35, I Bl &R 67— RGH & AL A
7B B 7388 A 91 A0 . 1-250mg )7 M RS A) o B H R EDRE D SRR T BT 7 104 32 B
RBI 2 T A8 VL8 T AR T UL R IR AE IR T IO 08 1 7 B 14 T AR A0 o DR G, Y68 97 AR AT
ARG O B A AT DU E B A 7 =

[0386] AR fiiiR X L5 S E B A (D Mk Ea L2y Bl sz i £,
I H R A e T 2 T

[0387]  [A]FEHN, 7E— NSt b, 24t 7 T AT i A A G % 2 A
A BEA R D KA PE 255 ErT sz i 3 DU & /b — 22 Enl sz IR e 7 .
[0388]  fE—ANSZHtE A, $R AL 7 R T A8 L A ATMI O ) 30 2 A 2 1 9 98 11 ¥R I A 45
2 G ZAMA SIS BA (D P& el 255 Erriesz g, bl k2 b —
Fhéj s Enr 2 i e 7

[0389]  FE—ANSLHt el , 34 7 FH TS RE Va7 R A I 29 &) 2 A &
A BEARX O AP 25% ErT ez i il LR & /b—Fhg 2 Fnl sz IR IE 7).
[0390]  FE—ANSZhta il A, $ 4L 7 R T 78 L A ATMI O 1) #0012 A 2 10 8 hE 10 ¥R 9 A 458
MG ZAMA TS BA(D P& ei i 25% Errisz gk DL k2 b —
Fhéj s EnT 2 i e 7
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[0391]  FE—ANSLitafilh , $eft 1 TR YT L R I A &) - 45 1 B e
FI 5 R0 R B e B S0 RIS 1 X B BRIk B2 8 A ek AR B A P 1 e L SRR
L7 « Sk 200 8 DR 20 At Jegs « L IRRE T &0 R e « /0 400 P e B Al /N G e e, i 29 4 50
T HARX O MG 22 Tz 3t , DL & D —Fh2y 2 Bl 8z IR 7 .
[0392] =44

[0393] i ik AT~ S5 [5) BH AR & B 11 22 /1 STt A1) o AR i BH AN 0 A 9 52 PR T 3% e s 49« 7
SEAGFY dh) # A1) JE

[0394] i PRAVEEINERIREE N aEAT, RIAEZ17 2 30°C B 3E BB P AZE B P S AR n /S SR
T BRAE A UL

[0395]  ii.iE i ek 25 kB AE FGenevac B2 B 4 HEAT 78 A, H BRI L ach 8 22 i ke A [l
W2 JE AT JE A B T 5

[0396] iii.fFHBIArmen GliderFlash:SpotII Ultimate (Fif 751X %% (Armen
Instrument) , P35 (Saint-Ave) , vk E) LB H 3)Presearch combiflash FAEFE# F M 1
]I 48 it FE AR5 () R 78 A 7] (Merck, Darmstad , Germany) 345 1 Pl fl2EMerck IE#HS160 4 fL
FEFEAR R E 1t : 15-40umE40-63um) \silicycle ~EALEEM KB graceresol v A AL AT
PR HEAT P g Ali1h 5

[0397]  iv.fEREAZMDELZQ ESCiBTiEA AR RF X -Terra SOM AL BR R HiX-Bridge S AH
FEER R SunFire SR (C-18, 54K AL RE , 19mmEk 50mm B 42 , 100mm K & , 40mL/ 4y %
(R IH0) FRIR R X AR (600/27008%2525) b, i /K (55 1% 20 F1 LG AR I S8R & 4
BFIK (FHO0.1% FIR) A LI AR 3 IR A WA e i a2t 47 ) 4 21 itk

[0398]  v. =3, FEAFAERIIEOL T, A b2 ] s B 1 e K AH 5

[0399]  vi.EA (1) FIL-T YR 45 8 i AZ WG SE IR (NMR) Y6 ik v iE sk, Frp LS A1 &
NMRAL A7 #2185 . f# FIBruker advance 700 (700MHz) .Bruker Avance 500 (500MHz)
Bruker400 (400MHz) B¢Bruker 300 (300MHz) 4% %% 5 Jii F- A% W L PR 1% 5 7 282MHZ 5 3 76MHz
AbI5E F NMR; 75 75MHz 5L 1 00MHZ A 9l 72 1°C NMR s B AE 53 4M B, 75 K £520°C-30°C R k4T
UL R4S s, Bl d, ZHIE, t, =8B, q, PYEIE,m, £ HIE,dd, W HE,ddd,
RN E UG ) S BRI d t, S = FEIK s bs , BEIGAE 5

[0400]  vii.EBA (1) WE-F=PI7E ARG 2 faiR i ik (LOMS) Sk KA ; {8 %
BHIRFF7Q ESCimZMD ESCi i X f1XBridge 5um C—18%F (2.1x 50mm) [ ¥k 45
Alliance HT(2790&2795) #£2.4mL/minff) 3 T , 18 95 % A+5 % CZ2 95 % B+5 % CHI A 7l &
gt (i A=7K,B=HE,C=1: 1HEE: K (FH0. 2% kIR ) &4 b BUE A A
Phenomenex Gemini—NX C183.0x50mm. 3. OuMFEELEE R4 (Bl 45 14) BShimadzu UFLCHEY
UHPLC#I IIDADAS: 1 %%  ELSDAS: Ml % F12020EV i 4% (8Z5 %4 4) , 8 ShimpackXR-0DS 3.0x
50mm. 2. 2uMAE, BER A BBEH C182. 1x 50mm. 1. 7uMAFELEE 204 ; 1 FHI5 % D+5 % E %95 % E+
5%DRET ARG AAD=7K (FH0.05%TFA) ,E= 2 (540.05%TFA) (BRTESC1)) 44
43P E90 %6 F+10%6 G295 % G+5 % FIE I R4t (L F=7K (5 H6 . bmMiR IR S 4 I Had i s
I M ZEpH 10) ,6=2ZfF BEPE&AE) ) 245 BhHE4TLOMS

[0401]  viii.Hp(alfAc ik b AR 28 58 4 3R AE H 4t fE i it v 2 €63 | % \HPLC AN/ BNMR 3 #7
KVTA ;
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[0402]  ix.iEIbK 4l ih Y BRE 2 B AE Bruke r BATE i 44 (SSC) & S 242 | BLAS B T LA
BEEL T RE S R AT R 2SR 5 (5 FHBruke DA AT A 28) XU 2845 A AT 51 o A8 E 5 DL 4
A3 5P30%E B0 (AR R i34 11) B H B ZE 40KV AN40mA T 45 45 1 4 ] 40 38 A 48 7= A 1 AL
A 1. 54183 [ I A 1 X ST 28 >R L o A o B XS 26 Y05 27 0 W e AE V20 1 1) H B m A8 i Bk 4%
B 515 S i A5 %3 5 . 89mmSHs SR 5 4% A9 . 5 5mmkd: ) 5% 5 4% . 78 0- 045K th A 2° 5240°2-
O] BBl Y, (S RE A A0, 00570° 2038 T B 72 0. 03F) GELE i) L8 4TI 8] &£ 35336 %0,
AR FE A AL B BUR MR A (YL (Lynxeye) ) o 0 REANE 3 R AL 2 il i FDif frac+iK
4 EIDel]l Optiplex686NT 4.0 TAEBGIFEATHI

[0403]  x.7ETA{XQ1000DSC bt 4T ZE/m 1 fE #0320 & 7R 35 55 7 I An i 4R
B B/ T5mg 4 5t AR 23 B0 °C 1 18 N AR H 3 78 R P YE 225 'C 22300 °Cm#k . A
43P 50mLIAE I A5 FH 248 2 S AL AU

[0404]  xi fFHLL R4S ch=/Nidsr.t. == (Z118-257C) ;conc. =il ; FCC=1% F
AR PR A s DOM= & FF % s DIPEA = — R TN 5L 2, i s DMA =N N-— i 3 7, Tk
Jf& s DMF =N, N—-— F 3 B i i s DMSO = - F FE AR Et20= — ik s EtOAc = LR 2. B s EtOH=
L KoCOs=FR PR T ; MeOH = i ; MeCN= Z. i ; MTBE = F L U T FE ik ; Mg S04 = To /K B R 85
NaoS04=To /K BRBREN ; THE = DY &Helf s sat . =P A /K AW ; 9T A

[0405]  xii.ffi fH “Canvas” 8¢ “TBIS”, il HiF| 5k (AstraZeneca) & HFE T A B TUPAC A FK -
W51 5 BT AR B B I Sl B W) AL TRk I (4, 5-c ] R MR- 2B A% 0o o SR T , 7F e 51
B, TUPAC 44 kK5 12 A% Co il Ak e - 15, 4—c ] sk —2 -l o S 1% K M 5[4, 5—c ] e —2-
i FHIDK I - (5, 4—c ] WEbR—2— P A% «Co A2 FHTR) (1) (E 2 R T R 25 1, A A 2 e AN o

[0406] i{ﬁﬂl

[0407]  8-[6-[ (3R) —3— (= A BE G2 ML Joe—1 - ] -3 Mt mg ik ] -1 S P k- 3— R k-
H[4, 5] Wenk—2—

HoG CH,
0
N C\ HSC"(
HaC = N

[0408] g [,

N

[0409]  f58- (6-F—3-MEMEHL) —1 - N -3 F SR M I [4, 5—-c ] MMk -2-FR (1g,
2.97mmol) Al (R) —N,N——_ F JERME M ke -3-fi% (1.4g,12.26mmol) FEMeCN (10mL) H ) B V5 i 7E
TRl I N % FROINAA R 150 CRESE4h, SR 5 RO VA EI R AR o B I MR &) FHDCM (200mL)
FakE, /K (100mL) SR iR, 35 E HLZE ZMg S04 T 45 , b I8 7 2% A LR BURL 7= 4 o K 1% 60
FEIE IS FCCREAT 44k , B A6 B2 N AEDCMAH 0324 % 2NHI BE 4, , LAAR (1R 55 1 €0 3] 4k 1) i 7 2
(KI5 (1.210g,95%) «NMRi : 'H NMR (500MHz ,CDC13) 81.78 (6H,d) ,1.89-2.1 (1H,m) ,2.22-
2.33(1H,m) ,2.35(6H,s) ,2.75-3.02 (1H,m) ,3.25-3.42 (1H,m) ,3.44-3.56 (1H,m) ,3.58
(3H,s),3.66-3.8(1H,m) ,3.78-3.97 (1H,m) ,5.19-5.44 (1H,m) ,6.52 (1H,dd) ,7.78 (1H,
dd) ,7.82 (1H,dd) ,8.18 (1H,d) ,8.30 (1H,s) ,8.58 (1H,dd) ,8.66 (11, s) - il :m/z (ES+) [M+
H]+=431,

