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PROTEASOME ACTIVITY ENHANCING
COMPOUNDS

CROSS REFERENCE TO RELATED
APPLICATION(S)

[0001] This application is a continuation of U.S. applica-
tion Ser. No. 16/902,019, which was filed Jun. 15, 2020, the
disclosure of which is hereby incorporated herein by refer-
ence. U.S. application Ser. No. 16/902,019 is a continuation
of U.S. application Ser. No. 15/830,261, which was filed
Dec. 4, 2017, the disclosure of which is hereby incorporated
herein by reference. U.S. application Ser. No. 15/830,261 is
continuation of U.S. application Ser. No. 15/153,379, which
was filed May 12, 2016 and has granted as U.S. Pat. No.
9,850,262 B2, the disclosure of which is hereby incorpo-
rated herein by reference. U.S. application Ser. No. 15/153,
379 is a continuation application of International Applica-
tion No. PCT/US2014/065204, which was filed on Nov. 12,
2014 and has published as W(02015/073528, the disclosure
of which is hereby incorporated herein by reference. Inter-
national Application No. PCT/US2014/065204 claims the
benefit of U.S. Provisional Application No. 61/903,330 filed
Nov. 12, 2013, the disclosure of which is hereby incorpo-
rated herein by reference.

BACKGROUND OF THE INVENTION

[0002] Cells normally maintain a balance between protein
synthesis, folding, trafficking, aggregation, and degradation,
referred to as protein homeostasis, utilizing sensors and
networks of pathways [Sitia et al., Nature 426: 891-894,
2003; Ron et al., Nat Rev Mol Cell Biol 8: 519-529, 2007].
The cellular maintenance of protein homeostasis, or proteo-
stasis, refers to controlling the conformation, binding inter-
actions, location and concentration of individual proteins
making up the proteome. Protein folding in vivo is accom-
plished through interactions between the folding polypep-
tide chain and macromolecular cellular components, includ-
ing multiple classes of chaperones and folding enzymes,
which minimize aggregation [Wiseman et al., Cell 131:
809-821, 2007]. Whether a given protein folds in a certain
cell type depends on the distribution, concentration, and
subcellular localization of chaperones, folding enzymes,
metabolites and the like [Wiseman et al.]. Human loss of
function diseases are often the result of a disruption of
normal protein homeostasis, typically caused by a mutation
in a given protein that compromises its cellular folding,
leading to efficient degradation [Cohen et al., Nature 426:
905-909, 2003]. Human gain of function diseases are simi-
larly frequently the result of a disruption in protein homeo-
stasis, such as the accumulation of misfolded proteins,
leading to protein aggregation [Balch et al. (2008), Science
319: 916-919].

[0003] The proteasome is a large protein complex of
multiple subunits which acts as a protease to degrade
misfolded proteins. Most proteasome substrates are targeted
for degradation by the covalent attachment of ubiquitin
moieties which are recognized by the proteasome [Lee et al.
(2010), Nature 467(7312): 179-184]. Proteins with longer
ubiquitin chains tend to have a stronger association with the
proteasome than those with smaller chains [Lee et al. (2010);
Proctor et al. (2007), BMC Systems Biology 1: 17]. The
length of the ubiquitin chains is modulated, in part, by
proteasome-associated deubiquitinating enzymes. One such
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mammalian deubiquitinating enzyme is Uspl4 which has
been shown to act as an inhibitor of the proteasome [Lee et
al. (2010)].

[0004] Both proteasome dysfunction and dysfunction in
proteostasis have been implicated in a diverse range of
diseases including for example, neurodegenerative disease,
metabolic diseases, inflammatory diseases, and cancer. In
many such diseases and conditions, the proteasome has
decreased ability to degrade misfolded or abnormal proteins,
leading to the presence of toxic protein aggregates. In
addition, the enhancement of proteasome activity can be
therapeutic for any disease characterized by deficient pro-
teasome activity, or deficient activity of other components of
the ubiquitin-proteasome pathway including, but not limited
to, von Hippel-Lindau disease, spinocerebellar ataxia 1,
Angelman syndrome, giant axon neuropathy, inclusion body
myopathy with Paget disease of bone and frontotemporal
dementia (IBMPFD), and others [Lehman, N. L., (2009),
Acta Neuropathologica, 118(3), 329-347; Weihl et al.,
(2007), Neuromuscular Disorders, 17, 87-87]. Enhancing
proteasome activity is also therapeutic for diseases in which
proteasome substrates are involved and contribute to pathol-
ogy, but which do not satisty a strict definition of pro-
teinopathies. For example, numerous oncoproteins are pro-
teasome substrates and their ability to promote cancer can
potentially be attenuated by enhancing proteasome activity.
[0005] Therefore, there is a need for compounds and
pharmaceutical compositions to treat conditions associated
with proteostasis dysfunction and/or that provide therapies
based on enhancing proteasome activity.

SUMMARY OF THE INVENTION

[0006] The present invention is based, in part, on the
discovery that compounds of the invention inhibit Uspl4.
The present invention is directed to compounds encom-
passed by the Formulae (1), (II), (IlT), (IV), and (V), or a
pharmaceutically acceptable salt, solvate, clathrate or prod-
rug of any of thereof, compositions thereof, methods for the
treatment of a condition associated with a dysfunction in
proteostasis, methods for enhancing proteasome activity and
methods for treating cancer or tumor.

[0007] In one embodiment, the invention is directed to a
compound having the Formula (I):

@

Z
Ry
A-e. R2
Q2
/ pyel
Qi | I
\N Z
Qs
/
D

or a pharmaceutically acceptable salt, solvate, clathrate or
prodrug thereof;, wherein:

[0008] D is selected from the group consisting of hydro-
gen, optionally substituted C,-C,, alkyl, optionally substi-
tuted C,-C, , alkenyl, optionally substituted C,-C, , alkynyl,
optionally substituted C;-C, , cycloalkyl, optionally substi-
tuted C;-C, , cycloalkenyl, optionally substituted aryl, halo,
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OR,, NR R, C(O)OR_, NO,, CN, C(O)R,, C(O)C(O)R,,
C(ONR,R,. NR,C(O)R,, NRS(O),R. N(R,)COOR,),
NR,C(O)C(O)R,, NR,C(O)NR R, NR,S(O),NR R, NR
S(O),R,, S(O) R, S(O) NR R, OC(O)OR_, (C=NRR,_,
optionally substituted heterocyclic and optionally substi-
tuted heteroaryl;

[0009] - - Ais selected from the group consisting of, —O,
—OH, —C,-C,, alkyl and —C,-C,, alkenyl, wherein the
—C,-C,, alkyl and —C,-C,, alkenyl are each optionally
substituted;

[0010] Q, is C(R,) or nitrogen;

[0011] FEach of Q,, Q;, Q, and Qs is independently
selected from the group consisting of C(R;) and nitrogen;
wherein at least two of Q,, Q;, Q, and Q, are each inde-
pendently C(R;);

[0012] Each of R, and R, is independently selected from
the group consisting of hydrogen, optionally substituted
C,-C,, alkyl, optionally substituted C,-C, , alkenyl, option-
ally substituted C,-C,, alkynyl, optionally substituted
C;-C,, cycloalkyl, optionally substituted C;-C,, cycloalk-
enyl, optionally substituted aryl, halo, N5, OR_, NR R,
C(O)OR,, NO,, CN, C(O)R,, C(O)C(O)R,, C(O)NR_R,,
NR,C(O)R,, NR_S(0O),R_, N(R)(COOR_), NR C(O)C(O)
R., NR C(O)NR_R, NR_S(0),NR_R, NR_S(O),R., S(O)
R, S(O),NR_R, OC(O)OR, (C=NR,R, OC(OR,
optionally substituted heterocyclic and optionally substi-
tuted heteroaryl;

[0013] Each R; is independently selected from the group
consisting of hydrogen, optionally substituted C,-C,, alkyl,
optionally substituted C,-C,, alkenyl, optionally substituted
C,-C,, alkynyl, optionally substituted C,-C,, cycloalkyl,
optionally substituted C;-C,, cycloalkenyl, optionally sub-
stituted aryl, halo, OR_, N5, NR R, C(O)OR_, NO,, CN,
C(O)R,, C(O)C(O)R,,, C(O)NR_R,, NR C(O)R_, NR_S(O)
,R.. N(R,)(COOR,), NR C(O)C(O)R,, NR,C(ONRR,,
NR,S(O),NR,R, NR,S(0O),R. S(O),R. S(O),NRR,
OC(O)OR,_, (C=NR R, OC(O)R_, optionally substituted
heterocyclic and optionally substituted heteroaryl;

[0014] Z is selected from the group consisting of NR, R,
optionally substituted aryl, optionally substituted heterocy-
clic, optionally substituted heteroaryl, optionally substituted
C;-C,, cycloalkyl, optionally substituted C;-C,, cycloalk-
enyl, and OR_;

[0015] Each R, is independently selected from the group
consisting of hydrogen, optionally substituted C,-C,, alkyl,
optionally substituted C,-C,, alkenyl, optionally substituted
C,-C,, alkynyl, optionally substituted C;-C,, cycloalkyl,
optionally substituted C;-C,, cycloalkenyl, optionally sub-
stituted aryl, halo, N5, OR_, NR R, C(O)OR_, NO,, CN,
C(O)R_, C(O)C(O)R,, C(O)NR R, NR C(O)R_, NR_S(O)
,R.. N(R,)(COOR,), NR C(O)C(O)R,, NR,C(ONRR,,
NR,S(O),NR,R, NR,S(0O),R. S(O),R. S(O),NRR,
OC(O)OR,_, (C=NR R, OC(O)R_, optionally substituted
heterocyclic, and optionally substituted heteroaryl;

[0016] Each R, is independently selected from the group
consisting of hydrogen, optionally substituted C,-C,, alkyl,
optionally substituted C,-C,, alkenyl, optionally substituted
C,-C,, alkynyl, optionally substituted C,-C,, alkoxy,
optionally substituted C;-C,, cycloalkyl, optionally substi-
tuted C;-C,, cycloalkenyl, optionally substituted heterocy-
clic, optionally substituted aryl, and optionally substituted
heteroaryl;

[0017] Each R, is independently selected from the group
consisting of hydrogen, optionally substituted C,-C,, alkyl,
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optionally substituted C,-C,, alkenyl, optionally substituted
C,-C,, alkynyl, optionally substituted C;-C,, cycloalkyl,
optionally substituted C;-C, , cycloalkenyl, optionally sub-
stituted heterocyclic, optionally substituted aryl, and option-
ally substituted heteroaryl;

[0018] Each R, is independently selected from the group
consisting of hydrogen, optionally substituted C,-C,, alkyl,
optionally substituted C,-C,, alkenyl, optionally substituted
C,-C,, alkynyl, optionally substituted C,-C,, alkoxy,
optionally substituted C;-C, , cycloalkyl, optionally substi-
tuted C;-C,, cycloalkenyl, optionally substituted heterocy-
clic, optionally substituted aryl, and optionally substituted
heteroaryl; or two geminal R ; groups are taken together with
the nitrogen atom to which they are attached to form an
optionally substituted heterocyclic or an optionally substi-
tuted heteroaryl;

[0019] Each R, is independently selected from the group
consisting of hydrogen, optionally substituted C,-C,, alkyl,
optionally substituted C,-C,, alkenyl, optionally substituted
C,-C,, alkynyl, optionally substituted C;-C,, cycloalkyl,
optionally substituted C,-C,, cycloalkenyl, optionally sub-
stituted heterocyclic, optionally substituted aryl and option-
ally substituted heteroaryl; and

[0020] each n is independently O, 1 or 2.

[0021] In yet an additional embodiment, the invention is
directed to a compound having the Formula (II):

an

[0022] wherein Q,, R,, Q,, R, R,, R;, Z, R,, R, R, R,
and n are as defined above for Formula (I);

[0023] Qg and Q, are each independently selected from the
group consisting of C(R;,) and nitrogen;

[0024] Each R, is independently selected from the group
consisting of independently selected from the group con-
sisting of hydrogen, optionally substituted C,-C,, alkyl,
optionally substituted C,-C,, alkenyl, optionally substituted
C,-C,, alkynyl, optionally substituted C,-C,, cycloalkyl,
optionally substituted C;-C, , cycloalkenyl, optionally sub-
stituted aryl, halo, N;, OR_, NR R, C(O)OR_, NO,, CN,
C(O)R,, C(O)C(O)R,, C(O)NR_R,, NR,C(O)R_, NR_S(O)
,R.. N(R,)(COOR,), NR C(O)C(O)R,, NR,C(ONRR,,
NR,_S(O),NR,R, NR,S(O) R, S(O),R., S(O),NRR,
OC(O)OR_, (C=NRR_, OC(O)R_, optionally substituted
heterocyclic, and optionally substituted heteroaryl;

[0025] R,,, Ry and R;, are each independently selected
from the group consisting of hydrogen, optionally substi-
tuted C,-C,, alkyl, optionally substituted C,-C,, alkenyl,
optionally substituted C,-C, , alkynyl, optionally substituted

e’



US 2023/0242557 A9

C;-C,, cycloalkyl, optionally substituted C;-C,, cycloalk-
enyl, optionally substituted aryl, halo, N5, OR_, NR R,
C(O)OR,, NO,, CN, C(O)R,, C(O)C(O)R,, C(O)NR_R,,
NR,C(O)R_, NR_S(O),R_, N(R)(COOR_), NR C(O)C(O)
R., NR C(O)NR_R, NR_S(0),NR_R, NR_S(O),R., S(O)
R, S(O),NR_R, OC(OOR, (C=NR,R_, OC(OR,
optionally substituted heterocyclic, and optionally substi-
tuted heteroaryl;

[0026] EachofR;, and R, is independently selected from
the group consisting of hydrogen, optionally substituted
C,-C,, alkyl, optionally substituted C,-C,, alkenyl, option-
ally substituted C,-C,, alkynyl, optionally substituted
C;-C, cycloalkyl, optionally substituted
C,-C, ,cycloalkenyl, optionally substituted aryl, halo, Nj,
OR,, NR R, C(O)OR_, NO,, CN, C(O)R,, C(O)C(O)R,,
C(ONR_R,, NR,C(OR_, NR,S(O),R, N(R_HCOOR),
NR,C(O)C(O)R,, NR,C(O)NR R, NR,S(O),NR R, NR
S(0),R,, S(O), R, S(O),NR_R,, OC(O)OR,_, (C=NRR,,
OC(O)R_, optionally substituted heterocyclic, and option-
ally substituted heteroaryl; and

[0027] R, is selected from the group consisting of hydro-
gen, optionally substituted C,-C,, alkyl, optionally substi-
tuted C,-C, , alkenyl, optionally substituted C,-C, , alkynyl,
optionally substituted C;-C,, cycloalkyl, optionally substi-
tuted C;-C, , cycloalkenyl, optionally substituted aryl, halo,
N;, OR_, NR_R, C(O)OR_, NO,, CN, C(O)R_, C(O)C(O)
R., C(ONR_R, NR,C(OR_, NR/S(O), R, N(R,)(CO-
OR,)), NR,C(O)C(OR,, NR,C(ONR,R, NR,S(O)
NR, R, NR,S(O),R,, S(O),R,, S(O),NR_R,, OC(O)OR,,
(C=NRR_, OC(O)R_, optionally substituted heterocyclic,
and optionally substituted heteroaryl.

[0028] In yet another embodiment, the invention is
directed to a compound having the Formula (III):

(1)

Z,
Ry
0 R Ris
R3p
4
N .
R3e R3c>
= Rg
R
Q¢ / ¥
>/Q7
Ry/
wherein:
[0029] Ry, Ry, R, R., Ry R, Ryp Ry, Ry, Ry Ry, Qs

Q, and n and are as defined above for Formula (II);
[0030] R;,is selected from the group consisting of hydro-
gen, optionally substituted C,-C,, alkyl, optionally substi-
tuted C,-C, , alkenyl, optionally substituted C,-C, , alkynyl,
optionally substituted C;-C,, cycloalkyl, optionally substi-
tuted C,-C, , cycloalkenyl, optionally substituted aryl, halo,
N;, OR,, NR_R,, C(O)OR_, NO,, CN, C(O)R_, C(O)C(O)
R, C(ONRR, NR,C(OR_ NR,S(O)R_. N(R,)CO-
OR,), NR,C(O)C(O)R,, NR,C(ONR,R, NR,S(O)
NR, R, NR,S(O),R,, S(O),R,, S(O),NR_R,, OC(O)OR,,
(C=NRR_, OC(O)R_, optionally substituted heterocyclic,
and optionally substituted heteroaryl; and
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[0031] Z, is selected from the group consisting of NR, R,
and N-heterocyclic; and

[0032] R, is selected from the group consisting of hydro-
gen, optionally substituted C,-C,, alkyl, optionally substi-
tuted C,-C, , alkenyl, optionally substituted C,-C, , alkynyl,
optionally substituted C;-C, , cycloalkyl, optionally substi-
tuted C;-C, , cycloalkenyl, optionally substituted aryl, halo,
N3s ORcs NRdes C(O)ORcs Nozs CN: C(O)Rcs C(O)C(O)
R, COONRR; NRCOR, NRSO),R, NR,)CO-
OR,)), NR,C(O)C(OR, NR,CONRR, NRSO)
NRR,, NR,S(O),R.. S(O),R,., $(0),NR R, OC(O)OR,.
(C=NR)R_, OC(O)R_, optionally substituted heterocyclic,
and optionally substituted heteroaryl.

[0033] In a further embodiment, the invention is directed
to a compound having the Formula (IV):

av)

R3f

[0034] whereinR|,R,,R,, R, R;, R3, R, R;,, Ry and Z
are as defined above for Formula (II);

[0035] R, is selected from the group consisting of hydro-
gen, optionally substituted C,-C,, alkyl, optionally substi-
tuted C,-C, , alkenyl, optionally substituted C,-C, , alkynyl,
optionally substituted C,-C,, cycloalkyl, optionally substi-
tuted C;-C, , cycloalkenyl, optionally substituted aryl, halo,
N;, OR_, NR_R, C(O)OR_, NO,, CN, C(O)R_, C(O)C(O)
R., C(ONR_R, NR,C(OR_, NR/S(0), R, N(R,)(CO-
OR,), NR,C(O)C(O)R, NR,C(ONR R, NRS(O)
LNR_R, NRS(O),R,, S(O),R,, S(O),NR R, OC(O)OR,_,
(C=NR)R_, OC(O)R_, optionally substituted heterocyclic,
and optionally substituted heteroaryl.

[0036] In an additional embodiment, the invention is
directed to a compound having the Formula (V):

V)
Z,
Ry
R
o 2
Rsp
v
N R
R3f
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wherein Ry, R, R, R, R;, Ry, and n are as defined above
for Formula (IIT);

[0037] oneofR;, and R, is hydrogen and the other of R,
and R, is selected from the group consisting of optionally
substituted C,-C,, alkyl, optionally substituted C,-C,, alk-
enyl, optionally substituted C,-C,, alkynyl, optionally sub-
stituted C,-C,, cycloalkyl, optionally substituted C;-C,,
cycloalkenyl, optionally substituted aryl, halo, N5, OR_,
NR_R, C(O)OR_, NO,, CN, C(O)R_, C(O)C(O)R_, C(O)
NR, R, NRC(O)R_, NR_S(O),R., N(R,)(COOR,), NR C
(O)C(O)R,, NR,C(O)NR R, NR,S(O),NR_R, NR_S(O)
R, S(O),R. S(O)NRR, OC(O)OR, (C=NR, R,
OC(O)R,, optionally substituted heterocyclic, and option-
ally substituted heteroaryl; and

[0038] Z, is optionally substituted 1-pyrrolidinyl or
optionally substituted 1-piperidinyl.

[0039] In additional embodiments, the invention is
directed to a pharmaceutical composition comprising a
pharmaceutically acceptable carrier or excipient and a com-
pound of Formula (I), (I), (II1), (IV), or (V), or a pharma-
ceutically acceptable salt, solvate, clathrate or prodrug
thereof.

[0040] In an additional aspect, the invention is directed to
a method of inhibiting deubiquitination activity of a Usp14
protein comprising contacting the Uspl4 protein with an
effective amount of a compound of Formula (1), (I), (III),
(IV), or (V), or a pharmaceutically acceptable salt, solvate,
clathrate or prodrug thereof, in an amount sufficient to
inhibit deubiquitination activity of the Uspl4 protein.

[0041] In yet another embodiment, the invention is
directed to a method of enhancing protein degradation by a
proteasome in a cell comprising contacting the cell with an
effective amount of a compound of Formula (1), (I), (III),
(IV), or (V) or a pharmaceutically acceptable salt, solvate,
clathrate or prodrug thereof, in an amount sufficient to
enhance protein degradation by the proteasome.

[0042] In additional embodiments, the invention encom-
passes a method of treating a patient suffering from a
condition associated with a dysfunction in proteostasis com-
prising administering to said patient an effective amount of
a compound of Formula (I), (II), (III), (IV), or (V), or a
pharmaceutically acceptable salt, solvate, clathrate or prod-
rug thereof.

[0043] In another aspect, the invention is directed to a
method of enhancing proteasome function in a subject in
need thereof comprising administering to said subject an
effective amount of a compound of Formula (1), (I), (III),
(IV), or (V), or a pharmaceutically acceptable salt, solvate,
clathrate or prodrug thereof.

[0044] In a further embodiment, the invention is directed
to a method for treating a condition characterized by defi-
cient proteasome activity or deficiency of other components
of the ubiquitin-proteasome pathway in a subject comprising
administering to said subject an effective amount of a
compound of Formula (I), (II), (II), (IV), or (V), or a
pharmaceutically acceptable salt, solvate, clathrate or prod-
rug thereof.

[0045] In yet another embodiment, the invention encom-
passes a method of treating cancer or a tumor in a subject in
need thereof comprising administering to said subject an
effective amount of a compound of Formula (1), (I), (III),
(IV), or (V), a pharmaceutically acceptable salt, solvate,
clathrate or prodrug thereof.
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[0046] In a further aspect, the invention is a pharmaceu-
tical composition comprising:

[0047] a pharmaceutically acceptable carrier or excipient;
[0048] an agent selected from the group consisting of a
proteostasis regulator and a pharmacologic chaperone; and
[0049] a compound of Formula (I), (IT), (II1), (IV), or (V),
or a pharmaceutically acceptable salt, solvate, clathrate or
prodrug thereof.

DETAILED DESCRIPTION OF THE
INVENTION

[0050] A description of preferred embodiments of the
invention follows.

[0051] As used herein, the words “a” and “an” are meant
to include one or more unless otherwise specified. For
example, the term “a cell” encompasses both a single cell
and a combination of two or more cells.

[0052] As discussed above, the present invention is
directed to compounds of Formulae (1), (II), (I1T), (IV) and
(V), or a pharmaceutically acceptable salt, solvate, clathrate
or prodrug thereof, pharmaceutical compositions thereof,
methods of use thereof in the treatment of conditions asso-
ciated with a dysfunction in proteostasis, methods of
enhancing proteasome activity and methods for treating
cancer or a tumor.

[0053] In some embodiments, the invention is directed to
a compound of Formula (I), provided that when D is
4-chlorophenyl, - -A is —0O, Q, is C(R,), R, is methyl, Z is
1-piperidinyl, 4-hydroxy-1-piperidinyl or 1-pyrrolidinyl,
and each of R, and R, is hydrogen, then at least one of Q,,
Q;, Q,, and Qg is not CH; and provided that when D is
selected from the group consisting of phenyl, 4-chlorophe-
nyl, 4-methylphenyl and 4-methoxyphenyl, - -A is —O, Q,
is C(R,), R, is methyl, Z is 1-piperidinyl or 4-morpholinyl,
each of R, and R, is hydrogen, and Q, and Q; are each CH,
then Q, and Q, are not C(OCH,) and C(Br), respectively.
[0054] The invention encompasses a compound having
the Formula (I), or a pharmaceutically acceptable salt,
solvate, clathrate or prodrug thereof.

[0055] In certain aspects, the compound has the Formula
(D), wherein - -A is —O, or is a pharmaceutically acceptable
salt, solvate, clathrate or prodrug thereof. In certain addi-
tional embodiments, the compound has the Formula (I),
wherein - -A is —OH, or is a pharmaceutically acceptable
salt, solvate, clathrate or prodrug thereof. In yet additional
embodiments, the compound has the Formula (I), wherein -
-Ais —C,-C,, alkyl, optionally substituted, or is a pharma-
ceutically acceptable salt, solvate, clathrate or prodrug
thereof. In a further embodiment, the compound has the
Formula (I), wherein - -A is —C,-C,, alkenyl, optionally
substituted, or is a pharmaceutically acceptable salt, solvate,
clathrate or prodrug thereof.

[0056] In some embodiments, the compound has the For-
mula (I), wherein each of R, and R, is independently
selected from the group consisting of hydrogen, optionally
substituted C,-C,, alkyl, optionally substituted C,-C,, alk-
enyl, optionally substituted C,-C,, alkynyl, optionally sub-
stituted C;-C,, cycloalkyl, optionally substituted C;-C,,
cycloalkenyl, optionally substituted aryl, halo, OR_, NR R,
C(O)OR_, NO,, CN, C(O)R,, C(O)C(O)R,, C(O)NR_R,
NRC(O)R,, NR,S(0),R_, N(R,)(COOR,), NR LC(O)C(O)
R_, NR,C(O)NR_R, NR_S(O),NR_R , NR,S(0),R_, S(O)
AR S(O),NRR, OC(O)OR, (C=NR,R_. OC(O)R,
optionally substituted heterocyclic and optionally substi-
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tuted heteroaryl. In additional embodiments, the compound
has the Formula (I), wherein R, and R, are each indepen-
dently selected from hydrogen and optionally substituted
C,-C,, alkyl, or is a pharmaceutically acceptable salt, sol-
vate, clathrate or prodrug thereof. In some embodiments, R,
and R, are each hydrogen.

[0057] In additional aspects, the compound has the For-
mula (I), wherein D is optionally substituted C;-C,, cycloal-
kyl, optionally substituted C,-C,, cycloalkenyl, optionally
substituted aryl, optionally substituted heteroaryl, or option-
ally substituted heterocyclic, or is a pharmaceutically
acceptable salt, solvate, clathrate or prodrug thereof. In some
embodiments, D is optionally substituted aryl or an option-
ally substituted heteroaryl. In yet additional embodiments, D
is an optionally substituted heteroaryl. In further embodi-
ments, D is an optionally substituted heteroaryl, wherein
said heteroaryl comprises at least one ring nitrogen atom. In
another embodiment, D is an optionally substituted pyridi-
nyl or an optionally substituted pyrimidinyl. In yet an
additional embodiment, D is optionally substituted phenyl.
[0058] In an additional aspect, the compound has the
Formula (I), wherein Q, is C(R ), and R, is selected from the
group consisting of hydrogen, optionally substituted C,-C,,
alkyl, optionally substituted C,-C,, alkenyl, optionally sub-
stituted C,-C,, alkynyl, optionally substituted C;-C,,
cycloalkyl, optionally substituted C,;-C,, cycloalkenyl,
optionally substituted aryl, halo, OR_, NR R, C(O)OR_,
NO,, CN, C(O)R_, C(O)C(O)R_, C(O)NR_R ,, NR C(O)R_,
NR,S(0),R., N(R)(COOR,), NR C(O)C(O)R,, NR C(O)
NR R, NR,S(O),NR,R, NR,S(O)R_ S(O),R, S(O),
NR, R, OC(O)OR, (C=NR_,)R,, OC(O)R, optionally
substituted heterocyclic, and optionally substituted het-
eroaryl, or is a pharmaceutically acceptable salt, solvate,
clathrate or prodrug thereof. In yet an additional embodi-
ment, R, is selected from hydrogen and optionally substi-
tuted C,-C,, alkyl. In some embodiments, R, is an option-
ally substituted C,-C, alkyl. In yet additional embodiments,
R, is methyl.

[0059] In yet an additional embodiment, the compound
has the Formula (I), wherein one or two of Q,, Q,, Q, and
Qs is nitrogen and the remaining of Q,, Q;, Q, and Qs are
each independently C(R;), or is a pharmaceutically accept-
able salt, solvate, clathrate or prodrug thereof. In some
embodiments, Q, is nitrogen and Q;, Q, and Qs are each
independently C(R;). In certain aspects, Q;, Q, and Qs are
each CH. In certain additional embodiments, both Q, and Q;
are nitrogen and Q, and Q5 are each independently C(R;). In
yet additional embodiments, Q5 is nitrogen and Q,, Q, and
Qs are each independently C(R;). In a further embodiment,
Q, is nitrogen and Q,, Q; and Q. are each independently
C(R;). In an additional embodiment, Qs is nitrogen and Q,,
Q; and Q, are each independently C(Rj).

[0060] In some embodiments, the compound has the For-
mula (I), wherein Q; is C(R;,) and R, is selected from the
group consisting of hydrogen, halo, NR_ R, NO,, CN,
optionally substituted C,-C, , alkyl, C(O)OR_, C(O)R_NR -
C(O)R,, and OR_, or is a pharmaceutically acceptable salt,
solvate, clathrate or prodrug thereof. In yet additional
aspects, Q, and Q; are each CH.

[0061] In yet additional embodiments, the compound has
the Formula (I), wherein each of Q,, Q, Q, and Qs is C(R5).
[0062] In some embodiments, the compound has the For-
mula (I), wherein Z is an optionally substituted heterocyclic
containing at least one ring nitrogen atom or NR,R,, or is a

Aug. 3, 2023

pharmaceutically acceptable salt, solvate, clathrate or prod-
rug thereof. In certain aspects, Z is an optionally substituted
N-heterocyclic. In additional aspects, Z is selected from
optionally substituted pyrrolidinyl and optionally substituted
piperidinyl. In yet additional embodiments, Z is selected
from optionally substituted 1-pyrrolidinyl and optionally
substituted 1-piperidinyl. In a further embodiment, Z is
optionally substituted 1-piperidinyl.

