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Inhibitors of the menin-MLL interaction

TECHNICAL FIELD
The present invention is directed to inhibitors of the interaction of menin with
MLL and MLL fusion proteins, pharmaceutical compositions containing the same, and
their use in the treatment of cancer and other diseases mediated by the menin-MLL

interaction.

BACKGROUND

The mixed-lineage leukemia (MLL) protein is a histone methyltransferase that is
mutated in clinically and biologically distinctive subsets of acute leukemia. Rearranged
mixed lineage leukemia (MLL-r) involves recurrent translocations of the 11q23
chromosome locus which lead to an aggressive form of acute leukemia with limited
therapeutic options. These translocations target the ML gene creating an oncogenic
fusion protein comprising the amino-terminus of MLL fused in frame with more than 60
different fusion protein partners. Menin, a ubiquitously expressed, nuclear protein
encoded by the multiple endocrine neoplasia type 1 (MENI) tumor suppressor gene, has a
high affinity binding interaction with MLL fusion proteins and is an essential co-factor of
oncogenic MLL-r fusion proteins (Yokoyama ef al., 2005, Cell, 123:207-18; Cierpicki &
Grembecka, 2014, Future Med. Chem., 6:447-462). Disruption of this interaction leads
to selective growth inhibition and apoptosis of MLL-r leukemia cells both in vitro
(Grembecka ef al., 2012, Nat. Chem. Biol., 8:277-284) and in vivo (Yokoyama et al.,
2005, op. cit.; Borkin ef al., 2015, Cancer Cell, 27:589-602).

The menin-MLL complex plays a role in castration-resistant/advanced prostate
cancer, and a menin-MLL inhibitor has been shown to reduce tumor growth in vivo
(Malik et al., 2015, Nat. Med., 21:344-352). Additionally, a menin-MLL inhibitor has
been shown to enhance human [ cell proliferation (Chamberlain ef al., 2014, J. Clin.
Invest., 124:4093-4101), supporting a role for inhibitors of the menin-MLL interaction in
the treatment of diabetes (Yang ef al., 2010, Proc Natl Acad Sci U S A., 107:20358-
20363). The interaction between menin and MLL or MLL fusion proteins is an attractive

target for therapeutic intervention, and there is a need for novel agents that inhibit the
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menin-MLL interaction for the treatment of various diseases and conditions, including

leukemia, other cancers and diabetes.

BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 shows an XRPD pattern characteristic of 5-fluoro-N-isopropyl-N-
methyl-2-(3-(1-((2-ox0-2,3-dihydro-1H-benzo[d]imidazol-5-yl)methyl)piperidin-3-yl)-
1H-pyrrolo[2,3-c]pyridin-1-yl)benzamide mono-(2R,3S,4R,5S)-2,3,4,5-

tetrahydroxyhexanedioic acid (mucate) salt.

SUMMARY
The present invention provides inhibitors of the menin-MLL interaction, such as a

compound of Formula I:

R—(Cy)—(L)n

or a pharmaceutically acceptable salt thereof, wherein constituent variables are defined
herein.

The present invention further provides a pharmaceutical composition comprising
a compound of Formula I, or a pharmaceutically acceptable salt thereof, and at least one
pharmaceutically acceptable carrier.

The present invention further provides a method of inhibiting the interaction
between menin and MLL comprising contacting the menin and MLL with a compound of

any one of Formula I, or a pharmaceutically acceptable salt thereof.
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The present invention further provides a method of treating cancer in a patient
comprising administering to the patient a therapeutically effective amount of a compound
of Formula I, or a pharmaceutically acceptable salt thereof.

The present invention further provides a method of treating insulin resistance, pre-
diabetes, diabetes, risk of diabetes, or hyperglycemia in a patient comprising
administering to the patient a therapeutically effective amount of a compound of Formula
I, or a pharmaceutically acceptable salt thereof.

The present invention further provides the use of a compound of Formula I, or a
pharmaceutically acceptable salt thereof, for manufacture of a medicament for inhibiting
the interaction between menin and MLL.

The present invention further provides the use of a compound of Formula I, or a
pharmaceutically acceptable salt thereof, for manufacture of a medicament for treating
cancer in a patient.

The present invention further provides the use of a compound of Formula I, or a
pharmaceutically acceptable salt thereof, for manufacture of a medicament for treating
insulin resistance, pre-diabetes, diabetes, risk of diabetes, or hyperglycemia in a patient.

The present application further provides a compound of Formula I, or a
pharmaceutically acceptable salt thereof, for use in inhibiting the interaction between
menin and MLL.

The present application further provides a compound of Formula I, or a
pharmaceutically acceptable salt thereof, for use in treatment of cancer in a patient.

The present application further provides a compound of Formula I, or a
pharmaceutically acceptable salt thereof, for use in treatment of insulin resistance, pre-

diabetes, diabetes, risk of diabetes, or hyperglycemia in a patient.

DETAILED DESCRIPTION
The present invention provides inhibitors of the menin-MLL interaction, such as a

compound of Formula I:
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R'—(Cy)m— (L)

or a pharmaceutically acceptable salt thereof, wherein:

Ring A is a Cs.10 aryl group, 5-14 membered heteroaryl group, Cs.14 cycloalkyl

5  group, or 4-14 membered heterocycloalkyl group;
U is N or CRY, wherein RY is H, halo, CN, OH, C1. alkyl, Ci4 alkoxy, amino, C;-

s alkyl amino, or C;s dialkylamino;

the moiety
g\V’/X\‘W%
Moy
10 is selected from:
RY RY o
N g{kw‘ N
.rx"’ N, ; Jx" I ; "\Zv , JS"‘ "\/v , and
S

é(‘\N/U\N/E

AV ""/V , wherein RY is H, halo, CN, OH, C1.4 alkyl, Ci.4 alkoxy, amino, C14
alkyl amino, or C; dialkylamino;
X is F or CI;
15 L is selected from —Ci alkylene— and —(C14 alkylene),:—Q—(C14 alkylene)y,—,
wherein the Ci.6 alkylene group and any Ci4 alkylene group of the —(C14 alkylene).—Q—
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(C14 alkylene)s— group is optionally substituted with 1, 2, or 3 substituents independently
selected from halo, CN, OH, Ci3 alkyl, Ci13 alkoxy, C1s hydroxyalkyl, Ci.; haloalkyl, Ci.
3 haloalkoxy, amino, C1.; alkylamino, and di(C:.; alkyl)amino;