[0410]  ff FHLL T A2 P00 0T DL AZ A 51 43 B 8 R R 6 -

[0411] K53 B4 0 (632mg, 1.47mmol) B % F-DCM (2mL) H , H: FHTEDCM (5mL) H 1) FF fif 1
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(161mg,1.68mmol) AbFH  FIZIF M A K 2115, S8 5 F — S TEwT B DUAR it 2 FH RS IR 36 1) Pl
Y 5 (770mg,100%) NMRit% : 'H NMR (500MHz , DMS0-d6) 81.67 (6H,d) ,2.13-2.3 (1H,
m) ,2.32 (3H,s) ,2.43-2.48 (1H,m) ,2.88 (6H,s) ,3.4-3.56 (4H,m) ,3.64 (1H,dd) ,3.68-3.84
(1H,m) ,3.94 (1H,dd) ,4.03 (1H,p) ,5.35 (1H,p) ,6.73 (1H,d) ,7.95 (1H,dd) ,8.07 (1H,dd) ,
8.11 (1H,d) ,8.35(1H,d) ,8.55-8.77 (1H,m) ,8.89 (1H,s) ,9.88 (1H,s) . Jii 1 :m/z (ES+) [M+
H]+=431

[0412] DAL J7 sUMIE A B R A S 8- (6-FR—3-PL e F%) — 157 A -3 FH -k e 5[4,
5—c ] MR —2— P 57— 55 -8~ (6-FW—3- ML IE ) —1 -7 A FE-3-H JE-BKME 3[4, 5-c ] M Iph—2—
Hil#& L &Y.
£

24K
8-[6-[(35)3(= 7 A A A)H
B t-1- 3K )-3-wbve K )-1- 5/
R-3- 7 koo ok [4,5-¢] ok
125

2*

8-[6-[4-(= T & £ A)-1-9k %%
HK]-3-mbvg K ]-7- R-1-F 7 &
13- sk wk s [4,5-] o ok
EX

[0413] K Lk

B-[6-[3-( = 7 & & ) KA
The-1-£]-3-wbvz £]-1-5% &
A3 ook 5 [4,5-c] ok
25

4***

[0414] 4% 2 M AEMeCNFIZE150°C N fn#4h.

[0415]  #%i% [ N AEMeCNFR 547 7E 1 4 24 5 A DIPEAREAT [ N, H ELZE [ R n#16h. itk
Ao E 2 a8k WEREIMeCNH B 45 i , Kz ot — 2 AT 44k .

[0416]  sewclig 1% [ W FEMeCNHE 5 AETE R 74 FE IDIPEAREAT R B2, H:7E150°C R fin#4h.
[0417] S22 (% 25 B) NMRi : 'H NMR (500MHz ,CDC13) 861.78 (6H,d) ,1.92-2.04 (1H,m) ,
2.24-2.33 (1H,m) ,2.35(6H,s) ,2.79-2.95 (1H,m) ,3.29-3.4 (1H,m) ,3.43-3.55 (1H,m) ,
3.58(3H,s),3.74(1H,s) ,3.87 (1H,dd) ,5.22-5.42 (1H,m) ,6.52 (1H,dd) ,7.78 (1H,dd) ,
7.82(1H,dd) ,8.18 (1H,d) ,8.30 (1H,s) ,8.58 (1H,dd) ,8.66 (1H,s) . (FA#MEZ &) NMRi : 'H
NMR (500MHz , DMSO-d6) 81.69 (6H,d) ,2.2-2.31 (1H,m) ,2.32 (3H,s) ,2.43-2.58 (1H,m) ,2.90
(6H,s) ,3.43-3.57 (4H,m) ,3.65 (1H,dd) ,3.71-3.81 (1H,m) ,3.96 (1H,dd) ,3.99-4.11 (1H,
m) ,5.36 (1H,p) ,6.74 (1H,d) ,7.95 (1H,dd) ,8.08 (1H,dd) ,8.13 (1H,d) ,8.36 (1H,d) ,8.66
(1H,d) ,8.88 (1H,s) ,9.86 (1H,s) o Fiilf :m/z (ES+) [M+H]+=431.

[0418] =53 (JiE 5 B) NMREE% : 'H NMR (500MHz ,DMSO-d6) 81.37 (2H,qd) ,1.65 (6H,d) ,
1.85(2H,d) ,2.20(6H,s) ,2.31-2.4 (1H,m) ,2.86-2.95 (2H,m) ,3.50 (3H,s) ,4.41 (2H,d) ,
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5.28(1H,p) ,7.00 (1H,d) ,7.83-7.91 (2H,m) ,8.27 (1H,d) ,8.43-8.48 (1H,m) ,8.88 (1H,s) ,
(FFR# PR 1) NMR1E < 'H NMR (500MHz , DMS0O—d6) 61.60 (2H,dd) ,1.66 (6H,d) ,2.10 (2H,d) ,2.32
(4H,s) ,2.80 (6H,d) ,2.93 (1H,s) ,3.52 (4H,s) ,4.60 (2H,d) ,5.32 (1H,dt) ,7.11 (1H,d) ,
7.91-7.97 (2H,m) ,8.33 (1H,d) ,8.50 (1H,s) ,8.99 (1H,s) ,9.41 (1H,s) . % :m/z (ES+) [M+
H]+=463.

[0419]  szf54 . (i 5 H%) NMR1 : "HNMR (500MHz,CDC13) 81.79 (6H,d) ,2.26 (6H,s) ,3.31 (1H,
tt),3.59 (3H,s) ,3.95 (2H,dd) ,4.14-4.21 (2H,m) ,5.28-5.35 (1H,m) ,6.45 (1H,dd) ,7.78
(1H,dd) ,7.81 (1H,dd) ,8.19 (1H,d) ,8.30 (1H,s) ,8.55 (1H,dd) ,8.68 (1H, s) . (FIEEER £)
NMRi% : 'H NMR (500MHz , DMSO—-d6) 81.69 (6H,d) ,2.32 (3H,s) ,2.85 (6H,s) ,3.52 (3H,s) ,4.19
(2H,dd) ,4.30 (3H,d) ,5.39 (1H,p) ,6.68 (1H,d) ,8.03 (1H,d) ,8.13 (1H,dd) ,8.17 (1H,d) ,
8.40 (1H,d) ,8.67 (1H,d) ,8.99 (1H, s) o Jfi il :m/z (ES+) [M+H]+=417,

[0420] 8- (6 %R —3—MbNE L) — 17 N F -3 F LKW I [4, 5-c ] WMk —2 - A1 738 (6-
S 3-THEIE JE) —1— 57 P -3 FF BRI [4, 5—c ] Wb —2— il | & HR o 1

[0421]  H[E]4AAO : 7988~ (6983 ML e L) —1- S TR JE -3 FF S -k 3 [ 4, 5-c ] E bk —2—
5

pe=n|

CH,
’< o
F% H,C ?
[0422] N [ N~ch,
F N?

[0423] B AW (-7 (3R TR L) WSS L) AL R AR (1T) (FE/K 0. OBMIA R ,
11.83mL,0.59mmol) ¥ I 22 8~ —7— 48— 1— 57 P4 k-3 WK M 5F: (4, 5—c ] MEmbR -2 (4. 0g,
11.83mmol) « (6-F ML IE-3-%5) iR (2.0g,14.19mmol) LA K #E 1, 4- &k (50mL) 7K
(12.5mL) H ) 2MBR B2 0 W (17.74mL, 35 . 48mmo ) I it IR &40 %R &9 FH & 51k
T INFA B0 CHFL: 1h, FR 5 FuVIF¥A FNIFAE I T e 4 LA 25 Bk o 44 3 A 1 ¥ FHDCM (250mL)
MikE, 7K (200mL) v I BORA HLZ AR > B A0 B 28 K LAAR 2 W) o/ )
W I FCCHEAT 44K , Pe M AR FE DCMA 052 10 % MeOH , LA $2 {3 5 /3 €4 [ 44 1) By 5 B2 10 40 J
(3.70g,88%) -NMRit% : 'H NMR (500MHz,CDC13) 81.77 (6H,dd) ,3.58 (3H,d) ,5.20 (1H,s) ,7.11
(1H,ddd) ,7.93 (1H,d) ,8.06-8.14 (1H,m) ,8.22 (1H,d) ,8.46-8.51 (1H,m) ,8.72 (1H, s) . Jii
i m/z (ES+) [M+H]+=355.3

[0424]  GUBL (-T2 -7 2%) BESA L) 4L #h (11) (FE/KH 0. 05MIER) W] LA4%
TN TH TR IA B AT

[0425]  FERREGIRJZ T, FEAE R UA T B /K (30mL) ¥ i 2 DU SCEL AR A (TT) (0.410g,
1.39mmol) 3~ (—f-"T ZE WAL TN e 1-1R (0.748g,2.79mmol) 1 o 1% B VF i £1:57)
B SRS K I A 1 B8 22 BRIE R 5, DLEE T SRR CU I TR A SR VA

[0426]  Hh[EJAARAL : 8—YR—-T— %8~ 1~ N 33— HT B WK M IF: [4, 5-c ] bk -2

CH,
o]

HSC"(N 4

[0427] Brm““{:"h
=
F N

35



CN 108348515 A ﬁﬁ HH :F; 30/84 Tt

[0428] 4 7E/K (600mL) H A A ALEN (11.29g,282.28mmol) RIS N A 8—IR-T-%5-1- 5
P JE-3H-BKME I (4, 5—c ] Wik —2—FR (61g,188.19mmol) PU T LR 4k 4% (6.07g,18.82mmol)
AR B (23.53mL,376.37mmo1) ZEDCM (1300mL) 1 () Ht PEVR-& 4 L, I HoB % IR S WAEFR
B3I B N BERE1Th DAAR TR (1) A0S 8 R R — R e oF BB Z = TR A 6 I W4 T FMeOH
(750mL) FRE K i i i e i 4E , FIMeOH (500mL) ¥ Ho BAZE B 45 N T8 bA1S 3
A AR T A R 5 (108g,85%) oNMRi : 'H NMR (400MHz ,CDC13) 81.76 (6H,d) ,3.57
(3H,s) ,5.13(1H,t) ,7.83 (1H,d) ,8.41 (1H,d) ,8.69 (1H,s) o i1 :m/z (ES+) [M+H]+=380
[0429]  HR[AIARAZ : 8—JR-T—9— 157 P 2 —3H-WKME I (4, 5—c ] Wbk —2—ifd