[0063] In yet additional embodiments, the compound has
the Formula (I), wherein Z is:

wherein G is absent, C(R,,), O or S; each R, and R,, are each
independently selected from the group consisting of hydro-
gen, optionally substituted C,-C,, alkyl, optionally substi-
tuted C,-C, , alkenyl, optionally substituted C,-C, , alkynyl,
optionally substituted C,-C,, cycloalkyl, optionally substi-
tuted C;-C, , cycloalkenyl, optionally substituted aryl, halo,
N;, OR,, NR_R,, C(O)OR_, NO,, CN, C(O)R_, C(O)C(O)
R., C(ONR_R, NR,C(OR_, NR/S(0), R, N(R,)(CO-
OR,), NR,C(O)C(O)R, NR,C(ONR R, NRS(O)
,NR_R,, NR_S(O),R_, S(O),R_, S(O),NR R, OC(O)OR_,
(C=NR)R_, OC(O)R_, optionally substituted heterocyclic,
and optionally substituted heteroaryl, and wherein n, R_ and
R, are as defined above, or is a pharmaceutically acceptable
salt, solvate, clathrate or prodrug thereof. In some embodi-
ments, G is O. In yet additional embodiments, G is S.

[0064] In yet additional embodiments, the compound has
the Formula (I), wherein Z is an optionally substituted
cycloalkyl, or is a pharmaceutically acceptable salt, solvate,
clathrate or prodrug thereof.

[0065] In some embodiments, the invention is directed to
a compound having the Formula (II), or a pharmaceutically
acceptable salt, solvate, clathrate or prodrug thereof.

[0066] In some embodiments, the compound has the For-
mula (IT), wherein R | and R, are each independently selected
from hydrogen and optionally substituted C,-C,, alkyl, or is
a pharmaceutically acceptable salt, solvate, clathrate or
prodrug thereof. In additional embodiments, R, and R, are
each hydrogen.

[0067] In additional embodiments, the compound has the
Formula (II), wherein Q, is C(R,) and Q, is C(R;) or
nitrogen, wherein each of R, and R; is independently
selected from the group consisting hydrogen and optionally
substituted C,-C, , alkyl, or is a pharmaceutically acceptable
salt, solvate, clathrate or prodrug thereof. In some embodi-
ments, R, is an optionally substituted C,-C, alkyl. In yet
additional embodiments, R, is methyl.

[0068] In yet additional embodiments, the compound has
the Formula (II), wherein each of R, and R;_ is indepen-
dently selected from the group consisting of hydrogen, halo,
NR_R;, NO,, CN; optionally substituted C,-C, , alkyl, C(O)
OR_, C(O)R_, NR,C(O)R_, and OR_, or is a pharmaceuti-
cally acceptable salt, solvate, clathrate or prodrug thereof.
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[0069] In some aspects, the compound has the Formula
(II), wherein Z is an optionally substituted heterocyclic
containing at least one ring nitrogen atom or NR,R,, or is a
pharmaceutically acceptable salt, solvate, clathrate or prod-
rug thereof. In some embodiments, Z is an optionally
substituted N-heterocyclic or NR,R,. In additional embodi-
ments, Z is an optionally substituted N-heterocyclic. In yet
additional embodiments, Z is selected from optionally sub-
stituted pyrrolidinyl and optionally substituted piperidinyl.
In further embodiments, Z is selected from optionally sub-
stituted 1-pyrrolidinyl and optionally substituted 1-piperidi-
nyl. In some aspects, Z is optionally substituted 1-piperidi-
nyl.

[0070] In yet additional embodiments, the compound has
the Formula (II), wherein one of Q, and Q, is nitrogen and
the other is C(R,), or is a pharmaceutically acceptable salt,
solvate, clathrate or prodrug thereof.

[0071] In additional aspects, the compound has the For-
mula (II), wherein each of Q4 and Q, is C(R,), or is a
pharmaceutically acceptable salt, solvate, clathrate or prod-
rug thereof.

[0072] Insome aspects of the invention, the compound has
the Formula (II), wherein R, is selected from the group
consisting of hydrogen, optionally substituted C,-C,, alkyl,
optionally substituted C,-C,, alkenyl, optionally substituted
C,-C,, alkynyl, optionally substituted C;-C,, cycloalkyl,
optionally substituted C;-C,, cycloalkenyl, optionally sub-
stituted aryl, halo, N5, OR_, NR R, C(O)OR_, NO,, CN,
C(O)R,, C(O)C(O)R,,, C(O)NR_R,, NR C(O)R_, NR_S(O)
LR, N(R)HCOOR,), NR,C(O)C(O)R,, NR,C(O)NR_R,,
NR,S(O),NR,R, NR,S(0O),R. S(O),R. S(O),NRR,
OC(O)OR,_, (C=NR)R_, OC(O)R_, optionally substituted
heterocyclic and optionally substituted heteroaryl, or is a
pharmaceutically acceptable salt, solvate, clathrate or prod-
rug thereof. In additional embodiments, R,, and R, are each
hydrogen. In yet additional aspects, Ry, is selected from the
group consisting of hydrogen, halo, N;, C(O)OR_, CN,
C(O)R,, C(O)C(O)R,, C(ONR_R,, NO, and NR_R, In
further embodiments, Ry, is selected from the group con-
sisting of halo, N;, C(O)OR_, CN, C(O)R_, C(O)C(O)R,_,
C(O)NRR,, NO, and NR R

[0073] Insome aspects of the invention, the compound has
the Formula (III), or a pharmaceutically acceptable salt,
solvate, clathrate or prodrug thereof.

[0074] In some embodiments, the compound has the For-
mula (IIT), wherein R, is selected from the group consisting
of hydrogen, optionally substituted C,-C,, alkyl, optionally
substituted C,-C,, alkenyl, optionally substituted C,-C,,
alkynyl, optionally substituted C;-C, ,cycloalkyl, optionally
substituted C;-C, , cycloalkenyl, optionally substituted aryl,
halo, OR_, NR_ R, C(O)OR_, NO,, CN, C(O)R_, C(O)C(O)
R, C(ONRR, NR,C(OR_ NR,S(O)R_. N(R,)CO-
OR,), NR,C(O)C(O)R,, NR,C(ONR,R, NR,S(O)
,NR_R, NR,S(O),R_, S(O),R_, S(O),NR R, OC(O)OR,,
(C=NRR_, OC(O)R_, optionally substituted heterocyclic,
and optionally substituted heteroaryl, or is a pharmaceuti-
cally acceptable salt, solvate, clathrate or prodrug thereof. In
certain embodiments, the compound has the Formula (III),
wherein R, is optionally substituted C,-C, alkyl.

[0075] In additional embodiments, the compound has the
Formula (IIT), wherein R, and R, are each independently
selected from hydrogen and optionally substituted C,-C,,
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alkyl, or is a pharmaceutically acceptable salt, solvate,
clathrate or prodrug thereof. In some embodiments, R, and
R, are each hydrogen.

[0076] In some embodiments, the compound has the For-
mula (IIT), wherein at least one of R, R;,, R5. and R, is not
hydrogen, or is a pharmaceutically acceptable salt, solvate,
clathrate or prodrug thereof. In additional embodiments, the
compound has the Formula (IIT), provided that when R, is
bromo, then R;, is not methoxy.

[0077] In yet additional embodiments, the compound has
the Formula (III), wherein each of R;, and R;_. is indepen-
dently selected from the group consisting of hydrogen, halo,
NR_R;, NO,, CN; optionally substituted C,-C, , alkyl, C(O)
OR,_, C(O)R,. NR C(O)R_, OC(O)R_ and OR_, or is a phar-
maceutically acceptable salt, solvate, clathrate or prodrug
thereof. In yet additional embodiments, the compound has
the Formula (III), wherein each of R;, and R;_. is indepen-
dently selected from the group consisting of hydrogen, halo,
NR R, NO,, CN, optionally substituted C,-C, , alkyl, C(O)
OR_, C(O)R_, NR C(O)R_, OC(O)R_, OR_, optionally sub-
stituted C;-C cycloalkyl, optionally substituted heterocy-
clic and optionally substituted heteroaryl. In a further
embodiment, one of R;, and R is hydrogen and the other
of R;, and R, is selected from the group consisting of halo,
NR_R;, NO,, CN; optionally substituted C,-C, , alkyl, C(O)
OR,_, C(O)R_, NR C(O)R_, OC(O)R_, OR_, optionally sub-
stituted C;-C, cycloalkyl, optionally substituted heterocy-
clic and optionally substituted heteroaryl. In yet additional
embodiments, one of R;, and R, is hydrogen, and the other
of R;, and R, is C,-C,, alkyl optionally substituted with
one or more substituents selected from the group consisting
of halo, C(O)OR', C(O)NR"R", S(0),, S(O),NR"R", NR"S
(O),R_, N"C(O)R_, N"C(O)OR', N"C(O)NR"R", CN, OR',
NR"R", optionally substituted heterocyclic, and optionally
substituted heteroaryl, and optionally further substituted;
wherein each R' is independently selected from the group
consisting of hydrogen, optionally substituted C,-C,, alkyl,
optionally substituted C,-C,, alkenyl, optionally substituted
C,-C,, alkynyl, optionally substituted C;-C,, cycloalkyl,
optionally substituted C,-C,, cycloalkenyl, optionally sub-
stituted heterocyclic, optionally substituted aryl, and option-
ally substituted heteroaryl; and each R" is independently
selected from the group consisting of hydrogen, optionally
substituted C,-C,, alkyl, optionally substituted C,-C,, alk-
enyl, optionally substituted C,-C,, alkynyl, optionally sub-
stituted C,-C,, alkoxy, optionally substituted C;-C,,
cycloalkyl, optionally substituted C,-C,, cycloalkenyl,
optionally substituted heterocyclic, optionally substituted
aryl, and optionally substituted heteroaryl; or two geminal
R" groups are taken together with the nitrogen atom to
which they are attached to form an optionally substituted
heterocyclic or an optionally substituted heteroaryl.

[0078] In further aspects, the compound has the Formula
(III), wherein one of Q. and Q, is nitrogen and the other is
C(R,), or is a pharmaceutically acceptable salt, solvate,
clathrate or prodrug thereof.

[0079] In yet additional embodiments, the compound has
the Formula (III), wherein Qg and Q, are each independently
C(R,), or is a pharmaceutically acceptable salt, solvate,
clathrate or prodrug thereof.

[0080] In additional embodiments, the compound has the
Formula (IIT), wherein R;,, R;,. and R, are each hydrogen
and R;, is selected from the group consisting of halo,
NR_R;, NO,, CN; optionally substituted C,-C, , alkyl, C(O)



US 2023/0242557 A9

OR,, C(O)R_. NR,C(O)R,, OC(O)R, and OR,. In further
aspects, Q, and Q, are each independently C(R,), or is a
pharmaceutically acceptable salt, solvate, clathrate or prod-
rug thereof. In yet further embodiments, wherein Q, and Q,
are each independently C(R,) and Z is selected from option-
ally substituted 1-pyrrolidinyl and optionally substituted
1-piperidinyl.

[0081] In yet additional embodiments, the compound has
the Formula (II1), wherein R;, is selected from the group
consisting of hydrogen, optionally substituted C,-C,, alkyl,
optionally substituted C,-C,, alkenyl, optionally substituted
C,-C,, alkynyl, optionally substituted C;-C,, cycloalkyl,
optionally substituted C;-C,, cycloalkenyl, optionally sub-
stituted aryl, halo, N;, OR_, NR R, C(O)OR_, NO,, CN,
C(O)R,, C(O)C(O)R,,, C(O)NR_R,, NR C(O)R_, NR_S(O)
LR, N(R)HCOOR,), NR,C(O)C(O)R,, NR,C(O)NR_R,,
NR,S(O),NR,R, NR,S(0O),R. S(O),R. S(O),NRR,
OC(O)OR,_, (C=NR R, OC(O)R_, optionally substituted
heterocyclic and optionally substituted heteroaryl, or is a
pharmaceutically acceptable salt, solvate, clathrate or prod-
rug thereof. In some embodiments, R, and R, are each
hydrogen. In yet additional aspects, Ry, is selected from the
group consisting of hydrogen, halo, N;, C(O)OR_, CN,
C(O)R,, C(O)C(O)R,, C(O)NR_R, NO, and NR R . In yet
additional embodiments, R;, is selected from the group
consisting of halo, N5, C(O)OR_, CN, C(O)R_, C(O)C(O)R_,
C(O)NRR,, NO, and NR R

[0082] In additional embodiments, the compound has the
Formula (IIT), wherein Z, is selected from optionally sub-
stituted 1-pyrrolidinyl and optionally substituted 1-piperidi-
nyl, or is a pharmaceutically acceptable salt, solvate, clath-
rate or prodrug thereof. In some embodiments, 7, is
optionally substituted 1-piperidinyl. In yet further embodi-
ments, Z, is an optionally substituted 1-pyrrolidinyl.
[0083] In other embodiments of the invention, the inven-
tion is directed to a compound having the Formula (IV), or
a pharmaceutically acceptable salt, solvate, clathrate or
prodrug thereof.

[0084] In some embodiments, the compound has the For-
mula (IV), wherein R, is selected from the group consisting
of hydrogen, optionally substituted C,-C,, alkyl, optionally
substituted C,-C,, alkenyl, optionally substituted C,-C,,
alkynyl, optionally substituted C;-C, ,cycloalkyl, optionally
substituted C;-C, , cycloalkenyl, optionally substituted aryl,
halo, OR_, NR_ R, C(O)OR_, NO,, CN, C(O)R_, C(O)C(O)
R., C(ONR_R, NR,C(OR_, NR/S(O), R, N(R,)(CO-
OR,), NR,C(O)C(O)R,, NR,C(ONR,R, NR,S(O)
,NR_R, NR,S(O),R_, S(O),R_, S(O),NR R, OC(O)OR,,
(C=NRR_, OC(O)R_, optionally substituted heterocyclic,
and optionally substituted heteroaryl, or is a pharmaceuti-
cally acceptable salt, solvate, clathrate or prodrug thereof. In
some aspects, the compound has the Formula (IV), wherein
R; is optionally substituted C,-C, alkyl. In certain embodi-
ments, R; is optionally substituted methyl. In yet other
embodiments, R, is methyl.

[0085] In certain aspects, the compound has the Formula
(IV), wherein R, and R, are each independently selected
from hydrogen and optionally substituted C,-C,, alkyl, or is
a pharmaceutically acceptable salt, solvate, clathrate or
prodrug thereof. In yet an additional embodiment, R, and R,
are each hydrogen.

[0086] In additional embodiments, the compound has the
Formula (IV), wherein each of R;, and R;_ is independently
selected from the group consisting of hydrogen, halo,
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NR_R;, NO,, CN; optionally substituted C,-C, , alkyl, C(O)
OR,, C(O)R,, NR,C(O)R,, OC(O)R,, and OR_, or is a
pharmaceutically acceptable salt, solvate, clathrate or prod-
rug thereof. In yet additional embodiments, the compound
has the Formula (IV), wherein each of R;, and R, is
independently selected from the group consisting of hydro-
gen, halo, NR R, NO,, CN; optionally substituted C,-C,,
alkyl, C(O)OR,, C(O)R,, NR,C(O)R,, OC(OR,, OR,
optionally substituted C,-C, cycloalkyl, optionally substi-
tuted heterocyclic and optionally substituted heteroaryl. In a
further embodiment, one of R;, and R, is hydrogen and the
other of R;, and R, is selected from the group consisting of
halo, NR R, NO,, CN, optionally substituted C,-C, , alkyl,
C(O)OR,, C(O)R,, NR C(O)R,, OC(O)R_, OR_, optionally
substituted C;-C, cycloalkyl, optionally substituted hetero-
cyclic, and optionally substituted heteroaryl. In yet addi-
tional embodiments, one of R, and R, is hydrogen, and the
other of R;, and R, is C,-C,, alkyl optionally substituted
with one or more substituents selected from the group
consisting of halo, C(O)OR', C(O)NR"R", S(O),, S(O)
L,NR"R", NR"S(O),R,, N"C(O)R_, N"C(O)OR', N"C(O)
NR"R", OR', NR"R", CN, optionally substituted heterocy-
clic, and optionally substituted heteroaryl, and is optionally
further substituted;

[0087] wherein each R' is independently selected from the
group consisting of hydrogen, optionally substituted C,-C,,
alkyl, optionally substituted C,-C,, alkenyl, optionally sub-
stituted C,-C,, alkynyl, optionally substituted C;-C,,
cycloalkyl, optionally substituted C;-C,, cycloalkenyl,
optionally substituted heterocyclic, optionally substituted
aryl, and optionally substituted heteroaryl; and each R" is
independently selected from the group consisting of hydro-
gen, optionally substituted C,-C,, alkyl, optionally substi-
tuted C,-C, , alkenyl, optionally substituted C,-C, , alkynyl,
optionally substituted C,-C,, alkoxy, optionally substituted
C;-C,, cycloalkyl, optionally substituted C;-C,, cycloalk-
enyl, optionally substituted heterocyclic, optionally substi-
tuted aryl, and optionally substituted heteroaryl; or two
geminal R' groups are taken together with the nitrogen atom
to which they are attached to form an optionally substituted
heterocyclic or an optionally substituted heteroaryl.

[0088] In a further embodiment, the compound has the
Formula (IV), wherein R;,is selected from the group con-
sisting of hydrogen, optionally substituted C,-C,, alkyl,
optionally substituted C,-C,, alkenyl, optionally substituted
C,-C,, alkynyl, optionally substituted C;-C,,cycloalkyl,
optionally substituted C;-C, , cycloalkenyl, optionally sub-
stituted aryl, halo, N;, OR_, NR R, C(O)OR_, NO,, CN,
C(O)R,, C(O)C(O)R,, C(O)NR_R,, NR,C(O)R_, NR_S(O)
LR, N(R)(COOR_), NR,C(O)C(O)R,, NR,C(O)NR_R,,
NRS(O),NR, R, NR,S(O),R. S(O),R. S(O),NRR,
OC(O)OR_, (C=NRR_, OC(O)R_, optionally substituted
heterocyclic and optionally substituted heteroaryl, or is a
pharmaceutically acceptable salt, solvate, clathrate or prod-
rug thereof. In additional embodiments, R,,is selected from
the group consisting of hydrogen, halo, N5, C(O)OR_, CN,
C(O)R_, C(O)C(O)R_, C(O)NR R, NO, and NR R ,. In yet
additional embodiments, R, is selected from the group
consisting of halo, N5, C(O)OR_, CN, C(O)R_, C(O)C(O)R_,
C(O)NR_R,, NO, and NR R;. In a further embodiment, R;,
is selected from the group consisting of halo and CN. In yet
another embodiment, R;,is selected from chloro and CN. In
yet additional embodiments, R,is CN.

[0089] In further embodiments, R;,is chloro.
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[0090] In a further embodiment, R; is methyl, and R, is
selected from the group consisting of halo, N5, C(O)OR_,
CN, C(O)R,, C(O)C(O)R,, C(O)NR_R,, NO, and NR R,
[0091] In yet additional aspects, the compound has the
Formula (IV), wherein R, and R;, are both hydrogen and
R;, is optionally substituted C,-Cg alkyl, CN and OR_, or is
a pharmaceutically acceptable salt, solvate, clathrate or
prodrug thereof. In some embodiments, R;, is methyl
optionally substituted with an NR R, NR,C(O)R_, OR_,
CR_R_C(O)OR, and CR_R_C(O)NR_R,.

[0092] In some embodiments, the compound has the For-
mula (IV), wherein R, and R, are both hydrogen and R, is
optionally substituted C,-C4 alkyl, CN and OR_, or is a
pharmaceutically acceptable salt, solvate, clathrate or prod-
rug thereof.

[0093] In yet additional embodiments, the compound has
the Formula (IV), wherein Z is selected from optionally
substituted 1-pyrrolidinyl and optionally substituted 1-pip-
eridinyl, or is a pharmaceutically acceptable salt, solvate,
clathrate or prodrug thereof. In yet an additional aspect, Z is
optionally substituted 1-piperidinyl. In a further aspect, Z is
an optionally substituted 1-pyrrolidinyl.

[0094] In yet additional embodiments, the compound has
the Formula (IV), wherein Z is:

wherein G is absent, C(R,), O or S; each R,, and R,, are each
independently selected from the group consisting of hydro-
gen, optionally substituted C,-C,, alkyl, optionally substi-
tuted C,-C, , alkenyl, optionally substituted C,-C, , alkynyl,
optionally substituted C;-C,, cycloalkyl, optionally substi-
tuted C;-C, , cycloalkenyl, optionally substituted aryl, halo,
N;, OR,, NR_R,, C(O)OR_, NO,, CN, C(O)R_, C(O)C(O)
R, C(ONRR, NR,C(OR_ NR,S(O)R_. N(R,)CO-
OR,), NR,C(O)C(O)R,, NR,C(ONR,R, NR,S(O)
,NR_R, NR,S(O),R_, S(O),R_, S(O),NR R, OC(O)OR,,
(C=NRR_, OC(O)R_, optionally substituted heterocyclic,
and optionally substituted heteroaryl, and wherein n, R . and
R, are as defined above, or is a pharmaceutically acceptable
salt, solvate, clathrate or prodrug thereof. In some embodi-
ments, G is O. In yet additional embodiments, G is S. In yet
an additional embodiment, the invention is directed to a
compound having the Formula (V), or a pharmaceutically
acceptable salt, solvate, clathrate or prodrug thereof.
[0095] In additional embodiments, the compound has the
Formula (V), wherein Z, is an optionally substituted 1-pi-
peridinyl, or is a pharmaceutically acceptable salt, solvate,
clathrate or prodrug thereof.

[0096] In some embodiments, the compound has the For-
mula (V), wherein Z, is an optionally substituted 1-pyrro-
lidinyl, or is a pharmaceutically acceptable salt, solvate,
clathrate or prodrug thereof.

[0097] In some embodiments, the compound has the For-
mula (V), wherein R, is an optionally substituted C,-C,
alkyl, or is a pharmaceutically acceptable salt, solvate,
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clathrate or prodrug thereof. In certain aspects, R, is an
optionally substituted methyl or optionally substituted ethyl.
In certain additional aspects, R, is methyl.

[0098] In yet additional aspects, the compound has the
Formula (V), wherein R, is selected from the group con-
sisting of hydrogen, halo, N5, C(O)OR_, CN, C(O)R_, C(O)
C(O)R,, C(O)NR R, NO, and NR R, or is a pharmaceu-
tically acceptable salt, solvate, clathrate or prodrug thereof.
In yet additional embodiments, R;, is selected from the
group consisting of halo, N5, C(O)OR_, CN, C(O)R_, C(O)
C(O)R,, C(O)NR_R,, NO, and NR R,

[0099] In yet additional aspects, the compound has the
Formula (V), wherein R;, is hydrogen, and R;, is selected
from the group consisting of optionally substituted C,-Cgq
alkyl, CN and OR_, or is a pharmaceutically acceptable salt,
solvate, clathrate or prodrug thereof.

[0100] In further aspects, the compound has the Formula
(V), wherein R is hydrogen, and R;, is selected from the
group consisting of optionally substituted C,-Cq alkyl, CN
and OR_, or is a pharmaceutically acceptable salt, solvate,
clathrate or prodrug thereof.

[0101] In an additional embodiment, the compound has
the Formula (V), wherein R, is methyl, R, -is selected from
the group consisting of halo, N5, C(O)OR_, CN, C(O)R,,
C(O)C(O)R_, C(O)NR_R,, NO, and NR_R,, and Z, is an
optionally substituted 1-piperidinyl, or is a pharmaceutically
acceptable salt, solvate, clathrate or prodrug thereof. In yet
additional embodiments, R, is methyl, R, fis halo or CN, and
Z, is an optionally substituted 1-piperidinyl.

[0102] Itis to be understood that the specific embodiments
described herein can be taken in combination with other
specific embodiments delineated herein. For example, for
compounds of Formula (I), Z was described as 1-piperidinyl
in certain embodiments, Q, was described as C(R,) in
certain embodiments, and D was described as optionally
substituted phenyl in some embodiments. It is thus to be
understood that the invention specifically encompasses com-
pounds of Formula (I), wherein Z is 1-piperidinyl, Q, is
C(R,) and D is optionally substituted phenyl.

[0103] The present invention additionally encompasses
the compounds shown below in Table 1:
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[0104] The term “alkyl”, as used herein, unless otherwise
indicated, refers to both branched and straight-chain satu-
rated aliphatic hydrocarbon groups having the specified
number of carbon atoms; for example, “C,-C,, alkyl”
denotes alkyl having 1 to 10 carbon atoms.
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[0105] Examples of alkyl include, but are not limited to,
methyl, ethyl, n-propyl, i-propyl, n-butyl, i-butyl, sec-butyl,
t-butyl, n-pentyl, n-hexyl, 2-methylbutyl, 2-methylpentyl,
2-ethylbutyl, 3-methylpentyl, and 4-methylpentyl.

[0106] The term, “alkenyl”, as used herein, refers to both
straight and branched-chain moieties having the specified
number of carbon atoms and having at least one carbon-
carbon double bond.

[0107] The term, “alkynyl”, as used herein, refers to both
straight and branched-chain moieties having the specified
number or carbon atoms and having at least one carbon-
carbon triple bond.

[0108] The term “cycloalkyl,” as used herein, refers to
cyclic alkyl moieties having 3 or more carbon atoms.
Examples of cycloalkyl include, but are not limited to,
cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cyclohep-
tyl and adamantyl.

[0109] The term “cycloalkenyl,” as used herein, refers to
cyclic alkenyl moieties having 3 or more carbon atoms.
[0110] The term “cycloalkynyl,” as used herein, refers to
cyclic alkynyl moieties having 5 or more carbon atoms.
[0111] The term ‘“heterocyclic” encompasses heterocy-
cloalkyl, heterocycloalkenyl, heterobicycloalkyl, heterobi-
cycloalkenyl, heteropolycycloalkyl, heteropolycycloalk-
enyl, and the like. Heterocycloalkyl refers to cycloalkyl
groups containing one or more heteroatoms (0, S, or N)
within the ring. Heterocycloalkenyl as used herein refers to
cycloalkenyl groups containing one or more heteroatoms (0,
S or N) within the ring. Heterobicycloalkyl refers to bicy-
cloalkyl groups containing one or more heteroatoms (0, S or
N) within a ring.

[0112] Heterobicycloalkenyl as used herein refers to bicy-
cloalkenyl groups containing one or more heteroatoms (0, S
or N) within a ring. The foregoing heterocyclic groups may
be C-attached or heteroatom-attached (where such is pos-
sible). As used herein, the term N-heterocyclic denotes that
the heterocyclic group is N-attached. For example, when Z
is N-heterocyclic, it is N-attached to the carbon to which R,
and R, are attached. Representative examples of N-hetero-
cyclic include, but are not limited to, pyrrolind-1-yl (1-pyr-
rolidinyl), piperidin-1-yl (1-piperidinyl), piperazin-1-yl
(1-piperazinyl) and morpholin-1-yl (1-morpholinyl).

[0113] Cycloalkyl, cycloalkenyl, heterocyclic, groups also
include groups similar to those described above for each of
these respective categories, but which are substituted with
one or more 0Xo moieties.

[0114] The term “aryl”, as used herein, refers to mono- or
polycyclic aromatic carbocyclic ring systems. A polycyclic
aryl is a polycyclic ring system that comprises at least one
aromatic ring. Polycyclic aryls can comprise fused rings,
covalently attached rings or a combination thereof. The term
“aryl” embraces aromatic radicals, such as, phenyl, naph-
thyl, indenyl, tetrahydronaphthyl, and indanyl. An aryl
group may be substituted or unsubstituted. In some embodi-
ments, the aryl is a C,-C,, aryl.

[0115] The term “heteroaryl”, as used herein, refers to
aromatic carbocyclic groups containing one or more het-
eroatoms (O, S, or N) within a ring. A heteroaryl group can
be monocyclic or polycyclic. A heteroaryl group may addi-
tionally be substituted or unsubstituted. The heteroaryl
groups of this invention can also include ring systems
substituted with one or more oxo moieties. A polycyclic
heteroaryl can comprise fused rings, covalently attached
rings or a combination thereof. A polycyclic heteroaryl is a
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polycyclic ring system that comprises at least one aromatic
ring containing one or more heteroatoms within a ring.
Polycyclic aryls can comprise fused rings, covalently
attached rings or a combination thereof. Examples of het-
eroaryl groups include, but are not limited to, pyridinyl,
pyridazinyl, imidazolyl, pyrimidinyl, pyrazolyl, triazolyl,
pyrazinyl, quinolyl, isoquinolyl, tetrazolyl, furyl, thienyl,
isoxazolyl, thiazolyl, oxazolyl, isothiazolyl, pyrrolyl, quino-
linyl, isoquinolinyl, indolyl, benzimidazolyl, benzofuranyl,
cinnolinyl, indazolyl, indolizinyl, phthalazinyl, triazinyl,
isoindolyl, purinyl, oxadiazolyl, thiadiazolyl, furazanyl,
benzofurazanyl, benzothiophenyl, benzotriazolyl, benzothi-
azolyl, benzoxazolyl, quinazolinyl, quinoxalinyl, naphthy-
ridinyl, dihydroquinolyl, tetrahydroquinolyl, dihydroisoqui-
nolyl, tetrahydroisoquinolyl, benzofuryl, furopyridinyl,
pyrolopyrimidinyl, thiazolopyridinyl, oxazolopyridinyl and
azaindolyl. The foregoing heteroaryl groups may be C-at-
tached or heteroatom-attached (where such is possible). For
instance, a group derived from pyrrole may be pyrrol-1-yl
(N-attached) or pyrrol-3-yl (C-attached). In some embodi-
ments, the heteroaryl is 4- to 10-membered heteroaryl.
[0116] The term “substituted” refers to substitution by
independent replacement of one, two, or three or more of the
hydrogen atoms with substituents including, but not limited
to, —C,-C,,alkyl, —C,-C,, alkenyl, —C,-C,, alkynyl,
—C;-C,, cycloalkyl, —C;-C,, cycloalkenyl, C;-C,,
cycloalkynyl, -heterocyclic, —F, —Cl, —Br, —I, —OH,
—NO,, —N,;, —CN, —NH,, oxo, thioxo, —NHR,,
—NR R, dialkylamino, -diarylamino, -diheteroarylamino,
—OR,, —C(O)R,, —C(O)C(O)R,, —OCO,R , —OC(0O)
R,, OC(O)C(O)R,, —NHC(O)R,, —NHCO,R,, —NHC(O)
C(O)R,, NHC(S)NH,, —NHC(S)NHR,, —NHC(NH)NH.,
—NHC(NH)NHR,, —NHC(NH)R,, —C(NH)NHR_, and
(C=NRR,; —NR,C(O)R,, —NR,C(O)N(R,),,
—NR, CO,R,, —NR,C(O)C(OR,, —NR C(S)NH,,
—NR, C(S)NHR,, —NR_ C(NH)NH,, —NR C(NH)NHR_,
—NR CNH)R,, —C(NR )NHR —S(O)R,, —NHSO,R ,
—CH,NH,, —CH,SO,CHj;, -aryl, -arylalkyl, -heteroaryl,
-heteroarylalkyl, -heterocycloalkyl, —C;-C,,-cycloalkyl,
-polyalkoxyalkyl, -polyalkoxy, -methoxymethoxy,
-methoxyethoxy, —SH, —S—R_, or -methylthiomethyl,
wherein R is selected from the group consisting of hydro-
gen, —C,-C,, alkyl, —C,-C,, alkenyl, —C,-C,, alkynyl,
—C;-C,, cycloalkyl, -aryl, -heteroaryl and -heterocyclic
and —R, is selected from the group consisting of hydrogen,
—C,-C,, alkyl, —C,-C,, alkenyl, —C,-C, , alkynyl, —C;-
C,, cycloalkyl, -aryl, -heteroaryl, -heterocyclic, —NH,,
~NH-C,-C,, alkyl, ~NH—C,-C,, alkenyl, ~NH—C,-C, ,-
alkynyl, ~NH—C;-C,, cycloalkyl, ~NH-aryl, ~NH— het-
eroaryl and ~NH-heterocyclic. It is understood that the aryls,
heteroaryls, alkyls, and the like can be further substituted.
[0117] The term “haloalkyl” as used herein refers to an
alkyl group having 1 to (2n+1) substituent(s) independently
selected from F, C1, Br or I, where n is the maximum number
of carbon atoms in the alkyl group.