Q is -O-, -S-, -S(=0)-, -S(=0),-, -C(=0)-, -C(=O)NR?-, -C(=0)0-,
-OC(=0)NR4- -NR%- -NRUC(=0)0O-, -NRUC(=0)NR-, -S(=0),NR9- -C(=NR%)-,
or -C(=NR%®)-NRY- wherein each R is independently selected from H, C1.s alkyl, and
Ci5 hydroxyalkyl and wherein each R% is independently selected from H, Ci alkyl, and
CN;

Cy is a linking Ce.14 aryl, linking Cs.15 cycloalkyl, linking 5-16 membered
heteroaryl, or linking 4-18 membered heterocycloalkyl group, each of which is optionally
substituted with 1, 2, 3, or 4 substituents independently selected from R®;

each R® is independently selected from halo, Ci alkyl, C1.4 haloalkyl, Ci4
cyanoalkyl, C2 alkenyl, Cy alkynyl, Cs.10 aryl, Cs.10 cycloalkyl, 5-10 membered
heteroaryl, 4-10 membered heterocycloalkyl, CN, NO,, OR*, SR* C(O)R",
C(O)NRCRY, C(0)OR?, OC(O)R?!, OC(O)NRC'R¥, C(=NR¢)NRC'R%,
NRCIC(=NRH)NRRU NR'RY NRC!C(O)R®!, NRC!C(O)OR?!, NRC!C(O)NR'R4!,
NRCIS(O)R?!, NRCIS(0),R%, NR'S(0),NRR¥, S(O)R®!, S(O)NR'R¥, S(0),R?!, and
S(0).NR'R¥! | wherein said Ci. alkyl, Ca. alkenyl, C2- alkynyl, Ce.-10 aryl, Cs.10
cycloalkyl, 5-10 membered heteroaryl, and 4-10 membered heterocycloalkyl are each
optionally substituted by 1, 2, 3, or 4 substituents independently selected from CN, NO»,
OR™, SR, C(O)R®!, C(O)NRCR, C(0)OR?, OC(O)R®!, OC(O)NR'R%,
C(=NR®HNR'RY NRC'C(=NR¢)NRR% NRCR% NRCC(O)R"!, NRC!C(O)OR?,
NRCIC(O)NRCIR, NRCIS(O)RP!, NRC!S(0),RP, NR¢!S(0),NR'R¥, S(O)R?!,
S(O)NRC'R¥, S(0),R", and S(O),NR*R%;

R!is H, Cy!, halo, Ci alkyl, C14 haloalkyl, C14 cyanoalkyl, C2 alkenyl, Ca.
alkynyl, CN, NO,, OR*, SR*, C(O)R"2, C(O)NR*2R%, C(O)OR*, OC(O)R",
OC(O)NR®R®, C(=NR®)NR®’R® NR2C(=NR*)NR’R¥ NR2R%“, NR2C(O)R"2,
NRC(0)OR¥, NR2C(O)NRZR®Z, NRZS(0)R2, NR2ZS(0),R??, NR*2§(0);NRR%,
S(O)R®?, S(O)NRR®, S(0),R"? and S(0O):NR“R%, wherein said Cis alkyl, C2 alkenyl,
and C,.6 alkynyl are each optionally substituted by 1, 2, 3, or 4 substituents independently
selected from halo, CN, NO,, OR®, SR* C(O)R?, C(O)NR“’R%, C(O)OR*, OC(O)R™,
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OC(O)NR®ZR®, C(=NR2)NRR¥, NR2C(=NR*)NR“’R®, NR“?R¥ NR2C(O)R?,
NR®C(0)OR¥, NR2C(O)NRZRE, NRZS(0)R2, NRZS(0),R??, NR*2§(0);NRR%,
S(O)RY2, S(O)NR’R%, §(0),R"2, and S(0),NR2R%;

Z is Cy?, halo, C1 alkyl, Ci4 haloalkyl, Ci4 cyanoalkyl, C2 alkenyl, Ca.s
alkynyl, CN, NO,, OR®, SR, C(O)R®, C(O)NR“R%, C(S)NR“R®¥, C(O)OR¥,
OC(O)R, OC(O)NRR®, C(=NR#*)NR®R¥ NRPC(=NR*)NR“RE, NRZR®E,
NREC(O)RY, NREC(0)OR?, NREC(O)NRSRE, NRES(0)R, NRSS(0),RY,
NR®S(0),NRR®, S(O)R, S(O)NRZRE, S(0),R», S(0):NRZR®, and P(O)R“R®
wherein said Ci alkyl, Cs.6 alkenyl, and Cz.¢ alkynyl are each optionally substituted by
1, 2, 3, or 4 substituents independently selected from Cy?, halo, CN, NO,, CN, NO,,
OR™®,  SR®, C(O)R, C(O)NR®R%, C(0)OR*, OC(O)R?, OC(O)NR“R®,
C(=NR®)NR®REB, NRSC(=NR*)NR“R% NR“R% NRSC(0O)RY, NREC(O)OR®,
NRESC(O)NRSRE, NRSS(0O)RP, NRS(0),RY, NRS(0),NRZRE, S(O)RY,
S(O)NRR®, S(0),R®, and S(0),NR“R®;

each R?, R¥ R* and R® is independently selected from H, halo, Ci alkyl, Ci4
haloalkyl, C14 cyanoalkyl, C2.s alkenyl, C2.6 alkynyl, CN, NO,, OR*, SR* C(O)R™,
C(O)NR®R¥ C(0)OR*, OC(O)R*, OC(O)NR*R¥, C(=NR*)NR*“R%,
NRUC(=NR*)NR“R NR“R* NR“C(O)R*, NR*C(O)OR*, NR*C(O)NR*R%,
NRS(O)RY, NR*S(0),R%, NR#S(0),NR¥R#* S(O)R™, S(O)NRR*, S(0),R*, and
S(0):NRR% wherein said Ci. alkyl, C2 alkenyl, and C alkynyl are each optionally
substituted by 1, 2, 3, or 4 substituents independently selected from halo, CN, NO,, OR*,
SR* C(O)R™, C(O)NR™R¥, C(0)OR*, OC(O)R™, OC(O)NR*R#, C(=NR*)NR*“R%,
NR#C(=NR*)NR“R# NR%“R* NR*C(O)R®* NR*C(O)OR*, NR*C(O)NR*R%,
NRS(0)RY, NRS(0),R%, NR#S(0),NR¥R#* S(O)R™, S(O)NRR*, S(0),R*, and
S(0):NRR%;