CH,
o]

HSC’(N_(

[0430] Brmw
SN
S
F N

[0431]  f = (164mL, 1173.78mmo1) — IR ML Il 2 /EDMF (1500mL) H 6375 -4~
(AR IE) Embk—3-F 2 (128g,391 . 26mmol) 1, I HUKHZIR S SR IR PR
SR BEFE307 B VAN I — R B I S AL (101mL, 469 51mmo ) H H WG I VR IE A 5
TNEIRGEEE304 B AR JE7E60°C T iR 3h o K12 s SR A RN UK K H B e i i i g
W £, 7K (1L) eI HLAE L2 R 108, LAAS 3 5 0 A [E 4R 1) B A B P i (122g,96 %) o
NMRit% : 'H NMR (400MHz , DMSO-d6) 81.62 (6H,d) ,5.12-5.19 (1H,m) ,7.92 (1H,d) ,8.57 (1H,
d) ,8.68 (1H,s) ,11.58 (1H,s) o fiil% :m/z (ES+) [M+H]+=324

[0432] v {A]4AAS : 6-R-T—FR—~4— (A LR L) ME-3-H iR

CH;

H;C NH O

3
[0433] g :@:%/LLOH
F N/

[0434]  ZE15°CF, W4 2NAEALANATR (833mL, 1666 . 66mmol) 434t in & 48 THE (1500mL) H
(R 6—VR—T—F—4— Cr P FE & 3E) HEmh—3-FF iR Z. i (148g,416.66mmol) L, I H 4 AT i5iR &4
7E£60°C T i dkEoh F iz R SR G VIR , FK QL) Fks , ¢ HoRZ R A 9 F2MEL IR A7 1R
bR PTTE I I PRI AR , K (IL) Pk FRAE 8 N 1088, DU1S 21 2 3 6 A 1) B s BB
J5i (128g,94%) NMR#: 'H NMR (400MHz ,DMSO-d6) 81.24-1.36 (6H,m) ,4.37 (1H,s) ,7.78
(1H,t) ,8.55(1H,s) ,8.90 (1H, s) o JAi 1% :m/z (ES+) [M+H]+=327

[0435]  rhfAJ{ARA4: 6-IR-T-F—4- (P FEEIE) k-3 iR £ Fig

CH;
H,C NH O
[0436] g |‘\| \| -
NP

[0437]  ZERRBEIRE T, #DIPEA (154mL,884.07mmol) 4> HEL7R I 2 £EDMA (600mL) H 1 R —2-
Jf% (39.2g,663.05mmo1) F6—R-4-5~7- MW -3-F IR L1 (147¢g,442.04mmo1) B, H ¥
S IR G WIAEL100°C T i FE4h K 1% S SUVR A PMEI VKK, i 1 S8 Ui ve Ui £ , FK
(1L) ¥eigk , 35 HLAE B2 N T8 DAL S v Cu T A F T A5 SR A0 5 (148,94 %) oNMRIE - 'H
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NMR (400MHz , DMSO-d6) 81.26-1.33 (9H,m) ,4.17-4.25 (1H,m) ,4.32-4.37 (2H,m) ,7.28 (1H,
d),8.50 (1H,d) ,8.59 (1H,d) ,8.86 (1H, s) . Jiiitf :m/z (ES+) [M+H]+=355
[0438] i |E]{AAS : 6-TR—-4—51 -7 F Ak —3—FF iRk 2. g

Cl (o]

[0439] Brm/lo/\cm
F & N/

[0440]  {E10°C HAEMEYESS T, #4DMF (0.535mL,6.91mmol) ¥R N2 £E W AR BESL (600mL) H
(16— —T—3—1— [ (4-FF S ZE R ) H O ] 44 A -k —3—-FH iR £ 1 (200g, 460 . 56mmol) H,
H H KR EWTET0C R HE3h IR W75 K 211, I H R R 5 H 2K (300mL)
FLE ARG P2 o B 2R P i sk I\ O e &6 e R AT Ak, DAAS B 2 G AR 1 B A5 BRI
Y% (147g,96%) NMREZ : 'H NMR (400MHz,CDC13) 81.49 (3H,t) ,4.51-4.56 (2H,m) ,7.91 (1H,
d),8.71 (1H,d) ,9.26 (1H,s) o JHi 1% : m/z (ES+) [M+H]+=334

[0441]  AH{EIARAG : 6P -T—5—1-[ (4-H AR BE 2R 0E) FH L ] -4 AR - k-3 - FH R L T

|O o
B | \| ' | 0" CH;
[0442] P NF rlq'
7
N J -CHy

[0443]  #E10°C T, &5 BRI A B, 7215 PS5 T RDBU (76mL , 506 . 32mmo1) £2 189 N 22
FE TN R (800mL) H () £ 32— (5-1R -2, 4~ 5~ AR HI BE L) —3— [ (4- SRR L) L 2 ]
N -2- MR T (230g,506. 32mmol) HL, 3 HL¥G AT AR A W) TE IR0 5 T i 4 16h o i 1 ks
DTUEVIUC SR , FHE 20 (3x 500mL) Peisk , I HAE FL 2~ T4 LR £ 52 1 0 [E 4 1) Bl A B2 1 4
J# (166g,75%) NMRE : 'H NMR (400MHz , DMS0O-d6) 81.29 (3H,t) ,3.72 (3H,s) ,4.22-4.27
(21H,m) ,5.57 (2H,s) ,6.92-6.95 (2H,m) ,7.24 (2H,d) ,7.79 (1H,d) ,8.40 (1H,d) ,8.89 (1H,
s) o JB1ilE :m/z (ES+) [MHH]+=434.,

[0444]  ThIAMKAT : £, 3E-2- (5-PR-2, 4 - BEIE) —3— [ (4-FP L L2 30) I L (3 )
P—2- ) R i

Br x o™

| |
[0445] FNFF UNH

[0446]  FEIREEIEE N, EBHEAA T8 (B) -4 33— (CH EEE) NG E (S0mL,
555.50mmo1) ¥ JI ZDIPEA (132mL,757 . 50mmo1) F5-JR-2, 4- —f— 4% F Bk L S04k (129¢,
505.00mmo) £ F 2K (600mL) H TR G4 o K BT A3 IV IAETOC T HERE L ThaR J5 Su vl
W (4-F A IR F % (66.0mL, 505 . 29mmo 1) 73 HUIS N ZAZ IR A W0 78512 ) B AE A B iR
FE TR FE3h o K 1% R B IR A4 FHDCM (21) #RE, i3 b 7K (4x 200mL) A A ER 7K (300mL) 3
% K A HLE B NaoSO04 T4, i 8 I H 728 K UL 15 31 5 R € [l 44 1) B 5 B ) it (230g,
100%) K HA AT — S alitb i FHF R —25 NMRi% : 'H NMR (400MHz,CDC13) 81.09 (3H, t) ,
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3.82(3H,s) ,4.00-4.10 (2H,m) ,4.55 (2H,t) ,6.84-6.96 (3H,m) ,7.20-7.29 (2H,m) ,7.55
(1H,d) ,8.18 (1H, t) JFi :m/z (ES+) [M+H]+=454

[0447]  th[EAAS: 5—1R—-2, 4— — G~ FF ik &
o]

[0448] Brj@\)\m
F F

[0449]  FE15°C T, &5 B R B, FEAE 1A R K AR BE A (55.4mL, 759. 50mmo) 73
LA N ZDME (7.84mL,101.27mmo1) F15-7R-2,4- "5 2K F IZ (120g,506.33mmo1) 7 F 2R
(600mL) F VR &Y TR VR S WAETOC R B R4hiR fG 8 R & TR IFB R A 5 H
ZRILTE, LA1S B AR PR B A5 Bl (129g,100%) , AT AL BT T~ —
5 JNMRiE : 'H NMR (400MHz,CDC13) 87.04-7.09 (1H,m) ,8.34-8.42 (1H,m) .

[0450]  F[AIAARA2 : 8—JR-T—F— 1 — 5 P - 3H-K M 3F: [4, 5—c ] bk —2— IR AT DL 42 1) il
R HEAT i

CH, o

el g

[0451] g, mw
F N

[0452]  7E5°C R, ¥1,3,5-—&-1,3,5-—W-2,4,6- = (5.91g,25.45mmo1) /3L A
6—VR-T—4—4— (NI L) -3 BEf% (16.6g,50.89mmol) F11,8- 54 3£ [5.4.0]
+—-7-45 (15.22mL, 101 . 79mmo1) 7£ F EF (200mL) H i $i £ B i B ¥ T 158 B I E IR
BRUR L R e Lh o 2 S S8 , FF EURE [ A4 7E 310725 HEAR T8 2h , DASR A 52 98 2 0[] 4R 1)
i BB 5t (14 18g,86%) o 7E B N UEVRER B 2RIt HAR e I8 5, 3K13 S AR B kL 4%
53 B S AN AR TEE tOH (50mL) Hr InF#A3043 8, S8 J5 e VA 1 IF ik B8 LT A 5 (1 €0 [T 44 1)
FAMNP A BV (2. 6mg) o 73 AT B 5 N ST PR IR 1 B A R R SRAS I 2 — B .
[0453]  [AJ{ARAD : 6P —-T—F—4— (S TA FL 2 IE) W mbk—3—F ik i

CH,
HsCc” >NH O
[0454] Br
Y ™
NN

[0455] > N-2-Jf% (2.80mL,32.62mmo1) ¥ N 22 6—7R-4-5 -7~ MMk —3—F It iz (10g,
29.65mmol) FIEREREH (8.20g,59.31mmol) 7E Z Ji (250mL) H i1 B3 W ., 7 EUK ZIR &1
95 C Nt FE4h I A AN -2-% (2mL) , 3 HK 2R A W7E95°C F i fk4h, SR G TEIREE
NENE N VIEE SR LA LY &) I ESR AR /L b AR L S TR U B R Ul € s I R Rl N (DR S
BT A Y R (8. 25g,85%) «NMRIt: : 'H NMR (500MHz , DMSO-d6) §1.25 (6H,d) ,4.17 (1H,
d),7.51(1H,s) ,7.69 (1H,d) ,8.11 (2H,s) ,8.61 (1H,s) ,8.67 (1H,d) . Fil# :m/z (ES+) [M+H]+
=236,