[0118] As will be understood by the skilled artisan, “H” is
the symbol for hydrogen, “N” is the symbol for nitrogen, “S”
is the symbol for sulfur, and “O” is the symbol for oxygen.
“Me” is an abbreviation for methyl.

[0119] Non-limiting examples of optionally substituted
aryl are phenyl, substituted phenyl, napthyl and substituted
naphthyl.

[0120] Certain of the compounds described herein contain
one or more asymmetric centers and may thus give rise to
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enantiomers, diastereomers, and other stereoisomeric forms
that may be defined, in terms of absolute stereochemistry, as
(R)- or (S)-. The present invention is meant to include all
such possible isomers, including racemic mixtures, optically
pure forms and intermediate mixtures. Optically active (R)-
and (S)-isomers may be prepared using chiral synthons or
chiral reagents, or resolved using conventional techniques.
“Isomers” are different compounds that have the same
molecular formula. “Stereoisomers” are isomers that differ
only in the way the atoms are arranged in space. “Enan-
tiomers™ are a pair of stereoisomers that are non-superim-
posable mirror images of each other. A 1:1 mixture of a pair
of enantiomers is a “racemic” mixture. The term “(x)” is
used to designate a racemic mixture where appropriate.
“Diastereoisomers™ are stereoisomers that have at least two
asymmetric atoms, but which are not mirror-images of each
other. The absolute stereochemistry is specified according to
the Cahn-Ingold-Prelog R-S system. When a compound is a
pure enantiomer the stereochemistry at each chiral carbon
may be specified by either R or S. Resolved compounds
whose absolute configuration is unknown can be designated
(+) or (-) depending on the direction (dextro- or levorota-
tory) which they rotate plane polarized light at the wave-
length of the sodium D line. When the compounds described
herein contain olefinic double bonds or other centers of
geometric asymmetry, and unless specified otherwise, it is
intended that the compounds include both E and Z geometric
isomers. Likewise, all tautomeric forms are also intended to
be included.

[0121] The term “enantiomerically pure” means a stereo-
merically pure composition of a compound. For example, a
stereochemically pure composition is a composition that is
free or substantially free of other stereoisomers of that
compound. In another example, for a compound having one
chiral center, an enantiomerically pure composition of the
compound is free or substantially free of the other enan-
tiomer. In yet another example, for a compound having two
chiral centers, an enantiomerically pure composition is free
or substantially free of the other diastereomers.

[0122] Where a particular stereochemistry is described or
depicted it is intended to mean that a particular enantiomer
is present in excess relative to the other enantiomer. A
compound has an R-configuration at a specific position
when it is present in excess compared to the compound
having an S-configuration at that position. A compound has
an S-configuration at a specific position when it is present in
excess compared to the compound having an R-configura-
tion at that position.

[0123] Likewise, all tautomeric forms are also intended to
be included. Where a particular compound is described or
depicted, it is intended to encompass that chemical structure
as well as tautomers of that structure.

[0124] It is to be understood that atoms making up the
compounds of the present invention are intended to include
isotopic forms of such atoms. Isotopes, as used herein,
include those atoms having the same atomic number but
different mass numbers. Isotopes of hydrogen include, for
example, trititum and deuterium, and isotopes of carbon
include, for example, *C and **C. The invention therefore
encompasses embodiments in which one or more of the
hydrogen atoms in Formula (1), (II), (IIT), (IV), and (V), or
a compound described herein, are replaced with deuterium.
The invention also encompasses embodiments wherein one
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or more of the carbon atoms in Formula (1), (ID), (III), (IV),
and (V), is replaced with silicon atoms.

[0125] The invention additionally encompasses embodi-
ment wherein one or more of the nitrogen atoms in Formula
(D, D), (III), (IV), and (V), or a compound described herein
are oxidized to N-oxide.

[0126] Methods that can be used for the synthesis of the
compounds described herein have been reported in the
literature, for example in: 1) Zhu, L. et al. “Simple Copper
Salt-Catalyzed N-Arylation of Nitrogen-Containing Hetero-
cycles with Aryl and Heteroaryl Halides” J. Org. Chem.
2007, 72, 8535; 2) Zhang, H. et al. “Amino Acid Promoted
Cul-Catalyzed C—N Bond Formation between Aryl Halides
and Amines or N-Containing Heterocycles” J. Org. Chem.
2005, 70, 5164; 3) Murakami, Y. et al. “Chemical confir-
mation of the structure of a mutagenic aminophenylnorhar-
man,  9-(4'-aminophenyl)-9H-pyrido[3.4-b]indole:  an
authentic synthesis of 9-(4'-nitrophenyl)-9H-pyrido|[3,4-b]
indole as its relay compound” Heterocycles, 2010, 80, 455;
4) Wang, L. et al. “Gold-Catalyzed Deacylative Cycloi-
somerization Reactions of 3-Acylindole/ynes: A New
Approach for Carbazole Synthesis” Org. Lett. 2011, 13,
3786; 5) Golubeva, G. A. et al. “Electrophilic substitution in
alkylated 2-aminoindoles” Khimiva Geterotsiklicheskikh
Soedinenii 1985, 7, 946; 6) Sawada, Y. et al. “Eight-
Membered Oxygen Hetercycles by Brook Rearrangement-
mediated [3+4]Annulation” Org. Lett. 2004, 6, 2277; 7)
Aube, J. et al. “Synthetic Aspects of an Asymmetric Nitro-
gen-Insertion Process: Preparation of Chiral, Non-Racemic
Caprolactams and Valerolactams. Total Synthesis of (-)-
Alloyohimbane” J Am. Chem. Soc. 1990,112, 4879; 8)
Antila, J. C. et al. “The Copper-Catalyzed N-Arylation of
Indoles” J Am. Chem. Soc. 2002, 124, 11684; 9) Larock, R.
C. et al. “Synthesis of 2,3-Disubstituted Indoles via Palla-
dium-Catalyzed Annulation of Internal Alkynes” J Org.
Chem. 1998, 63, 7652; 10) Harcken, C. et al. “A general and
efficient synthesis of azaindoles and diazaindoles” Synletr.
2005, 20, 3121; 11) Wei, Y. et al. “Palladium-Catalyzed
Aerobic Oxidative Cyclization of N-Aryl Imines: Indole
Synthesis from Anilines and Ketones” J. Am. Chem. Soc.
2012, 134, 9098; 12) Kaila, N. et al. “Diazine Indole Acetic
Acids as Potent, Selective, and Orally Bioavailable Antago-
nists of Chemoattractant Receptor Homologous Molecule
Expressed on Th2 Cells (CRTH2) for the Treatment of
Allergic Inflammatory Diseases™ J. Med. Chem. 2012, 55,
5088; 13) Carpita, A. et al. “Microwave-assisted synthesis of
indole- and azaindole-derivatives in water via cycloisomer-
ization of 2-alkynylanilines and alkynylpyridinamines pro-
moted by amines or catalytic amounts of neutral or basic
salts” Tetrahedron. 2010, 66, 7169; 14) Pabba, C. et al.
“Microwave-assisted synthesis of 1-aryl-1H-indazoles via
one-pot two-step Cu-catalyzed intramolecular N-arylation
of aryl hydrazones” Tetrahedron Lett. 2005, 46, 7553.

[0127] Exemplary synthetic routes for the preparation of
compounds of the invention are shown in the Schemes I to
IV below. As will be understood by the skilled artisan,
diastereomers can be separated from the reaction mixture
using column chromatography.
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[0128] A copper-catalyzed arylation of substituted indole
or aza-indole of type A with substituted halobezenes affords
intermediate B (Scheme I).'* Additionally, nucleophilic-
aromatic substitution of electron poor benzenes with indole
A affords product B.> A Friedel-Crafts acylation with an acyl
chloride or chloro acetyl chloride, in conjunction with an
aluminum-based Lewis acid and/or pyridine provides com-
pounds X* or A.° In intermediate A the chloride is easily
displaced with a variety of O° and N”-based nucleophiles,
followed in some instances by further modifications, to
provide desired compounds of type E and T, respectively.
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[0129] Indoles and their aza-indole variants (A, Scheme
1I), when treated with substituted halopyridine compounds
in the presence of copper (I) reagents, affords intermediates
1.% Intermediates like 1 can be further modified through
processes analogous to those described above (Scheme 1) to
afford compounds of type K.
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[0130] Substituted indoles and aza-indoles of type A
(Scheme III) are prepared via a Larock indole synthesis from
substituted alkynes and halogenated anilines or aminopyri-
dines of type M.>'° Compounds of type A are also be
prepared directly from compounds of type M by treating
with ketones, copper (II) salts, and palladium (II) salts.'®
Alternatively, compounds of type A are also prepared in a
step-wise fashion from compounds of type M through
Sonogoshira couplings with terminal alkynes to afford com-
pounds of type N,'!'? which are then cyclized by treating
with a base to compounds of type A.'?
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[0131] Indazole compounds of type P will be made via
copper (I)-catalyzed annulations of substituted aldehydes
(11) and substituted aryl hydrazines (0)." Intermediates like
P will be further modified through processes analogous to
those described above (Scheme 1) to afford compounds of
type 2.

[0132] The invention encompasses pharmaceutically
acceptable salts of the compounds described herein. Thus, in
certain aspects, the invention is directed to pharmaceutically
acceptable salts of compounds of the invention and phar-
maceutical compositions thereof. A “pharmaceutically
acceptable salt” includes an ionic bond-containing product
of the reaction between the disclosed compound with either
an acid or a base, suitable for administering to a subject.
Pharmaceutically acceptable salts are well known in the art
and are described, for example, in Berge et al. (1977),
Pharmaceutical Salts. Journal of Pharmaceutical Sciences,
69(1): 1-19, the contents of which are herein incorporated by
reference. A non-limiting example of a pharmaceutically
acceptable salt is an acid salt of a compound containing an
amine or other basic group which can be obtained by
reacting the compound with a suitable organic or inorganic
acid. Examples of pharmaceutically acceptable salts also can
be metallic salts including, but not limited to, sodium,
magnesium, calcium, lithium and aluminum salts. Further
examples of pharmaceutically acceptable salts include
hydrochlorides, hydrobromides, sulfates, methane-
sulfonates, nitrates, maleates, acetates, citrates, fumarates,
tartrates (e.g. (+)-tartrates, (—)-tartrates or mixtures thereof
including racemic mixtures), succinates, trifluoroacetates,
benzoates and salts with amino acids such as glutamic acid.
Salts can also be formed with suitable organic bases when

55

Aug. 3, 2023

the compound comprises an acid functional group such as
—C(O)OH or —SO;H. Such bases suitable for the forma-
tion of a pharmaceutically acceptable base addition salts
with compounds of the present invention include organic
bases that are nontoxic and strong enough to react with the
acid functional group. Such organic bases are well known in
the art and include amino acids such as arginine and lysine,
mono-, di-, and triethanolamine, choline, mono-, di-, and
trialkylamine, such as methylamine, dimethylamine, and
trimethylamine,  guanidine, = N-benzylphenethylamine,
N-methylglucosamine, N-methylpiperazine, morpholine,
ethylendiamine, tris(hydroxymethyl)aminomethane and the
like.

[0133] The invention also includes hydrates of the com-
pounds described herein, including, for example, solvates of
the compounds described herein, pharmaceutical composi-
tions comprising the solvates and methods of use of the
solvates. In some embodiments, the invention is a solvate of
a compound of Formula (I), (II), (IIT), (IV), or (V), or a
compound described herein, or a pharmaceutical composi-
tion thereof.

[0134] Also included in the present invention are prodrugs
of the compounds described herein, for example, prodrugs
of' a compound of Formula (I), (I), (III), (IV), or (V), or a
compound described herein, or a pharmaceutical composi-
tion of any of thereof or method of use of the prodrug.
[0135] The invention additionally includes clathrates of
the compounds described herein, pharmaceutical composi-
tions comprising the clathrates, and methods of use of the
clathrates.

[0136] In some embodiments, the invention is directed to
clathrates of a compound of Formula (I), (II), (III), (IV), or
(V), or a compound described herein, or a pharmaceutical
composition thereof.

[0137] The invention encompasses a method of inhibiting
deubiquitination activity of a Uspl4 protein comprising
contacting the Uspl4 protein with a compound described
herein, or a pharmaceutically acceptable salt, solvate, cla-
thrate or prodrug thereof, in an amount sufficient to inhibit
deubiquitination activity of the Uspl4 protein. In certain
embodiments, a cell is contacted with the compound
described herein or a pharmaceutically acceptable salt, sol-
vate, clathrate or prodrug thereof, in an amount sufficient to
inhibit deubiquitination activity of the Uspl4 protein.
[0138] The invention also encompasses a method of
enhancing protein degradation by a proteasome in a cell
comprising contacting the cell with a compound of a com-
pound described herein, or a pharmaceutically acceptable
salt, solvate, clathrate or prodrug thereof, in an amount
sufficient to enhance protein degradation by the proteasome.
[0139] As discussed above, the invention includes phar-
maceutical compositions comprising a pharmaceutically
acceptable carrier or excipient and a compound described
herein. The compounds of Formulae (), (1), (III), IV), and
(V), or a pharmaceutically acceptable salt, solvate, clathrate
or prodrug, or a compound described herein, can be admin-
istered in pharmaceutical compositions comprising a phar-
maceutically acceptable carrier or excipient. The excipient
can be chosen based on the expected route of administration
of the composition in therapeutic applications. The route of
administration of the composition depends on the condition
to be treated. For example, intravenous injection may be
preferred for treatment of a systemic disorder and oral
administration may be preferred to treat a gastrointestinal
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disorder. The route of administration and the dosage of the
composition to be administered can be determined by the
skilled artisan without undue experimentation in conjunc-
tion with standard dose-response studies. Relevant circum-
stances to be considered in making those determinations
include the condition or conditions to be treated, the choice
of composition to be administered, the age, weight, and
response of the individual patient, and the severity of the
patient’s symptoms.

[0140] Pharmaceutical compositions comprising com-
pounds of Formulae (I), (II), (III), (IV), and (V), or a
pharmaceutically acceptable salt, solvate, clathrate or prod-
rug, or acompound described herein, can be administered by
a variety of routes including, but not limited to, parenteral,
oral, pulmonary, ophthalmic, nasal, rectal, vaginal, aural,
topical, buccal, transdermal, intravenous, intramuscular,
subcutaneous, intradermal, intraocular, intracerebral,
intralymphatic, intraarticular, intrathecal and intraperitoneal.
[0141] The compositions can also include, depending on
the formulation desired, pharmaceutically-acceptable, non-
toxic carriers or diluents, which are defined as vehicles
commonly used to formulate pharmaceutical compositions
for animal or human administration. The diluent is selected
so as not to affect the biological activity of the pharmaco-
logic agent or composition. Examples of such diluents are
distilled water, physiological phosphate-buffered saline,
Ringer’s solutions, dextrose solution, and Hank’s solution.
In addition, the pharmaceutical composition or formulation
may also include other carriers, adjuvants, or nontoxic,
nontherapeutic, nonimmunogenic stabilizers and the like.
Pharmaceutical compositions can also include large, slowly
metabolized macromolecules such as proteins, polysaccha-
rides such as chitosan, polylactic acids, polyglycolic acids
and copolymers (such as latex functionalized SEPHAR-
OSE™, agarose, cellulose, and the like), polymeric amino
acids, amino acid copolymers, and lipid aggregates (such as
oil droplets or liposomes).

[0142] The compositions can be administered parenterally
such as, for example, by intravenous, intramuscular, intrath-
ecal or subcutaneous injection. Parenteral administration can
be accomplished by incorporating a composition into a
solution or suspension. Such solutions or suspensions may
also include sterile diluents such as water for injection,
saline solution, fixed oils, polyethylene glycols, glycerine,
propylene glycol or other synthetic solvents. Parenteral
formulations may also include antibacterial agents such as,
for example, benzyl alcohol or methyl parabens, antioxi-
dants such as, for example, ascorbic acid or sodium bisulfite
and chelating agents such as EDTA. Buffers such as acetates,
citrates or phosphates and agents for the adjustment of
tonicity such as sodium chloride or dextrose may also be
added. The parenteral preparation can be enclosed in
ampules, disposable syringes or multiple dose vials made of
glass or plastic.

[0143] Additionally, auxiliary substances, such as wetting
or emulsifying agents, surfactants, pH buffering substances
and the like can be present in compositions. Other compo-
nents of pharmaceutical compositions are those of petro-
leum, animal, vegetable, or synthetic origin, for example,
peanut oil, soybean oil, and mineral oil. In general, glycols
such as propylene glycol or polyethylene glycol are pre-
ferred liquid carriers, particularly for injectable solutions.
[0144] Injectable formulations can be prepared either as
liquid solutions or suspensions; solid forms suitable for
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solution in, or suspension in, liquid vehicles prior to injec-
tion can also be prepared. The preparation also can also be
emulsified or encapsulated in liposomes or micro particles
such as polylactide, polyglycolide, or copolymer for
enhanced adjuvant effect, as discussed above [Langer, Sci-
ence 249: 1527, 1990 and Hanes, Advanced Drug Delivery
Reviews 28: 97-119, 1997]. The compositions and pharma-
cologic agents described herein can be administered in the
form of a depot injection or implant preparation which can
be formulated in such a manner as to permit a sustained or
pulsatile release of the active ingredient.

[0145] Additional formulations suitable for other modes
of administration include oral, intranasal, and pulmonary
formulations, suppositories, transdermal applications and
ocular delivery. For suppositories, binders and carriers
include, for example, polyalkylene glycols or triglycerides;
such suppositories can be formed from mixtures containing
the active ingredient in the range of about 0.5% to about
10%, preferably about 1% to about 2%. Oral formulations
include excipients, such as pharmaceutical grades of man-
nitol, lactose, starch, magnesium stearate, sodium saccha-
rine, cellulose, and magnesium carbonate. Topical applica-
tion can result in transdermal or intradermal delivery.
Transdermal delivery can be achieved using a skin patch or
using transferosomes. [Paul et al., Eur. J. Immunol. 25:
3521-24, 1995; Cevc et al., Biochem. Biophys. Acta 1368:
201-15, 1998].

[0146] For the purpose of oral therapeutic administration,
the pharmaceutical compositions can be incorporated with
excipients and used in the form of tablets, troches, capsules,
elixirs, suspensions, syrups, wafers, chewing gums and the
like. Tablets, pills, capsules, troches and the like may also
contain binders, excipients, disintegrating agent, lubricants,
glidants, sweetening agents, and flavoring agents. Some
examples of binders include microcrystalline cellulose, gum
tragacanth or gelatin. Examples of excipients include starch
or lactose. Some examples of disintegrating agents include
alginic acid, corn starch and the like. Examples of lubricants
include magnesium stearate or potassium stearate. An
example of a glidant is colloidal silicon dioxide. Some
examples of sweetening agents include sucrose, saccharin
and the like. Examples of flavoring agents include pepper-
mint, methyl salicylate, orange flavoring and the like. Mate-
rials used in preparing these various compositions should be
pharmaceutically pure and non-toxic in the amounts used. In
another embodiment, the composition is administered as a
tablet or a capsule.

[0147] Various other materials may be present as coatings
or to modify the physical form of the dosage unit. For
instance, tablets may be coated with shellac, sugar or both.
A syrup or elixir may contain, in addition to the active
ingredient, sucrose as a sweetening agent, methyl and pro-
pylparabens as preservatives, a dye and a flavoring such as
cherry or orange flavor, and the like. For vaginal adminis-
tration, a pharmaceutical composition may be presented as
pessaries, tampons, creams, gels, pastes, foams or spray.
[0148] The pharmaceutical composition can also be
administered by nasal administration. As used herein,
nasally administering or nasal administration includes
administering the composition to the mucus membranes of
the nasal passage or nasal cavity of the patient. As used
herein, pharmaceutical compositions for nasal administra-
tion of a composition include therapeutically effective
amounts of the compounds prepared by well-known meth-
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ods to be administered, for example, as a nasal spray, nasal
drop, suspension, gel, ointment, cream or powder. Admin-
istration of the composition may also take place using a
nasal tampon or nasal sponge.

[0149] For topical administration, suitable formulations
may include biocompatible oil, wax, gel, powder, polymer,
or other liquid or solid carriers. Such formulations may be
administered by applying directly to affected tissues, for
example, a liquid formulation to treat infection of conjunc-
tival tissue can be administered dropwise to the subject’s
eye, or a cream formulation can be administered to the skin.
[0150] Rectal administration includes administering the
pharmaceutical compositions into the rectum or large intes-
tine. This can be accomplished using suppositories or
enemas. Suppository formulations can easily be made by
methods known in the art. For example, suppository formu-
lations can be prepared by heating glycerin to about 120° C.,
dissolving the pharmaceutical composition in the glycerin,
mixing the heated glycerin after which purified water may
be added, and pouring the hot mixture into a suppository
mold.

[0151] Transdermal administration includes percutaneous
absorption of the composition through the skin. Transdermal
formulations include patches, ointments, creams, gels,
salves and the like.

[0152] In addition to the usual meaning of administering
the formulations described herein to any part, tissue or organ
whose primary function is gas exchange with the external
environment, for purposes of the present invention, “pul-
monary” will also mean to include a tissue or cavity that is
contingent to the respiratory tract, in particular, the sinuses.
For pulmonary administration, an aerosol formulation con-
taining the active agent, a manual pump spray, nebulizer or
pressurized metered-dose inhaler as well as dry powder
formulations are contemplated. Suitable formulations of this
type can also include other agents, such as antistatic agents,
to maintain the disclosed compounds as effective aerosols.
[0153] A drug delivery device for delivering aerosols
comprises a suitable aerosol canister with a metering valve
containing a pharmaceutical aerosol formulation as
described and an actuator housing adapted to hold the
canister and allow for drug delivery. The canister in the drug
delivery device has a head space representing greater than
about 15% of the total volume of the canister. Often, the
compound intended for pulmonary administration is dis-
solved, suspended or emulsified in a mixture of a solvent,
surfactant and propellant. The mixture is maintained under
pressure in a canister that has been sealed with a metering
valve.

[0154] The invention also encompasses a method of treat-
ing a patient suffering from a condition associated with a
dysfunction in protein homeostasis comprising administer-
ing to said patient a therapeutically effective amount of a
compound described herein.

[0155] “Treating” or “treatment” includes preventing or
delaying the onset of the symptoms, complications, or
biochemical indicia of a disease, alleviating or ameliorating
the symptoms or arresting or inhibiting further development
of the disease, condition, or disorder. A “subject” is an
animal to be treated or in need of treatment. A “patient” is
a human subject in need of treatment.

[0156] An “effective amount” refers to that amount of an
agent that is sufficient to achieve a desired and/or recited
effect. In the context of a therapeutic agent, an “effective
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amount” of the therapeutic agent that is sufficient to ame-
liorate of one or more symptoms of a disorder and/or prevent
advancement of a disorder, cause regression of the disorder
and/or to achieve a desired effect.

[0157] As used herein, the term “inhibiting” or “decreas-
ing” encompasses causing a net decrease by either direct or
indirect means. The term “increasing” or “enhancing”
means to cause a net gain by either direct or indirect means.
[0158] The invention encompasses the treatment of a
condition associated with a dysfunction in proteostasis.
Proteostasis refers to protein homeostasis. Dysfunction in
protein homeostasis is a result of protein misfolding, protein
aggregation, defective protein trafficking or protein degra-
dation. Exemplary proteins of which there can be a dys-
function in proteostasis, for example that can exist in a
misfolded state, include, but are not limited to, glucocer-
ebrosidase, hexosamine A, cystic fibrosis transmembrane
conductance regulator, aspartylglucsaminidase, a-galactosi-
dase A, cysteine transporter, acid ceremidase, acid a-L-
fucosidase, protective protein, cathepsin A, acid f-glucosi-
dase, acid f-galactosidase, iduronate 2-sulfatase, a-L-
iduronidase, galactocerebrosidase, acid a-mannosidase, acid
[-mannosidase, arylsulfatase B, arylsulfatase A, N-acetyl-
galactosamine-6-sulfate sulfatase, acid [-galactosidase,
N-acetylglucosamine-1-phosphotransferase, acid sphingmy-
elinase, NPC-1, acid a-glucosidase, -hexosamine B, hepa-
rin N-sulfatase, a-N-acetylglucosaminidase, c.-glucosamin-
ide N-acetyltransferase, N-acetylglucosamine-6-sulfate
sulfatase, a-N-acetylgalactosaminidase, islet amyloid poly-
peptide (IAPP or amylin), a-neuramidase, -glucuronidase,
p-hexosamine A and acid lipase, polyglutamine, o-sy-
nuclein, Af peptide, tau protein, transthyretin, insulin, TAR
DNA-binding protein 43 (TDP-43), ataxin-3, superoxide
dismutase (SOD), and rhodopsin.

[0159] In certain embodiments, the protein is selected
from the group consisting of huntingtin, tau, alpha-sy-
nuclein, al anti-trypsin and superoxide dismutase.

[0160] Protein conformational diseases encompass gain of
function disorders and loss of function disorders. In one
embodiment, the protein conformational disease is a gain of
function disorder. The terms “gain of function disorder,”
“gain of function disease,” “gain of toxic function disorder”
and “gain of toxic function disease” are used interchange-
ably herein. A gain of function disorder is a disease char-
acterized by increased aggregation-associated proteotoxic-
ity. In these diseases, aggregation exceeds clearance inside
and/or outside of the cell. Gain of function diseases include,
but are not limited to neurodegenerative diseases associated
with aggregation of polyglutamine, Lewy body diseases,
amyotrophic lateral sclerosis, transthyretin-associated
aggregation diseases, Alzheimer’s disease, Machado-Joseph
disease, cerebral B-amyloid angiopathy, retinal ganglion cell
degeneration, tautopathies (progressive supranuclear palsy,
corticobasal degeneration, frontotemporal lobar degenera-
tion), cerebral hemorrhage with amyloidosis, Alexander
disease, Serpinopathies, familial amyloidotic neuropathy,
senile systemic amyloidosis, ApoAl amyloidosis, ApoAll
amyloidosis, ApoAIV amyloidosis, familial amyloidosis of
the Finnish type, lysoyzme amyloidosis, fibrinogen amyloi-
dosis, dialysis amyloidosis, inclusion body myositis/myopa-
thy, cataracts, medullary thyroid carcinoma, cardiac atrial
amyloidosis, pituitary prolactinoma, hereditary lattice cor-
neal dystrophy, cutaneous lichen amyloidosis, corneal lac-
toferrin amyloidosis, corneal lactoferrin amyloidosis, pul-
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monary alveolar proteinosis, odontogenic tumor amyloid,
seminal vesical amyloid, sickle cell disease, critical illness
myopathy, von Hippel-Lindau disease, spinocerebellar
ataxia 1, Angelman syndrome, giant axon neuropathy, inclu-
sion body myopathy with Paget disease of bone, frontotem-
poral dementia (IBMPFD) and prion diseases. Neurodegen-
erative disecases associated with aggregation of
polyglutamine include, but are not limited to, Huntington’s
disease, dentatorubral and pallidoluysian atrophy, several
forms of spino-cerebellar ataxia, and spinal and bulbar
muscular atrophy. Alzheimer’s disease is characterized by
the formation of two types of aggregates: extracellular
aggregates of AP peptide and intracellular aggregates of the
microtubule associated protein tau. Transthyretin-associated
aggregation diseases include, for example, senile systemic
amyloidoses and familial amyloidotic neuropathy. Lewy
body diseases are characterized by an aggregation of a.-sy-
nuclein protein and include, for example, Parkinson’s dis-
ease. Prion diseases (also known as transmissible spongi-
form encephalopathies or TSEs) are characterized by
aggregation of prion proteins. Exemplary human prion dis-
eases are Creutzfeldt-Jakob Disease (CID), Variant
Creutzfeldt-Jakob Disease, Gerstmann-Straussler-Scheinker
Syndrome, Fatal Familial Insomnia and Kuru. Additional
neurodegenerative diseases include tauopathies, Frontal
Lobe Dementia (FLD), Dementias (including, but not lim-
ited to, Dementia with Lewy bodies (DLB), familial demen-
tia, Serpinopathies, Down’s Syndrome dementia), Multiple
Sclerosis, and Neuropathic pain.