each Cy' is independently selected from Ce.14 aryl, Cs.is cycloalkyl, 5-16
membered heteroaryl, and 4-18 membered heterocycloalkyl, each of which is optionally
substituted with 1, 2, 3, or 4 substituents independently selected from R®!;

each Cy? is independently selected from Ce.14 aryl, Cs.is cycloalkyl, 5-16
membered heteroaryl, and 4-18 membered heterocycloalkyl, each of which is optionally

substituted with 1, 2, 3, or 4 substituents independently selected from R®?;
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each R%! and R®? is independently selected from halo, Ci. alkyl, Ci4 haloalkyl,
C14 cyanoalkyl, Cys alkenyl, Ca alkynyl, phenyl, Cs.; cycloalkyl, 5-6 membered
heteroaryl, and 4-7 membered heterocycloalkyl, CN, NO,, OR*, SR® C(O)R®
C(O)NR®R®, C(0)OR®, OC(O)RY, OC(O)NR®R¥ C(=NR®)NR*R®,
NRESC(=NR®)NR“R% NR¥R¥ NR®C(0O)R®, NRSC(0)OR¥, NR“C(O)NRSR®,
NRSS(0)RY NR¥S(0),R®, NRPS(0),NR“RE | S(O)RY, S(O)NRSRE, S(0),R®, and
S(0)NR“R%, wherein said C1. alkyl, C2 alkenyl, C2.s alkynyl, phenyl, Cs.7 cycloalkyl,
5-6 membered heteroaryl, and 4-7 membered heterocycloalkyl are each optionally
substituted by 1, 2, 3, or 4 substituents independently selected from CN, NO,, OR®,
SR®, C(O)R, C(O)NR®RE, C(0)OR®, OC(O)RY, OC(O)NR®R¥ C(=NR*)NR*R®,
NRSC(=NR®)NR®R% NRR® NRSC(O)R® NRC(0)OR*, NR®C(O)NR“R®,
NRES(0)RY, NRSS(0),R®, NRPS(0),NR“RE, S(O)RY, S(O)NRRE, S(0),R®, and
S(0):NR“R®;
each R?, RP! R°! RY! R%2 R2 R2, RZ R®, RP RS, RSB, R™ RM R R RS,
R, R%, and R® is independently selected from H, C. alkyl, C14 haloalkyl, C, alkenyl,
C16 alkynyl, Ce.10 aryl, Cs.io cycloalkyl, 5-10 membered heteroaryl, 4-10 membered
heterocycloalkyl, Ce.10 aryl-Ci alkyl, Cs.10 cycloalkyl-Ci.6 alkyl, (5-10 membered
heteroaryl)-Cis alkyl, and (4-10 membered heterocycloalkyl)-C1.s alkyl, wherein said Ci.
6 alkyl, C2 alkenyl, Co alkynyl, Ce.10 aryl, Cs.10 cycloalkyl, 5-10 membered heteroaryl,
4-10 membered heterocycloalkyl, Cs.10 aryl-Cis alkyl, Cs.10 cycloalky-Ci.s alkyl, (5-10
membered heteroaryl)-Ci alkyl, and (4-10 membered heterocycloalkyl)-C1s alkyl are
each optionally substituted with 1, 2, 3, 4, or 5 substituents independently selected from
RE;
each R¢!, R®?, R® R* and R® is independently selected from H, C1 alkyl, and
CN;
each R&is independently selected from the group consisting of OH, NO,, CN,
halo, Ci1.20 alkyl, Czs alkenyl, C2 alkynyl, Ci4 haloalkyl, C1s alkoxy, Ci haloalkoxy,
cyano-Cis alkyl, HO-C1.; alkyl, amino, Ci alkylamino, di(Ci.s alkyl)amino, thiol, Ci
alkylthio, Ci.s alkylsulfinyl, Cis alkylsulfonyl, carboxy, Ci alkylcarbonyl, and Ci
alkoxycarbonyl;

nisOorI;
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mis O or 1;
pisO, 1,2, or3;
ris 0, 1, or 2;
aisOor1; and
5 bisOor 1,
wherein any cycloalkyl or heterocycloalkyl group is optionally further substituted
by 1 or 2 oxo groups,

and wherein the compound is not:

|
t-Bul —C—MNH

WH =2
=0
1 Cl Cl
= =N E = e S I\{ =
| | | | | |
N M HT N, M N, N—m
He

He: F or

Me ;

M M F
0]
Mo e

MH F

.

10 a
In some embodiments:
Ring A is a Cs.10 aryl group, 5-14 membered heteroaryl group, Cs.14 cycloalkyl
group, or 4-14 membered heterocycloalkyl group;
U is N or CRY, wherein RY is H, halo, CN, OH, Ci4 alkyl, C4 alkoxy, amino, C;-
15 4alkyl amino, or C,gdialkylamino;

the moiety
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g\V’/X\‘W%
Mo,
is selected from:
RY RY o
N S s{\% SN
.rxn' W, Jx""\’v ’ "\Zv , A\W\/u and

2

é‘\N)KN%

AV ""/V , wherein RY is H, halo, CN, OH, Ci4 alkyl, Ci4alkoxy, amino, Ci4
alkyl amino, or C; dialkylamino;

X is F or CI;

L is selected from —Ci alkylene— and —(C14 alkylene),:—Q—(C14 alkylene)y,—,
wherein the Ci.6 alkylene group and any Ci4 alkylene group of the —(C14 alkylene).—Q—
(C14 alkylene)s— group is optionally substituted with 1, 2, or 3 substituents independently
selected from halo, CN, OH, Ci alkyl, Ci.; alkoxy, Ci.3 haloalkyl, Ci3 haloalkoxy,
amino, Ci3 alkylamino, and di(Ci.; alkyl)amino;