[0456]  rf[AJ{ARALO : 6—YR—4—50—7— B~ Wbk —3— P ik i
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Cl o

B
[0457] TNy N,
F/\%N/

[0458]  J4DMF (0.5mL) ¥ In & 6-78-7T- % —4-8 - 1H-M bk —3—FF ik (22.5g,78.66mmo1) 7F
TR R & (140g,1179.85mmol) A A i PE B B, HoB iR & W 2 [8] i 2h . 5o V%
SN E, R LA IR G, FE B ER AR FF 2R PR PSR It 3 e [E AR ZEOC R, K]
AR I B S BB (14TmL, 1179 .85mmol) H 4 1 & B IRl B £E 152 B4R 5 %
[ AR g8, AR IFE R T T TERUE R 2 A G0 AR T A 29 )5 (23.80g,
100%) JNMREE : 'H NMR (400MHz , DMSO-d6) 68.92 (1H,s) ,8.59 (1H,d) ,8.21 (1H,s) ,8.09 (1H,
d) ,7.98 (1H,s) o JHi i :m/z (ES+) [M+H]+=304.8.
[0459]  dH[E]{ARALL : 6-PR—T-FR—4—E AL 1H-"E Mk —3— FH iR
o] o]

Br |

[0460] T T °f

F Z N
H

[0461]  FEFREEIRFE TR WS A 08N (18.34g,458. 44mmol) 7E7K (100mL) H [ VAR s N 26—
IR-T- 54580 TH- MMk —3-F iR £, i (28.8g,91.69mmo1) FEEtOH (500mL) H ) 4 £ B V7T
W AR JE R I NTR A IAETS C R Bt R 2h, F VR E1 R4 FH 2N ER B R pH I 15 4 K i e il
bk AR, KBRS I AR L2 T 0, DL 21 5 8 B0k AR B A BRI 4 it (23.30g,
89%) NMRi : 'H NMR (400MHz ,DMSO-d6) 814.78 (1H,s) ,13.45 (1H,s) ,8.93 (1H,s) ,8.46
(1H,d) ,7.70 (1H,d) . Jfiit :m/z (ES+) [M+H]+=287.8.

[0462]  HRTEAALZ : 6-VR-T-FR—4— A0 - 1H-ME bk —3— FF i 2 i

O o]

Br A
[0463] :@\)j/lo CHy
F N

N
[0464]  7E240°C N, 42— [ (4-¥-3-9— 2R &) W H 3] 8 =R — 418 (90g,249.88mmo1)
7E 2K (600mL, 3. 79mo 1) HH VAR P BE2 . She LIRS A H A 70°C , 38 1o iy 42 [ 1
I HAE FUS AR b 5 USRI 5 1 8 [l 44 ) B 7 BRI P i (50g,64%6) Rz B /& it —
3 A4k T A% FH o NMRi - 'H NMR (500MHz , DMSO—-d6, (100°C)) 81.26-1.33 (3H,m) ,4.25 (2H,q) ,
7.52(11,d) ,8.37 (11,d) ,8.48 (1H,s) ,12.05 (1H,s) . Fiil :m/z (ES+) [M+H]+=314.

[0465]  HR[AIARALS: 2— [ (4—JR-3-F— K s) W H L] T R — 4 BiF

g
Br ” x 0/
[0466] F NF HTO
Q o
Hac)

[0467]  ¥44—JR-3-FR ANz (56.6g,297.87Tmmol) F1,3- = 2. 32— (L8 FE T H 5E) 5 — R g
(72.45g,335.06mmo1) FEELOH (560mL) H KA TR AE80 C T i dt4h. RVF R MRS Y74 4, 18
Tk sk i T ] A S 4R L I AR R AR g USRIt 5K 2 [ AR 1) P A B B P 5 (90g
849%) , i I 7 HE— b Al Ak T 48 B JNMREE - 'H NMR (400MHz , DMSO—-d6) 81.26 (6H,q) ,
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4.14 (2H,q) ,4.22 (2H,q) ,7.18-7.25 (1H,m) ,7.57 (1H,dd) ,7.64-7.7 (1H,m) ,8.33 (1H,d) ,
10.62 (1H,d) . Jiiit :m/z (ES+) [M+H]+=2360.
[0468]  H[E]{ABO: 8- (6— M —3-Mt WE HL) —1- 57 P JE—3— FH LKL 3F: [4 | 5—c ] Wbk —2— i

CHs

F |/ | H3C"‘<N4o
[04691 [ N~ch,

e

N

[0470]  ¥48-JR—-1-S A F—3—F LK I (4, 5—c ] MEmk—2—fi (4.57g,14.27mmol) . (6—%
ntkmE-3-3%) MIfR (2.61g,18.55mmol) L S 2MBK R £ (22mL,44 .00mmo1) &% T1,4- K& L%
(90mL) H AEME AR T S IR G AR F N & (1, U - R (BT R ) =%
2RI (I1) (0.465g,0.71mmol) , F H 1% NN &80 CHEL2h . RVPRHZIR G WA A1, H
EtOAc (200mL) # B4R 5 H7K (50mL)  ER/K ek , I A HLAHZEMg S04 T4, i pE I B 2= h
Wi o Wz 1)@ I FCCHEAT 44k , e i 2 9 £EDCM A 0 %25 %6 Me OH, BAH E47) J5iT , I Ji5 5
ZY R T BE DL A K (L E AR I BT A5 SRR (4. 462,93 %) o NMRAY; - THNMR
(500MHz , DMS0-d6) 81 .66 (6H,d) ,3.50 (3H,s) ,5.36 (1H,p) ,7.36 (1H,dd) ,7.95 (1H,dd) ,
8.15(1H,d) ,8.39-8.52 (2H,m) ,8.72 (1H,d) ,8.90 (1H, s) - Jii it :m/z (ES+) [M+H]+=337,
[0471] A EABI : 8-~ 1-57 PN 2 —3—H JE- KM 3[4, 5—c ] Wbk —2— i

CH,
Hsc"(N’(o

[0472] NN TCHs

o
= N/

[0473] 4N, N—— F 35 PP Jie — FR 45 8% (54 . 2mL, 408 . 29mmo1) ¥ N & 8—JR—1-57 1A L —3H-
K 5[4, 5-c 1 Embk -2 (25.00g,81.66mmo1) ZEDMF (375mL) H A VA VR o K 12 1R & 4 in
280 CHFLE3h, ARG RVFA A B EGIR FE - HiFE 16h K Ui Ve il o i Ui &, K (4x
300mL) BEFFAE R T FAES0°C T 115 AR 2 2 B b 4R 1) Fr & BB W) it (23.82g,91%) »
NMRi% : 'H NMR (500MHz , DMSO-d6) 81.63 (6H,d) ,3.49 (3H,s) ,5.15-5.23 (1H,m) ,7.75 (1H,
dd) ,7.99 (1H,d) ,8.44 (1H,d) ,8.91 (1H, s) - i il :m/z (ES+) [M+H]+=320.

[0474]  rh[AI{ARB2 : 81— 57 PN HE—3H-WKME JF: [4, 5—c ] PE bk —2— il

CHs
0

Hac"(N ’_(

[0475] o, \(r/NH
==
|
N

[0476] AERBERE T % = 2% (45.3mL,332.06mmol) ¥ 1% £FDMF (342mL) H K] 6—JR—4-
(S ARG ) smk—3—H i (34.22g,110.69mmol) W1 . 7EERBEIE FE R #4303 8 5 , i N 3
AR — K8 (26.2mL,121. 76mmol) , 3 H A4 P 1SIR S MCE60 C T Hii#:2h o 4 [ VR A ) fit
B NIK (1500mL) H ; 38 d io pE U AR T IE , 7K (2x 700mL) ¥eisk IEAEE %S RAES0C R T8, LL
79 31 5K F [ A1) Fr 7 2 5 (29.62,87 %) , B HRHEAT 33k — 2B a4k i 4d FH o NMRA% -
"HNMR (500MHz ,CDC13) 81.64 (6H,d) ,5.06-5.21 (1H,m) ,7.75 (1H,d) ,7.98 (1H,d) ,8.43 (1H,
s),8.69 (1H,s) ,11.57 (1H,s) o il :m/z (ES+) [M+H]+=306.
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(04771 rh[E]44B3 : 6-YR—4— (o P BB Jik) W Wk —3—FH R

CHs

AN

HC” SNH 0

[0478] g
| TR OH

=
= N

[0479] K6 -4- (R IL) M -3-H R 2 iE (38.0g,112.69mmol) &% T H I
(800mL) 7K (200mL) H o ¥ 11 L OME S AL 843K (33.8mlL, 338.07Tmmo 1) F- % IR &M TE 5L
TR BERE Lh o A INTHE (200mL) F-44 B3 17R & Y036 #E 160 78 K (400mL) HK A AL TE
T 225 B BT 3 I /K PRV v B 2M HC1 Rt 22 pH 4-5 3 3d ik i USRI iE » A /K e I
FERZ N TS B 2 A AR BT A B 5 (34.7g,100%) JNMRiE : 'H NMR (500MHz
DMSO-d6) 61.33 (6H,d) ,4.39 (1H,s) ,7.78 (1H,d) ,7.92 (1H,dd) ,8.38 (1H,d) ,8.88 (1H,s) »
Ji i :m/z (ES+) [M+H]+=309.