[0161] In a further embodiment, the protein conformation
disease is a loss of function disorder. The terms “loss of
function disease” and “loss of function disorder” are used
interchangeably herein. Loss of function diseases are a
group of diseases characterized by inefficient folding of a
protein resulting in excessive degradation of the protein.
Loss of function diseases include, for example, lysosomal
storage diseases. Lysosomal storage diseases are a group of
diseases characterized by a specific lysosomal enzyme defi-
ciency which may occur in a variety of tissues, resulting in
the build-up of molecules normally degraded by the defi-
cient enzyme. The lysosomal enzyme deficiency can be in a
lysosomal hydrolase or a protein involved in the lysosomal
trafficking. Lysosomal storage diseases include, but are not
limited to, aspartylglucosaminuria, Fabry’s disease, Batten
disease, Cystinosis, Farber, Fucosidosis, Galactasidosialido-
sis, Gaucher’s disease (including Types 1, 2 and 3), Gm1
gangliosidosis, Hunter’s disease, Hurler-Scheie’s disease,
Krabbe’s disease, a.-Mannosidosis, -Mannosidosis, Maro-
teaux-Lamy’s disease, Metachromatic Leukodystrophy,
Morquio A syndrome, Morquio B syndrome, Mucolipidosis
II, Mucolipidosis III, Neimann-Pick Disease (including
Types A, B and C), Pompe’s disease, Sandhoff disease,
Sanfilippo syndrome (including Types A, B, C and D),
Schindler disease, Schindler-Kanzaki disease, Sialidosis,
Sly syndrome, Tay-Sach’s disease and Wolman disease.

[0162] In yet an additional embodiment, the disease asso-
ciated with a dysfunction in proteostasis is a myopathy. In
some embodiments, the myopathy is selected from the group
consisting of Duchenne muscular dystrophy (DMD), Beck-
er’s muscular dystrophy (BMD), Spinal muscular atrophy
(SMA), Spinal-Bulbar Muscular Atrophy (SBMA), Inclu-
sion body myositis, Freidreich’s Ataxia, multiple systems
atrophy, spinocerebellar ataxias and seipinopathies.
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[0163] Inanother embodiment, the disease associated with
a dysfunction in proteostasis is a cardiovascular disease.
Cardiovascular diseases include, but are not limited to,
coronary artery disease, myocardial infarction, stroke, rest-
enosis and arteriosclerosis. Conditions associated with a
dysfunction of proteostasis also include ischemic conditions,
such as, ischemia/reperfusion injury, myocardial ischemia,
stable angina, unstable angina, stroke, ischemic heart dis-
ease and cerebral ischemia.

[0164] In yet another embodiment, the disease associated
with a dysfunction in proteostasis is diabetes and/or com-
plications of diabetes, including, but not limited to, diabetic
retinopathy, cardiomyopathy, neuropathy, nephropathy, and
impaired wound healing.

[0165] In a further embodiment, the disease associated
with a dysfunction in proteostasis is an ocular disease
including, but not limited to, age-related macular degenera-
tion (AMD), diabetic macular edema (DME), diabetic ret-
inopathy, glaucoma, cataracts, retinitis pigmentosa (RP) and
dry macular degeneration.

[0166] In some embodiments, the condition associated
with a dysfunction in proteostasis is selected from the group
consisting of Huntington’s disease, Alzheimer’s disease,
Parkinson’s disease, amyotrophic lateral sclerosis, diabetes
and complications thereof, ocular diseases and cancer or
tumor.

[0167] Additional conditions associated with a dysfunc-
tion of proteostasis include hemoglobinopathies, inflamma-
tory diseases, intermediate filament diseases, drug-induced
lung damage and hearing loss. The invention also encom-
passes methods for the treatment of hemoglobinopathies
(such as sickle cell anemia), an inflammatory disease (such
as inflammatory bowel disease, colitis, ankylosing spondy-
litis), intermediate filament diseases (such as non-alcoholic
and alcoholic fatty liver disease) and drug induced lung
damage (such as methotrexate-induced lung damage). The
invention additionally encompasses methods for treating
hearing loss, such as noise-induced hearing loss, aminogly-
coside-induced hearing loss, and cisplatin-induced hearing
loss.

[0168] Inaddition to conditions associated with a dysfunc-
tion in proteostasis, the compound of the present invention
can be used to treat a disease or condition characterized by
deficient proteasome activity or deficient activity of other
components of the ubiquitin-proteasome pathway. Such
conditions include, for example, Hippel-Lindau disease,
spino-cerebellar ataxia 1, Angelman syndrome, giant axon
neuropathy, inclusion body myopathy with Paget disease,
and frontotemporal dementia.

[0169] In certain embodiments, the invention encom-
passes a method for the treatment of a condition selected
from the group consisting of Parkinson’s disease, Alzheim-
er’s disease, Frontotemporal lobar dementia (FTLD), Pro-
gressive Supranuclear Palsy (PSP), Amyotrophic lateral
sclerosis (ALS), Spinocerebellar ataxia (SCA), Retinitis
pigmentosum, prion diseases and autism.

[0170] In certain embodiments, the invention includes
methods for the treatment of a condition associated with a
dysfunction in proteostasis comprising administering to a
patient in need thereof an effective amount of a compound
of Formula (1), (ID), (IIT), AV), or (V), or a pharmaceutically
acceptable salt, solvate, clathrate or prodrug, or the com-
pounds described herein, and a second agent (e.g., a second
therapeutic agent). Co-administered agents, compounds, or
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therapeutics need not be administered at exactly the same
time. In certain embodiments, however, the compound
encompassed by Formula (I), (II), (IID), (IV), or (V), or a
pharmaceutically acceptable salt, solvate, clathrate or prod-
rug, or a compound described herein, is administered sub-
stantially simultaneously as the second agent. By “substan-
tially simultaneously,” it is meant that the compound of (I),
(ID), (IID), (IV), or (V), or a pharmaceutically acceptable salt,
solvate, clathrate or prodrug, or a compound described
herein, is administered before, at the same time, and/or after
the administration of the second agent, and encompasses, for
example, administration within the same treatment session
or as part of the same treatment regimen. Exemplary second
agents include pharmacologic chaperones and proteostasis
regulators (such as, those described below).

[0171] In yet additional aspects, the invention encom-
passes a method for treating a condition characterized by
deficient proteasome activity or deficiency of other compo-
nents of the ubiquitin-proteasome pathway in a subject
comprising administering to said subject an effective amount
of a compound of the invention, or a pharmaceutically
acceptable salt, solvate, clathrate or prodrug thereof.
[0172] In an additional embodiment, the invention is
directed to a pharmaceutical composition comprising a
compound of (1), (I), (III), (IV), or (V), or a pharmaceuti-
cally acceptable salt, solvate, clathrate or prodrug thereof, or
a compound described herein, and a second agent, wherein
the second agent is selected from the group consisting of a
pharmacologic chaperone and a proteostasis regulator. The
invention also encompasses a method of treating a patient
suffering from a condition associated with a dysfunction in
proteostasis comprising administering a therapeutically
effective amount of a compound of the invention and a
second agent, wherein the second agent is a pharmacologic
chaperone.

[0173] Pharmacologic chaperones or kinetic stabilizers
refer to compounds that bind an existing steady state level of
the folded mutant protein and chemically enhance the fold-
ing equilibrium by stabilizing the fold [Bouvier, Chem Biol
14: 241-242, 2007, Fan et al., Nat Med 5: 112-115, 1999;
Sawkar et al., Proc Natl Acad Sci USA 99:15428-15433,
2002; Johnson and Kelly, Accounts of Chemical Research
38:911-921, 2005]. The pharmacologic chaperone is admin-
istered in amount that in combination with a compound
described herein in an amount that is sufficient to treat a
patient suffering from a condition associated with a dys-
function in proteostasis. Exemplary pharmacologic chaper-
ones are described in U.S. Patent Application Publication
No’s. 20080056994, 20080009516, 20070281975,
20050130972, 20050137223, 20050203019, 20060264467
and 20060287358, the contents of each of which are incor-
porated by reference herein.

[0174] In another embodiment, the invention is a method
of treating a patient suffering from a condition associated
with a dysfunction in proteostasis comprising administering
to said patient an effective amount of a compound described
herein or a pharmaceutically acceptable salt, solvate, clath-
rate or prodrug, of any of thereof, and a second agent,
wherein the second agent is a proteostasis regulator. The
term “proteostasis regulator” refers to small molecules,
siRNA and biologicals (including, for example, proteins)
that enhance cellular protein homeostasis. For example,
proteostasis regulators can be agents that influence protein
synthesis, folding, trafficking and degradation pathways.
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Proteostasis regulators encompass pharmacologic agents
that stimulate the heat shock response (HSR) signaling
activity. Proteostasis regulators function by manipulating
signaling pathways, including, but not limited to, the heat
shock response or the unfolded protein response, or both,
resulting in transcription and translation of proteostasis
network components. Proteostasis regulators can enhance
the folding, trafficking and function of proteins (for
example, mutated proteins). Proteostasis regulators can also
regulate protein chaperones by upregulating transcription or
translation of the protein chaperone, or inhibiting degrada-
tion of the protein chaperone. Proteostasis regulators can
influence the biology of folding, often by the coordinated
increase in chaperone and folding enzyme levels and mac-
romolecules that bind to partially folded conformational
ensembles, thus enabling their progression to intermediates
with more native structure and ultimately increasing the
concentration of folded mutant protein for export. In one
aspect, the proteostasis regulator is distinct from a chaperone
in that the proteostasis regulator can enhance the homeosta-
sis of a mutated protein but does not bind the mutated
protein. In addition, proteostasis regulators can upregulate
an aggregation pathway or a disaggregase activity. Exem-
plary proteostasis regulators are the celastrols, MG-132 and
L-type Ca®* channel blockers (e.g., dilitiazem and vera-
pamil). The term “celastrols” refers to celastrol and deriva-
tives or analogs thereof, including, but not limited to, those
celastrol derivatives described in Westerheide et al., J Biol
Chem, 2004. 279(53): p. 56053-60, the contents of which
are expressly incorporated by reference herein. Celastrol
derivatives include, for example, celastrol methyl ester,
dihydrocelastrol diacetate, celastrol butyl ether, dihydro-
celastrol, celastrol benzyl ester, primesterol, primesterol
diacetate and triacetate of celastrol. In certain aspects, the
proteostasis regulator is a heat shock response activator. A
heat shock response activator is an agent that indirectly or
directly activates the heat shock response, for example, by
directly or indirectly activating heat shock transcription
factor 1 (HSF1), inhibiting Hsp90, and/or activating chap-
erone expression (Westerheide et al., J Biol Chem, 2004.
279(53): p. 56053-60, the contents of which are expressly
incorporated by reference herein). The terms “heat shock
response activator,” “heat shock activator,” “heat shock
response inducer,” and “heat shock inducer” are used inter-
changeably herein. Non-limiting examples of heat shock
response activators are celastrols, non-steroidal anti-inflam-
matory drugs, ansamycin, geldenamycin, radiciol, glu-
curonic acid, and tributylin. Heat shock response activators
have also been described, for example, in U.S. Patent
Application Publication No’s. 20070259820, 20070207992,
20070179087, 20060148767, the contents of each of which
are expressly incorporated by reference herein. In some
embodiments, the heat shock response activator is a small
molecule heat shock response activator.

[0175] The invention also encompasses a method of treat-
ing cancer or a tumor in a patient in need thereof comprising
administering to said patient an effective amount of a
compound of Formula (I), (II), (III), AV), or (V), or a
compound described herein or a pharmaceutically accept-
able salt, solvate, clathrate or prodrug, of any of thereof. The
invention additionally encompasses a method of treating
cancer or a tumor in a patient in need thereof comprising
administering to said patient an effective amount of a
compound described herein. Cancers that can be treated
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according to methods of the present invention include, but
are not limited to, breast cancer, colon cancer, pancreatic
cancer, prostate cancer, lung cancer, ovarian cancer, cervical
cancer, multiple myeloma, basal cell carcinoma, neuroblas-
toma, hematologic cancer, rhabdomyosarcoma, liver cancer,
skin cancer, leukemia, basal cell carcinoma, bladder cancer,
endometrial cancer, glioma, lymphoma, and gastrointestinal
cancer.

[0176] In another embodiment, the invention is a method
of treating cancer or a tumor comprising administering a
compound of Formula (I), (II), (II), (IV), or (V), or a
compound described herein or a pharmaceutically accept-
able salt, solvate, clathrate or prodrug, or any of thereof, in
combination with the administration of a chemotherapeutic
agent. Chemotherapeutic agents that can be utilized include,
but are not limited to, alkylating agents such as cyclospho-
sphamide (CYTOXAN®); alkyl sulfonates such as busul-
fan, improsulfan and piposulfan; aziridines such as benzo-
dopa, carboquone, meturedopa, and uredopa; ethylenimines
and methylamelamines including altretamine, triethylen-
emelamine, trietylenephosphoramide, triethylenethiophos-
phaoramide and trimethylolomelamine; nitrogen mustards
such as chlorambucil, chlomaphazine, cholophosphamide,
estramustine, ifosfamide, mechlorethamine, mechlore-
thamine oxide hydrochloride, melphalan, novembichin,
phenesterine, prednimustine, trofosfamide, uracil mustard;
nitrosureas such as carmustine, chlorozotocin, fotemustine,
lomustine, nimustine, ranimustine; antibiotics such as acla-
cinomysins, actinomycin, authramycin, azaserine, bleomy-
cins, cactinomycin, calicheamicin, carabicin, carminomy-
cin, carzinophilin, chromomycins, dactinomycin,
daunorubicin, detorubicin, 6-diazo-5-oxo-L-norleucine,
doxorubicin, epirubicin, esorubicin, idarubicin, marcello-
mycin, mitomycins, mycophenolic acid, nogalamycin,
olivomycins, peplomycin, potfiromycin, puromycin, que-
lamycin, rodorubicin, streptonigrin, streptozocin, tubercidin,
ubenimex, zinostatin, zorubicin; anti-metabolites such as
methotrexate and 5-fluorouracil (5-FU); folic acid analogues
such as denopterin, methotrexate, pteropterin, trimetrexate;
purine analogs such as fludarabine, 6-mercaptopurine, thia-
miprine, thioguanine; pyrimidine analogs such as ancit-
abine, azacitidine, 6-azauridine, carmofur, cytarabine, dide-
oxyuridine, doxifluridine, enocitabine, floxuridine;
androgens such as calusterone, dromostanolone propionate,
epitiostanol, mepitiostane, testolactone; anti-adrenals such
as aminoglutethimide, mitotane, trilostane; folic acid replen-
isher such as frolinic acid; aceglatone; aldophosphamide
glycoside; aminolevulinic acid; amsacrine; bestrabucil;
bisantrene; edatraxate; defofamine; demecolcine; diazi-
quone; elfomithine; elliptinium acetate; etoglucid; gallium
nitrate; hydroxyurea; lentinan; lonidamine; mitoguazone;
mitoxantrone; mopidamol; nitracrine; pentostatin; phe-
namet; pirarubicin; podophyllinic acid; 2-ethylhydrazide;
procarbazine; PSK®; razoxane; sizofiran; spirogermanium;
tenuazonic acid; triaziquone; 2,2',2"-trichlorotriethylamine;
urethan; vindesine; dacarbazine; mannomustine; mitobroni-
tol; mitolactol; pipobroman; gacytosine; arabinoside (“Ara-
C”); cyclophosphamide; thiotepa; taxanes, e.g. paclitaxel
(TAXOL®, Bristol-Myers Squibb Oncology, Princeton,
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N.J.) and docetaxel (TAXOTERE®; Aventis Antony,
France); chlorambucil; gemcitabine; 6-thioguanine; mercap-
topurine; methotrexate; platinum analogs such as cisplatin
and carboplatin; vinblastine; platinum; etoposide (VP-16);
ifosfamide; mitomycin C; mitoxantrone; vincristine; vinore-
Ibine; navelbine; novantrone; teniposide; daunomycin; ami-
nopterin; xeloda; ibandronate; CPT-11; topoisomerase
inhibitor RFS 2000; difluoromethylomithine (DMFO); ret-
inoic acid; esperamicins; capecitabine; and pharmaceuti-
cally acceptable salts, acids or derivatives of any of the
above. Also included in this definition are anti-hormonal
agents that act to regulate or inhibit hormone action on
tumors such as anti-estrogens including for example tamox-
ifen, raloxifene, aromatase inhibiting 4(5)-imidazoles, 4-hy-
droxytamoxifen, trioxifene, keoxifene, L'Y 117018, onapris-
tone, and toremifene (Fareston); and anti-androgens such as
flutamide, nilutamide, bicalutamide, leuprolide, and goser-
elin; and pharmaceutically acceptable salts, acids or deriva-
tives of any of the above.

[0177] In a further embodiment, the invention is a method
of treating cancer or a tumor comprising administering to a
patient in need thereof an effective amount of a compound
of Formula (I), (), (II), (IV), or (V), or a compound
described herein or a pharmaceutically acceptable salt, sol-
vate, clathrate or prodrug, of any of thereof, in combination
with radiation therapy.

[0178] In yet an additional embodiment, the invention is a
method of treating a viral infection comprising administer-
ing to a subject in need thereof an effective amount of a
compound of Formula (I), (II), (III), AV), or (V), or a
compound described herein or a pharmaceutically accept-
able salt, solvate, clathrate or prodrug, or any of thereof. In
certain embodiments, the viral infection is an infection from
a virus of the flavivirus family. Examples of viruses in the
flavivirus family include, for example, Dengue virus, West
Nile virus, Japanese encephalitis virus, yellow fever virus
and tick-borne encephalitis viruses. In an additional embodi-
ment, the virus is the La Crosse virus. In another embodi-
ment, the virus is Dengue virus or West Nile virus.

[0179] The invention is illustrated by the following
examples which are not meant to be limiting in any way.

EXEMPLIFICATION

General Synthetic Route 1

[0180]
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[0181] Method of Preparing Intermediate B: In a sealed
tube, a mixture of aniline A (1 equiv. 0.046 mol), anhydrous
copper(ll) acetate (2 equiv.), palladium(Il) acetate (0.02
equiv.) and acetone (1.8 M relative to aniline A) in dimeth-
ylsulfoxide (1.8 M relative to aniline A) is heated at 90° C.
The progress of the reaction is monitored by TLC and
HPLC. After cooling to room temperature, the reaction
mixture is poured into cold water and then extracted with
ethyl acetate. The organic layer is separated and then washed
with water and brine. The organic layer is dried over
anhydrous sodium sulfate and concentrated under reduced
pressure to afford the crude product mixture, which is
purified by column chromatography on (100-200 mesh)
silica gel to afford intermediate B.

[0182] Method of Preparing General Intermediate C: In a
sealed tube, a mixture of a substituted 2-methylindole (1
equiv.) or substituted indole B (1 equiv.), copper (1) iodide
(0.05 equiv.), and potassium phosphate (1.70 equiv.) in
1,4-dioxane (0.2 M) is sparged with nitrogen gas for 0.5 h.
Then trans-(+/-)-1,2-cyclohexanediamine (0.05 equiv.) and
aryl halide (1 equiv.) are then added to the flask at room
temperature and the resulting reaction mixture is heated at
110° C. for one to two days. After cooling to room tem-
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perature, the reaction mixture is filtered through celite and
the filter pad is washed with ethyl acetate. The filtrate is
concentrated to afford the crude product mixture, which is
purified by column chromatography on silica gel (100-200
mesh) to intermediate C.

[0183] Alternative Method of Preparing General Interme-
diate C: A mixture of a substituted 2-methylindole B (1
equiv.) or alternatively substituted indole B (1 equiv.),
4-fluoro substituted benzene (2 equiv.), 18-crown-6 (2
equiv.) and 37%-potassium fluoride/aluminum oxide (15:1
w/w relative to indole) in dimethylsulfoxide (0.15 M) is
heated at 100° C. The progress of the reaction is followed by
TLC and HPLC. After cooling to room temperature, the
reaction mixture is filtered and the filtrate is extracted with
ethyl acetate. The organic extract is washed with water and
brine. The organic phase is then dried over sodium sulfate
and concentrated to obtain the crude product mixture. The
crude product is purified by column chromatography on
(100-200 mesh) silica to afford Intermediate C.

[0184] Alternative Method of Preparing General Interme-
diate C: A mixture of indole B (1 equiv.), aryl halide (1.2
equiv.), cesium fluoride (2.50 equiv.), copper(]) iodide (0.05
equiv.) and N,N-dimethylethylenediamine (0.10 equiv.) is
prepared in dry tetrahydrofuran (0.6 M relative to indole B)
and then stirred at 70° C. under an inert atmosphere. After
cooling to room temperature the reaction mixture is diluted
with water and extracted with ethyl acetate. The organic
extracts are combined, washed with water and brine, dried
over sodium sulfate and then concentrated to afford crude
product. The crude product is purified by the column chro-
matography using (100-200 mesh) silica gel to obtain inter-
mediate C.

[0185] Alternative Method of Preparing General Interme-
diate C: Within a sealed tube, a solution of intermediate B
(1 equiv.) in dimethyl sulfoxide (0.07 M relative to B) is
treated with potassium carbonate (2.5 equiv.), aryl halide
(2.5 equiv.), and 8-hydroxy quinoline (0.2 equiv.). The
sealed tube is then purged with nitrogen for 30 min at room
temperature. Solid copper(I) iodide (0.2 equiv.) is then
added to the reaction mixture and the sealed system is heated
at 110° C. The progress of the reaction is followed by HPL.C
and TLC. After cooling to room temperature, cold water is
added to the reaction mixture, which is then extracted with
ethyl acetate. The combined organic extracts are washed
with brine and then dried over anhydrous sodium sulfate.
The organic phase is concentrated under reduced pressure
and the crude product purified by column chromatography
on silica gel (100-200 mesh) to afford intermediate C.

[0186] Method of Preparing General Intermediate D: A
stirred suspension of aluminum trichloride (1.5 equiv.) in
dichloromethane (0.1 M relative to C) is cooled to 0° C. Neat
chloro acetyl chloride (1.5 equiv.) is added to the reaction
mixture in a drop-wise manner and the resulting mixture is
stirred at 0° C. for 0.5 h. Intermediate C (1 equiv.) is
dissolved in dichloromethane (0.6 M) and then added to the
reaction mixture. The mixture is allowed to warm to room
temperature and is then heated at reflux. The progress of the
reaction is monitored by TLC and HPLC. After cooling to
room temperature, the reaction mixture is poured into ice
water and the mixture is extracted with dichloromethane.
The organic extracts are combined and washed with water
and brine. The organic phase is then dried over sodium
sulfate and concentrated to obtain the crude product mixture.
The crude product is purified by column chromatography on
(230-400 mesh) silica gel to afford intermediate D.

[0187] Method of Preparing Target Compound F: To a
cold solution of intermediate D (1 equiv.) in anhydrous
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N,N-dimethylformamide (0.08 M) is added solid potassium
carbonate (3 equiv.) and amine E (2 equiv.) or triethylamine
(3 equiv.) and amine E (2 equiv.) in anhydrous acetonitrile
(0.08 M). The mixture is allowed to warm to room tem-
perature and the progress of the reaction is monitored by
HPLC and TLC. The reaction mixture is then poured into ice
cold water and the resulting precipitate is collected by
filtration. The solids are washed with water and then dried to
afford target compound F.

Example 1: 4-(2-Methyl-3-(2-(piperidin-1-yl)
acetyl)-1H-indol-1-yl)benzonitrile (Compound 160)

[0188]
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[0189] Synthesis of 4-(2-Methyl-indol-1-yl)-benzamide
(II): A mixture of commercially available 2-methylindole
(2.00 g, 0.015 mol), 4-fluorobenzonitrile (3.60 g, 0.030
mol), 18-crown-6 (8.06 g, 0.030 mol) and 37%-potassium
fluoride/Al,O; (30.0 g) in dimethylsulfoxide (100 mL) was
heated at 100° C. for 3 hr. After cooling to room tempera-
ture, the reaction mixture was filtered and the filtrate was
extracted with ethyl acetate (25 mL). The organic extract
was washed with water (2x50 mL.) and brine. The organic
phase was then dried over sodium sulfate and concentrated
to obtain the crude product mixture. The crude product was
purified by column chromatography on (100-200 mesh)
silica using 2% methanol in dichloromethane as the eluant to
afford product II (1.40 g, 37%) as a white solid. 'H NMR
(400 MHz, DMSO-d): d 8.13 (s, 1H), 8.06 (d, J=8.5, 2.1
Hz, 2H), 7.53 (dd, J=8.5, 2.1 Hz, 2H), 7.50 (s, 1H), 7.03-
7.09 (m, 3H), 6.45 (s, 1H), 2.30 (s, 3H); MS (ESI, positive
mode) m/z 251 (MH*).

[0190] Synthesis of 4-[3-(2-Chloro-acetyl)-2-methyl-in-
dol-1-yl]-benzamide (III): A stirred suspension of aluminum
trichloride (1.23 g, 9.20 mmol) in dichloromethane (50 mL)
was cooled to 0° C. Chloro acetyl chloride (1.04 g, 9.20
mmol) was added to the reaction mixture in a drop-wise
manner and the resulting mixture was stirred at 0° C. for 0.5
h. Intermediate II (1.43 g, 6.16 mmol) was dissolved in
dichloromethane (10 mlL) and then added to the reaction
mixture. The mixture was allowed to warm to room tem-
perature and then heated at reflux for 16 h, before being
allowed to cool to room temperature. The reaction was
quenched with ice water and the mixture was extracted with
dichloromethane (50 mI.x3). The organic extracts were
combined and washed with water and brine. The organic
phase was then dried over sodium sulfate and concentrated
to obtain the crude product mixture. The crude product was
purified by column chromatography on (230-400 mesh)
silica gel using 3% methanol in dichloromethane to afford 111
(0.400 g, 22%) as an off white solid. '"H NMR (400 MHz,
DMSO-dy): 6 8.17 (s, 1H); 8.10 (d, J=8.5 Hz, 2H), 8.07 (d,
J=8.1 Hz, 1H), 7.56 (bd, J=8.4 Hz, 2H), 7.26 (t, J=7.2 Hz,
1H), 7.18 (t, J=7.2 Hz, 1H), 6.98 (d, J=8.0 Hz, 1H), 5.03 (s,
2H), 2.53 (s, 3H); MS (ESI, negative mode) m/z 325/327
(M_—H, 35/37C1).

[0191] Synthesis of 4-[3-(2-Chloro-acetyl)-2-methyl-in-
dol-1-yl]-benzonitrile (IV): To a stirred suspension of com-
pound III (0.150 g, 0.460 mmol) in 1,2-dichloroethane (5
ml.) was added propylphosphonic acid anhydride (0.438 g,
0.690 mmol) and then the reaction mixture was heated at
reflux for 12 h. After cooling to room temperature, the
reaction mixture was poured into ice-cold water (20 mL) and
the mixture was extracted with dichloromethane (20 mL.x2).
The organic layer was washed with water and brine, before
it was dried over sodium sulfate and concentrated to obtain
the crude product mixture. The crude product was purified
by the column chromatography on (230-400 mesh) silica
using 16% ethyl acetate in hexanes as the eluant to afford IV
(0.050 g, 34%) as an off-white solid. '"H NMR (400 MHz,
CDCl,): 8 7.92 (d, J=8.4 Hz, 2H), 7.91 (d, J=8 Hz, 1H), 7.49
(d, J=8.4 Hz, 2H), 7.35 (t,J=7.1 Hz, 1H), 7.18-7.25 (m, 1H),
7.02 (d, J=8.2 Hz, 1H), 4.76 (s, 2H), 2.62 (s, 3H); MS (ES],
negative mode) m/z 307/309 (M~-H, **37CI).

[0192] Synthesis of 4-[2-Methyl-3-(2-piperidin-1-yl-
acetyl)-indol-1-yl]-benzonitrile (160): To a solution of pip-
eridine (0.020 g, 0.243 mmol) in N,N-dimethylformamide (2
ml) being maintained at 0° C. was added solid potassium



US 2023/0242557 A9

carbonate (0.055 g, 0.405 mmol). The suspension was
stirred at the reduced temperature for 0.5 h and then com-
pound IV (0.050 g, 0.162 mmol) was added to the reaction
mixture. The resulting mixture was allowed to warm to room
temperature and stir for 1 h. The reaction was quenched with
ice water and then extracted with ethyl acetate (20 m[.x2).
The combined organic extracts were washed with water and
brine, before being dried over sodium sulfate and concen-
trated to afford the crude product mixture. The crude product
was purified by the column chromatography on (230-400
mesh) silica using 2% methanol in dichloromethane as the
eluant to obtain 160 (0.013 g, 23%) as an off-white solid. 'H
NMR (400 MHz, CDCL,): 8 8.03 (d, J=8.2 Hz, 1H), 7.90 (d,
J=8.4 Hz, 2H), 7.48 (d, J=8.4 Hz, 2H), 7.30 (t, J=8 Hz, 1H),
7.19 (t, J=7.4 Hz, 1H), 6.99 (d, J=8.2 Hz, 1H), 3.79 (s, 2H),
2.57-2.65 (bs, 7H), 1.62-1.70 (m, 4H), 1.42-1.50 (bm, 2H);
MS (ESI, positive mode) m/z 358 (MH™).

Example 2: 4-(2,6-Dimethyl-3-(2-(piperidin-1-yl)
acetyl)-1H-indol-1-yl)benzonitrile (Compound 169)

[0193]
B —— / R

N

H

NH,
VI
v
N
R —
NC

VI

N

N - /

NC
VII NC

[0194] Synthesis of 2,6-Dimethyl-1H-indole (VI): In a
sealed tube, a mixture of m-toludine (5.00 g, 0.046 mol),
anhydrous copper (II) acetate (18.6 g, 0.093 mol), palladium
(II) acetate (0.208 g, 0.930 mmol) and acetone (25 mL) in
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dimethylsulfoxide (25 mL.) was heated at 90° C. for 18 h.
After cooling to room temperature, the reaction mixture was
poured into cold water and then extracted with ethyl acetate
(2x250 mL). The organic layer was separated and then
washed with water and brine. The organic layer was dried
over anhydrous sodium sulfate and then concentrated under
reduced pressure to afford the crude product mixture, which
was purified by column chromatography on (100-200 mesh)
silica gel using an ethyl acetate/hexane gradient to afford
compound VI (1.0 g, 15%). '"H NMR (400 MHz, CDCL,): §
10.70 (s, 1H), 7.23 (d, I=8.00 Hz, 1H), 7.02 (s, 1H), 6.72 (d,
J=7.8 Hz, 1H), 6.01 (s, 1H), 2.34 (s, 6H); MS (ESI, positive
mode) m/z 146 (MH*).