Q is -O-, -S-, -S(=0)-, -S(=0),-, -C(=0)-, -C(=O)NR-, -C(=0)0-,
-OC(=0)NRY- -NR9- -NRUC(=0)0O-, -NRUC(=0)NR- -S(=0),NR9- -C(=NR%)-,
or -C(=NR%)-NRY- wherein each R is independently selected from H and C alkyl,
and wherein each R% is independently selected from H, C;5 alkyl, and CN;

Cy is a linking Ce.14 aryl, linking Cs.15 cycloalkyl, linking 5-16 membered
heteroaryl, or linking 4-18 membered heterocycloalkyl group, each of which is optionally
substituted with 1, 2, 3, or 4 substituents independently selected from R®;

each RY is independently selected from halo, Ci alkyl, Ci.4 haloalkyl, C14
cyanoalkyl, C2 alkenyl, Cy alkynyl, Cs.10 aryl, Cs.10 cycloalkyl, 5-10 membered
heteroaryl, 4-10 membered heterocycloalkyl, CN, NO,, OR*, SR* C(O)R",
C(O)NRCRY, C(0)OR?, OC(O)R®!, OC(O)NRC'RY, C(=NR¢)NRC'R%,
NRCIC(=NRH)NRRU, NR'RY NRC!C(O)R®!, NRC!C(O)OR?!, NRC!C(O)NR'RY!,
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NRCIS(O)RP!, NRCIS(0),R%, NR'S(0),NRR¥, S(O)R®!, S(O)NR'R¥, S(0),R?!, and
S(0).NR'R¥ | wherein said Ci. alkyl, Ca. alkenyl, Ca alkynyl, Ce.-10 aryl, Cs.10
cycloalkyl, 5-10 membered heteroaryl, and 4-10 membered heterocycloalkyl are each
optionally substituted by 1, 2, 3, or 4 substituents independently selected from CN, NO»,
OR™, SR, C(O)R®!, C(O)NRCR, C(0O)OR?, OC(O)R®!, OC(O)NRC'R%,
C(=NR®HNR'RY NRC'C(=NR¢)NRR% NRCR% NRCC(O)R"!, NR°!C(O)OR?,
NRCIC(O)NRCIR, NRCIS(O)RP!, NRC!S(0),RP, NR¢!S(0),NR'R¥, S(O)R?!,
S(O)NRC'R¥, S(0),R", and S(O),NR*R%;

R!is H, Cy!, halo, Ci alkyl, C14 haloalkyl, Ci4 cyanoalkyl, Cs alkenyl, Ca
alkynyl, CN, NO,, OR*, SR*, C(O)R"2, C(O)NR2R%, C(O)OR*, OC(O)R",
OC(O)NR®ZR®, C(=NR)NR®’R%, NR2C(=NR*)NR’R¥ NR“?R¥, NR2C(O)R?,
NR®C(0)OR¥, NR2C(O)NRZR, NRZS(0)R"2, NRZS(0),R??, NR*2§(0);NRR%,
S(O)R®?, S(O)NRR®, S(0),R"? and S(0):NRR%, wherein said C1 alkyl, C2 alkenyl,
and C,.6 alkynyl are each optionally substituted by 1, 2, 3, or 4 substituents independently
selected from halo, CN, NO,, OR¥, SR C(O)R??, C(O)NR“’R%, C(O)OR*, OC(O)R,
OC(O)NR®ZR®, C(=NR®2)NR2R“, NR2C(=NR*)NR’R¥, NR“?R¥ NR2C(O)R?,
NR®C(0)OR*, NR2C(O)NRZR®, NRZS(0)R"2, NR2ZS(0),R??, NR*2§(0);NRR%,
S(O)R2, S(O)NR’R%, S(0),R", and S(0),NR’R%;

Z is Cy?%, Ca alkyl, C14 haloalkyl, Ci4 cyanoalkyl, Ca. alkenyl, C> alkynyl, CN,
NO,, OR®, SR®, C(0)RY, C(O)NRZRE, C(S)NRZRE, C(0)OR®, OC(O)RY,
OC(O)NR®R®, C(=NR¥)NR“R%, NRPC(=NR*)NR“RE NR“R%, NRC(O)RY,
NRSC(0)OR®, NREC(O)NRZRE, NRES(0)RP, NRS(0),R”, NRS(0);NRPR®,
S(O)R®, S(O)NRZR®, S(0),R», S(0),NR“R%, and P(O)R“R® wherein said C1 alkyl,
C» alkenyl, and Cs.6 alkynyl are each optionally substituted by 1, 2, 3, or 4 substituents
independently selected from Cy?, halo, CN, NO,, CN, NO,, OR* SR* C(O)RY,
C(O)NR®RE, C(0)OR®, OC(0O)R?, OC(O)NRR%, C(=NR*)NR“R®,
NREC(=NR#)NR“R%, NR¥R®, NREC(O)R?, NREC(0)OR*, NRZC(O)NRZRE,
NRSS(0)RY, NRES(0),R®, NRPS(0),NR¥RE | S(0)R, S(O)NRZRE, S(0),R®, and
S(0):NR¥R%;

each R?, R¥ R* and R® is independently selected from H, halo, Ci alkyl, Ci4
haloalkyl, Ci4 cyanoalkyl, Ca.6 alkenyl, Cas alkynyl, CN, NO,, OR* SR* C(O)R™,
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C(O)NR®R¥ C(0)OR*, OC(O)R*, OC(O)NR“R¥, C(=NR*)NR“R%,
NR#C(=NR*)NR*“R* NR¥“R* NR“C(O)R®* NR“C(0)OR*, NR*C(O)NR*R%,
NRS(0)RY, NR*S(0),R%, NR#S(0),NR¥R#* S(O)R™, S(O)NR*R*, S(0),R*, and
S(0):NRR¥ wherein said C. alkyl, C2 alkenyl, and Ca alkynyl are each optionally
substituted by 1, 2, 3, or 4 substituents independently selected from halo, CN, NO,, OR*
SR* C(O)R™, C(O)NR™R¥ C(0)OR*, OC(O)R™, OC(O)NR*R, C(=NR*)NR“R%,
NRHC(=NR*)NR“R# NR“R* NR“C(O)R® NR**C(0O)OR*, NR*C(O)NR*R%,
NRS(0)RY, NR*S(0),R%, NR#S(0),NR¥R* S(O)R™, S(O)NR*R*, S(0),R*, and
S(0):NRR%;