[0480]  H[E]{ABA : 6--4— (P 2L &) MRk —-3-FH R £ i

CH,
Hac/l\NH o]
[0481] Brwomcna
Nf

[0482]  {EO°C T, ¥ A—-2-f& (11.00mL,128.02mmol) ¥ N & 677 —4— 5 W bk —3— 1 ik 2. g
(36.61g,116.38mmol) FIRREREH (32.2g,232. 77mmol) £E 2. fiF (250mL) H () B vl B %IR8
EWAESAC R AE I T B HE3h o I I A AN B R £ (10.7g, 77 . 6mmo1) AP —2-f% (3. 6mL,
42.7mmol) , 3 HAE48°C T FHFEENFE 16h K iA AIAE | v £, 3F B IS I 5k R W 7E
DCM (400mL) F17K (500mL) 2 [8] 43 Fie. o 45 7K JZ FIDCM (2x  200mL) ZFr $E 0L ; K & 1A HLZ 5
A B AR AE IR T 4, DAAS 21 S OK 0 [ A B A BRI 400 )i (38.6g,98%6) o NMRiE:
'HNMR (500MHz ,CDC13) 61.40 (6H,d) ,1.43 (3H,t) ,4.32-4.37 (1H,m) ,4.40 (2H,q) ,7.72 (1H,
dd) ,7.81 (1H,d) ,8.29 (1H,d) ,8.95 (1H,d) ,9.10 (1H, s) o J§i i :m/z (ES+) [M+H]+=337,
[0483]  FEIABS : 6-7R -4— S HEM -3 H R 2. i

o] 0
[0484] N N0 cH,

=
N

[0485]  ZERREEIEE N, AESS T BDMF (0.119mL, 1. 54mmol) ¥ 0 2 26 V&% 9k 54, (800mL)
H I 6—1R-1- [ (4-F S R IE) 3t ] -4 S ARk —3—-H1 iR £, 168 (160g,384 . 37Tmmol) HH o 4 Fir
FRR-EYIAETS C R i 16h IR J K va AIAE I T 22 B K B S IR G4 5 W 2R 3L g Ik
SRJGUS INIECL e (500mL) o # Ve 18 i el 8, FIE T bt (200mL) e FFAE RS T 48, LA
15 3] B R0 [ AR 1 Bl 75 SR 5 (100g,83 %) oNMRi: : 'H NMR (400MHz ,CDC13) 81.47 (3H,t) ,
4.51(2H,q) ,7.95(1H,dd) ,8.11 (1H,d) ,8.60 (1H,d) ,9.24 (1H,s) o Jii i :m/z (ES+) [M+H]+=
314,316,

[0486]  DLBE R HIFNAL, 6 -7R-1-[ (4-F R LR HL) H 3L ] -4 S A ihk—3- H1 iR 2, i
(5765g,13.85mol) H%k & HAT W HTEE R (28.8L) [ 48 o W83 I\ 20-26 °C i JE A ¥ o
DMF (4. 4mL) B¢ W2 BN, FERAZ AR I/ A 75°C, 1 Th HPLC R /R 1. 3 % i i 4 i
TR AN98. 0% 77 W) o ¥4 12 I N AE JL A5 HOIR A T 4 5 R ) 5 I R (25L) Lk o S8 J5 4 P 45 [ 4
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78 PEkse (18.5L) i34k 2 . 5h, i e 3 A Bedie (3x 4L) YIS KB 1A 7E a5 FAE3SC R T4 LL
40T Tg BT A BRI I (93 % M= &) , JBITHPLC , iZ M il 1 294 % KR F=I 2 AN ik &
295 % 16— -1-[ (4-F AR OR L) R ] —4- AP -3 - HT R £ 1 (9096 480) o Wi FH 4 ot
(4077g) iR ol 25 48 v FE FH W AR LS (14. 51) FIDMF (2. 2mL) E A EE K ZIR SV ET5
‘CHPELA0h R AR L FAE 5L £ BR IF HAERR Y5 H 2R (10L) HL3k . 7E20°C R, Bz bkR
WITEBEIE (18L) H AL 16h o K ] A4 d ash i P8 USCER , 7E 0 N — R Pk i85 FH Bt (L) ek
P77 2196 T 7 B )40 IR (NMR I 52 46 5 90 % , HPLCAE 499 %) o %4t vk i Fl 4 W 4E
25 R E IR FH PEGE (BL) Yeigk LA~ 1905 Fir A R 1 40 5 (NMR 5 24 5 988 % , HPLCAt &
N99%) o BIX LT [ A A R Tk — 25 L (4101g,3653g 7 7k 14, 83 % F= % , HPLC4E [
H99%) .
[0487]  AH[HI{AB6: 6 -1- [ (4-FH AR R L) B AL ] -4 Ak -3-H iR 2. T

0] o]

Br P

[0488] N

[0489]  ZEXRBEIRFE R , 40247 Bh ¥ B 18] BOE-DBU (102mL, 679 . 62mmo 1) 4 0 2 72E P (1. 2L)
H2- (5-R-2-F K I 2) -3- [ (4-F AR R R0 R B N -2 M4 R £ T (296 5g.,
679.62mmo1) H o K T 15 VA TR A0 FF: L 6h A8 J5 4 ] 4408 i ok 18 22 B I FAMTBE Bt %% , A1S 31 2
BT O B B4 i (180g,64 %) oNMRiE : 'HNMR (400MHz , DMSO-d6) 81.30 (3H, t) ,3.71
(3H,s) ,4.25(2H,q) ,5.60 (2H,s) ,6.90-6.95 (2H,m) ,7.12-7.25 (2H,m) ,7.67 (1H,d) ,7.80~
7.90 (1H,m) ,8.30 (1H,d) ,8.92 (1H, s) . Fii :m/z (ES+) [M+H]+=418.

[0490]  DARE RIIHIEL, 7E15°C R, 42— (G-JR-2-FH R H L) -3-[ (-FA IR IE) H &
TN -2-I&1R 2. T (8434g, (T730gE AWM ,17.T1mol) 3B %% 5 HA AR (23.2L) HI A &%
H . 225 8PN INDBU (2. 8L, 18.72mo1) , TEVN I WL 82 B il FA N 18-23°C o £1 2593 % f5 T e
T FF HAZRIR R B8, ThfFi8 237 C 1 B sl « Kz R N AE20°C R 4416 . 5h, 72 i
HPLC 2.7 #2460 51 1) Y FEF196 . 5% 74 o K T A3 e 0 ad ad o i WS 8 , FHTBME (4x 3.4L) ¥
o IR R A AR AE L2 T AE40°C R T8, BLZG i 6033g 2 4 [l 4R 1) Fr & B W it (4234280
PR81.6% 7%, HPLCALE 99.8%) o 73 A& iE 541 % S B LR 3RAF 1 22 — )

[0491]  HhH[AIABT : 2— (5—{R-2- 9K H IR JE) —3-[ (4-FH ALK L) IR & ) (N -2 M TR &
M

Br\@(\kﬁo/\c Ha
[0492] F™NH
N

[0493] #E10°C N, &100 Bt (a5 () -2 Fe3- (- H & &) N i g (98¢,
685.00mmo1) 434tk ¥s In % 78 F 4% (800mL) HH [ 5—VR—2—% 4% F Ik 5 (163g,685mmol) FIDIPEA
(120mL,685.00mmol) B . ¥ B IATRAETOC NI HE 16h3R o ¥4 1. 82— 205 S ) st ]
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B ARSI TS T 6 (A-F AR IR R 1k (94g,685mmol) MR N IR &4 3 T A3 1V
WA P38 54 12 S SR 75 0 FDCM (4L) FBE, JF K (3x 1L) Bk o 44 HLARZENa:S04F
i BT HLZE R DS AR R T A I T (300g,100%) 45 HEANHEAT 3 — 2P 4l
WSLZME T B8 S 0 S R o B3 :m/ 2z (BS+) [M+H]+=436.

[0494]  DLSERAAIA B 65— 25K F I 5 (4318g,4205g A0 1, 17. TImol) HURE &
werh VERPE R (7.51) H IV W IMDIPEA (3150mL, 18.08mol) , ¥ A5 Wi 22 FI| ik v . 430
YRR AN I 2, -3 (C R L) NI IRIEE (2532¢,17. Tlmol) , ZERFHEIIE E<40°C . 1
B EZ307r BRI N 21-24"CTRN , & 1hrh gt — B A8 TH s 2838 °C X R B AE20-30°C T
PRFE16 . 5h0 2 30min g VR In4—H AR L5 I (2439g,17.78mol) , ZEFF L IR <40°C L FETR
e W22 212530 °C [ R, 8 I B AR I 200 B 15 C R AR A1 % R RETE20-30°C T i 41
4h,3X 2 JGHPLC 793 . 2% M) Fi s BRI o3 AL IR 23 85 T JE AL B Kz iR S ) B — 2
FHDCM (28.6L) Mk H7K (3x 7.8L) Peikk A WL MgS04 (£1550g) T8 FF itk yiE , FIDCM
(4L) Wik o SR 546 B R 10 LD 45 LA 45 Hh 8444 S PR (1 BT A BRI ) T (843485106 % 7=
e HPLCAEFE 94 . 7%) o 73 Ml 5 51 0 SE Rk 3R A1 f2 — B0

[0495] 1 [E]{ABS : 52— A H IR A

o

[0496] B’dLm
F

[0497]  FEIRSEIEE T , & 1ThI I ] B WARBE S (75. 0mL, 1027 . 36mmo 1) 1% il 2 75 FH 2K
(1.2L) FIDMF (12mL) ) 511 -2~ 54 H R (150g,684.91mmol) H1 o 4 AT 3 B VR A 0 7E70°C
T HEFE16hIA G VP ZIR A VA HI R B S ik 4, LA A B 23R 08 iR B 24
J7i (160g,98%) , W5 HASHEAT 3E— 5 li4b i 4 FH o NMR % : 'H NMR (400MHz , DMSO—d6) 57 .26~
7.31(1H,m) ,7.83 (1H,dd) ,8.02 (1H,d) .

[0498]  LLFE KA HIAR, fE20°C R , K 3— -6 2K H iR (3888g,17.75mol) $HH & 78 28 1 i
JE A (29, 21) A8 AN AR RS (1950mL,26. 88mol) , B J5 ¥ JIDMF (310mL) , 845 Wi 22 5
TN B Z IR S IR E65-75°C (£145°C 2 IRV » %A W8 B RN 32 i < Ak i
H oK1 I N AE B E R B RE40h , BERSHPLC /3 AT 2. 7R 87 .6 % P24, 3 . 4 % S U W i - ¥4 1% %
N AE B A5 ke g 5 2K (18L) JLidh, DL4h Hi4328g AT A B2 A4 it (103 % 77 3R, HPLCAL 5
87.3%) .