[0195] Synthesis of 4-(2,6-Dimethyl-indol-1-yl)-benzoni-
trile (VII): In a sealed tube, a solution of compound VI
(0.800 g, 5.50 mmol) in 1,4-dioxane (50 mL) was treated
with potassium phosphate (2.10 g, 9.90 mmol) and 4-iodo-
benzonitrile (1.38 g, 0.006 mol). The mixture was sparged
with nitrogen gas for 0.5 h at room temperature. Then copper
(D) iodide (0.052 g, 0.270 mmol) and trans-(+/-)-1,2-di-
aminocyclohexane (0.056 g, 0.490 mmol) were added
before the tube was sealed. The reaction mixture was heated
at 110° C., with stirring, for 16 h. After cooling the reaction
mixture was poured into cold water and extracted with ethyl
acetate (2x100 mL). The combined organic extracts were
dried over anhydrous sodium sulfate and then concentrated
under reduced pressure to afford the crude product mixture.
The crude product was purified by column chromatography
on (100-200 mesh) silica gel using an ethyl acetate/hexane
gradient to afford compound VII (0.500 g, 36%). *H NMR
(400 MHz, CDCl,): § 7.83 (dt, J=8.6, 2 Hz, 2H), 7.47 (dt,
J=8.6, 2 Hz, 2H), 7.43 (d, J=8 Hz, 1H), 6.96 (d, =8 Hz, 1H),
6.91 (bs, 1H), 6.38 (s, 1H), 2.38 (s, 3H), 2.30 (s, 3H); MS
(ESI, positive mode) m/z 247 (MH™).

[0196] Synthesis of 4-[3-(2-Chloro-acetyl)-2,6-dimethyl-
indol-1-yl]-benzonitrile (VIII): To a cooled (0° C.) suspen-
sion of anhydrous aluminum chloride (0.810 g, 6.10 mmol)
in anhydrous dichloromethane (20 mL), being maintained
under a nitrogen atmosphere, was added chloro-acetyl chlo-
ride (0.690 g, 6.10 mmol). The reaction mixture was allowed
to warm to room temperature and stir for 0.5 h. A solution
of compound VII (0.500 g, 2.00 mmol) in anhydrous dichlo-
romethane (5 ml) was then added to the flask and the
resulting mixture was heated at 45° C. for 18 h. After
cooling, the reaction mixture was poured into cold water and
then extracted with dichloromethane (2x50 mL). The com-
bined organic extracts were dried over anhydrous sodium
sulfate and then concentrated under reduced pressure to
afford the crude product mixture. The crude product was
purified by column chromatography on (100-200 mesh)
silica gel using an eth}ll acetate’hexanes gradient to afford
product VIII (0.05 g). "H NMR (400 MHz, CDCl,):  7.92
(d, J=8.6 Hz, 2H), 7.76 (d, J=8.2 Hz, 1H), 7.48 (d, J=8.6 Hz,
2H), 7.16 (d, J=8.2 Hz, 1H), 6.79 (s, 1H), 4.74 (s, 2H), 2.59
(s, 3H), 2.38 (s, 3H); MS (ESI, positive mode) m/z 323
(MH™M).

[0197] Synthesis of 4-[2,6-Dimethyl-3-(2-piperidin-1-yl-
acetyl)-indol-1-yl]-benzonitrile (169): A mixture of com-
pound VIII (0.050 g, 0.150 mmol), triethylamine (0.025 g,
0.230 mmol), and piperidine (0.014 g, 0.170 mmol) in
anhydrous acetonitrile (5 ml.) was maintained under a
nitrogen atmosphere and allowed to stir at room temperature
for 1 h. The volatiles were removed under vacuum and the
remaining material was poured into cold water. The precipi-
tate that formed was collected by filtration and washed with
water. Drying the solids afforded compound 169 (30 mg,
52%) as a pale-brown solid. "H NMR (400 MHz, CDCl,):
8 7.95-7.87 (m, 3H), 7.46 (d, J=6.7 Hz, 2H), 7.12 (d, J=8.3
Hz, 1H), 6.77 (s, 1H), 3.78 (s, 2H), 2.60-2.57 (bm, 7H), 2.38
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(s, 3H), 1.68-1.62 (m, 4H), 1.50-1.46 (bm, 2H); MS (ESL,
positive mode) m/z 372 (MH™).

Example 3: 4-(6-Isopropyl-2-methyl-3-(2-(piperi-
din-1-yl)acetyl)-1H-indol-1-yl)benzonitrile (Com-

pound 180)
[0198]
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[0199] Synthesis of 6-Isopropyl-2-methyl-1H-indole (X):
In a screw-cap vial was prepared a mixture of commercially
available IX (5.00 g, 0.037 mol), copper (II) acetate-mono-
hydrate (22.0 g, 0.110 mol), dimethylsulfoxide (30 mL), and
acetone (200 mL). The reaction mixture was sparged with
nitrogen gas for 30 min and then palladium (II) acetate
(0.170 g, 0.740 mmol) was added. The vial was sealed
tightly and then heated to 95-100° C. for 16 h. After cooling
to room temperature the reaction mixture was filtered
through celite. The filter pad was washed with ethyl acetate
(50 mL) and the filtrate was evaporated in vacuo to afford an
oil. The oil was poured over ice-water (200 mL) and then
extracted with ethyl acetate (3x150 mL). The combined
extracts were washed with water (3x500 mL) and then dried
over anhydrous sodium sulfate. The organic layer was then
concentrated in vacuum and remaining residue was purified
by flash chromatography on silica gel using 3% ethyl
acetate/hexanes as the eluant to afford X as an off-white
fluffy solid. "H NMR (400 MHz, CDCL,): § 7.73 (bs, 1H),
7.41(d,J=8.1 Hz, 1H), 7.12 (s, 1H), 6.95 (dd, J=8.1, 1.4 Hz,
1H), 6.15 (s, 1H), 2.97 (hept, J=6.9 Hz, 1H), 2.41 (s, 3H),
1.28 (d, J=7.0 Hz, 6H); MS (ESI, positive mode) m/z 174
(MH").

[0200] Synthesis of 4-(6-Isopropyl-2-methyl-indol-1-yl)-
benzonitrile (XI). A mixture of X (330 mg, 1.90 mmol),
4-iodobenzonitrile (527 mg, 2.30 mmol), and potassium
phosphate (726 mg, 3.40 mmol) in 1,4-dioxane (80 mL.) was
sparged with nitrogen gas for 30 min in a screw cap bottle.
Then (+/-)-trans-1,2-diaminocyclohexane (20 mg, 0.17
mmol) and copper (I) iodide (2 mg, 0.095 mmol) were added
to the mixture and the bottle was sealed tightly. The system
was heated to 110° C. for 16 h and was then allowed to cool
to room temperature. The mixture was concentrated in vacuo
and the remaining residue was poured into ice-water (20
mL). The aqueous mixture was then extracted with ethyl
acetate (3x30 mL) and the combined organic extracts were
dried over anhydrous sodium sulfate. The organic layer was
then concentrated under vacuum to afford a crude mass,
which was purified by flash chromatography on silica gel
using 2% ethyl acetate in hexanes as the eluant to afford
compound X1 as an off-white solid (230 mg, 44%); *H NMR
(400 MHz, CDCl,): 8 7.84 (dt, J=8.4, 2.1 Hz, 2H), 7.46-7.51
(m, 3H), 7.04 (dd, J=8.1, 1.4 Hz, 1H), 6.94 (s, 1H), 6.39 (s,
1H), 2.93 (hept, J=6.9 Hz, 1H), 2.29 (s, 3H), 1.23 (d, J=6.9
Hz, 6H); MS (ESI, positive mode) m/z 275 (MH™").

[0201] Synthesis of 4-[3-(2-Chloro-acetyl)-6-isopropyl-2-
methyl-indol-1-yl]-benzonitrile (XII): To an ice-cold sus-
pension of anhydrous aluminum trichloride (60 mg, 0.440
mmol) in dry dichloromethane (5 ml.) was added a solution
of chloroacetyl chloride (50 mg, 0.44 mmol) in dry dichlo-
romethane (1 mL) in a drop-wise manner. The resulting
mixture was allowed to stir for 30 min at 0° C. and then a
solution of compound XI (100 mg, 0.36 mmol) in dry
dichloromethane (1 mL.) was added to the flask in a single
portion. The reaction was allowed to warm to room tem-
perature and stir for 5 h before it was quenched over
ice-water (20 mL). The aqueous mixture was then basified
with an aqueous, saturated solution of sodium bicarbonate
and then extracted with dichloromethane (3x10 mL). The
combined organic extracts were dried over anhydrous
sodium sulfate and then evaporated in vacuo. The resulting
crude product mixture was purified by column chromatog-
raphy on (60-120 mesh) silica gel using ethyl acetate as the
eluant. The material obtained after column chromatography
was washed with n-pentane and (2x2 mL) and then allowed
to dry to afford XII as an off-white solid; "H NMR (400
MHz, CDCl,): § 7.93 (d, J=8.4 Hz, 2H), 7.80 (d, J=8.4 Hz,
1H), 7.48 (d, J=8.3 Hz, 2H), 7.23 (s, 1H), 6.82 (s, 1H), 4.74
(s, 2H), 2.94 (hept, J=6.9 Hz, 1H), 2.59 (s, 3H), 1.23 (d,
J=6.9 Hz, 6H); MS (ESI, positive mode) m/z 351 (MH").
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[0202] Synthesis of 4-[6-Isopropyl-2-methyl-3-(2-piperi-
din-1-yl-acetyl)-indol-1-yl]-benzonitrile (180). To a cold (0°
C.) solution of compound XII (40 mg, 0.110 mmol) in dry
N,N-dimethylformamide (1 mL) was added piperidine (22
mg, 0.220 mmol) and the resulting mixture was allowed to
stir for 30 min at the reduced temperature. Then the reaction
mixture was poured over crushed ice (10 mL) and the
mixture was stirred for 15 min. The precipitate that formed
was collected by filtration, washed with water (30 mL), and
then dried in vacuo afforded 180 as an oft-white solid (20
mg, 44%); 'H NMR (400 MHz, CDCl,): § 7.89-7.95 (m,
3H), 7.46 (d, J=8.2 Hz, 2H), 7.20 (d, J=8.5 Hz, 1H), 6.80 (s,
1H), 3.78 (s, 2H), 2.87-2.94 (bm, 1H), 2.57-2.65 (bm, 7H),
1.63-1.67 (bm, 4H), 1.47 (bs, 2H), 1.21 (d, J=6.9 Hz, 6H);
MS (ESI, positive mode) m/z 400 (MH™).

Examples 4-5: (1-(4-Chlorophenyl)-3-(2-(piperidin-
1-yDacetyl)-1H-indol-6-yl)methyl Acetate (Com-
pound 118), 1-(1-(4-Chlorophenyl)-6-(hydroxym-
ethyl)-1H-indol-3-yl)-2-(piperidin-1-yl)ethan-1-one
(Compound 115)
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[0204] Synthesis of 1-(4-Chloro-phenyl)-1H-indole-6-car-
boxylic acid Methyl Ester (XIV): To a mixture of XIII (5 g,
0.028 mol), 4-chloro-iodobenzene (8.2 g, 0.034 mol), copper
(D) iodide (0.27 g, 1.42 mmol), cesium fluoride (10.8 g, 71.3
mmol), and anhydrous tetrahydrofuran (100 mL) being
maintained under a nitrogen atmosphere was added N,N-
dimethyl ethylenediamine (0.4 mL, 2.85 mmol). The reac-
tion mixture was heated at 85° C. for 18 h and then allowed
to cool to room temperature. The reaction mixture was
poured onto cold water (250 ml) and the mixture was
extracted with ethyl acetate (2x250 mL.). The organic layer
was washed with brine, dried over anhydrous sodium sul-
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fate, and then concentrated under reduced pressure to obtain
the crude product mixture. The crude product was purified
by column chromatography on 100-200 mesh silica gel
using an ethyl acetate-hexanes gradient as the eluant to
afford XIV (3.5 g, 44%) as a white solid. '"H NMR (400
MHz, CDCl,): 8 8.19 (brs, 1H), 7.86 (dd, J=8.3, 1.4 Hz, 1H),
7.69 (d, J=8.3 Hz, 1H), 7.54-7.50 (m, 2H), 7.42-7.48 (m,
3H), 6.72 (dd, J=3.2, 0.72 Hz, 1H), 3.90 (s, 3H); MS (ESI,
positive mode) m/z 286 (MH*, 3*"*7C1).

[0205] Synthesis of [1-(4-Chloro-phenyl)-1H-indol-6-yl]-
methanol (XV): Lithium aluminum hydride (1.06 g, 2.80
mol) was added in a portionwise manner to a solution of
XIV (2.0 g, 0.007 mol) in anhydrous tetrahydrofuran (50
ml) being maintained at 0° C. under nitrogen atmosphere.
The resulting mixture was allowed to warm to room tem-
perature and stir for 4 h. The reaction mixture was quenched
through the addition of ethyl acetate (100 mL) at 0° C. and
the resulting mixture was allowed to stir for 0.5 h. The
mixture was filtered through a pad of celite and the filter pad
was washed with ethyl acetate (2x100 mL). The combined
organic layers were concentrated under reduced pressure to
afford the crude product mixture, which was purified by
column chromatography on 100-200 mesh silica gel using
and ethyl acetate-hexanes gradient to afford XV (1.5 g, 83%)
as a white solid. '"H NMR (400 MHz, CDCL,): 8§ 7.66 (d,
J=8.1 Hz, 1H), 7.47-7.54 (m, 3H), 7.45-7.42 (m, 2H), 7.29
(d, J=3.2 Hz, 1H), 7.17 (dd, J=8.1, 1.3 Hz, 1H), 6.67 (dd,
J=2.6 Hz, 1H), 4.77 (s, 2H), 3.70 (s, 1H); MS (ESI, positive
mode) m/z 258/260 (MH*, 3>37C]).

[0206] Synthesis of (1-(4-Chlorophenyl)-1H-indol-6-yl)
methyl Acetate (XVI): To a solution of XV (1.5 g, 5.80
mmol) in dry dichloromethane (100 mL) being maintained
under a nitrogen atmosphere was added acetic anhydride
(1.2 g, 11.6 mmol) and triethylamine (1.2 g, 11.6 mmol). The
resulting mixture was allowed to stir for 3 h at room
temperature, before it was poured onto cold water (50 mL)
and extracted with ethyl acetate (2x100 mL). The organic
layer was washed with brine, dried over anhydrous sodium
sulfate, and concentrated under reduced pressure to obtain
the crude product mixture. The crude product was purified
by column chromatography on 100-200 mesh silica gel
using an ethyl acetate-hexanes gradient to afford XVI (0.9 g,
53%) as colorless liquid. "H NMR (400 MHz, CDCl,): §
7.67 (d, J=8.2 Hz, 1H), 7.55-7.46 (m, 3H), 7.45-7.36 (m,
2H), 7.29 (d, J=3.2 Hz, 1H), 7.18 (dd, J=8.2, 1.4 Hz, 1H),
6.67 (d, J=3.2 Hz, 1H), 5.17 (s, 2H), 2.06 (s, 3H); MS (ESI,
positive mode) m/z 300/302 (MH*, *>37Cl).

[0207] Synthesis of (3-(2-Chloroacetyl)-1-(4-chlorophe-
nyl)-1H-indol-6-yl)methyl Acetate (XVII): To a suspension
of anhydrous aluminum chloride (0.67 g, 0.005 mol) in dry
dichloromethane (15 mL.) being maintained at 0° C. under a
nitrogen atmosphere was added chloro-acetyl chloride (0.57
g, 0.005 mol). The resulting mixture was allowed to warm
to room temperature and stir for 0.5 h. A solution of
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intermediate XVI (0.4 mL, 0.00285 mol) in dry dichlo-
romethane (10 m[) was then added to the reaction mixture
and allowed to stir for 1 h. The reaction mixture was then
poured onto cold water (50 mL) and the mixture was
extracted with ethyl acetate (2x100 mL). The combined
organic layers were washed with brine, dried over anhydrous
sodium sulfate, and concentrated under reduced pressure to
afford the crude product mixture. The crude product was
purified by column chromatography on 100-200 mesh silica
gel using an ethyl acetate-hexanes gradient to afford product
XVII (0.9 g, 72%) as a brown solid. 'H NMR (400 MHz,
CDCl,): § 8.40 (d, I=8.2 Hz, 1H), 8.01 (s, 1H), 7.57 (d,
J=8.7 Hz, 2H), 7.46 (d, J=8.7 Hz, 2H), 7.40 (brs, 1H), 7.39
(dd, J=8.3, 1.4 Hz, 1H), 5.17 (s, 2H), 4.54 (s, 2H), 2.07 (s,
3H); MS (ESI, positive mode) m/z 376/378 (MH™, 3>37C1).
[0208] Synthesis of (1-(4-Chlorophenyl)-3-(2-(piperidin-
1-yDacetyl)-1H-indol-6-yl)methyl Acetate (118): A mixture
of XVII (0.15 g, 0.39 mmol), triethylamine (0.1 mL, 0.78
mmol) and piperidine (0.06 mL, 0.59 mmol) in dry acetoni-
trile (10 mL) was allowed to stir for 1 h, at room tempera-
ture, under a nitrogen atmosphere. The reaction mixture was
then poured onto cold water (50 mL) and extracted with
ethyl acetate (2x100 mL). The combined organic layers
were washed with brine, dried over anhydrous sodium
sulfate, and concentrated under reduced pressure to obtain
the crude product mixture. The crude product was purified
by column chromatography on 100-200 mesh silica gel
using an ethyl acetate-hexanes gradient to afford product 118
(0.100 g, 59%) as a brown liquid, which solidified into an
amorphous mass upon standing. 'H NMR (400 MHz,
CDCl,): § 8.52 (s, 1H), 8.46 (d, J=8.3 Hz, 1H), 7.57 (d,
J=8.6 Hz, 2H), 7.46 (d, J=8.6 Hz, 2H), 7.40 (s, 1H), 7.35 (dd,
J=8.2, 1.3 Hz, 1H), 5.18 (s, 2H), 3.58 (s, 2H), 2.52 (brs, 4H),
2.05 (s, 3H), 1.65-1.55 (m, 4H), 1.45 gbrs, 2H); MS (ES],
positive mode) m/z 425/427 (MH*, *>37C1).

[0209] Synthesis of 1-(1-(4-Chlorophenyl)-6-(hydroxym-
ethyl)-1H-indol-3-yl)-2-(piperidin-1-yl)ethan-1-one (115):
To a solution of 118 (0.1 g, 0.235 mmol) in wet tetrahydro-
furan (20 mL) was added lithium hydroxide (0.03 g, 0.705
mmol). The resulting mixture was allowed to stir at room
temperature for 1 h, before it was poured onto cold water (50
ml) and extracted with ethyl acetate (2x100 mL). The
combined organic layers were washed with brine, dried over
anhydrous sodium sulfate, and concentrated under reduced
pressure to obtain the crude product mixture. The crude
product was purified by column chromatography on 100-200
mesh silica gel using an ethyl acetate-hexanes gradient to
afford product 115 (50 mg, 55%) as an off white solid. 'H
NMR (400 MHz, CDCl,): § 8.48 (s, 1H), 8.44 (d, ]=8.2 Hz,
1H), 7.55 (d, I=8.5 Hz, 2H), 7.45 (d, J=8.3 Hz, 2H), 7.31 (d,
J=8.0 Hz, 1H), 4.78 (s, 2H), 3.58 (s, 2H), 2.52 (brs, 4H),
1.65-1.54 (m, 4H), 1.45 gbrs, 2H); MS (ESI, positive mode)
m/z 383/385 (MH*, 3>37CI).

[0210] General Synthetic Route 2

N, X

[\j[
/

Rl/ NO,

(0]
X=Brorl

=7r
H
Cul, Pd(PPhy),
EtsN, MeCN




US 2023/0242557 A9 Aug. 3,2023
67
-continued
R? R?
| \NIX :H R? N\ 4 $nCly, EtOAc N\ %
Cul, Pd(PPh3),Cl, ( E
Rl/ ~ N PN |/ Z NH, |/ = NO,
o Rl Rl
X =Brorl 1 P
l’BuOK, DMF

N\
-
7N
J
N\ \ 0
RZ
|/IN¥ A

R! AICI3 g
Rl
R3

CH2C12 or (CH2C1)2
K

[0211] Method of Preparing General Intermediate I from
G: A mixture of copper (I) iodide (0.05 equiv.) and 3-amino-
2-halo-pyridine (0.012 mol) in triethylamine (0.5 M) is
sparged with nitrogen gas for 15 minutes. Then bis(triph-
enylphosphine)palladium(II) dichloride (0.05 mmol) is
added at room temperature followed by alkyne H (1-8
equiv.). The reaction mixture is allowed to stir at room
temperature and the progress of the reaction was monitored
by HPL.C and TLC. The reaction mixture is then diluted with
water and filtered through celite. The filter pad is washed
with ethyl acetate and the filtrates are separated. The organic
layer is dried over anhydrous sodium sulfate and then
concentrated under vacuum to afford the crude product
mixture. The crude product is purified by column chroma-
tography on silica gel (100-200 mesh) to afford intermediate
L

[0212] Method of Preparing General Intermediate J: To a
cold solution of intermediate I (1 equiv.) in anhydrous
N,N-dimethylformamide (0.3 M) is added solid potassium
tert-butoxide or sodium tert-butoxide (2.0 equiv.) in a por-
tion-wise manner. The resulting mixture is allowed to stir at
room temperature and the progress of the reaction is moni-
tored by HPLC and TLC. The reaction mixture is then
poured into cold water and extracted with diethyl ether. The
organic layer is then dried over anhydrous sodium sulfate
and then concentrated under vacuum to afford intermediate
I

NH, X
[ ]'"'"NH s /[ j
2, R

Cul, K3PO,, 1,4-Dioxane

R3

R3

[0213] Method of Preparing General Intermediate K: In a
sealed tube, a mixture of copper (I) iodide (0.05 equiv.),
intermediate J (1 equiv.) and potassium phosphate (1.70
equiv.) in 1,4-dioxane (0.2 M) is sparged with nitrogen gas
for 0.5 h. Then trans-(+/-)-1,2-cyclohexanediamine (0.05
equiv.) and aryl halide (1 equiv.) are then added to the flask
at room temperature and the resulting reaction mixture is
heated at 110° C. The progress of the reaction is monitored
by HPLC and TLC. After cooling to room temperature, the
reaction mixture is filtered through celite and the filter pad
is washed with ethyl acetate. The filtrate is concentrated to
afford the crude product mixture, which is purified by
column chromatography on silica gel (100-200 mesh) to
intermediate K.

[0214] Alternative Method of Preparing General Interme-
diate K: Within a sealed tube, a solution of intermediate J (1
equiv.) in dimethyl sulfoxide (0.07 M relative to J) is treated
with potassium carbonate (2.5 equiv.), aryl halide (2.5
equiv.), and 8-hydroxy quinnoline (0.2 equiv.). The sealed
tube is then purged with nitrogen for 30 min at room
temperature. Solid copper(I) iodide (0.2 equiv.) is then
added to the reaction mixture and the sealed system is heated
at 110° C. The progress of the reaction is followed by HPL.C
and TLC. After cooling to room temperature, cold water is
added to the reaction mixture, which is then extracted with
ethyl acetate. The combined organic extracts are washed
with brine and then dried over anhydrous sodium sulfate.
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The organic phase is concentrated under reduced pressure
and the crude product purified by column chromatography
on silica gel (100-200 mesh) to afford intermediate K.
[0215] Method of Preparing General Intermediate L: To a
cooled solution (0° C.) of intermediate K (1 equiv.) in
dichloromethane or 1,2-dichloroethane (0.1 M) is added
solid aluminum trichloride (3 equiv.). Then neat chloro-
acetyl chloride (3 equiv.) is added to the reaction mixture.
The resulting mixture is allowed to warm to room tempera-
ture and stir for one to two days. The reaction mixture is
poured into ice cold water and then extracted with dichlo-
romethane. The combined organic extracts are washed with
water and brine, before being dried over sodium sulfate. The
organic phase is then filtered and concentrated under
vacuum to afford the crude product mixture. The crude
product is chromatographed on silica gel (100-200 mesh) to
obtain intermediate L.

[0216] Alternative Method of Preparing General Interme-
diate L: To an ice cooled suspension of aluminum trichloride
(5 equiv.) in dry 1,4-dioxane (0.2 M relative to K) is added
chloro acetyl chloride (5 equiv.) followed by pyridine (1.4
equiv.). The resultant reaction mixture is stirred at room
temperature for 30 min and then to the reaction mixture is
added intermediate K (0.86 mmol, 1 equiv.) in dry 1,4-
dioxane (0.2 M). The resulting mixture is heated at 60° C.
The progress of the reaction is followed by TLC and HPLC.
After cooling to room temperature the volatiles are removed
under reduced pressure and the crude reaction mixture is
partitioned between aqueous saturated ammonium chloride
and ethyl acetate. The organic layer is dried over anhydrous
sodium sulfate and then concentrated under reduced pres-
sure. The crude product is purified by column chromatog-
raphy on silica to afford Intermediate L.

[0217] Method of Preparing Target Compound N: To a
cold solution of intermediate L. (1 equiv.) in anhydrous
N,N-dimethylformamide (0.08 M) is added solid potassium
carbonate (3 equiv.) and amine M (2 equiv.) or triethylamine
(3 equiv.) and amine M (2 equiv.) in anhydrous acetonitrile
(0.08 M). The mixture is allowed to warm to room tem-
perature and the progress of the reaction is monitored by
HPLC and TLC. The reaction mixture is then poured into ice
cold water and the resulting precipitate is collected by
filtration. The solids are washed with water and then dried to
afford target compound N.

[0218] Method of Preparing Intermediate P: In a sealed
tube, a mixture of 2-halo-3-nitro-pyridine O (1 equiv.),
triethylamine (1 M if used as solvent relative to nitropyri-
dine), copper (I) iodide (0.2 equiv.) and acetonitrile (0.3 M
if used as solvent relative to nitropyridine) is sparged with
nitrogen gas for 15 min. Tetrakis(triphenylphospine)palla-
dium(0) (0.1 equiv.) is added to the reaction mixture, which
is again degassed for 10 min. The alkyne is then added to
reaction mixture (1-10 equiv.) and the tube is sealed. The
progress of the reaction is followed by TLC and HPLC. The
reaction mixture is then diluted with water and extracted
with ethyl acetate. The combined organic extracts are
washed with water and brine solution before drying over
sodium sulfate. The crude product mixture is purified by the
column chromatography using (100-200 mesh) silica gel to
afford compound P.

[0219] Method of Preparing Intermediate I from P: To a
stirred solution of compound P (1 equiv.) in ethyl acetate
(0.15 M) is added stannous chloride (5 equiv.). The reaction
mixture is heated at reflux for 2 h, allowed to cool to room

Aug. 3, 2023

temperature, and then basified with a saturated, aqueous
solution of sodium bicarbonate. The mixture is then
extracted with ethyl acetate and the combined organic
extracts are washed with a brine solution. The organic phase
is dried over sodium sulfate and concentrated under vacuum
to afford crude product 1.

[0220] In the crude product mixture of I is occasionally
found some amount of cyclized J.

Example 6: 4-(2-Methyl-3-(2-(piperidin-1-y1)
acetyl)-1H-pyrrolo[3,2-b]pyridin-1-yl)benzonitrile
(Compound 162)
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[0222] Synthesis of 2-Prop-1-ynyl-pyridin-3-ylamine
(XIX): A mixture of copper (I) iodide (110 mg, 0.578 mmol)
and commercially available 3-amino-2-bromo-pyridine
XVIII (2.00 g, 0.012 mol) in triethylamine (30 mL) was
sparged with nitrogen gas for 15 minutes. Then bis(triph-
enylphosphine)palladium(II) dichloride (450 mg, 0.578
mmol) was added at room temperature. The resulting mix-
ture was cooled to —=78° C. and then sparged with propyne
gas (7.2 g, 0.092 mol). The reaction mixture was allowed to
warm to room temperature and stir for 18 h. The reaction
mixture was diluted with water (50 mL) and then filtered
through celite. The filter pad was washed with ethyl acetate
and the filtrates were separated. The organic layer was dried
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over anhydrous sodium sulfate and then concentrated under
vacuum to afford the crude product mixture. The crude
product was chromatographed on silica gel (100-200 mesh)
using 50% ethyl acetate in hexanes to obtain XIX (0.75 g)
as an-off-white solid. 'H NMR (400 MHz, CDCl,): 8 7.95
(dd, J=4.3, 1.7 Hz, 1H), 6.92-7.00 (m, 2H), 4.13 (s, 2H), 2.13
(s, 3H); MS (ESI, positive mode) m/z 133 (MH").

[0223] Synthesis of 2-Methyl-1H-pyrrolo[3,2-b|pyridine
(XX): To a cold solution of compound XIX (200 mg, 1.50
mmol) in anhydrous N,N-dimethylformamide (5 mL) was
added solid potassium tert-butoxide (170 mg, 3.02 mmol) in
a portion-wise manner. The resulting mixture was allowed to
stir at room temperature for 4 h. The reaction mixture was
poured into cold water (10 mL) and then extracted with
diethyl ether (2x10 mL). The organic layer was dried over
anhydrous sodium sulfate and then concentrated under
vacuum to afford product XX (0.150 g) as an off-white solid.
'"H NMR (400 MHz, DMSO-d,): 8 11.13 (s, 1H), 8.19 (dd,
J=4.8, 1 Hz, 1H), 7.59 (d, I=8.1 Hz, 1H), 6.97 (dd, J=8, 4.6
Hz, 1H), 6.24 (s, 1H), 2.42 (s, 3H); MS (ESI, positive mode)
m/z 133 (MH™").

[0224] Synthesis of 4-(2-Methyl-pyrrolo[3,2-b]pyridin-1-
yD)-benzonitrile (XXI): In a sealed tube, a mixture of copper
(D iodide (43 mg, 0.226 mmol), compound XX (0.600 g,
4.53 mmol) and potassium phosphate (1.60 g, 7.70 mmol) in
1,4-dioxane (20 mL) was sparged with nitrogen gas for 0.5
h. Then trans-(+/-)-1,2-cyclohexanediamine (26 mg, 0.226
mmol) and 4-iodo-benzonitrile (1.00 g, 4.53 mmol) where
then added to the flask at room temperature and the resulting
reaction mixture was heated at 110° C. for 38 h. After
cooling to room temperature, the reaction mixture was
filtered through celite and the filter pad was washed with
ethyl acetate. The filtrate was concentrated to afford the
crude product mixture. The crude was purified by column
chromatography on silica gel (100-200 mesh) using 30%
ethyl acetate in hexane as the eluant to obtain product XXI
(0.4 g) as an off-white solid. '"H NMR (400 MHz, CDCl,):
8 8.45(dd, J=5.2, 1 Hz, 1H), 7.93 (d, J=8.6 Hz, 2H), 7.60 (d,
J=8.2 Hz, 1H), 7.52 (d, J=8.5 Hz, 2H), 7.21 (dd, J=8.3,5.2
Hz, 1H), 6.94 (s, 1H), 2.43 (s, 3H), MS (ESI, positive mode)
m/z 234 (MH").