2

each Cy' is independently selected from Ce.14 aryl, Cs.1s cycloalkyl, 5-16
membered heteroaryl, and 4-18 membered heterocycloalkyl, each of which is optionally
substituted with 1, 2, 3, or 4 substituents independently selected from R®!;

each Cy? is independently selected from Ce.14 aryl, Cs.is cycloalkyl, 5-16
membered heteroaryl, and 4-18 membered heterocycloalkyl, each of which is optionally
substituted with 1, 2, 3, or 4 substituents independently selected from R®?;

each R%! and R®? is independently selected from halo, Ci alkyl, Ci-+ haloalkyl,
C14 cyanoalkyl, Ca6 alkenyl, Cs.6 alkynyl, phenyl, Cs.7 cycloalkyl, 5-6 membered
heteroaryl, and 4-7 membered heterocycloalkyl, CN, NO,, OR*, SR® C(O)R®
C(O)NR®R®, C(0)OR®, OC(O)RY, OC(O)NR®R¥ C(=NR*)NR*R®,
NRSC(=NR®)NR®R® NRR® NRSC(O)R® NRC(0)OR*, NR®C(O)NR“R®,
NRSS(0)RY, NRSS(0),RP, NRPS(0),NR“RE, S(O)RY, S(O)NRSR®, S(0),R®, and
S(0)NR“R%, wherein said C1. alkyl, C2 alkenyl, C2.s alkynyl, phenyl, Cs.7 cycloalkyl,
5-6 membered heteroaryl, and 4-7 membered heterocycloalkyl are each optionally
substituted by 1, 2, 3, or 4 substituents independently selected from CN, NO,, OR®,
SR®, C(0O)R, C(O)NR®RE, C(0)OR®, OC(0O)RY, OC(O)NR®R¥ C(=NR*)NR*R®,
NRESC(=NR®)NR“R% NR“R¥ NR®C(O)R®, NRSC(O)OR¥, NR“C(O)NRSR®,
NRSS(0)RY, NRSS(0),R®, NRPS(0),NR“RE | S(O)RY, S(O)NRRE, S(0),R®, and
S(0);NR“R%;

each R?, RP! R°! RY! R%2 R2 R2, RZ R®, RP RS, RSB, R™ RM R R RS,
R, R and R¥ is independently selected from H, Ci. alkyl, C1.4 haloalkyl, C2 alkenyl

2

Ca6 alkynyl, Ce.10 aryl, Cs.10 cycloalkyl, 5-10 membered heteroaryl, 4-10 membered
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heterocycloalkyl, Ces.10 aryl-Ci alkyl, Cs.10 cycloalkyl-Ci alkyl, (5-10 membered
heteroaryl)-Cis alkyl, and (4-10 membered heterocycloalkyl)-Ci.s alkyl, wherein said Ci.
6 alkyl, C2 alkenyl, Ca.6 alkynyl, Cs.10 aryl, Cs.10 cycloalkyl, 5-10 membered heteroaryl,
4-10 membered heterocycloalkyl, Cs.10 aryl-Ci alkyl, Cs.10 cycloalky-Cis alkyl, (5-10
membered heteroaryl)-Ci alkyl, and (4-10 membered heterocycloalkyl)-Ci.¢ alkyl are
each optionally substituted with 1, 2, 3, 4, or 5 substituents independently selected from
RE;
each R¢!, R®? R® R* and R® is independently selected from H, Cy. alkyl, and
CN;
each R is independently selected from the group consisting of OH, NO,, CN,

halo, Ci1s alkyl, Cy alkenyl, Czs alkynyl, C1.4 haloalkyl, Ci.¢ alkoxy, Ci.s haloalkoxy,
cyano-Cs alkyl, HO-C1. alkyl, amino, C1s alkylamino, di(Ci.s alkyl)amino, thiol, Ci
alkylthio, Cisalkylsulfinyl, Ci. alkylsulfonyl, carboxy, Ci. alkylcarbonyl, and Ci.s
alkoxycarbonyl, wherein the Cis alkyl is further substituted by a Ci.s alkyl group;

nisOor I;

mis O or 1;

pisO, 1,2, or3;

ris 0, 1, or 2;

aisOor1; and

bisOor 1,

wherein any cycloalkyl or heterocycloalkyl group is optionally further substituted
by 1 or 2 oxo groups.

In some embodiments, U is N.

In some embodiments, U is CRY.

In some embodiments, X is F.

In some embodiments, X is Cl.

RY
P2 NS S TN
VT W N
In some embodiments, the moiety Wvooo g JX“ %
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S~ f\/w%' é"\@/%

In some embodiments, the moiety v

In some embodiments, the moiety

g\Av /W% F~N 7/3

i,

RY
X
S~ 2 g\g\N)l
In some embodiments, the moiety Jx" ""/'V is "‘/V .

é('\V'/X\‘)/v)a és 7 /N/‘zi

In some embodiments, the moiety Wvooo g

O

é('\/' W)Z g\*

In some embodiments, the moiety Jx" v is -'&\'

g\v'/x\‘}/vja g\N)KN

In some embodiments, the moiety Jx" v is Jx" Y

In some embodiments, Ring A is a 5-10 membered heteroaryl group, Cs.10

cycloalkyl group, or a 4-10 membered heterocycloalkyl group. In some embodiments,
Ring A is a Cs.s cycloalkyl group or 4-10 membered heterocycloalkyl group. In some
embodiments, Ring A is a monocyclic ring group. In some embodiments, Ring A is a

polycyclic ring group (e.g., a bicyclic, fused, or spiro ring group).

In some embodiments, Ring A is a group having the formula:
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NV, ¥ e e
€ | WAV,
N e |

N

shelelelepotels
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N

2

AR

remainder of the molecule.

€
[VaVaV)

[PaVaY)
f
LLLL |
7 N
, Wherein e and f indicate points of attachment to the

In some embodiments, Ring A is a group having the formula:

€

[¥aVA )
€

N

f

N
f

Z—g o
o

Ts‘

, , , or , wherein e and f indicate points of
attachment to the remainder of the molecule.