[0499] =45

[0500]  8-[6-[ (3R) —3— (- FH AR 55) mb i b —1-2 ] -3k me £ 1-1-[ (1S, 3S) -3-FH A I
TR 3] -3 FH -k e 3[4, 5-c ] M mbh—2—

HsC
S\Q

Q
N O
[0501] ¢ Gﬂ Z N~

Nao

N/
[0502]  #48- (6 —3-AtmE L) —1-[ (1S,3S) —3-F F AL IN I | -3 F FL-mR M I [4,5—c] M
Wk—2— (75mg,0.19mmol) A1 (R) —N,N—— FF JE At & ke —3— % (87mg, 0. 76mmo1) #EMeCN (1mL)

43



CN 108348515 A ﬁﬁ HH :F; 38/84 1t

FR) 2 V7 VB AE sl e 7 B b I E 150 ° C A 4L4h, ARG UVFZ IR S A I BB %R
IS YR A4 FIDCM (40mL) # ke, FH7K (2x 20mL) Sk B IR, FE45 B HLZ ZeMg S04 -5 , 1ok I8 I 2%
R LS AR P2 Kz ok P i@ I FCCHEAT 44k , B B B N FEDCMH 0226 %6 2NHH B, LA 3R
it 5 0 [ A ) T A S 5 (70 0mg , 75%) < NMRiE - 'H NMR (500MHz , DMSO-d6) 61 .82 (2H,
s),2.06-2.3 (10H,m) ,2.36-2.45(1H,m) ,2.5-2.57 (1H,m) ,2.72-2.86 (1H,m) ,3.17 (1H,
dd) ,3.27 (3H,s) ,3.33-3.44 (1H,m) ,3.48 (3H,s) ,3.63 (11,d) ,3.73 (1H,dd) ,4.05-4.16
(1H,m) ,5.55(1H,q) ,6.61 (1H,d) ,7.88 (1H,dd) ,7.93 (1H,dd) ,8.07 (1H,d) ,8.27 (1H,d) ,
8.57 (1H,d) ,8.82 (1H, s) o JHi % :m/z (ES+) [M+H]+=487.

[0503]  fif LA T A2 700 vf DL AZ A 51 43 B9 8 R 46 -

[0504] K553 B BT (64mg, 0. 13mmol) & T-DCM (2mL) H , 3 FHAEDCM (2mL) H 1) HH 7R
(17mg,0.18mmol) FEAT MO B ¥ W 26 K 2 1 5 DL 3 Ak 52 W e 1 356 1) B A5 SE 1 4 ot
(80mg,104%)

[0505]  NMRi#%:'H NMR (500MHz,DMSO-d6) 61.7-1.95 (1H,m) ,2.1-2.27 (4H,m) ,2.30 (3H,
s),2.37-2.47 (2H,m) ,2.52-2.57 (1H,m) ,2.88 (6H,s) ,3.27 (3H,s) ,3.42-3.49 (1H,m) ,3.50
(3H,s) ,3.63 (1H,dd) ,3.69-3.8 (1H,m) ,3.94 (1H,dd) ,3.98-4.07 (1H,m) ,4.06—4.17 (1H,
m) ,5.44-5.68 (1H,m) ,6.73 (1H,d) ,7.94 (1H,d) ,8.03 (1H,dd) ,8.11 (1H,d) ,8.32 (1H,s) ,
8.62 (1H,d) ,8.88 (1H,s) ,9.83 (1H, s) - Jfii% :m/z (ES+) [M+H]+=487,

[0506]  Hr[a]{A&CO: 8~ (6-#—3-MEmE L) —1-[ (1S,3S) —3-FH A IR I 5L ] -3 JE -k I
[4,5-c] W mbk—2-F

HLC
3'\9

[0507] Fﬁ O\N,(O

P
N

[0508]  #48—yR-1-((1S,3S) —3—-F A FEIF N L) —3—FF FL—TH- KM 3[4, 5—c ] EmpR-2 (3H) -
fifl (250mg,0.66mmol)  (6-F ML IE-3-3&) MR (122mg,0.86mmol) F2MAR R £ (1mL,
2.00mmol) &VFT1,4- W&t (4mL) 1, AT, R J5 i N [Pd-118] (22mg,0.03mmo1) - £
B TN ERO CHr4: 1h, I HA H1 2 5 % R MR &4 FIEt0Ac (50mL)
B, AR5 UK (2x 25mL) Peik , HAR JE ¥ A HLAHZE Mg SO4T-Ig: , 1ok i - 78 25 v b A7 Ik 4 o %
2 )BT FCOE AT 44k, , W i A6 B Y ZEDCM AT 08 3 % 2N FH 5 41 o 4 4 1) 2 09 75 &8 T 1
PAARAE 5K [ [ 44 R 8— (6- At e —3-3%) —1- (1S, 3S) —3—F S L PR [ J5k) —3—FF Bk 1H-Ik
3[4, 5-c ] EEmpk—2 (3H) —F (185mg,70.9%) .

[0509]  HH[AI4ACL : 8—R-1-[ (1S,3S) —3—F & S T ik ] -3 SR Mk 3[4, 5—c ] MMk —2-

A
H3C\O
[0510] QNj
Y
N
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[0511] RS HAEOC T, ¥Nal (FEF #)3hH160%) (0.444g,11.11mmol) ¥ MAE8—JR-1-
[ (1S,3S) —3-H A JL BRI 3L ] -3H-IK e 3F [4, 5—c ] Wsmbk—2—-F (1. 15g,3. 17mmol) ZEDMF (15mL)
R AR, AR5 ZIR A VBR300 B o Us AL A 452 (0.596mL,9.52mmol) , 3+ H A% &
NIR -G YFEM I S N R 16h R K G2 N 22 e i rp , FF HOR A fE s R g, 9F H
TE AR 11530, LLER A 52 1 Tl A4 1 B 5 B2 40 5T (674mg - 7R RDMF AR TS 4%) &
NMRi : 'HNMR (500MHz , DMSO-d6) 61.22 (1H,s) ,1.74-1.92 (1H,m) ,2.11-2.24 (3H,m) ,2.25-
2.33(1H,m) ,3.27 (3H,s) ,3.49 3H,s) ,4.07-4.15(1H,m) ,5.27-5.53 (1H,m) ,7.74 (1H,dd) ,
7.98 (1H,dd) ,8.36 (1H,s) ,8.91 (1H,s) . Fiit :m/z (ES+) [M+H]+=376.

[0512]  wp[ElfAC2:8-7R-1-[ (1S,3S) —3-H S LI I 3 | - 3H-IR Mk I (4, 5—c ] e mph—2 il

H5C
3\9

[0513] G\N4O

NH
Br x

=
N

[0514]  FEHS N, B R BEBEE S Y (1.075mL,4.99mmol) FINE6-—-4-[[ (1S,
3S) —3-F AR FE IR IE ) H FE T EMR-3-F R (1.46¢g,4.16mmol) F1=Zfi% (1.738mL,
12.47mmo1) 7EDMF (9mL) H VR & L, 3 HRZ S BIAE60 °C R In#ah o 1% ) W74 H) 22 38
B BT o [ AR 7E L 25 TR I 5 KGR % o W WA A 1 S R T R DL AR i B A
(R4 o o e i 3 A ek YRR R AN B B IF H S Je R B ) (1. 15g,79%) &9 NMR
7 : "HNMR (500MHz , DMSO—d6) 81.56-1.82 (1H,m) ,1.98 (1H,t) ,2.08-2.31 (3H,m) ,2.46 (1H,
s),4.43(1H,s) ,4.78 (1H,d) ,5.26-5.64 (1H,m) ,7.73 (1H,dd) ,7.96 (1H,dd) ,8.35 (1H,s) ,
8.67 (1H,s) ,11.62 (1H,s) . Jiii :m/z (ES+) [M+H]+=348.

[0515]  HR[AIARC3: 6-VR-4-[[ (1S,3S) —3—H S BLPA I It ] 2 Ik ] Wbk —3— HH iR

HsC—O

: "NH O

[0516]
o
N

[0517]  #4NaOH (2M) (13.98mL,27.95mmol) ¥ ANA6-7R-4-[[ (1S,3S) -3-H S L IF K 3L ] &
Fe]wEmk-3-F R 2, 1% (2.65g,6.99mmol) ZETHE (15mL) 1 [FIVR S B, 3 H 4% I S 7E60°C
N IFASh A2 SR F R IR L, AR DR T 2B A LA A ER IR (2M) KK R AR
YIS 2 pH 7, N AR AE B NI DR, FEAE B AR TR R 24h DA BRIt B R A [ A4 ) B A
P (1.46g) o FiHE :m/z (ES+) [MHH]+=351.,

[0518]  AH[HIfARCA: 64~ [[ (1S,3S) —3-H A BE IR I B ] U 2k ] Wbk —3- HH /iR 2. T

HsC—O
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[0520] ¥ — Zfi% (3.90mL,27.98mmol) IR N2 AE L) (15.6mL) H i (1S, 3S) —3-Z 2K
BEEh R 2k (1g,7.27mmol) B, JFHEHES 7 Bl o N N6 - 7R -4- S MMk -3-H R 4 g (2. 2¢g,
6.99mmol) 314 1% ;MR & YIAE100°C R it o 3@ i o ks 1% [ 442 B, Do 3
TR G IR R A 2 T8, FER SR R W % T-DCM (25mL) H, FF FH7K (25mL) Peidk KA WA
G HE M BT, I B FITERUE T 2By LBt 5208 Gl 44 1 Bt A B2 1 ) i
(2.65g) , I HILTHEH— At EAAE . B m/z (ES+) M+H]+=379.,

[0521] =446

[0522]  8-[6-[ (3R) —3— (= FH R L) Mb R -
T 3E) —3-H -k i 3[4, 5-c ] -2

Hsc\ W 1
NC o)
l N N (
N

[0523] HsC =
N NN N—CH,

I/N/

[0524]  7£150°C T ,¥4DIPEA (0.159mL,0.91mmol) 8- (6—%—3-MtiE L) —1- (i -3-H &
FEINT L) —3-H BRI [4, 5—c ] Mk —2— (120mg,0.30mmol) A1 (R) -N, N—-— F Fknip g
fi-3- iR B £h (68.4mg, 0. 45mmol) ZEDMSO (2mL) HH VRS M4k 12h, SR 5 o vF A ) S B0 8S
T Bz e RO A ) FEt0AC (50mL) #4578 , FH7K (25mL) 17K (25mL) Peidk, I BB AIEE
NaoSO0s T4 , i € FE 25 i AR AR 7= o ¥ 12 A = W id 3 1] £ ZUHPLC (Waters XBridge Prep
C180BDAE, 5u — 48 ALFE, 19mm B 4% , 100mm& i) #E4T 44k, {5 K (B H0.1% %) %nMeCNaﬁif&
P 326 Uk VR S WA SR e B DA B0 2 B e T AR ) BT A B I (T7mg , 51.8%) o NMRi: : 'H
NMR (300MHz , DMSO-d6) 61.87-1.93 (1H,m) ,2.19-2.26 (7H,m) ,2.74-3.02 (5H,m) ,3.18-3.24
(4H,m) ,3.33-3.43 (1H,m) ,3.47 (3H,s) ,3.63-3.86 (3H,m) ,4.99-5.05 (1H,t) ,6.60-6.93
(1H,d) ,7.82-7.84 (2H,d) ,8.23-8.26 (1H,d) ,8.43 (1H,s) ,8.85-8.86 (1H,d) . Jii i :m/z (ES
+) [M+H]+=491,