[0225] Synthesis of 4-[3-(2-Chloro-acetyl)-2-methyl-pyr-
rolo[3,2-b|pyridin-1-yl]-benzonitrile (XXII): To a cooled
solution (0° C.) of compound XXI (300 mg, 1.28 mmol) in
dichloromethane (15 ml) was added solid aluminum
trichloride (517 mg, 3.86 mmol). Then neat chloro-acetyl
chloride (0.35 ml., 3.86 mmol) was added to the reaction
mixture. The resulting mixture was allowed to warm to room
temperature and stir for 16 h. The reaction mixture was
poured into ice cold water (10 mL) and was then extracted
with dichloromethane (2x10 mL). The combined organic
extracts were washed with water (2x10 mL) and brine before
being dried over sodium sulfate. The organic phase was then
filtered and concentrated under vacuum to afford the crude
product mixture. The crude product was chromatographed
on silica gel (100-200 mesh) using 30% ethyl acetate in
hexanes as the eluant to obtain product XXII (120 mg) as an
off-white solid. 'H NMR (400 MHz, CDCl,): & 8.59 (dd,
J=4.7, 1.4 Hz, 1H), 7.93 (dd, J=6.6, 1.9 Hz, 2H), 7.50 (dd,
J=6.7, 2 Hz, 2H), 7.34 (dd, J=8.3, 1.4 Hz, 1H), 7.16 (dd,
J=8.3, 4.7 Hz, 1H), 5.33 (s, 2H), 2.70 (s, 3H), MS (ESI,
positive mode) m/z 310 (MH™).

[0226] Synthesis of 4-[2-Methyl-3-(2-piperidin-1-yl-
acetyl)-pyrrolo[3,2-b]pyridin-1-yl]-benzonitrile (162): To a
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cold solution of compound XXII (120 mg, 0.388 mmol) in
anhydrous N,N-dimethylformamide (5 mL.) was added solid
potassium carbonate (161 mg, 1.16 mmol) and piperidine
(0.078 mL, 0.776 mmol). The mixture was allowed to warm
to room temperature and stir for 2 h. The reaction mixture
was poured into ice cold water (10 mL) and the resulting
precipitate was collected by filtration. The solids were
washed with water and dried to afford product 162 (90 mg,
65%) as an off-white solid. 'H NMR (400 MHz, CDCl,): §
8.59 (dd, J=4.7,1.3 Hz, 1H), 7.90 (d, J=8.5 Hz, 2H), 7.47 (d,
J=8.5 Hz, 2H), 7.31 (dd, J=8.3, 1.3 Hz, 1H), 7.11 (dd, J=8.2,
4.7 Hz, 1H), 4.33 (s, 2H), 2.64-2.68 (bm, 7H), 1.64-1.72 (m,
4H), 1.42-1.50 (bm, 2H); MS (ESI, positive mode) m/z 359
(MH™).

Examples 7: 5-(2-Methyl-3-(2-(piperidin-1-yl)
acetyl)-1H-pyrrolo[3,2-b]pyridin-1-yl)picolinonitrile
(Compound 181)
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[0228] Synthesis of 1-(6-Chloropyridin-3-yl)-2-methyl-
1H-pyrrolo[3,2-b]pyridine (XXIV). In a sealed tube, a solu-
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tion of compound XXIII (Example 2) (0.500 g, 3.70 mmol)
in dimethylsulfoxide (50 mL) was treated with potassium
carbonate (1.30 g, 9.40 mmol), 2-chloro 5-iodo pyridine
(0.906 g, 3.78 mmol), and 8-hydroxy quinoline (0.109 g,
7.00 mmol). The mixture was sparged with nitrogen gas for
30 min and then copper (I) iodide (0.085 g, 0.700 mmol) was
added to the reaction mixture. The system was sealed and
then heated at 110° C. for 8 h. After cooling to room
temperature, the reaction mixture was diluted with cold
water (100 mL) and extracted with ethyl acetate (3x250
mL). The combined organic extracts were washed with brine
(25 mL) and then dried over anhydrous sodium sulfate. The
organic layer was then concentrated under reduced pressure
and the remaining residue was purified by chromatography
on silica to afford XXIV (0.4 g, 49%) as yellow solid; 'H
NMR (400 MHz, CDCl,) & 8.46-8.43 (m, 2H), 7.66 (dd,
J=8.4, 2.6 Hz, 1H), 7.54 (d, J=8.4 Hz, 1H), 7.31 (d, J=8.2
Hz, 1H), 7.04 (dd, J=8.2, 4.8 Hz 1H), 6.66 (s, 1H), 2.36 (s,
3H); MS (ES], positive mode) m/z 244 (MH™")

[0229] Synthesis of 5-(2-Methyl-1H-pyrrolo[3,2-b]pyri-
din-1-yl)picolinonitrile (XXV). To a solution of compound
XXIV (0.240 g, 0.900 mmol) in N,N-dimethylformamide
(10 mL) was added zinc (II) cyanide (0.230 g, 1.90 mmol).
The resulting mixture was sparged with nitrogen gas for 15
min and then bis-diphenylphosphinoferrocene (0.054 g,
0.090 mmol) and Pd,(dba); (0.090 g, 0.096 mmol) were
added. The mixture was again sparged with nitrogen gas for
15 min before being heated at 130-140° C. for 2 h. After
cooling to room temperature the reaction mixture was
diluted with water (50 mL) and then extracted with ethyl
acetate (3x50 mL). The combined organic extracts were
washed with brine (25 mL) and then dried over anhydrous
sodium sulfate. The organic layer was, concentrated under
reduced pressure to afford a brown liquid as the crude
product mixture. The crude product was purified by column
chromatography on silica using 80% ethyl acetate in
hexanes as the eluant to afford compound XXV (0.130 g,
57%) as brown solid; "H NMR (400 MHz, CDCl,) 8 8.79 (d,
J=2.9 Hz, 1H), 8.49 (d, J=4.2 Hz, 1H) 7.92 (d, J=8.2 Hz,
1H), 7.85 (d, J=8.2 Hz, 1H), 7.39 (d, J=8.2 Hz, 1H),
7.09-7.06 (m, 1H), 6.71 (s, 1H) 2.42 (s, 3H); MS (ESI,
positive mode) m/z 235 (MH™).

[0230] Synthesis of 5-(3-(2-Chloroacetyl)-2-methyl-1H-
pyrrolo[3,2-b]pyridin-1-yl)picolinonitrile (XXVI): To a cold
(0° C.) solution of anhydrous aluminum chloride (0.730 g,
0.005 mol) in dichloromethane (10 mL), being maintained
under a nitrogen atmosphere, was added neat chloroacetyl
chloride (0.600 g, 0.005 mol) in a drop wise manner. The
resulting mixture was allowed to stir at the reduced tem-
perature for 1 h and then compound XXV (0.130 g, 0.500
mmol) was added. The reaction mixture was allowed to
warm to room temperature and was then heated to reflux at
50-60° C. for 24 h. After cooling to room temperature, the
reaction mixture was diluted with water (50 mL) and then
extracted with ethyl acetate (2x100 mL). The combined
organic extracts were washed with brine (2x50 mL) and then
dried over anhydrous sodium sulfate. The organic layer was
concentrated under reduced pressure and the remaining
residue was purified by column chromatography on silica
using 35% ethyl acetate in hexanes as the eluant to afford
compound XXVI (0.050 g, 29%) as a white solid; 'H NMR
(400 MHz, CDCl5) 8 8.78 (d, J=2.3 Hz, 1H), 8.62 (d, J=4.7
Hz, 1H), 7.99, (d, J=8.3 Hz, 1H), 7.89 (dd, ]=8.2, 2.4 Hz,
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1H), 7.35 (d, J=8.3 Hz, 1H), 7.21-7.18 (m, 1H), 5.33 (s, 2H),
2.72 (s, 3H); MS (ESI, positive mode) m/z 311 (MH").

[0231] Synthesis of 5-(2-Methyl-3-(2-(piperidin-1-yl)
acetyl)-1H-pyrrolo[3,2-b|pyridin-1-yl)picolinonitrile (181).
A mixture of compound XXVI (0.050 g, 1.60 mmol) and
triethylamine (0.044 g, 0.300 mmol) in acetonitrile (3 mL),
being maintained under an atmosphere of nitrogen, was
treated with piperidine (0.023 g, 0.200 mmol). The resulting
mixture was allowed to stir for 2 h at room temperature
before being diluted with cold water (10 mL). The precipi-
tate that formed was collected by filtration and then washed
with both water and hexanes. Drying the material in air
afforded 181 (0.030 g, 53%) as an off-white solid; 'H NMR
(400 MHz, CDCl5) 8 8.76 (d, J=2.2 Hz, 1H), 8.62 (d, J=4.7
Hz, 1H), 7.97 (d, J=8.2 Hz, 1H), 7.86 (d, J=8.2 Hz, 1H), 7.32
(d, I=8.3 Hz, 1H), 7.17-7.13 (m, 1H), 2.68-2.68 (s, 3H), 2.66
(brs, 4H), 1.71-1.66 (m, 4H), 1.49 (brs, 2H); MS (ESI,
positive mode) m/z 360 (MH™).

Example 8: 4-(2,6-Dimethyl-3-(2-(piperidin-1-y1)
acetyl)-1H-pyrrolo[3,2-b]pyridin-1-yl)benzonitrile
(Compound 184)
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[0233] Synthesis of 2-Chloro-5-methyl-3-nitro-pyridine
(XXVII): To a cold (0° C.) solution of commercially
available 2-hydroxy-5-methyl-3-nitro pyridine (5.00 g,
0.032 mol) in N,N-dimethylformamide (30 mL) was added
phosphoryl chloride (7.4 g, 0.049 mol). The reaction mixture
was allowed to slowly warm to room temperature and was
then heated at 80° C. for 4 h. After cooling to room
temperature, the reaction was quenched with ice water and
then extracted with ethyl acetate (3x50 mL). The combined
organic extracts were washed with water and brine solution.
The organic layer was then dried over anhydrous sodium
sulfate and concentrated under reduced pressure to obtain
the crude product mixture. The crude product was purified
by column chromatography on silica to afford compound
XXVIII (3.30 g, 59%) as a pale yellow solid. "H NMR (400
MHz, CDCl,): 8 8.43 (d, J=1.5 Hz, 1H), 8.03 (d, J=1.5 Hz,
1H), 2.45 (s, 3H); MS (ES], positive mode) m/z 173 (MH*).
[0234] Synthesis of 5-Methyl-3-nitro-2-prop-1-ynyl-pyri-
dine (XXIX): In a sealed tube, a suspension of compound
XXVIII (3.30 g, 0.019 mol), triethylamine (15 mL), and
copper (I) iodide (0.720 g, 3.80 mmol) in acetonitrile (30
ml) was sparged with nitrogen gas for 20 min. Then
tetrakis(triphenylphosphine)palladium (0) (2.21 g, 1.90
mmol) was added to the reaction mixture, which was again
sparged with nitrogen gas for 10 min. The reaction mixture
was cooled to —20° C. and then sparged with propyne gas
(6.12 g, 0.152 mol). The reaction mixture was allowed to
slowly warm to room temperature and stir for 16 h. The
volatiles were removed under vacuum and the remaining
material was poured into cold water (80 mL) before extract-
ing with ethyl acetate (3x50 mL). The combined organic

71
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extracts were dried over anhydrous sodium sulfate and then
concentrated under reduced pressure to obtain the crude
product mixture. The crude product was purified by column
chromatography on silica to afford compound XXIX (1.20 g,
36%) as a pale-brown solid. '"H NMR (400 MHz, CDCL,):
d 8.57 (d, J=1.3 Hz, 1H), 8.07 (d, J=0.8 Hz, 1H), 2.44 (s,
3H), 2.15 (s, 3H); MS (ES], positive mode) m/z 177 (MH*).
[0235] Synthesis of 5-Methyl-2-(prop-1-yn-1-yl)pyridin-
3-amine (XXX): To a stirred solution of compound XXIX
(1.20 g, 0.008 mol) in ethyl acetate (30 ml) was added
stannous chloride dihydrate (3.70 g, 0.016 mol). The reac-
tion mixture was heated at reflux for 2 h and then allowed
to cool to room temperature. The reaction mixture was
basified with an aqueous sodium carbonate solution and then
extracted with ethyl acetate (3x30 mL). The combined
organic layers were washed with water and brine solution,
before being dried over anhydrous sodium sulfate. The
organic layer was concentrated under reduced pressure to
obtain the crude product mixture, which was then washed
with n-pentane and dried to afford semi-crude XXX (0.9 g,
90%) as a brown solid. Compound XXX was used directly
in the next step. 'H NMR (400 MHz, CDCL,): 8 7.78 (s, 1H),
6.78 (s, H), 4.07 (bs, 2H), 2.22 (s, 3H), 2.11 (s, 3H); (ESI,
positive mode) m/z 146 (MH™).

[0236] Synthesis of 2,6-Dimethyl-1H-pyrrolo[3,2-b]pyri-
dine (XXXI): A cold (0° C.) stirred solution of compound
XXX (1.20 g, 0.008 mol) in N,N-dimethylformamide (15
ml) was treated with solid potassium tert-butoxide (1.84 g,
0.016 mol) in a portion-wise manner. The reaction mixture
was allowed to warm to room temperature and stir for 5 h.
The reaction mixture was diluted with water and then
extracted with ethyl acetate (3x30 mL). The combined
organic extracts were washed with water and brine solution,
before being dried over anhydrous sodium sulfate. The
organic layer was concentrated under reduced pressure to
obtain crude product, which was then washed with n-pen-
tane and dried well to afford compound XXXI (0.700 g,
78%) as a brown solid. "H NMR (400 MHz, DMSO-d,): 8
10.96 (bs, 1H), 8.05 (s, 1H), 7.39 (s, 1H), 6.16 (s, 1H), 2.39
(s, 3H), 2.35 (s, 3H); MS (ESI, positive mode) m/z 147
(MH™).

[0237] Synthesis of 4-(2,6-Dimethyl-pyrrolo [3,2-b] pyri-
din-1-yl)-benzonitrile (XXXII): In a sealed tube, a mixture
of compound XXXI (0.600 g, 4.10 mmol), 4-iodo-benzoni-
trile (1.41 g, 6.10 mmol) and potassium phosphate (1.48 g,
6.90 mmol) in 1,4-dioxane (20 ml) was sparged with
nitrogen gas for 0.5 h. Then copper (I) iodide (0.04 g, 0.200
mmol) and trans-(+/-)-1,2-diaminocyclohexane (0.023 g,
0.200 mmol) were added to the reaction mixture. The system
was sealed and then heated at 110° C. for 24 h. After cooling
to room temperature, the reaction mixture was filtered
through a pad of celite and the filter pad was washed with
ethyl acetate. The filtrate was concentrated under reduced
pressure to obtain crude product mixture, which was then
purified by column chromatography on silica and eluted
with 50% ethyl acetate in hexanes to afford compound
XXXII (0.6 g, 60%) as an off-white solid. ‘H NMR (400
MHz, CDCl;): 8 8.29 (s, 1H), 7.85 (d, J=8.3 Hz, 2H), 7.46
(d, J=8.3 Hz, 2H), 7.17 (s, 1H), 6.59 (s, 1H), 2.37 (s, 3H),
2.36 (s, 3H); MS (ESI, positive mode) m/z 248 (MH™).
[0238] Synthesis of N-[3-(2-Chloro-acetyl)-1-(4-cyano-
phenyl)-2-methyl-1H-indol-5-ylmethyl]-acetamide
(XXXIII): To a cold (0° C.) suspension of aluminum trichlo-
ride (1.61 g, 12.1 mmol) in 1,2-dichloro-ethane (20 mL.) was
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added chloro-acetyl chloride (1.37 g, 12.1 mmol). The
resulting mixture as allowed to stir at the reduced tempera-
ture for 0.5 h and then a solution of compound XXXII (0.6
g, 0.0024 mol) in 1,2-dichloro-ethane (5 mL) was added to
the reaction mixture. The reaction mixture was allowed to
warm to room temperature and was further warmed at 80° C.
for 18 h. After cooling again to room temperature, the
reaction mixture was poured into ice cold water and then
extracted with dichloromethane (3x30 mL). The combined
organic extracts were washed with water and brine solution,
before being dried over anhydrous sodium sulfate. The
organic layer was then concentrated under vacuum to obtain
the crude product mixture, which was then purified by
column chromatography on (100-200 mesh) silica gel using
50% ethyl acetate in hexanes as the eluant to afford com-
pound XXXIII (0.35 g, 45%) as a pale-brown solid. "H
NMR (400 MHz, CDCl5): § 8.42 (s, 1H), 7.93 (d, J=8.3 Hz,
2H), 7.48 (d, J=8.3 Hz, 2H), 7.12 (s, 1H), 5.30 (s, 2H), 2.67
(s, 3H), 2.40 (s, 3H); MS (ESI, positive mode) m/z 324
(MH™M).
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[0239] Synthesis of 4-[2,6-Dimethyl-3-(2-piperidin-1-yl-
acetyl)-pyrrolo[3,2-b]pyridin-1-yl]-benzonitrile (184): To a
solution of compound XXXIII (0.125 g, 0.380 mmol) in
acetonitrile (2 ml) was added piperidine (0.065 g, 0.770
mmol) and triethylamine (0.077 g, 0.770 mmol). The result-
ing mixture was then allowed to stir at room temperature for
2 h. The reaction mixture was then poured into ice cold
water and the resulting precipitate was collected by filtra-
tion. The solids were washed with water and then dried to
afford product 184 (0.040 g, 28%) as a pale-brown solid. 'H
NMR (400 MHz, CDCl,): § 8.42 (s, 1H), 7.90 (d, J=8.3 Hz,
2H), 7.46 (d, J=8.3 Hz, 2H), 7.09 (s, 1H), 4.35 (s, 2H), 2.69
(bs, 2H), 2.64 (s, 3H), 2.39 (s, 3H), 1.70 (bs, 4H), 1.61 (brs,
4H); MS (ESI, positive mode) m/z 374 (MH™).

Examples 9-10: 4-(5-Methoxy-2-methyl-3-(2-(pip-
eridin-1-yl)acetyl)-1H-pyrrolo[3,2-b]pyridin-1-y1)
benzonitrile (Compound 177), 4-(5-Hydroxy-2-
methyl-3-(2-(piperidin-1-yl)acetyl)-1H-pyrrolo[3,2-
blpyridin-1-yl)benzonitrile (Compound 127)
[0240]

CN
XXXIX

CN CN
177 127
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[0241] Synthesis of 6-Methoxy-3-nitro-2-prop-1-ynyl-
pyridine (XXXV): In a 250 mL sealed tube, a mixture of
2-chloro-6-methoxy-3-nitro-pyridine (2.0 g, 10.4 mmol),
triethylamine (10 mL), copper(]) iodide (0.4 g, 2.00 mmol)
and acetonitrile (30 mL) was sparged with nitrogen for 15
min. Then tetrakis(triphenylphospine)palladium(0) (1.21 g,
1.00 mmol) was added to the flask. The mixture was, again,
sparged with nitrogen for 10 min and then cooled to —20° C.
Propyne gas (5.03 g, 0.125 mol) was bubbled into the
reaction mixture and then the tube was sealed. The reaction
mixture was allowed to slowly warm to room temperature
and then stir for 12 h. The progress of the reaction was
monitored by TLC. Upon completion the reaction mixture
was diluted with water and extracted with ethyl acetate
(3x50 mL). The combined organic layers were washed with
water, brine, and then dried over sodium sulfate. After
filtration the organic layer was concentrated in vacuo. The
remaining crude product mixture was purified by the column
chromatography using 100-200 mesh silica gel and eluted
with 30% ethyl acetate in hexanes to afford compound
XXXV (1.0 g, 50%) as an off-white solid. 'H NMR (400
MHz, CDCl,) § 8.23 (d, I=9.1 Hz, 1H), 6.72 (d, J=9.1 Hz,
1H), 4.02 (s, 1H), 2.19 (s, 1H); MS (ESI, positive mode) m/z
193 (MH™).

[0242] Synthesis of 6-Methoxy-2-prop-1-ynyl-pyridin-3-
ylamine (XXXVI): To a stirred solution of compound
XXXV (1.0 g, 5.20 mmol) in ethyl acetate (30 mL) was
added stannous chloride (5.87 g, 0.026 mol). The reaction
mixture was heated at reflux for 2 h and then allowed to cool
to room temperature. The reaction mixture was basified with
a saturated aqueous solution of sodium bicarbonate and the
resulting mixture was extracted with ethyl acetate (3x30
ml). The combined organic extracts were washed with
water, brine, and then dried over sodium sulfate. Concen-
trating the mixture afforded a brown sticky mass (0.80 g
crude, 80%), which was used crude directly in the next step.

[0243] Synthesis of 5-Methoxy-2-methyl-1H-pyrrolo[3,2-
blpyridine (XXXVII): To a stirred solution of compound
XXXVI (0.8 g, 0.005 mol) in N,N-dimethylformamide (10
ml), which was kept at 0° C., was added solid potassium
tert-butoxide (1.1 g, 9.8 mmol) in a portion-wise matter. The
reaction mixture was allowed to warm to room temperature
and then stir for 5 h. The progress of the reaction was
monitored by TLC. Upon completion the reaction mixture
was diluted with water (30 mL) and then extracted with ethyl
acetate (3x30 mL). The combined organic layers were
washed with water, brine, and then dried over sodium
sulfate. The organic layer was then concentrated in vacuo
and the crude product mixture was purified by column
chromatography using 100-200 mesh silica gel and 20%
ethyl acetate in hexanes as the eluant. The yellow material
obtained after purification was a mixture of compounds
XXXVI and XXXVII (0.45 g, 56%). The mixture was used
without any further purification.

[0244] Synthesis of 4-(5-Methoxy-2-methyl-pyrrolo [3,2-
blpyridin-1-yl)-benzonitrile (XXXVIII): To a stirred solu-
tion of compound XXXVII (0.35 g, 2.10 mmol) in 1,4-
dioxane (10 mL) were added 4-iodobenzonitrile (0.495 g,
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2.10 mmol), copper(]) iodide (0.20 g, 0.001 mol), and then
potassium triphosphate (0.77 g, 0.0036 mol). The mixture
was sparged with nitrogen for 10 min and then racemic
trans-1,2-diamino cyclohexane (0.012 g, 0.10 mmol) was
added to the reaction mixture. The mixture was, again,
sparged with nitrogen for 5 min and then heated at reflux for
18 h. After cooling to room temperature the reaction mixture
was concentrated under the vacuum and the crude product
mixture was diluted with water. The aqueous mixture was
extracted with ethyl acetate (3x30 mL) and the combined
organic extracts were washed with water and brine. The
organic layer was then dried over sodium sulfate and con-
centrated under vacuum. The crude product mixture was
purified by column chromatography on 100-200 mesh silica
gel using 20% ethyl acetate in hexanes as the eluant to afford
compound XXXVIII (0.40 g, 70%) as a yellow solid. 'H
NMR (400 MHz, CDCl,) & 7.83 (d, J=8.6 Hz, 2H), 7.45 (d,
J=8.4 Hz, 2H), 7.30 (d, J=8.8 Hz, 1H), 6.51 (d, J=8.8 Hz,
1H), 6.50 (s, 1H), 3.99 (s, 1H), 2.36 (s, 3H); MS (ES],
positive mode) m/z 264 (MH™).

[0245] Synthesis of 4-[3-(2-Chloro-acetyl)-5-methoxy-2-
methyl-pyrrolo[3,2-b]pyridin-1-yl]-benzonitrile (XXXIX):
To a stirred suspension of aluminum trichloride (0.81 g,
0.006 mol) in 1,2-dichloroethane (10 mL.), which was kept
at 0° C., was added chloro acetyl chloride (0.68 g, 6.00
mmol) in a drop-wise manner. The reaction mixture was
allowed to stir at 0° C. for 30 min and then a solution of
compound XXXVIII (0.40 g, 1.50 mmol) in 1,2-dichloro-
ethane (5 mL) was added. The reaction mixture was allowed
to slowly warm to room temperature and was then heated at
reflux for 18 h. After cooling to room temperature the
reaction mixture was quenched by pouring into ice water
and the resulting mixture was extracted with dichlorometh-
ane (2x20 mL). The combined organic layers were washed
with water, brine, and then concentrated under vacuum. The
crude, brown solid XXXIX (0.130 g, 25%) was was used
directly in the next step.

[0246] Synthesis of 4-(5-Methoxy-2-methyl-3-(2-(piperi-
din-1-yDacetyl)-1H-pyrrolo[3,2-b]pyridin-1-yl)benzonitrile
(177) and 4-(5-Hydroxy-2-methyl-3-(2-(piperidin-1-yl)
acetyl)-1H-pyrrolo[3,2-b|pyridin-1-yl)benzonitrile  (127):
To a stirred solution of compound XXXIX (0.130 g, 0.380
mmol) in acetonitrile (5 mL.) was added triethylamine (0.11
g, 0.0011 mol), followed by piperidine (0.065 g, 0.760
mmol). The reaction mixture was allowed to stir at room
temperature for 3 h before it was concentrated under
vacuum. The remaining brown, sticky mass was diluted with
water and then extracted with dichloromethane (2x20 mL).
The combined organic layers were washed with water, brine
solution and then concentrated under the vacuum. Crude
product was purified by the column chromatography on
100-200 mesh silica gel using 5% methanol in dichlo-
romethane as the eluant. During column chromatography,
demethylation of methyl ether was observed, which afforded
a mixture of compounds 177 and 127. The product mixture
was further purified by prep-HPLC to afford compound 177
(12 mg. 8%) and compound 127 (10 mg, 7%). Analytical
data for 177—"H NMR (400 MHz, CDCl,) & 7.89 (d, J=8.0
Hz, 2H), 7.46 (d, J=8.1 Hz, 2H), 7.23 (d, occluded by
solvent, 1H), 6.59 (d, J=8.9 Hz, 1H), 4.45 (brs, 2H), 4.06 (s,
3H), 2.79 (brs, 2H), 2.64 (s, 3H), 1.77 (brs, 4H), 1.61 (brs,
4H); MS (ESI, positive mode) m/z 389 (MH™).
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[0247] Analytical data for 127—'H NMR (400 MHz,
CDCl,) &: 7.89 (d, J=8.0 Hz, 2H), 7.44 (d, J=8.0 Hz, 2H),
7.10 (d, J=9.5 Hz, 1H), 6.30 (d, I=9.4 Hz, 1H), 3.49 (brs,
2H), 2.64 (brs, 2H), 2.51 (s, 3H), 1.81 (brs, 4H), 1.62-1.54
(m, 4H); MS (ESI, positive mode) m/z 375 (MH").

[0248] General Synthetic Route 3
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[0249] Method of Preparing General Intermediate R: A
flask of N,N-dimethylformamide (0.125 M relative to Q) is
maintained under a nitrogen atmosphere at 0° C. and is then
treated with phosphorus oxychloride (2.5 equiv.). The reac-
tion mixture is allowed to stir at the reduced temperature for
30 min and then warmed to room temperature over 1 h. The
mixture is cooled back down to 0° C. and solid 2-oxyindole
(Q, 1 equiv.) is added. The reaction mixture is allowed to
warm to room temperature and stir. The progress of the
reaction is monitored by TLC and HPLC. The reaction is
quenched through the addition of a saturated aqueous solu-
tion of sodium acetate and the resulting mixture is allowed
to stir for an additional 2 h. The precipitate that is formed is
collected by filtration and washed with water (100 mL). The
solid is allowed to dry in a stream of air to afford interme-
diate R.

[0250] Method of Preparing General Intermediate S: To a
stirred solution of intermediate R (1 equiv.) in dichlorometh-
ane (0.05 M relative to R) is added a substituted boronic acid
(2 equiv.), 3 A molecular sieves (5.5 g), pyridine (0.6 M
relative to R), and copper(1l) acetate (2 equiv.). The resulting
mixture is allowed to stir open to air for 24 h at room
temperature. The reaction mixture is then filtered through a
pad of celite and the filtrate is evaporated. The remaining
crude product mixture is purified by column chromatogra-
phy on 100-200 mesh silica gel to afford intermediate S.
[0251] Method of Preparing General Intermediate T: To a
stirred solution of intermediate S (1 equiv.) in acetone (0.01
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M relative to S), being maintained at 0° C., is added
potassium permanganate (24 equiv.). The reaction mixture is
allowed to warm to room temperature and the progress of the
reaction is monitored by TLC and HPLC. The reaction
mixture is then cooled in an ice water bath and slowly
quenched through the addition of aqueous 10% hydrogen
peroxide solution. After complete disappearance of color,
the mixture is further diluted with 10% hydrochloric acid.
The precipitate that is formed is collected by filtration and
washed with water. The solid is allowed to dry in a stream
of air before purification by column chromatography on
100-200 mesh silica gel to afford intermediate T.
[0252] Method of Preparing General Intermediate U: To a
stirred solution of intermediate T (1 equiv.) in dichlorometh-
ane (0.06 M relative to T), kept at 0° C., is added oxalyl
chloride (1.5 equiv.) and N,N-dimethyl formamide (2
drops). The reaction mixture is allowed to warm to room
temperature and stir for 1 h before it is condensed in vacuo.
The crude mixture is diluted with acetonitrile (0.06 M
relative to T) and then treated with a solution of trimethyl-
silyl diazomethane (2 equiv.). The reaction mixture is
allowed to stir at room temperature for 3 h and is then treated
with 6N hydrochloric acid (10 mL; effervescence was seen
during addition of acid). The reaction mixture is diluted with
water and extracted with ethyl acetate. The combined
organic extracts are dried over sodium sulfate and con-
densed in vacuo. The crude product mixture is purified by
column chromatography on 100-200 mesh silica gel to
afford intermediate U.
[0253] Method of Preparing General Intermediate V: To a
stirred solution of intermediate U (1 equiv.) in acetonitrile
(0.05 M relative to U) is added piperidine (1.5 equiv.) and
triethylamine (2 equiv.). The reaction mixture is allowed to
stir at room temperature and the progress of the reaction is
monitored by HPLC and TL.C. Upon completion, the reac-
tion mixture is diluted with water and the precipitate that
forms is collected via filtration. Drying the material in air
affords intermediate V.
[0254] Method of Preparing Target Compound W: To a
stirred solution of intermediate V (0.250 mmol, 1 equiv.) in
either methanol:water (1:1; 0.01 M relative to V) or acetoni-
trile (0.01 M relative to V) is added the desired nucleophile
or nucleophilic precursor (3 equiv.) and any additional
reagents required to generate a competent nucleophile. The
progress of the reaction is monitored by TLC and HPLC.
Upon completion the reaction mixture is condensed in vacuo
and the remaining mixture is acidified with dilute hydro-
chloric acid. The mixture is extracted with ethyl acetate and
the combined organic extracts are dried over sodium sulfate.
After condensing, the crude product is purified by prepara-
tive HPLC to afford target compound W.