In some embodiments, L is selected from —C1.6 alkylene— and —(C14 alkylene)s—
Q—(Cy.4 alkylene),—, wherein the Ci alkylene group and any Ci4alkylene group of the —
(C14 alkylene),—Q—(C1.4 alkylene),— group is optionally substituted with 1, 2, or 3
substituents independently selected from halo, CN, OH, Ci.; alkyl, Ci.3 alkoxy, Ci
hydroxyalkyl, C13 haloalkyl, C13 haloalkoxy, amino, Ci.3 alkylamino, and di(Ci3
alkyl)amino;

In some embodiments, L is —C1.6 alkylene— optionally substituted with 1, 2, or 3

substituents independently selected from halo, CN, OH, Ci.; alkyl, Ci.3 alkoxy, Ci
haloalkyl, Ci.; haloalkoxy, amino, Ci3 alkylamino, and di(Ci alkyl)amino.
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In some embodiments, L is —Ci.6 alkylene—.

In some embodiments, L is selected from methylene, ethylene, and butylene.

In some embodiments, L is —(C1.4 alkylene)a—Q—(C14 alkylene),—, wherein any
Ci4alkylene group of the —(C1.4 alkylene),—Q—(Ci.4 alkylene),— group is optionally
substituted with 1, 2, or 3 substituents independently selected from halo, CN, OH, C1.
alkyl, Cy.3 alkoxy, C1.; haloalkyl, Ci.; haloalkoxy, amino, C.3 alkylamino, and di(Cy.3
alkyl)amino.

In some embodiments, Q is -O-, -S-, -S(=0)-, -S(=0);-, -C(=0)-, -C(=0)NR!-,
-C(=0)0-, -OC(=0)NRY- -NR%- -NRIC(=0)0-, -NRUC(=0)NR-, -S(=0),NR9!-,
-C(=NR®)-, or -C(=NR%¥)-NR%-, wherein each R is independently selected from H,
and C1 alkyl, and wherein each R is independently selected from H, Ci alkyl, and
CN;

In some embodiments, Q is -O-, -C(=0)-, -C(=0)NR4- -C(=0)0-,
-OC(=0)NRY- -NR9- -NRUC(=0)0-, -NRUC(=O)NR9-, or -C(=NR%)-NRY!-,

In some embodiments, Q is -O-, -C(=0)-, -NR4!-, or -NRUC(=0)O-.

In some embodiments, L is selected from —-NH2CH;-, -N(CH3)CHa». -NHC(O)-, -
O-, -C(0O)-, and -C(O)CHz-.

In some embodiments, Cy is a linking Ce.10 aryl, linking Cs.10 cycloalkyl, linking
5-10 membered heteroaryl, or linking 4-10 membered heterocycloalkyl group, each of
which is optionally substituted with 1, 2, 3, or 4 substituents independently selected from
R,

In some embodiments, Cy is a linking Ce-10 aryl, linking Ce.10 cycloalkyl, linking
5-10 membered heteroaryl, or linking 4-10 membered heterocycloalkyl group, each of
which is optionally substituted with 1 or 2 substituents independently selected from R®.

In some embodiments, Cy is a linking phenyl, linking Cs.10 cycloalkyl, linking 5-
10 membered heteroaryl, or linking 4-10 membered heterocycloalkyl group, each of
which is optionally substituted with 1, 2, 3, or 4 substituents independently selected from
R,

In some embodiments, Cy is a linking phenyl, linking Cs.10 cycloalkyl, linking 5-
10 membered heteroaryl, or linking 4-10 membered heterocycloalkyl group, each of

which is optionally substituted with 1 or 2 substituents independently selected from R®.
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In some embodiments, Cy is a linking group having the formula:

AN \ N '?-,7 \ H/Y?-s

S va

LA EEAG

LT TR Sy
N U o
X
O @3 @[ =N
5 s II\N/>_3’ VL{ , . H , "\[\/ ,
S—N N—%
or \—/ , each of which is optionally substituted with 1, 2, 3, or 4

substituents independently selected from R®Y.

In some embodiments, Cy is a linking group having the formula:

Lo o O

10 of which is optionally substituted with 1, 2, 3, or 4 substituents independently selected

from R,

, each

In some embodiments, each RY is independently selected from halo, Ci alkyl,
C14 haloalkyl, C14 cyanoalkyl, CN, OR* C(O)R®!, C(O)NR®'R%, C(O)OR*, OC(O)R"!,
OC(O)NRC'RY NR'R¥ NRY'C(O)R®!, NRC!C(O)OR*, NRS'C(O)NR'R¥!,
15 NRC'S(O)R”', NR®'S(0).R", NR'S(0):NR*'R¥, S(O)R", S(O)NR*'R¥, S(0):R"", and
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S(0):NR R wherein said Ci alkyl is optionally substituted by 1, 2, 3, or 4
substituents independently selected from CN, NO,, OR*, SR* C(O)R®!, C(O)NR¢'R¥!,
C(0O)OR¥, OC(O)R?!, OC(O)NR'R¥, C(=NR* )NR'R# NR'C(=NR)NR'R%,
NRCIRY NRCIC(O)RP!, NRCIC(O)OR?, NRE!IC(O)NRC'RY, NR!'S(O)RP!, NR°!'S(0),R?!,
NRCIS(0),NR'R%, S(O)RY, S(O)NRE'RY, S(0),R"!, and S(O),NRC'R%!,

In some embodiments, each R is independently selected from halo, Ci alkyl,
C14 haloalkyl, Ci4 cyanoalkyl, CN, OR*, C(O)R®, C(O)NR*'R%, C(O)OR™, OC(O)R™,
OC(O)NRR¥ NRERY, NRC'C(O)RP, NRY'C(O)OR, NR'C(O)NRC'RY,
NRCIS(O)R?!, NRCIS(0),R%, NR'S(0),NRR¥, S(O)R®!, S(O)NR'R¥, S(0),R?!, and
S(0):NR® R wherein said C1 alkyl is optionally substituted by 1 or 2 substituents
independently selected from OR? and OC(O)R®!.