40/84 T

13 ] -3 -nh g 2 -7 41— 1 - (-3 FH 4|

(05251 LA 7 2 A 24 UL o 646 DL 40 450 A ST 0
TR AT Al , 37 H A 50 B i B R #h Bl FR PR 21
=4 &4 2R
Q 8-[6-[(3R)-3-(=F A & L)t
74 O &b -1- 3k ]-3- vt &9;%]-3- ¥
SN ”“CHs A -1-[BR)-m & vk -3- K]
[0526] ! NN ok H-[4,5-c]avk-2-BA
HaG e 8-[6-[(3R)-3-(=F A& A&)b
g Hac'N C\” @& QN4O i -1- 3K -3-wkvg K )-3- W
e N=CHs I 1-[(3S)-m9 ok h-3- Ak
e v 5F[4,5-c] "= ok-2- B
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[0527]

41/84 T
x4 &M 2R
a 8-[6-[(3R)-3-(=F A & &)k
HaC
g ch'N”"ON Z QN——(O pE bt -1- K ]-3- b v K ]-3- 7
N [ MNcHy | 3h-1-[(3S)-v9 Stk wh-3- 2]k
N7 "41972[4,5-0] vAupk-2- )
8-[6-[BR)-3-(=F A &)k
o | e T O el BBk 1108
- [ M~crs | £-3- 9 FAIR T 2)-3- 7 -
W ok I [4,5-c] ok -2
8-[6-[(3R)-3-(= T &Ikt
B B R N R VN2 VRO
N Nechy | X-3- 9 FAIRT £)-3-7 -
- ok o H[4,5-¢] e vhk-2- B
B-[6-[(3R)-3-(= 7 A &)
12 % %ek% chNm.CL Za QN"‘(O frdt-l- & S- R A X
N [ M-oky | R-4-F A T )37 K-
- wk vk H-[4,5-¢] v vbk-2- B
- o 8-[6-[(3R)-3-( =7 i & L)uk
- e O | QNJ{’ o 4% -1- 2k ]-3- kv K ]-3- 7
N (Ao - 1- w9 S ok -4- 2ok vk S
N [4,5-c]7& w2~ 87
° 8-[6-[(3R)-3-(= 7 A &)t
H5C
Tk " CL / Q‘N4° ot -1- 2k ]-3- b v 3K ]-7- A
- N~cH; [3-% J-1-[(BR)-u9 & 7tkuh-3-
’ " ok v 4, 5-c] 7 vk-2- 5
. 8-[6-[(3R)-3-(=F A & &)
H,C
- oy ON _ QN4° oB - 1- A ]-3- b vg K ]-7-
N [ M~cHy | 3.9 %-1-[(3S)-v9 Fkh-3-
: 5 )k H[4,5-c] k-2 5
° 8-[6-[(35)-3-( =¥ & & X&)k
H,C
L HaCfN—C‘N o QH/O o 45 -1- Hh]-3- b vz K ]-3- 7
N [(N~cHy |3k -1-[(3R)- 19 &, o o -3- 2k ]
> ok o H-[4,5-¢] e vhk-2- B
o 8-[6-[(35)-3-( =¥ Ik & K)ok
HaC
17* chN—O 7 QN——(O pg bt -1- A ]-3- b v K ]-3- 7
Ny | 9 N—cH, }_&-1_[(35)_[:5 :;_"kahv@_g,_}_&]a*

vt 3-[4,5-C] v opk-2- B
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L) &M 2R
e HaC~O 8-[6-[(35)-3-( =7 A& & &)
. HSC,N—C‘N ~ \ELN 40 ok - 1- 2 )-3- vtk we K )-1-( 7
S N~cHy | A-3-9 AR T HK)-3- 7 K
NP wk vk H-[4,5-c] 4 vk-2- B
° 8-[6-[(35)-3-( = ¥ & & )
HaC, 7 ZES
19% H3C'N—ON s Q'N“(O p& 4 -1- AR ]-3- b wg K ]-7-
N NS N-cHy 13- Jk-1-[(3R)- w9 & tkvh-3-
A I ok e HE[4,5-c] " vbk-2- B
HyG, Q 8-[6-[(35)-3-(= 7 A& & )
- Hsc’N—C“\/\' MO oX 4% - 1- I ]-3- mb vz K ]-7- &
N x N~cH; [3- ¥ 7;%—1—[(38)—?3 A,k v -3-
. Z Kok ik 5[4,5-c] A vbk-2- BR)
HyC—O 8-[6-[(35)-3-(= ¥ A & &)k
”3°N_CN 1 & oX - 1- B ]-3- b vz IR ]-7- £
21* waf Ti\| “*{,LCH Sl A 3- W ROA R T
> H)-3- P -k I [4,5-c] %
" " ohk.-2- BF)
[0528]
o HyC~o 8'[6'[3'(:‘ i AR J_ttt\) R
'y T ¥e-1- 2k ]-3-wk ez &)1 K
H4C
Qe KC\ s Q»—(:_ A-3-F B AR A]-3-F k-
SN kv 5 [4,5-c] vk -2- B -
il Atk 1
N oy 8-[6-[3-(= 7 A A A) fA K
T 3 % & >
. T ke-1- & )-3-nbve & )-1-[ &
HaC
23kkdk kc\ @ G‘H/O A-3-F R AR AK]-3-F k-
D Sy TOMS ok e S [4,5-c] vk bk 2- B
F FHtk 2
by o 8-[6-[3-(=F R &) R A
el " Q 7 T #2-1- & ]-3-wk vz 2 ]-3- 7
Ptk % N
S soANCH [ HE-1-[(3S)-29 At h-3- K]k
PP s - [4,5-C] ok -2- )
iHa Hach,,Q 8-[6-[3-(= ¥ %-ﬁ.)}f&) iflf")“v 78
HyC” 5 s
25w Ty, ML [THI- A3k A 1K
N [ MN~cry | A-4-7 FIRIR T IR)-3- 7 k-
2 ok vk H-[4,5-¢] 4 k-2- B
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w B P

[0529]

43/84 T
4 &M & AR
E“s 1-2R T #-8-[6-[3-( = F & &
H3C/ \C\ I:L 0 £ 2 5
26% %% "N N"( IR BRI T Ie-1-28]-3-wk 7]
N Nech, |Z]-3- Ak ok S [4,5-c]
7 bpk.-2-
Fre o 8-[6-[3-(= F A& & K&) RAHF
Hsc’Nr\ O ) [ ;‘[ (=¥ ) B2
— N et T ge-1- 24 ]-3-wk vz £]-3- 7
N Necy, |#-1-[(3R)- 9 & b vl -3- & ]
g ok ok 5 [4,5-c]vik-2- B
i Q 8-[6-[3-(= 7 A A A) RAEF
HaC” s il
— N | N4° T $e-1- & 1-3- kv A ]-3- "7,7
N Nech, [Fh-1-v9 4 oth v -4- 5wk v 5
- [4,5-c]v&obk-2-8
o HiC~g 8-[6-[3-(= T A& &) RAR
N " T g-1- A ]-3- kw2 A ]7- &
H,C
29 T | QMO [ B A& -3- 7 R KR OK
N NoCHa -3 gk ook 5 [4,5-c] %
F N7 ph-2-BR — SFAAR 2
. HyC~g 8-[6-[3-(= 7 L &) R HK
N " T gi-1- Ak ]-3- vz & ]-7- £
Tekh® HSC t\ Q 2 1. - . 2= R 2,
30 @ N4 1-{ & £-3- 7 & & 7R X
'S N R ]3-7 ok ok S [4,5-c] %
F N h-2-B7 — FAHIK 1
oo B6-[3-(= 7 R &) FLAF
N 3 24 Sy =
HyC” & T ke-1- 3k ]-3-wbeg 3K 1-7- &
31* h | \D\”‘{, (A 3-F AAR T
Naw ~CH,
H)-3-9 J-ok v 5 [4,5-c] %
F N opk-2- B
oHy HsC~g 8-[6-[4-(= 7 A A IH)-1-vk %
Hacf”\O QU o [EImRAFLIAAS-T
32% _ w, 5 s g 665 0 ol 3
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CH,
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E4) &4 AR
Hac\
CHy 3 8-[6-[4-(= F & A IL)-1-vk 7%
— HSC’“*O Q o PRI3-mbrerA]-1[K A-3-F
@ SR T A3 T vk o
= N [4,5c) bk -2- 8 — B K
F )
. "o 8-[6-[3-(= T A& &) BRI
[0533] HSCJIL\C'\ Q o Tix-1-&]-3-nbve X]-1-[ K
Lkl 2 i A-3-7 R & A]-3-F K-
N Ny T Bk v 5 [4,5-c] vk -2- B
7 FAk 2
iy o 8-[6-[3-(= 7 A AA) R A H
P2 { N Aow v - .
- H3C,N\C Q ] T‘J:;b 1 ij_k] 3-wbeg K]-1-[ K
56 @ N4 A-3- 7 R & A]-3-F K-
5 | \| Ny CMs ko - [4,5-c) vE vk -2- B
NN FA K ]

[0534]  *44i% e N AEDMSOH S5A7ER L & 11 (2-5298) WIDIPEAREAT I B, F:7E130°C-150
‘CZ 1A B FE R hn#42h-16h,

[0535] sk iZ 2 N AENMPH EAT , 3E#£130°C T m#40. 5h-3h.

[0536]  sewicldf 1% J B FEMeCNH AT , 3R #E150°C N hn#idh,

[0537] sl 1% S S FEDMF H 5 A7 7E I i 1 (K2 COs 1847 [ B, FEAES0°C -100°C 2 [H] 7
&R n#k16h.