Examples 11-12: 1-(1-(4-Chlorophenyl)-2-hydroxy-

1H-indol-3-y1)-2-(piperidin-1-yl)ethan-1-one (Com-

pound 131), 1-(1-(4-Chlorophenyl)-2-methoxy-1H-

indol-3-y1)-2-(piperidin-1-yl)ethan-1-one
(Compound 132)
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[0256] Synthesis of 2-Chloro-1H-indole-3-carbaldehyde
(XLI): A flask of N,N-dimethylformamide (30 ml) being
maintained under a nitrogen atmosphere at 0° C. was treated
with phosphorus oxychloride (9.0 mL, 9.40 mmol). The
reaction mixture was allowed to stir at the reduced tempera-
ture for 30 min and then warm to room temperature over 1
h. The mixture was cooled back down to 0° C. and solid
2-oxyindole (XL, 5.0 g, 3.76 mmol) was added. The reaction
mixture was allowed to warm to room temperature and stir
for 4 h. The reaction was quenched through the addition of
a saturated aqueous solution of sodium acetate (200 mL.) and
the resulting mixture was allowed to stir for 2 h. The
precipitate that formed was collected by filtration and
washed with water (100 mL). Solid was allowed to dry in a
stream of air to afford compound XLI (4.5 g, 67%) as an
orange colored solid.

[0257] Compound was used without further purification.
'"H NMR (400 MHz, DMSO-dy) 8 9.99 (s, 1H), 8.05 (dt,
J=8.3, 1.4 Hz, 1H), 7.42 (dt, J=7.2, 1.4 Hz, 1H), 7.21-7.30
(m, 2H); MS (ESI, positive mode) m/z 180/182 (MH",
35137C1).

[0258] Synthesis of 2-Chloro-1-(4-chloro-phenyl)-1H-in-
dole-3-carbaldehyde (XLII): To a stirred solution of com-
pound XLI (5.5 g, 3.07 mmol) in dichloromethane (60 mL.)
were added 4-chlorophenyl boronic acid (9.6 g, 0.0615 mol),
3 A molecular sieves (5.5 g), pyridine (5.5 mL), and
copper(l]) acetate (12 g, 0.0615 mol). The resulting mixture
was allowed to stir open to air for 24 h at room temperature.
The reaction mixture was then filtered through a pad of celite
and the filtrate was evaporated. The remaining crude product
mixture was purified by column chromatography on 100-
200 mesh silica gel using 10% ethyl acetate in hexanes as the
eluant to afford compound XLII (1.8 g, 20%) as a pale
yellow solid. 'H NMR (400 MHz, DMSO-d,) 8 10.20 (s,
1H), 8.34 (d, J=7.8 Hz, 1H), 7.58 (dt, J=8.7, 2 Hz, 2H),
7.32-7.39 (m, 3H), 7.27-7.29 (m, 1H), 7.07 (d, J=8.3 Hz,
1H); MS (ESI, positive mode) m/z 290/292 (MH™*, **"37Cl).
[0259] Synthesis of 2-Chloro-1-(4-chloro-phenyl)-1H-in-
dole-3-carboxylic acid (XLIII): To a stirred solution of
compound XLIT (1.8 g, 0.620 mmol) in acetone (50 mL),
being maintained at 0° C., was added potassium perman-
ganate (2.3 g, 0.015 mol). The reaction mixture was allowed
to warm to room temperature and stir for 4 h. The reaction
mixture was then cooled in an ice water bath and slowly
quenched through the addition of an aqueous 10% hydrogen
peroxide solution. After complete disappearance of color,
the mixture was further diluted with 10% hydrochloric acid.
The precipitate that formed was collected by filtration and
washed with water. The solid was allowed to dry in a stream
of air before it was purified by column chromatography on
100-200 mesh silica gel, using 30% ethyl acetate in hexanes
as the eluant. Compound XLIII (1.0 g, 53%) was obtained
as a pale yellow solid. '"H NMR (400 MHz, DMSO-d,) §
12.75 (s, 1H), 8.10 (dd, J=7.0, 1.1 Hz, 1H), 7.71-7.76 (m,
2H), 7.59-7.63 (m, 2H), 7.23-7.32 (m, 2H), 7.06 (d, I=9.7
Hz, 1H); MS (ESI, positive mode) m/z 306/308 (MH™,
35/37C1).

[0260] Synthesis of 2-Chloro-1-[2-chloro-1-(4-chloro-
phenyl)-1H-indol-3-yl]-ethanone (XLIV): To a stirred solu-
tion of compound XLIII (1.0 g, 3.27 mmol) in dichlorometh-
ane (50 mL) kept at 0° C. was added oxalyl chloride (0.4
ml, 4.86 mmol) and N,N-dimethyl formamide (2 drops).
The reaction mixture was allowed to warm to room tem-
perature and stir for 1 h. The reaction mixture was con-
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densed in vacuo and then maintained under an atmosphere
of nitrogen. The crude mixture was diluted with acetonitrile
(50 mL) and then treated with a solution of trimethylsilyl
diazomethane (0.84 g, 3.3 mL, 6.52 mmol). The reaction
mixture was allowed to stir at room temperature for 3 h and
was then treated with 6N hydrochloric acid (10 mL; effer-
vescence was seen during addition of acid). The reaction
mixture was diluted with water (10 mL) and then extracted
with ethyl acetate (25 mlx3). The combined organic
extracts were dried over sodium sulfate and condensed in
vacuo. The crude product mixture was purified by column
chromatography on 100-200 mesh silica gel using 10% ethyl
acetate in hexanes as the eluant to afford compound XLV
(0.15 g, 7%) as a pale yellow solid. 'H NMR (400 MHz,
DMSO-dy) 8 8.27 (d, J=7.9 Hz, 1H), 7.76 (d, J=8.6 Hz, 2H),
7.62 (d,J=8.6 Hz, 2H), 7.37 (t,J=7.4, 1H), 7.31 (t,]=7.4 Hz,
1H), 7.07 (d, J=8.0 Hz, 1H), 5.07 (s, 2H); MS (ESI, positive
mode) m/z 338/340/342/344 (MH*, **37Cl).

[0261] Synthesis of 1-[2-Chloro-1-(4-chloro-phenyl)-1H-
indol-3-yl]-2-piperidin-1-yl-ethanone (XLV): To a stirred
solution of compound XLIV (0.50 g, 1.40 mmol) in acetoni-
trile (30 mL) was added piperidine (0.22 mL, 2.20 mmol)
and triethylamine (0.38 ml, 2.80 mmol). The reaction
mixture was allowed to stir at room temperature for 4 h, after
which the reaction mixture was diluted with water. The
precipitate that formed was collected via filtration and
allowed to dry in air to afford compound XLV (0.50 g, 93%)
as a pale yellow solid. 'H NMR (400 MHz, DMSO-d,): §
8.25(d, J=7.5Hz, 1H),7.74 (d,J=8.6 Hz, 2H), 7.61 (d, J=8.6
Hz, 2H), 7.32 (t, J=7.2 Hz, 1H), 7.25 (t, J=7.2 Hz, 1H), 7.04
(d, J=8.3 Hz, 1H), 3.74 (s, 2H), 3.32 (m, occluded by
solvent, 4H), 1.49 (brs, 4H), 1.39 (brs, 2H); MS (ESI,
positive mode) m/z 387/389/392 (MH*, ***7Cl).

[0262] Synthesis of 1-[1-(4-Chloro-phenyl)-2-hydroxy-
1H-indol-3-yl]-2-piperidin-1-yl-ethanone (131): To a stirred
solution of compound XLV (0.1 g, 0.250 mmol) in metha-
nol:water (20 mL; 1:1) was added solid sodium hydroxide
(0.051 g, 1.20 mmol). The system was heated at reflux for
2 h and then allowed to cool to room temperature. Excess
methanol was removed under reduced pressure and the
remaining mixture was acidified with dilute hydrochloric
acid. The mixture was extracted with ethyl acetate (3x20
ml) and the combined organic extracts were dried over
sodium sulfate. After condensing the ethyl acetate the crude
product was purified by preparative HPLC to afford 131 (12
mg, 13%) as a pale yellow solid; 'H NMR (400 MHz,
DMSO-dy) 8 9.89 (brs, 1H), 7.95 (d, J=7.4 Hz, 1H), 7.54 (d,
J=8.6 Hz, 2H), 7.45 (d, J=8.6 Hz, 2H), 6.90-6.85 (m, 1H),
6.81-6.75 (m, 2H), 4.29 (s, 2H), 3.04 (brs, 4H), 1.76 (brs,
4H), 1.54 (brs, 2H); MS (ESI, positive mode) m/z 369/371
(MH+, 35/37C1).

[0263] Synthesis of 1-[1-(4-Chloro-phenyl)-2-methoxy-
1H-indol-3-yl]-2-piperidin-1-yl-ethanone (132): To a stirred
solution of sodium methoxide (anhydrous methanol, 5 mL;
sodium, 0.011 g) was added a solution of compound XLV
(0.100 g, 2.50 mmol) in anhydrous methanol (2 mL). The
resulting mixture was heated at reflux for 6 h and then
allowed to cool to room temperature. The reaction mixture
was condensed in vacuo and the remaining material was
diluted with water. The aqueous mixture was extracted with
dichloromethane (3x20 ml.) and the combined organic
extracts were dried over sodium sulfate before being con-
densed in vacuo. Analyses of the crude product mixture
revealed that some of 131 was present so the crude mixture
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was redissolved in anhydrous N,N-dimethyl formamide (5
mL). Solid potassium carbonate (0.108 g, 0.770 mmol) and
methyl iodide (0.03 mL, 0.510 mmol) were added to the
flask and the resulting mixture was allowed to stir for 2 h.
The reaction mixture was diluted with water and then
extracted with ethyl acetate (3x10 ml). The combined
organic extracts were dried over sodium sulfate and then
condensed under reduced pressure. The crude product was
purified by preparative HPLC to afford 132 (9 mg, 10%) as
a pale brown solid. 'H NMR (400 MHz, DMSO-d,) 8.15 (d,
J=6.7 Hz, 1H), 7.51-7.40 (m, 4H), 7.05 (1, J=7.4 Hz, 1H),
6.98 (t, I=7.4 Hz, 1H), 6.84 (d, J=7.8 Hz, 1H), 4.90 (s, 2H),
3.92-3.83 (m, 2H), 3.37-3.31 (m, 5H), 2.05 (brs, 2H), 1.89
(brs, 2H), 1.74-1.64 (brm, 2H); MS (ESI, positive mode)
m/z 383/385 (MH*, *>37C1).
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[0265] Method of Preparing General Intermediate Y from
5-Bromo-2-methyl-3-nitropyridine (X): 5-Bromo-2-methyl-
3-nitro pyridine (1 equiv.) is dissolved in dimethyl acet-
amide (9 M relative to X) and then dimethylacetamide
dimethyl acetal (2 equiv.) is added. The resulting mixture is
then heated at 80° C. before cooling to room temperature.
The progress of the reaction is monitored by TLC and
HPLC. The reaction mixture is concentrated under reduced
pressure and the remaining mixture is diluted with water.
The mixture is extracted with ethyl acetate and the combined
organic extracts are washed with water and brine. The
organic phase is dried over sodium sulfate and concentrated
under reduced pressure to obtain the crude product as a
brown solid, which is used without any further purification.
[0266] Method of Preparing General Intermediate Z:
Crude intermediate Y (1 equiv.) is dissolved in acetic acid
(0.5 M relative to Y) and the resulting solution is treated
with iron powder (300 mesh, 8 equiv.). The mixture is heated
at 80° C. and then allowed to cool to room temperature. The
progress of the reaction is monitored by TL.C and HPLC.
The reaction is quenched through the addition of aqueous
sodium bicarbonate solution and the resulting mixture is
filtered through a celite bed. The filtrate is extracted with
ethyl acetate and the combined organic extracts are washed
with water and brine. The organic layer is dried over sodium
sulfate, filtered, and then concentrated under reduced pres-
sure. The crude product is purified by column chromatog-
raphy on neutral alumina to afford intermediate Z.

[0267] Method of Preparing General Intermediate AA: In
a sealed tube, a mixture of a substituted 2-methylindole (1
equiv.) or substituted indole Z (1 equiv.), copper(l) iodide
(0.05 equiv.), and potassium phosphate (1.70 equiv.) in
1,4-dioxane (0.2 M) is sparged with nitrogen gas for 0.5 h.
Then trans-(+/-)-1,2-cyclohexanediamine (0.05 equiv.) and
aryl halide (1 equiv.) are then added to the flask at room
temperature and the resulting reaction mixture is heated at
110° C. for one to two days. After cooling to room tem-
perature, the reaction mixture is filtered through celite and
the filter pad is washed with ethyl acetate. The filtrate is
concentrated to afford the crude product mixture, which is
purified by column chromatography on silica gel (100-200
mesh) to intermediate AA.

[0268] Alternative Method of Preparing General Interme-
diate AA: A mixture of a substituted 2-methylindole Z (1
equiv.) or alternatively substituted indole Z (1 equiv.),
4-fluoro substituted benzene (2 equiv.), 18-crown-6 (2
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equiv.) and 37%-potassium fluoride/aluminum oxide (15:1
w/w relative to indole) in dimethylsulfoxide (0.15 M) is
heated at 100° C. The progress of the reaction is followed by
TLC and HPLC. After cooling to room temperature, the
reaction mixture is filtered and the filtrate is extracted with
ethyl acetate. The organic extract is washed with water and
brine. The organic phase is then dried over sodium sulfate
and concentrated to obtain the crude product mixture. The
crude product is purified by column chromatography on
(100-200 mesh) silica to afford Intermediate AA.

[0269] Alternative Method of Preparing General Interme-
diate AA: A mixture of indole Z (1 equiv.), aryl halide (1.2
equiv.), cesium fluoride (2.50 equiv.), copper(l) iodide (0.05
equiv.) and N,N-dimethylethylenediamine (0.10 equiv.) is
prepared in dry tetrahydrofuran (0.6 M relative to indole Z)
and then stirred at 70° C. under an inert atmosphere. After
cooling to room temperature the reaction mixture is diluted
with water and extracted with ethyl acetate. The organic
extracts are combined, washed with water and brine, dried
over sodium sulfate and then concentrated to afford crude
product. The crude product is purified by the column chro-
matography using 100-200 mesh silica gel to obtain inter-
mediate AA.

[0270] Alternative Method of Preparing General Interme-
diate AA: Within a sealed tube, a solution of intermediate Z
(1 equiv.) in dimethyl sulfoxide (0.07 M relative to Z) is
treated with potassium carbonate (2.5 equiv.), aryl halide
(2.5 equiv.), and 8-hydroxy quinoline (0.2 equiv.). The
sealed tube is then purged with nitrogen for 30 min at room
temperature. Solid copper(l) iodide (0.2 equiv.) is then
added to the reaction mixture and the sealed system is heated
at 110° C. The progress of the reaction is followed by HPL.C
and TLC. After cooling to room temperature, cold water is
added to the reaction mixture, which is then extracted with
ethyl acetate. The combined organic extracts are washed
with brine and then dried over anhydrous sodium sulfate.
The organic phase is concentrated under reduced pressure
and the crude product purified by column chromatography
on silica gel (100-200 mesh) to afford intermediate AA.
[0271] Method of Preparing General Intermediate AB: A
stirred suspension of aluminum trichloride (1.5 equiv.) in
dichloromethane (0.1 M relative to AA) is cooled to 0° C.
Neat chloro acetyl chloride (1.5 equiv.) is added to the
reaction mixture in a drop-wise manner and the resulting
mixture is stirred at 0° C. for 0.5 h. Intermediate AA (1
equiv.) is dissolved in dichloromethane (0.6 M) and then
added to the reaction mixture. The mixture is allowed to
warm to room temperature and is then heated at reflux. The
progress of the reaction is monitored by TLC and HPLC.
After cooling to room temperature, the reaction mixture is
poured into ice water and the mixture is extracted with
dichloromethane. The organic extracts are combined and
washed with water and brine. The organic phase is then dried
over sodium sulfate and concentrated to obtain the crude
product mixture. The crude product is purified by column
chromatography on (230-400 mesh) silica gel to afford
intermediate AB.

[0272] Method of Preparing Target Compound AC: To a
cold solution of intermediate AB (1 equiv.) in anhydrous
N,N-dimethylformamide (0.08 M) is added solid potassium
carbonate (3 equiv.) and amine M (2 equiv.) or triethylamine
(3 equiv.) and amine M (2 equiv.) in anhydrous acetonitrile
(0.08 M). The mixture is allowed to warm to room tem-
perature and the progress of the reaction is monitored by
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HPLC and TLC. The reaction mixture is then poured into ice
cold water and the resulting precipitate is collected by
filtration. The solids are washed with water and then dried to
afford target compound AC.

Example 13: 4-(6-Bromo-2-methyl-3-(2-(piperidin-
1-yDacetyl)-1H-pyrrolo[3,2-b]pyridin-1-yl)benzoni-
trile (Compound 297)

[0273]

XVLII

CN

297

[0274] Synthesis of 4-(6-Bromo-2-methyl-pyrrolo[3,2-b]
pyridin-1-yl)-benzonitrile (XLVI): To a solution of com-
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pound Z (5.0 g, 0.024 mol) in N,N-dimethyl formamide (40
mL), cooled to 0° C., was added sodium hydride (1.90 g,
0.047 mol). The resulting mixture was allowed to slowly
warm to room temperature and stir for 1 h. The reaction
mixture was again cooled to 0° C. and then 4-fluorobenzo-
nitrile (6.31 g, 0.052 mol) was added. The reaction mixture
was heated at 80° C. for 12 h and allowed to cool to room
temperature. The reaction mixture was poured over ice and
the resulting mixture was extracted with ethyl acetate
(2x100 mL). The combined organic extracts were evapo-
rated under reduced pressure and the crude product mixture
was purified by column chromatography on 100-200 mesh
silica using 2% acetone in dichloromethane as the eluant to
afford compound XLVI (3 g, 55%) as a white solid. "H NMR
(400 MHz, CDCl,) 3 8.48 (d, 1H, J=1.96 Hz), 7.90-7.87 (m,
2H), 7.53-7.45 (m, 3H), 7.26-7.25 (m, 1H), 7.17-7.15 (m,
1H), 6.62 (s, lH) 2 36 (s, 3H); MS (ESI, positive mode) m/z
312/314 (MH*, ""®*'Br).

[0275] Synthesis of 4-[6-Bromo-3-(2-chloro-acetyl)-2-
methyl-pyrrolo[3,2-b]pyridin-1-yl]-benzonitrile  (XLVII):
To a solution of aluminum chloride (2.1 g, 0.016 mol) in
dichloroethane (25 mL), kept at 0° C., was added chloro-
acetyl chloride (1.6 mL, 0.016 mol). The resulting mixture
was allowed to warm to room temperature and stir for 1 h.
The reaction mixture was again cooled to 0° C. and was then
treated with a solution of compound XLVI (0.5 g, 1.60
mmol) in dichloroethane (10 mL). The reaction mixture was
heated at 80° C. for 6 h and then allowed to cool to room
temperature. The reaction mixture was concentrated under
reduced pressure and the remaining crude product was
treated with ice cold water (10 mL), followed by an aqueous
saturated sodium bicarbonate solution (10 mL). The mixture
was extracted with ethyl acetate (2x100 mL) and the com-
bined organic extracts were evaporated under reduced pres-
sure. The crude product mixture was purified by column
chromatography using 100-200 mesh silica using 10% ethyl
acetate in hexanes as the eluant to afford compound XTVII
(0.25 g, 40%) as a white solid; "H NMR (400 MHz, CDCl,)
d 8.62 (d, 1H, J=1.96 Hz), 7.95 (m, 2H, J=8.56 Hz),
7.52-7.47 (m, 3H), 5.24 (s, 2H), 2.67 (s, 3H).

[0276] Synthesis of 4-[6-Bromo-2-methyl-3-(2-piperidin-
1-yl-acetyl)-pyrrolo[3,2-b]pyridin-1-yl]-benzonitrile (297):
To a solution of compound XLVII (0.25 g, 0.643 mmol) in
N,N-dimethyl formamide (4 ml.) was added piperidine (0.19
ml 1.93 mmol). The resulting mixture was allowed to stir
for 30 min at room temperature, before it was poured into
cold water. The brown precipitate that formed was collected
via filtration and washed with n-pentane. Drying the solid in
a stream of air afforded 297 (0.15 g, 53%) as an off-white
solid. 'H NMR (400 MHz, CDCl5) 8 8.61 (d, 1H, J=1.9 Hz),
7.93 (d, 2H, J=8.4 Hz), 7.46 (d, 2H, J=8.4 Hz), 7.44 (d, 1H,
J=2.0 Hz), 4.26 (s, 2H), 2.72-2.70 (m, 4H), 2.64 (s, 3H),
1.69-1.67 (m, 4H), 1.49-1.48 (m, 2H); MS (ESI, positive
mode) m/z 437/439 (MH*, 7*'Br).
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[0278] Method of Preparing General Intermediate AE: To
an ice-cooled solution of AD (1 equiv) in toluene (0.35 M
relative to AD) or acetonitrile (0.35 M relative to AD) is
added mesylate AM (2 equiv.) or alkyl halide AN (2 equiv.)
and potassium carbonate (2 equiv.). The reaction mixture is
allowed to warm to room temperature and stir. The progress
of' the reaction is monitored by HPL.C and TLC. The reaction
mixture is filtered and then condensed under reduced pres-
sure. The crude product mixture is purified by column
chromatography on silica to afford intermediate AE.

[0279] Method of Preparing General Intermediate AF: To
an ice cooled solution of intermediate AE (1 equiv.) in
dichloromethane (0.2 M relative to AE) is added tri-
fluroacetic acid (1.5 M relative to AE). The reaction mixture
is allowed to stir at room temperature for 18 h, before it is
poured onto ice-water and neutralized with an aqueous
saturated sodium bicarbonate solution. The mixture is
extracted with dichloromethane and the combined organic
extracts are washed with brine. The organic layer is then

80

Aug. 3, 2023

dried over sodium sulfate and concentrated under reduced
pressure. The remaining crude mixture is washed with
n-pentane to afford intermediate AF.

[0280] Method of Preparing General Intermediate AG: A
solution of intermediate AF (1 equiv.) in methanol (0.1 M
relative to AF) is heated at reflux for 16 h and then allowed
to cool to room temperature. The reaction mixture is con-
densed under reduced pressure and the remaining crude
product mixture is purified by column chromatography on
silica to afford AG.

[0281] Method of Preparing General Intermediate AH: In
a sealed tube, a mixture of substituted indole AG (1 equiv.),
copper (I) iodide (0.05 equiv.), and potassium phosphate
(1.70 equiv.) in 1,4-dioxane (0.2 M) is sparged with nitrogen
gas for 0.5 h. Then trans-(+/-)-1,2-cyclohexanediamine
(0.05 equiv.) and aryl halide (1 equiv.) are then added to the
flask at room temperature and the resulting reaction mixture
is heated at 110° C. for one to two days. After cooling to
room temperature, the reaction mixture is filtered through
celite and the filter pad is washed with ethyl acetate. The
filtrate is concentrated to afford the crude product mixture,
which is purified by column chromatography on silica gel
(100-200 mesh) to intermediate AH.

[0282] Alternative Method of Preparing General Interme-
diate AH: A mixture of substituted indole AG (1 equiv.),
4-fluoro substituted benzene (2 equiv.), 18-crown-6 (2
equiv.) and 37%-potassium fluoride/aluminum oxide (15:1
w/w relative to indole) in dimethylsulfoxide (0.15 M) is
heated at 100° C. The progress of the reaction is followed by
TLC and HPLC. After cooling to room temperature, the
reaction mixture is filtered and the filtrate is extracted with
ethyl acetate. The organic extract is washed with water and
brine. The organic phase is then dried over sodium sulfate
and concentrated to obtain the crude product mixture. The
crude product is purified by column chromatography on
(100-200 mesh) silica to afford Intermediate AH.

[0283] Alternative Method of Preparing General Interme-
diate AH: A mixture of indole AG (1 equiv.), aryl halide (1.2
equiv.), cesium fluoride (2.50 equiv.), copper (I) iodide (0.05
equiv.) and N,N-dimethylethylenediamine (0.10 equiv.) is
prepared in dry tetrahydrofuran (0.6 M relative to indole
AQG) and then stirred at 70° C. under an inert atmosphere.
After cooling to room temperature the reaction mixture is
diluted with water and extracted with ethyl acetate. The
organic extracts are combined, washed with water and brine,
dried over sodium sulfate and then concentrated to afford
crude product. The crude product is purified by the column
chromatography using 100-200 mesh silica gel to obtain
intermediate AH.

[0284] Alternative Method of Preparing General Interme-
diate AH: Within a sealed tube, a solution of intermediate
AG (1 equiv.) in dimethyl sulfoxide (0.07 M relative to AG)
is treated with potassium carbonate (2.5 equiv.), aryl halide
(2.5 equiv.), and 8-hydroxy quinoline (0.2 equiv.). The
sealed tube is then purged with nitrogen for 30 min at room
temperature. Solid copper(I) iodide (0.2 equiv.) is then
added to the reaction mixture and the sealed system is heated
at 110° C. The progress of the reaction is followed by HPL.C
and TLC. After cooling to room temperature, cold water is
added to the reaction mixture, which is then extracted with
ethyl acetate. The combined organic extracts are washed
with brine and then dried over anhydrous sodium sulfate.
The organic phase is concentrated under reduced pressure
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and the crude product purified by column chromatography -continued
on silica gel (100-200 mesh) to afford intermediate AH. N

[0285] Method of Preparing General Intermediate Al: To

an ice cooled solution of intermediate AH (0.009 mol, 1 |
equiv.) in N,N-dimethyl formamide (0.2 M relative to AH) ~ >
is added N-iodosuccinimide (1.2 equiv.). The reaction mix- O

ture is allowed to warm to room temperature and stir. The

progress of the reaction is monitored by HPLC and TLC.

The reaction mixture is then poured onto ice-water and

filtered. The filtered precipitate is allowed to dry in a stream ™S
of air to afford intermediate Al XLVIII
[0286] Method of Preparing General Intermediate AJ: To
an ice cooled solution of intermediate Al (1 equiv.) in
toluene (0.15 M relative to Al), being maintained under a

nitrogen atmosphere, is added tributyl (1-ethoxyvinyl) stan-
nane (1.3 equiv.) and tetrakistriphenylphosphine palladium
(0) (0.05 equiv.). The reaction mixture is allowed to warm to -

N,
OB
P
room temperature and is then heated at reflux. The progress \\
OH
XLIX
N,
OB
s N
L
N,
(T
Y,

/
e
|

NS

of the reaction is monitored by HPLC and TLC. After
cooling to room temperature, the reaction mixture is poured
onto ice-water and acidified with 2M hydrochloride acid.
The phases are separated and the aqueous phase is neutral-
ized through the addition of a sodium bicarbonate solution.

\O
o
combined organic extracts are washed with brine. The \O

The aqueous mixture is extracted with ethyl acetate and the
organic layer is then dried over sodium sulfate, concentrated
under reduced pressure, and the remaining crude product

mixture is purified by column chromatography on silica to
afford intermediate AJ.

[0287] Method of Preparing General Intermediate AK: To

a solution of intermediate AJ (1 equiv.) in tetrahydrofuran

(0.04 M relative to AJ) is added phenyltrimethylammonium O
3

tribromide (1 equiv.). The reaction mixture is heated at

reflux and then allowed to cool to room temperature. The —_—
progress of the reaction is monitored by HPL.C and TLC.
The reaction mixture is then poured onto ice-water and the

mixture is extracted with ethyl acetate. The combined
organic extracts are washed with brine, dried over sodium
sulfate, and then concentrated under reduced pressure to
obtain AK. LI
[0288] Method of Preparing Target Compound AL: To a
cold solution of intermediate AK (1 equiv.) in anhydrous
N,N-dimethylformamide (0.08 M) is added solid potassium
carbonate (3 equiv.) and amine M (2 equiv.) or triethylamine
(3 equiv.) and amine M (2 equiv.) in anhydrous acetonitrile
(0.08 M). The mixture is allowed to warm to room tem-
perature and the progress of the reaction is monitored by
HPLC and TLC. The reaction mixture is then poured into ice
cold water and the resulting precipitate is collected by
filtration. The solids are washed with water and then dried to
afford target compound AL.

Example 14: 4-(6-Methoxy-2-methyl-3-(2-(piperi-
din-1-ylacetyl)-1H-pyrrolo[3,2-b]pyridin-1-yl)ben-
zonitrile (Compound 326)

CN

H;CO

LI
[0289]
N
o8
HO \\O .

TMS\)

AD

LIII
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[0290] Synthesis of 6-Methoxy-2-methyl-1-(2-trimethyl-
silanyl-ethoxymethyl)-1H-pyrrolo[3,2-b|pyridine (XLVIII):
To an ice-cooled solution of compound AD (2 g, 0.007 mol)
in toluene (20 ml) and methanol (20 ml) was added
trimethylsilyl diazomethane (1.6 g, 0.014 mol). The reaction
mixture was allowed to warm to room temperature and stir
for 18 h. The reaction mixture was condensed under reduced
pressure and the remaining crude product mixture was
purified by column chromatography using 40% ethyl acetate
in hexanes as the eluant to afford compound XLVIII (1 g,
48%) as a solid. "H NMR (400 MHz, CDCl,): 8 8.19 (d,
J=2.5Hz, 1H), 7.17 (d, J=1.9 Hz, 1H), 6.39 (s, 1H), 5.38 (s,
2H), 3.88 (s, 3H), 3.46 (t, J=8.0 Hz, 2H), 2.48 (s, 3H), 0.86
(t, I=8.0 Hz, 2H), 0.07 (s, 9H); MS (ESI, positive mode) m/z
293.