In some embodiments, each R is independently selected from halo, Ci alkyl,
C1 haloalkyl, C14 cyanoalkyl, CN, OR* C(O)OR™, C(O)NR®'R¥ NR®'C(O)R™,
NRC'C(0O)OR?, NR'S(0):R" and S(0),R"!, wherein said Ci.s alkyl is optionally
substituted by 1 or 2 substituents independently selected from OR?! and OC(O)R®!.

In some embodiments, Z is Cy?, Ci alkyl, OR®, C(O)R?, C(O)NR**R%, or
C(O)OR™, wherein Cy? is optionally substituted with 1 or 2 substituents independently
selected from RY2.

In some embodiments, Z is Cy?, Ci alkyl, OR®, or C(O)NR®R®, wherein Cy? is
optionally substituted with 1 or 2 substituents independently selected from R¥2.

In some embodiments, Z is Cy%, OR®, or C(O)NR®R®, wherein Cy? is optionally
substituted with 1 or 2 substituents independently selected from R

In some embodiments, Z is C(O)NR®R®.

In some embodiments, Z is C(O)NR®R%, and R®* and R® are independently
selected from H and Cs alkyl, wherein said C1s alkyl is optionally substituted with 1 or
2 substituents independently selected from Ré.

In some embodiments, Z is C(O)NR®R%, and R®* and R® are independently
selected from H and Cis alkyl.

In some embodiments, Z is C(O)NR®R®, and R®* and R® are both Ci alkyl.

In some embodiments, Z is C(O)NR®R%, and R®* and R® are independently
selected from methyl and isopropyl.
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acceptable salt thereof, is a compound having Formula Ila, IIb, Ilc, IId, Ile, IIIa, IIIb, Illc,

or I11d:

In some embodiments, R*is H.
In some embodiments, R*is H.

In some embodiments, R’ is H.

In some embodiments, n is 0.
In some embodiments, nis 1.
In some embodiments, m is 0.
In some embodiments, mis 1.
In some embodiments, p is 0.
In some embodiments, p is 1.
In some embodiments, ris 0.
In some embodiments, ris 1.
In some embodiments, a is 0.
In some embodiments, a is 1.
In some embodiments, b is 0.

In some embodiments, b is 1.

PCT/US2017/051780

In some embodiments, the compound of Formula I, or a pharmaceutically

R'—(Cy)m—(L)n
Z o
N / \
X N
IIa
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R'—(Cy)n—(L)n R'—(Cy)n—(L)n
o) S
. YN . }/N
N/ N N/ N
) )
X N X N
IIId IIle

or a pharmaceutically acceptable salt thereof.
In some embodiments, the compound of Formula I, or a pharmaceutically
acceptable salt thereof, is a compound having Formula I'Va, IVb, V¢, IVd, Va, Vb, or
Ve:

R'—(Cy)y—(L)n R'—(Cy)p, (L{n

m—(
/
N N
Z = Z =
U U
jon® jon®
X X
IVa IVb

R'—(Cy)m—(L)n

R'—(Cy)m—(L)n
\
Z - 7 —
N U U
o oG
X X

20



10

WO 2018/053267 PCT/US2017/051780

Ve.
or a pharmaceutically acceptable salt thereof.

In some embodiments, the compound or pharmaceutically acceptable salt of the
compound of Formula I provided herein is crystalline. As used herein, “crystalline” or
“crystalline form” is meant to refer to a certain lattice configuration of a crystalline
substance. Different crystalline forms of the same substance typically have different
crystalline lattices (e.g., unit cells) which are attributed to different physical properties
that are characteristic of each of the crystalline forms. In some instances, different lattice
configurations have different water or solvent content.

Different crystalline forms of the same compound or salt can have different bulk
properties relating to, for example, hygroscopicity, solubility, stability, and the like.
Forms with high melting points often have good thermodynamic stability which is

advantageous in prolonging shelf-life drug formulations containing the solid form.
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Forms with lower melting points often are less thermodynamically stable, but are
advantageous in that they have increased water solubility, translating to increased drug
bioavailability. Forms that are weakly hygroscopic are desirable for their stability to heat
and humidity and are resistant to degradation during long storage.

The different crystalline forms can be identified by solid state characterization
methods such as by X-ray powder diffraction (XRPD). Other characterization methods
such as differential scanning calorimetry (DSC), thermogravimetric analysis (TGA),
dynamic vapor sorption (DVS), and the like further help identify the form as well as help
determine stability and solvent/water content.

An XRPD pattern of reflections (peaks) is typically considered a fingerprint of a
particular crystalline form. It is well known that the relative intensities of the XRPD
peaks can widely vary depending on, infer alia, the sample preparation technique, crystal
size distribution, various filters used, the sample mounting procedure, and the particular
instrument employed. In some instances, new peaks may be observed or existing peaks
may disappear, depending on the type of the instrument or the settings. As used herein,
the term “peak” refers to a reflection having a relative height/intensity of at least about
5% of the maximum peak height/intensity. Moreover, instrument variation and other
factors can affect the 2-theta values. Thus, peak assignments, such as those reported
herein, can vary by plus or minus about 0.2° (2-theta), and the term “substantially” and
“about” as used in the context of XRPD herein is meant to encompass the above-
mentioned variations.

The present invention provides crystalline forms of certain compounds of
Formula I, or salts thereof. In some embodiments, the present invention is directed to a
pharmaceutically acceptable salt of 5-fluoro-N-isopropyl-N-methyl-2-(3-(1-((2-ox0-2,3-
dihydro-1H-benzo[d]imidazol-5-yl)methyl)piperidin-3-yl)-1H-pyrrolo[2,3-c]pyridin-1-
yl)benzamide.