[0538] skl 12 [ N EMeCNH S AZEER L & (1-5248) MIEtaNIZEAT [ B, FEFES0°C
#3h-16h.

[0539]  Kssizfp 228233 ik 1] 46 7 F-PEHPLC, FIFE CbeHH 30 % S A EE (FHO. 1% 2 fEek
PE) V8 9 e I 3047 55 B e I A TR & ) R E AT 20 5, DASRHEVE D 58 — e i = 4 1 5k
22 FNE Ay 58 — e JBd = ) SE 451123

[0540] 5251 29& 3038 ik 1] 2 7 - MEHPLC, F7E C e P 42 % L BE (FHO. 1% — Z &)
VERBE IEAT 56 BE LI AT BV A ) Hp AT 23 85 DA AR 58 — e i P 0 5245130
HE N 56 et = P S 45129

[0541] K525 328333 ik 1] 46 B FPEHPLC, FHAE 95 % H I (FHO . 1% = 2 gk i)
VERBE IEAT 56 BE L I AT VR A ) Hp AT 23 85 DA AR 58 — e i P i 51 49133
FE N 5 Bl = M S 45132)

[0542] 525146 .48 150474 H H [E] 4SO

[0543]  sEf545.47 fI49%7 42 H H I TO

[0544]  fszp|51&523@ i #1145 B T -HPLC, FIEMeOH (FH — Zu e th) 195 % Fi 34 T
ik 1 D e JE V3R A T 55 B e JBE AN e VR S 0 B AT 20 5, DASRBEAE D9 B8 — B i = A 1 s 481
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SRR 9 28 — e it i) S 45152

[0545] s 45|53&5438 1t )45 B T -HPLC, FIZEELOH (F — Z e th) i85 % c ke /E A
eI EAT 55 FE B Bt N AT VR & P 1R 4T 73 88, ABRAIAE DN 38 — B it = W () SE 451l 5 4 Fn A
R R R ) SE 45153

[0546] s 45|55&563@ i #1) 45 B FME-HPLC, FIAEMeOH (F — Zu e th) 190 %6 Fi 34 T
Bk A e W3t A T 55 BE B i AN VR A W 2 AT 43 B8, AR AR R 56 — B i = i S 451
5O FIE 9 28 — e it ) S 4155

[0547]  S2f]7: (FRERER) NMREE : 'H NMR (300MHz ,DMSO-d6) 81.81-1.87 (3H,m) ,2.17-2.24
(8H,m) ,2.63-2.71 (1H,m) ,2.82-2.88 (1H,m) ,3.16-3.22 (1H,m) ,3.37-3.42 (2H,m) ,3.48
(3H,s) ,3.63-3.67 (1H,m) ,3.73-3.79 (1H,m) ,3.95 (1H,d) ,4.12-4.26 (2H,m) ,4.92-4.99
(1H,m) ,6.65(1H,d) ,7.89-7.97 (2H,m) ,8.09 (1H,d) ,8.16 (1H,s) ,8.27 (1H,d) ,8.57 (1H,
d),8.83 (1H,s) . Jfi it :m/z (ES+) [M+H]+=473.

[0548]  S5I8:NMRit : '"H NMR (500MHz,DMS0-d6) 862.15-2.3 (1H,m) ,2.32 (3H,s) ,2.35-
2.45(1H,m) ,2.44-2.49 (1H,m) ,2.51-2.57 (1H,m) ,2.89 (6H,s) ,3.43-3.52 (1H,m) ,3.54
(3H,s) ,3.64 (1H,dd) ,3.67-3.82 (1H,m) ,3.85-3.99 (2H,m) ,3.98-4.09 (1H,m) ,4.1-4.22
(2H,m) ,4.27 (1H,td) ,5.78-5.89 (1H,m) ,6.72 (1H,d) ,7.95 (1H,dd) ,8.04-8.22 (2H,m) ,
8.54 (1H,d) ,8.68 (1H,d) ,8.89 (1H,s) ,9.86 (1H, s) o Jfiil :m/z (ES+) [M+H]+=459,

[0549] =459 . NMR#Z : "HNMR (300MHz , DMS0-d6) 61.79-1.86 (3H,m) ,2.14-2.22 (8H,m) ,
2.65-2.81 (2H,m) ,3.15-3.21 (1H,m) ,3.37-3.44 (2H,m) ,3.48 (3H,s) ,3.65-3.76 (2H,m) ,
3.94(1H,d) ,4.15-4.21 (2H,m) ,4.91-4.99 (1H,m) ,6.65 (1H,d) ,7.89-7.97 (2H,m) ,8.09
(1H,d) ,8.27 (1H,s) ,8.57 (1H,d) ,8.83 (1H, s) o JAi 1% : m/z (ES+) [M+H]+=473,

[0550]  SE10: (FF & &) NMR1 : 'HNMR (400MHz , D20) 62.33-2.60 (5H,m) ,2.64-2.77 (1H,
m ,2.94-3.09 (6H,m) ,3.10-3.19 (6H,m) ,3.36-3.42 (1H,m) ,3.54-3.66 (3H,m) ,3.83-4.05
(3H,m) ,6.33-6.35 (1H,m) ,6.81-6.82 (2H,m) ,7.07-7.17 (2H,m) ,7.52 (1H,s) ,8.12 (1H,s) ,
8.35(1H, s) o i :m/z (ES+) [M+H]+=473.

[0551] S5 11: (JF 25 hk) NMRE : 'H NMR (500MHz , DMSO—d6) 61.82 (1H,dd) ,2.09-2.3 (7H,
m) ,2.56 (2H,ddd) ,2.71-2.88 (1H,m) ,3.11-3.27 (6H,m) ,3.33-3.45 (1H,m) ,3.48 (31, s) ,
3.63(1H,d) ,3.74 (1H,dd) ,4.11-4.33 (1H,m) ,5.54 (1H,s) ,6.61 (1H,d) ,7.87 (1H,dd) ,7.95
(1H,dd) ,8.04 (1H,d) ,8.18 (1H,d) ,8.49-8.64 (1H,m) ,8.81 (1H,s) . (A& £5) NMRi : 'H
NMR (500MHz , DMS0-d6) 62.16-2.29 (1H,m) ,2.31 (3H,s) ,2.42-2.47 (1H,m) ,2.56 (2H,ddd) ,
2.88(6H,s),3.18-3.26 (5H,m) ,3.41-3.54 (4H,m) ,3.63 (1H,dd) ,3.7-3.82 (1H,m) ,3.94
(1H,dd) ,4.01 (1H,q) ,4.22 (1H,tt) ,5.48-5.64 (1H,m) ,6.73 (1H,d) ,7.91 (1H,dd) ,8-8.15
(2H,m) ,8.22 (1H,d) ,8.64 (1H,d) ,8.85(1H,s) ,9.85 (1H,s) o JFiilf :m/z (ES+) [M+H]+=473,
[0552]  sff12: (hE B8 NMRiE : 'H NMR (400MHz ,CDC1s) 81.43-1.52 (2H,m) ,2.13 (3H,d) ,
2.36 (3H,d) ,2.47 (6H,s) ,2.72-2.80 (2H,m) ,3.03-3.08 (1H,m) ,3.38-3.43 (1H,m) ,3.45
(3H,s) ,3.46-3.57 (2H,m) ,3.59 (3H,s) ,3.78 (1H,t) ,3.94 (1H,t) ,4.85-4.90 (1H,m) ,6.55
(1H,d) ,7.77-7.86 (2H,m) ,8.17-8.26 (2H,m) ,8.55 (1H,d) ,8.68 (1H,s) - (FF AR £h) NMR %
:'H NMR (300MHz ,MeOH-d4) 81.36-1.58 (2H,m) ,2.15 (2H,d) ,2.25-2.39 (3H,m) ,2.60-2.77
(6H,m) ,2.99 (6H,s) ,3.35-3.48 (4H,m) ,3.55-3.68 (4H,m) ,3.68-3.79 (1H,m) ,3.79-3.91
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(1H,m) ,3.97-4.14 (2H,m) ,4.93-5.04 (1H,m) ,6.80 (1H,d) ,7.94 (1H,dd) ,8.06 (1H,dd) ,
8.16 (1H,d) ,8.37 (1H,s) ,8.56 (1H,d) ,8.79 (11, s) . Fiil :m/z (ES+H) [M+H]+=501.

[0553] =513 :NMRi%: '"H NMR (300MHz,CDC13) 61.93-2.01 (2H,m) ,2.45-3.11 (10H,m) ,
3.51-3.71 (7TH,m) ,3.72-3.83 (1H,m) ,3.93-4.15 (2H,m) ,4.21-4.29 (2H,m) ,5.01-5.18 (1H,
m) ,6.50-6.59 (1H,m) ,7.77-7.89 (2H,m) ,8.10-8.21 (1H,m) ,8.35 (1H,s) ,8.55-8.59 (1H,
m) ,8.70 (1H,s) o J§iit :m/z (ES+) [M+H]+=473.

[0554] S 14 : NMR#% : "THNMR (300MHz , DMS0-d6) 61.7-1.9 (3H,m) ,2.13-2.37 (8H,m) ,
2.62-2.72 (2H,m) ,3.1-3.3 (1H,m) ,3.35-3.55 (5H,m) ,3.68 (1H,s) ,3.91 (1H,s) ,4.07-4.26
(3H,m) ,4.90 (1H,s) ,6.67 (1H,d) ,7.73-8.04 (2H,m) ,8.20 (1H,d) ,8.44 (1H,s) ,8.88 (1H,
s) o JH i :m/z (ES+) [M+H]+=491.

[0555]  s2f5115: NMRit% : "HNMR (300MHz ,DMS0-d6) 61.73-1.87 (3H,m) ,2.11-2.23 (8H,m) ,
2.64-2.69 (1H,m) ,2.79-2.83 (1H,m) ,3.15-3.21 (1H,m) ,3.37-3.44 (2H,m) ,3.47 (3H,s) ,
3.63-3.79 (2H,m) ,3.91 (1H,d) ,4.09-4.22 (2H,m) ,4.85-4.93 (1H,m) ,6.65 (1H,d) ,7.83-
7.90 2H,m) ,8.19 (1H,d) ,8.43 (1H,s) ,8.89 (1H,s) . Fiils :m/z (ES+) [M+H]+=491.

[0556]  sSzf516: (FHF