In some embodiments, the pharmaceutically acceptable salt is 5S-fluoro-N-
isopropyl-N-methyl-2-(3-(1-((2-ox0-2,3-dihydro-1H-benzo[d]imidazol-5-
yD)methyl)piperidin-3-yl)-1H-pyrrolo[2,3-c]pyridin-1-yl)benzamide mono-
(2R,3S,4R,55)-2,3,4,5-tetrahydroxyhexanedioic acid (mucate) salt. In further

embodiments, the mucate salt is crystalline.
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In some embodiments, the crystalline form of 5-fluoro-N-isopropyl-N-methyl-2-
(3-(1-((2-0x0-2,3-dihydro-1H-benzo[d]imidazol-5-yl)methyl)piperidin-3-yl)-1H-
pyrrolo[2,3-c]pyridin-1-yl)benzamide mono-(2R,3S,4R,55)-2,3,4,5-
tetrahydroxyhexanedioic acid (mucate) salt is characterized by an XRPD pattern having
at least one, at least two, at least three, or at least four peaks, in terms of 2-theta, selected
from about 7.2°, about 11.4°, about 12.4°, about 14.5°, about 15.7°, about 16.2°, about
17.6°, about 18.4°, about 18.8°, about 20.9°, about 21.6°, about 21.8°, about 23.9°, about
24 .6°, about 24.8°, about 29.9°, about 28.0°, about 35.0°, and about 37.3°.

In some embodiments, the crystalline form of 5-fluoro-N-isopropyl-N-methyl-2-
(3-(1-((2-ox0-2,3-dihydro-1H-benzo[d]imidazol-5-yl)methyl)piperidin-3-yl)-1H-
pyrrolo[2,3-c]pyridin-1-yl)benzamide mono-(2R,3S,4R,55)-2,3,4,5-
tetrahydroxyhexanedioic acid (mucate) salt is characterized by an XRPD pattern having
at least one, at least two, at least three, or at least four peaks, in terms of 2-theta, selected
from about 7.2°, about 12.4°, about 17.6°, about 18.4°, about 20.9°, about 21.6°, about
21.8°, about 23.9°, about 24.6°, about 24.8°, and about 29.9°.

In some embodiments, the S-fluoro-N-isopropyl-N-methyl-2-(3-(1-((2-0x0-2,3-
dihydro-1H-benzo[d]imidazol-5-yl)methyl)piperidin-3-yl)-1H-pyrrolo[2,3-c]pyridin-1-
yl)benzamide mono-(2R,3S,4R,55)-2,3,4,5-tetrahydroxyhexanedioic acid (mucate) salt is
crystalline and is characterized by an XRPD profile substantially as shown in Figure 1.

It is appreciated that certain features of the invention, which are, for clarity,
described in the context of separate embodiments, can also be provided in combination in
a single embodiment. Conversely, various features of the invention which are, for brevity,
described in the context of a single embodiment, can also be provided separately or in
any suitable subcombination.

As used herein, the phrase "optionally substituted" means unsubstituted or
substituted. As used herein, the term "substituted" means that a hydrogen atom is
removed and replaced by a substituent. The term “substituted” may also mean that two
hydrogen atoms are removed and replaced by a divalent substituent such as an oxo or
sulfide group. It is to be understood that substitution at a given atom is limited by

valency.
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At various places in the present specification, substituents of compounds of the
invention are disclosed in groups or in ranges. It is specifically intended that the
invention include each and every individual subcombination of the members of such
groups and ranges. For example, the term “Ci. alkyl” is specifically intended to
individually disclose methyl, ethyl, Cs alkyl, C4 alkyl, Cs alkyl, and Cs alkyl.

The term "z-membered" (where z is an integer) typically describes the number of
ring-forming atoms in a moiety where the number of ring-forming atoms is z. For
example, piperidinyl is an example of a 6-membered heterocycloalkyl ring, pyrazolyl is
an example of a S-membered heteroaryl ring, pyridyl is an example of a 6-membered
heteroaryl ring, and 1, 2, 3, 4-tetrahydro-naphthalene is an example of a 10-membered
cycloalkyl group.

At various places in the present specification, linking substituents are described. It
is specifically intended that each linking substituent include both the forward and
backward forms of the linking substituent. For example, -NR(CR’R’’)y- includes both -
NR(CR’R”’),- and -(CR’R”’)uNR-. Where the structure clearly requires a linking group,
the Markush variables listed for that group are understood to be linking groups. For
example, if the structure requires a linking group and the Markush group definition for
that variable lists “alkyl” or “aryl” then it is understood that the “alkyl” or “aryl”
represents a linking alkylene group or arylene group, respectively.

At various places in the present specification various aryl, heteroaryl, cycloalkyl,
and heterocycloalkyl rings are described. Unless otherwise specified, these rings can be
attached to the rest of the molecule at any ring member as permitted by valency. For
example, the term “a pyridine ring” or “pyridinyl” may refer to a pyridin-2-yl, pyridin-3-
yl, or pyridin-4-yl ring.

For compounds of the invention in which a variable appears more than once, each
variable can be a different moiety independently selected from the group defining the
variable. For example, where a structure is described having two R groups that are
simultaneously present on the same compound, the two R groups can represent different
moieties independently selected from the group defined for R.

As used herein, the term "Cjjalkyl," employed alone or in combination with other

terms, refers to a saturated hydrocarbon group that may be straight-chain or branched,
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having i to j carbons. In some embodiments, the alkyl group contains from 1 to 6 carbon
atoms, or from 1 to 4 carbon atoms, or from 1 to 3 carbon atoms. Examples of alkyl
moieties include, but are not limited to, chemical groups such as methyl, ethyl, n-propyl,
isopropyl, n-butyl, s-butyl, and t-butyl. In some embodiments, where an alkyl group is a
linking group, it may be refered to as "Cijalkylene."

As used herein, the term "Ci,j alkoxy," employed alone or in combination with
other terms, refers to a group of formula -O-alkyl, wherein the alkyl group has ito |
carbons. Example alkoxy groups include methoxy, ethoxy, and propoxy (e.g., n-propoxy
and isopropoxy). In some embodiments, the alkyl group has 1 to 3 carbon atoms.

Asused herein, "Ci;j alkenyl," employed alone or in combination with other terms,
refers to an unsaturated hydrocarbon group having one or more double carbon-carbon
bonds and having i to j carbons. In some embodiments, the alkenyl moiety contains 2 to 6
or 2 to 4 carbon atoms. Example alkenyl groups include, but are not limited to, ethenyl,
n-propenyl, isopropenyl, n-butenyl, sec-butenyl, and the like.

Asused herein, "Cij alkynyl," employed alone or in combination with other
terms, refers to an unsaturated hydrocarbon group having one or more triple carbon-
carbon bonds and having i to j carbons. Example alkynyl groups include, but are not
limited to, ethynyl, propyn-1-yl, propyn-2-yl, and the like. In some embodim