[0291] Synthesis of (6-Methoxy-2-methyl-pyrrolo [3, 2-b]
pyridin-1-yl)-methanol (XLIX): To an ice cooled solution of
compound XLVIII (1 g, 3.40 mmol) in dichloromethane (20
ml) was added trifluroacetic acid (5 mL). The reaction
mixture was allowed to stir at room temperature for 18 h,
before it was poured onto ice-water and neutralized with an
aqueous saturated sodium bicarbonate solution. The mixture
was extracted with dichloromethane (2x25 mlL) and the
combined organic extracts were washed with brine. The
organic layer was then dried over sodium sulfate and con-
centrated under reduced pressure. The remaining crude
mixture was washed with n-pentane to afford compound
XLIX (0.800 g) as an off-white solid. "H NMR (400 MHz,
CDCl,): 9 8.10 (d, J=2.4 Hz, 1H), 7.08 (d, J=2.4 Hz, 1H),
6.30 (s, 1H), 5.53 (s, 2H), 3.84 (s, 3H), 2.47 (s, 3H); MS
(ESI, positive mode) m/z 193.
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[0292] Synthesis of 6-Methoxy-2-methyl-1H-pyrrolo[3,2-
blpyridine (L): A solution of compound XLIX (0.7 g, 3.60
mmol) in methanol (30 mI) was heated at reflux for 16 h and
then allowed to cool to room temperature. The reaction
mixture was condensed under reduced pressure and the
remaining crude product mixture was purified by column
chromatography on silica using 50% ethyl acetate in
hexanes as the eluent to afford L (0.280 g, 47%) as a white
solid. '"H NMR (400 MHz, CDCl,): 8 8.18 (d, J=2.5 Hz, 1H),
7.95 (brs, 1H), 7.09 (d, J=2 Hz, 1H), 6.34 (s, 1H), 3.86 (s,
3H), 2.45 (s, 3H); MS (ESI, positive mode) m/z 163.
[0293] Synthesis of 4-(6-Methoxy-2-methyl-pyrrolo|3,2-
blpyridin-1-yl)-benzonitrile (LI): To an ice cooled solution
of compound L (0.28 g, 1.70 mmol) in N,N-dimethyl
formamide (10 mI) was added sodium hydride (0.17 g, 4.30
mmol). The reaction mixture was allowed to warm to room
temperature and stir for 45 min. The resulting reaction
mixture was again cooled to 0° C. and 4-fluorobenzonitrile
(0.46 g, 3.70 mmol) was added. The reaction mixture was
heated to 80° C. for 10 h and then allowed to cool to room
temperature. The reaction mixture was poured onto ice-
water and the mixture was extracted with ethyl acetate (2x50
ml). The combined organic extracts were washed with
brine, dried over sodium sulfate, and concentrated under
reduced pressure to obtain the crude product mixture. The
product was purified by column chromatography on silica to
afford LI (0.250 g, 62%) as a brown solid. 'H NMR (400
MHz, CDCl,): § 8.24 (d, J=2.5 Hz, 1H), 7.87 (d, J=6.6 Hz,
2H), 7.49 (d, I=6.6 Hz, 2H), 6.88 (d, J=2.4 Hz, 1H), 6.57 (s,
1H), 3.81 (s, 3H), 2.34 (s, 3H); MS (ESI, positive mode) m/z
264.

[0294] Synthesis of 4-(3-lodo-6-methoxy-2-methyl-pyr-
rolo [3,2-b]pyridin-1-yl)-benzonitrile (LII): To an ice cooled
solution of compound LI (0.25 g, 0.009 mol) in N,N-
dimethyl formamide (5§ ml) was added N-iodosuccinimide
(0.25 g, 1.10 mmol). The reaction mixture was allowed to
warm to room temperature and stir for 2 h. The reaction
mixture was then poured onto ice-water and filtered. The
filtered precipitate was allowed to dry in a stream of air to
afford compound LII (0.28 g, 76%) as a brown solid. 'H
NMR (400 MHz, CDCL,): 8 8.33 (d, J=2.4 Hz, 1H), 7.90 (d,
J=6.6 Hz, 2H), 7.47 (d, J=6.6 Hz, 2H), 6.82 (d, J=2.4 Hz,
1H), 3.81 (s, 3H), 2.41 (s, 3H); MS (ESI, positive mode) m/z
389.

[0295] Synthesis of 4-(3-Acetyl-6-methoxy-2-methyl-pyr-
rolo[3,2-bpyridin-1-yl)-benzonitrile (LIII): To an ice cooled
solution of compound LII (0.28 g, 0.700 mmol) in toluene
(5 mL), being maintained under a nitrogen atmosphere, were
added tributyl (1-ethoxyvinyl) stannane (0.32 g, 0.900
mmol) and tetrakistriphenylphosphine palladium(0) (0.085
g, 0.030 mmol). The mixture was allowed to warm to room
temperature and was then heated at reflux for 10 h. After
cooling to room temperature, the reaction mixture was
poured onto ice-water and acidified with 2M hydrochloride
acid. The phases were separated and the aqueous phase was
neutralized through the addition of a sodium bicarbonate
solution. The aqueous mixture was extracted with ethyl
acetate (2x50 mL) and the combined organic extracts were
washed with brine. The organic layer was then dried over
sodium sulfate, concentrated under reduced pressure, and
the remaining crude product mixture was purified by column
chromatography on silica using 30% ethyl acetate in
hexanes the eluant to afford compound LIII (0.070 g, 32%)
as a brown solid. "H NMR (400 MHz, CDCl,): & 8.38 (d,
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J=2.7 Hz, 1H), 7.93 (d, J=6.6 Hz, 2H), 7.48 (d, J=6.6 Hz,
2H), 6.78 (d, J=2.6 Hz, 1H), 3.81 (s, 3H), 2.96 (s, 3H), 2.61
(s, 3H); MS (ESI, positive mode) m/z 306.

[0296] Synthesis of 4-[3-(2-Bromo-acetyl)-6-methoxy-2-
methyl-pyrrolo[3,2-b]pyridin-1-yl]-benzonitrile (LIV): To a
solution of compound LIII (0.070 g, 0.200 mmol) in tetra-
hydrofuran (5 mL) was added phenyltrimethylammonium
tribromide (0.086 g, 0.200 mmol). The reaction mixture was
heated at reflux for 10 h and then allowed to cool to room
temperature. The reaction mixture was then poured onto
ice-water and the mixture was extracted with ethyl acetate
(2x50 mL). The combined organic extracts were washed
with brine, dried over sodium sulfate, and then concentrated
under reduced pressure to obtain LIV (0.070 g), which was
used without further purification.

[0297] Synthesis of 4-[6-Methoxy-2-methyl-3-(2-piperi-
din-1-yl-acetyl)-pyrrolo[3,2-b]pyridin-1-yl]-benzonitrile
(326): To a suspension of compound LIV (0.070 g, 0.100
mmol) in dichloromethane (10 ml.) was added piperidine
(0.036 g, 0.300 mmol). The reaction mixture was allowed to
stir at room temperature for 4 h and was then poured onto
ice-water. The mixture was extracted with ethyl acetate
(2x50 mL) and the combined organic extracts were washed
with brine. The organic phase was dried over sodium sulfate,
concentrated under reduced pressure, and the remaining
crude residue was purified by silica gel (100-200 mesh)
column chromatography using 5% methanol in dichlo-
romethane as the eluant to afford 326 (0.025 g, 36%) as a
brown solid. *H NMR (400 MHz, CDCl,): 8 8.34 (d, I=2.5
Hz, 1H), 7.94 (d, J=8.5 Hz, 2H), 7.48 (d, J=8.5 Hz, 2H), 6.77
(d, J=2.5 Hz, 1H), 4.62 (s, 2H), 3.81 (s, 3H), 3.08 (m, 4H),
2.63 (s, 3H), 1.92 (m, 6H); MS (ESI, positive mode) m/z
389.

Example 15: 4-[2-Methyl-3-(2-piperidin-1-yl-
acetyl)-pyrrolo[3,2-b]pyridin-1-yl]-benzonitrile
(Compound 116)

[0298]
N,
T
N
—_—
CN
XXI
CN
116
[0299] Synthesis of 4-[2-Methyl-3-(2-piperidin-1-yl-

acetyl)-pyrrolo[3,2-b]pyridin-1-yl]-benzonitrile (116): To a
solution of compound XXI (200 mg, 1.50 mmol) in dichlo-
romethane (10 mL) kept at 0° C. was added aluminum
trichloride (344 mg, 2.57 mmol). After 5 min, neat cyclo-
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hexylacetyl chloride (481 mg, 0.003 mol) was added to the
reaction mixture. The resulting mixture was allowed to
warm to room temperature and stir for 16 h, before it was
poured onto ice cold water (10 mL). The mixture was
extracted with dichloromethane (2x10 ml) and the com-
bined organic extracts were washed with water (2x10 mL)
and brine. The organic layer was dried over sodium sulfate,
filtered, and concentrated under vacuum to afford the crude
product mixture. The crude product was purified by flash
column chromatography on silica gel (100-200 mesh) using
30% ethyl acetate in hexanes as the eluant to afford 116 (110
mg, 21%) as an off-white solid. 'H NMR (400 MHz,
CDCl,): § 8.60 (dd, J=4.7, 1.4 Hz, 1H), 7.90 (d, J=8.6 Hz,
2H), 7.48 (d, J=8.6 Hz, 2H), 7.31 (dd, J=8.3, 1.4 Hz, 1H),
7.11 (dd, J=8.3, 4.7 Hz 1H), 3.39 (d, J=6.8 Hz, 2H), 2.65 (s,
3H), 2.08-2.00 (m, 1H), 1.85-1.81 (brm, 2H), 1.72-1.62 (m,
4H), 1.31-1.15 (m, 4H); (ESI, positive mode) m/z 358.

Examples 16-17: Methyl 1-(4-Chlorophenyl)-3-(1-
hydroxy-2-(piperidin-1-yl)ethyl)-2-methyl-1H-in-
dole-6-carboxylate (Compound 126), 1-(1-(4-Chlo-
rophenyl)-6-(hydroxymethyl)-2-methyl-1H-indol-3-
yD)-2-(piperidin-1-yl)ethan-1-ol (Compound 130)

(D

HO,
A\ —
HO
N ;
Cl
130
Q

0
\ —_—
H3CO,C N?
cl

171

[0300]



US 2023/0242557 A9

-continued

HO,

H;C0,C

Cl
126

[0301] Synthesis of Methyl 1-(4-Chlorophenyl)-3-(1-hy-
droxy-2-(piperidin-1-yl)ethyl)-2-methyl-1H-indole-6-car-
boxylate (126): To a stirred solution of 171 (0.15 g, 0.350
mmol) in dry tetrahydrofuran (5 mL), kept at 0-5° C., was
added lithium borohydride (0.023 g, 1.05 mmol). The reac-
tion mixture was allowed to warm to room temperature and
stir for 2 h. The reaction mixture was concentrated under
vacuum to dryness and the remaining residue was diluted
with water. The aqueous mixture was extracted with dichlo-
romethane and the combined organic extracts were dried
over anhydrous sodium sulfate. The organic layer was
concentrated and the crude product mixture was purified by
column chromatography on silica using 2% methanol in
dichloromethane as the eluant to afford 126 (100 mg, 65%)
as an off-white solid. 'H NMR (400 MHz, CDCL,): § 7.79
(s, 2H), 7.70 (s, 1H), 7.52 (d, J=8.8 Hz, 2H), 7.24 (d, J=8.8
Hz, 2H), 5.26 (bs, 1H), 3.86 (s, 3H), 3.09 (brs, 1H), 2.87
(brs, 2H), 2.63-2.59 (m, 3H), 2.29 (s, 3H), 1.76 (m, 6H); MS
(ESI, positive mode) m/z 427/429 (MH*, *¥7Cl).

[0302] Synthesis of 1-(1-(4-Chlorophenyl)-6-(hydroxym-
ethyl)-2-methyl-1H-indol-3-y1)-2-(piperidin-1-yl)ethan-1-ol
(130): To a solution of 171 (0.2 g, 0.470 mmol) in dry
tetrahydrofuran (5 mL), kept at 0° C. under a nitrogen
atmosphere, was added lithium aluminum hydride (0.05 g,
1.41 mol). The reaction mixture was allowed to warm to
room temperature and stir for 2 h. The reaction was
quenched through the addition of cold water (10 mL) and the
resulting mixture was extracted with ethyl acetate (2x20
mL). The combined organic extracts were washed with brine
(10 mL) and dried over sodium sulfate. The organic layer
was concentrated under reduced pressure and the crude
product mixture was purified by column chromatography on
silica using 5% methanol in dichloromethane as the eluant to
afford 130 (0.06 g, 32%) as an off white solid; 'H NMR (400
MHz, CDCl,) 8 7.77 (d, I=8.1 Hz, 1H), 7.51 (d, J=8.6 Hz,
2H), 7.24 (d, J=10.4 Hz, 2H), 7.11 (d, J=8.0 Hz, 1H), 7.03
(s, 1H), 5.25-5.22 (m, 1H), 4.69 (s, 2H), 3.16-3.10 (m, 1H),
2.86 (bs, 2H), 2.65 (bs, 2H), 2.56-2.52 (m, 1H) 2.26 (s, 3H)
2.08 (s, 1H) 1.75-1.71 (m, 4H) 1.54-1.53 (m, 2H); MS (ESI,
positive mode) m/z 399/421 (MH*, *>37C1).

Example 18: 1-(1-(4-Chlorophenyl)-2-methyl-1H-
indol-3-yl)-2-(piperidin-1-yl)ethan-1-o0l (106)

[0303] Compound 106 was prepared using methods simi-
lar to those described in Examples 16 and 17.
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Examples 19-20: 1-(6-(((tert-Butyldimethylsilyl)
oxy)methyl)-1-(4-chlorophenyl)-2-methyl-1H-indol-
3-yl)-2-(piperidin-1-yl)ethan-1-one (Compound
153), 1-(1-(4-Chlorophenyl)-6-(hydroxymethyl)-2-
methyl-1H-indol-3-yl)-2-(piperidin-1-yl)ethan-1-one
(Compound 182)

()

[0304]

HO,

HO

Cl
153
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[0305] Synthesis of 1: 1-[6-(tert-Butyl-dimethyl-silany-
loxymethyl)-1-(4-chloro-phenyl)-2-meth yl-1H-indol-3-yl]-
2-piperidin-1-yl-ethanol (LV). To a solution of 130 (0.6 g,
1.50 mmol) in dichloromethane (15 mL), kept under a
nitrogen atmosphere at 0° C., was added imidazole (0.35 g,
5.26 mmol). After 10 min, solid tert-butyldimethylsilyl
chloride (0.27 g, 1.80 mmol) was added portionwise to the
reaction mixture, which was then allowed to warm to room
temperature and stir for 3 h. The reaction mixture was
diluted with cold water (20 mL) and the mixture was
extracted with dichloromethane (2x20 mL). The combined
organic extracts were washed with brine (30 mL), dried over
anhydrous sodium sulfate, and then concentrated under
reduced pressure. The crude product mixture was purified by
column chromatography on silica, using 4% methanol in
dichloromethane as the eluant, to afford compound LV (0.65
g, 84%) as an off-white solid. 'H NMR (400 MHz, CDCl,)
8 7.70 (d, J=8.2 Hz, 1H), 7.47 (d, J=8.7 Hz, 2H), 7.23 (d,
J=9.1 Hz, 2H), 7.03 (d, J=8.2 Hz, 1H), 7.00 (s, 1H),
5.14-5.09 (m, 1H), 4.74 (s, 2H), 3.07-2.99 (m, 1H), 2.77 (m,
2H), 2.49-2.43 (m, 2H), 2.24 (s, 3H), 1.66 (brs, 4H),
1.51-1.48 (m, 2H), 0.86 (s, 9H), 0.02 (s, 6H).

[0306] Synthesis of 1-[6-(tert-Butyl-dimethyl-silany-
loxymethyl)-1-(4-chloro-phenyl)-2-methyl-1H-indol-3-y1]-
2-piperidin-1-yl-ethanone (153). To a stirred solution of
compound LV (0.6 g, 1.16 mmol) in dichloromethane (20
mL), kept at 0° C. under a nitrogen atmosphere, was added
Dess-Martin periodinane (0.74 g, 1.75 mmol). The reaction
mixture was allowed to warm to room temperature and stir
for 8 h. The reaction mixture was diluted with cold water (20
ml) and then extracted with dichloromethane (3x20 mL).
The combined organic extracts were washed with brine (20
mL), dried over anhydrous sodium sulfate, and then con-
centrated under reduced pressure. The crude product mix-
ture was purified by column chromatography on silica, using
5% methanol in dichloromethane as the eluant, to afford 153
(0.09 g, 15%) as an off-white solid. 'H NMR (400 MHz,
CDCl,) 8 7.92 (d, J=8.3 Hz, 1H), 7.54 (d, J=8.7 Hz, 2H),
7.24 (d, J=8.7 Hz, 2H), 7.20 (d, J=8.2 Hz, 1H), 6.98 (s, 1H),
476 (s, 2H), 3.88 (s, 2H), 2.70 (brs, 4H), 2.58 (s, 3H),
1.71-1.68 (m, 4H), 1.49 (brs, 2H), 0.86 (s, 9H), 0.01 (s, 6H);
MS (ESI, positive mode) m/z 511/513 (MH™*, **7Cl).
[0307] Synthesis of 1-[1-(4-Chloro-phenyl)-6-hydroxym-
ethyl-2-methyl-1H-indol-3-yl]-2-piperidin-1-yl-ethanone
(182). To a solution of compound 153 (0.16 g, 0.310 mmol)

&5
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in dry tetrahydrofuran (5 mL), being kept at 0° C. under a
nitrogen atmosphere, was added tetrabutylammonium fluo-
ride solution (1M in THEF, 0.47 ml, 0.47 mmol). The
reaction mixture was allowed to stir at room temperature for
3 h before it was diluted with cold water (10 mL). The
mixture was extracted with ethyl acetate (2x20 mL)) and the
combined organic extracts were washed with brine (10 mL).
The organic layer was dried over anhydrous sodium sulfate
and then concentrated under reduced pressure. The remain-
ing crude product mixture was purified by preparative HPL.C
to afford 153 (0.01 g, 8%) as an off-white solid. 'H NMR
(400 MHz, CDCl,) 8 7.99 (d, J=8.3 Hz, 1H), 7.55 (d, J=8.5
Hz, 2H), 7.26 (s, 2H), 7.24 (s, 1H), 7.00 (s, 1H), 4.71 (s, 2H),
3.77 (s, 2H), 2.61-2.56 (m, 7H), 1.67-1.61 (m, 4H), 1.46
(brs, 2H); MS (ESI, positive mode) m/z 397/399 (MH",
35/37C1).

Examples 21-23: 2-((1-(4-Chlorophenyl)-2-methyl-
3-(2-(piperidin-1-yl)acetyl)-1H-indol-6-yl)methyl)
isoindoline-1,3-dione (Compound 152), 1-(6-(Ami-
nomethyl)-1-(4-chlorophenyl)-2-methyl-1H-indol-3-
yD-2-(piperidin-1-yl)ethan-1-one (Compound 185),
1-(1-(4-chlorophenyl)-6-((Dimethylamino)methyl)-
2-methyl-1H-indol-3-y1)-2-(piperidin-1-yl)ethan-1-
one (Compound 188)

[0308]
—_—
H;CO5C NH,
LVI
J O
H,CO,C X
LVI
H;CO,C7 : N?
cl
LVIII
HO
—_—

oY

Cl
LIX
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188

[0309] Synthesis of Methyl 2-Methyl-1H-indole-6-car-
boxylate (LVII): In a sealed tube was prepared a degassed
0 mixture of compound LVI (10.0 g, 0.061 mol) and copper(Il)
acetate monohydrate (36.2 g, 0.182 mol) in dimethylsulfox-
ide (50 mL). To the flask was added acetone (100 mlL.),
followed by palladium(II) acetate (0.270 g, 0.001 mol), and
the resulting reaction mixture was heated at 80° C. for 48 h.
After cooling to room temperature, the reaction mixture was
LXI filtered through a pad of celite and the filtrate was diluted
with water (80 mL). The aqueous mixture was extracted
with ethyl acetate (3x100 mL) and the combined organic
extracts were dried over anhydrous sodium sulfate. The
organic layer was concentrated under reduced pressure to
obtain the crude product mixture, which was purified by
silica gel chromatography using a gradient of 5-7% ethyl
acetate in hexanes as the eluant to afford LVII (4.8 g, 83%)
as a pale yellow solid. 'H NMR (400 MHz, CDCl,) & 8.26
(brs, 1H), 8.04 (s, 1H), 7.77 (dd, J=8.3, 3.4 Hz, 1H), 7.50 (d,
J=8.3 Hz, 1H), 6.26 (s, 1H), 3.92 (s, 3H), 2.47 (s, 3H); MS
0 (ESI, positive mode) m/z 190 (MH*).

[0310] Synthesis of Methyl 1-(4-Chloro-phenyl)-2-

methyl-1H-indole-6-carboxylate (LVII): To a degassed

mixture of compound LVII (3.5 g, 0.019 mol), 1-chloro-4-

iodobenzene (4.41 g, 0.019 mol), potassium phosphate (6.67

g, 0.031 mol) in 1,4-dioxane (75 mL) were added copper(l)

iodide (0.129 g, 0.926 mmol), followed by racemic trans-

1,2-diaminocyclohexane (0.105 g, 0.926 mmol). The reac-
tion mixture was heated at 110° C. for 48 h and then allowed
O to cool to room temperature. The reaction mixture was
filtered through bed of celite and the filtrate was condensed

N . .

o under reduced pressure. The remaining crude product mix-
ture was purified by column chromatography (100-200
mesh) on silica gel, using 5% ethyl acetate in hexanes as the
eluant to afford LVIII (3.0 g, 86%) as a white solid. 'H NMR

\ R (400 MHz, CDCl,) 8 7.81 (dd, J=8.3, 1.3 Hz, 1H), 7.75 (s,
1H), 7.57 (s, 1H), 7.53 (d, J=8.7 Hz, 2H), 7.29 (d, J=8.7 Hz,
2H), 6.44 (s, 1H), 3.86 (s, 3H), 2.31 (s, 3H); MS (ES],
positive mode) m/z 300/302 (MH*, *>37C1).

[0311] Synthesis of [1-(4-Chloro-phenyl)-2-methyl-1H-

indol-6-yl]-methanol (LIX): To an ice-cooled solution of

LVIII (1.0 g, 3.34 mmol) in dry tetrahydrofuran (20 mL) was

added lithium aluminium hydride (0.380 g, 0.010 mol). The

mixture was allowed to warm to room temperature and stir
for 2 h. The reaction mixture was carefully quenched
through the addition of ice-cold water and the resulting

152

H,N

185
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mixture was extracted with ethyl acetate (3x30 mL). The
combined organic extracts were washed with a saturated
brine solution and dried over sodium sulfate. The mixture
was condensed under reduced pressure and the remaining
crude product mixture was purified by column chromatog-
raphy (100-200 mesh) silica gel, using 20% ethyl acetate in
hexanes as the eluant, to afford LIX (0.650 g, 65%) as an
off-white solid. "H NMR (400 MHz, CDCl,) 8 7.48-7.54 (m,
3H), 7.28 (d, J=8.6 Hz, 2H), 7.10 (dd, J=8.1, 1.2 Hz 1H),
7.07 (s, 1H), 6.38 (s, 1H), 4.69 (s, 2H), 2.29 (s, 3H); MS
(ESI, positive mode) m/z 272/274 (MH*, *>7Cl).

[0312] Synthesis of 2-[1-(4-Chloro-phenyl)-2-methyl-1H-
indol-6-ylmethyl]-isoindole-1,3-dione (LX): To a solution
of LIX (0.490 g, 1.80 mmol) in dry tetrahydrofuran (20 mL)
were added triphenyl phosphine (0.945 g, 3.61 mmol) and
phthalimide (0.530 g, 3.61 mmol). The resulting mixture
was then treated with di-isopropylazodicarboxylate (0.627
g, 3.61 mmol) in a dropwise manner. The reaction mixture
was allowed to stir at room temperature for 4 h before it was
poured into ice cold water. The mixture was extracted with
ethyl acetate (30 mL) and the combined organic extracts
were washed with saturated brine solution, followed by
drying over sodium sulfate. The mixture was condensed
under reduced pressure and the remaining crude product
mixture was purified by column chromatography (100-200
mesh) silica, using 10% ethyl acetate in hexanes as the
eluant, to afford LX (0.150 g, 31%) as an off-white solid. 'H
NMR (400 MHz, CDCl,) § 7.81-7.78 (m, 2H), 7.68-7.64 (m,
2H), 7.51 (d, J=8.6 Hz, 2H), 7.46 (d, J=8.2 Hz, 1H), 7.27 (d,
J=8.6 Hz, 2H), 7.20 (dd, J=8.0, 1.5 Hz, 1H), 7.17 (s, 1H),
6.34 (s, 1H), 4.85 (s, 2H), 2.24 (s, 3H); MS (ESI, positive
mode) m/z 401/403 (MH*, ***7C1).

[0313] Synthesis of 2-[3-(2-Chloro-acetyl)-1-(4-chloro-
phenyl)-2-methyl-1H-indol-6-yl-methyl]-isoindole-dione
(LXI): To an ice-cooled suspension of aluminum trichloride
(0.297 g, 0.225 mmol) in dichloromethane (20 mL) was
added neat chloro acetyl chloride (0.252 g, 0.225 mmol).
The mixture was allowed to stir at the reduced temperature
for 30 min and then a solution of LX (0.180 g, 0.450 mmol)
in dichloromethane (5 ml) was added. The mixture was
allowed to warm to room temperature and was then heated
at 50° C. for 24 h. The reaction mixture was allowed to cool
to room temperature and was then poured into ice cold
water. The mixture was extracted with dichloromethane
(2x20 mL) and the combined organic extracts were washed
with an aqueous saturated solution of sodium bicarbonate.
The organic layer was dried over sodium sulfate and con-
densed in vacuo. The remaining crude product mixture was
purified by column chromatography on (100-200 mesh)
silica using 20% ethyl acetate in hexanes as the eluant to
afford LXI (0.035 g, 19%) as a light pink solid. ‘H NMR
(400 MHz, CDCl,) § 7.84-7.79 (m, 3H), 7.70-7.67 (m, 2H),
7.59 (d, J=8.5 Hz, 2H), 7.41 (dd, J=8.3, 1.4 Hz, 1H), 7.26 (d,
occluded by solvent, 2H), 7.13 (s, 1H), 4.85 (s, 2H), 4.70 (s,
2H), 2.57 (s, H); MS (ESI, positive mode) m/z 477/479
(MH+, 35/37C1).

[0314] Synthesis of 2-[1-(4-Chloro-phenyl)-2-methyl-3-
(2-piperidin-1-yl-acetyl)-1H-indol-6-ylmethyl]-isoindole-1,
3-dione (152): To a solution of compound LXI (0.045 g,
0.095 mmol) in acetonitrile (5 mL) was added neat trieth-
ylamine (0.019 mL,, 0.189 mmol). The reaction mixture was
allowed to stir for 10 min and then the reaction mixture was
treated with piperidine (0.012 g, 0.142 mol). The reaction
mixture was allowed to stir at room temperature for 30 min
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before it was poured into ice cold water. The resulting
precipitate was collected via filtration and allowed to dry in
a stream of air to afford a pale yellow solid. The crude solid
was further purified by column chromatography on (100-200
mesh) silica gel using 2% methanol in dichloromethane as
the eluant to afford 152 (0.009 g, 20%) as a pale yellow
solid. "H NMR (400 MHz, CDCl,) 8 7.93 (d, 1=9.0 Hz, 1H),
7.82-7.79 (m, 2H), 7.70-7.67 (m, 2H), 7.57 (d, J=8.4 Hz,
2H), 7.37 (d, J=7.3 Hz, 1H), 7.24 (d, occluded by solvent,
2H), 7.10 (s, 1H), 4.85 (s, 2H), 3.79 (brs, 2H), 2.61 (brs, 4H),
2.56 (s, 3H), 1.65 (brs, 4H), 1.49 (brs, 2H); MS (ES],
positive mode) m/z 526/528 (MH™, *>*37Cl).

[0315] Synthesis of 1-[6-Aminomethyl-1-(4-chloro-phe-
nyl)-2-methyl-1H-indol-3-yl]-2-piperidin-1-yl-ethanone
(185): To an ice-cooled solution of 152 (0.500 g, 0.952
mmol) in ethanol (15 mL) was added hydrazine hydrate
(0.238 g, 4.76 mmol). The resulting mixture was allowed to
warm to room temperature and stir for 24 h, before it was
condensed in vacuo. The remaining residue was diluted with
water (20 mL) and the aqueous mixture was acidified with
dilute hydrochloric acid (5 mL). The acidic mixture was
washed with ethyl acetate (3x20 mL) and then the aqueous
phase was basified using an aqueous, saturated sodium
bicarbonate solution. The resulting mixture was extracted
with dichloromethane (3x50 mL) and the combined organic
extracts were washed with brine (50 mL), dried over sodium
sulfate, and concentrated in vacuo. The remaining residue
was triturated with pentane (3x5 ml.) and then allowed to
dry in a stream of air to afford 185 (0.150 g, 40%) as a pale
yellow solid. 'H NMR (400 MHz, CDCL,): 8 7.96 (d, J=8.2
Hz, 1H), 7.55 (d, J=8.6 Hz, 2H), 7.26 (s, 2H), 7.21 (s, 1H),
6.93 (s, 1H), 3.89 (s, 2H), 3.79 (s, 2H), 2.62 (brs, 4H), 2.57
(s, 3H), 1.66-1.59 (m, 8H); MS (ESI, positive mode) m/z
396/398 (MH*, *>37C1).

[0316] Synthesis of 1-[1-(4-Chloro-phenyl)-6-dimethyl-
aminomethyl-2-methyl-1H-indol-3-yl]-2-piperidin-1-yl-
ethanone (188): To an ice-cooled solution of 185 (0.050 g,
0.127 mmol) in acetic acid (5 mL) was added paraformal-
dehyde (0.011 g, 0.380 mmol) and the reaction mixture was
allowed to stir at room temperature for 3 h. The reaction
mixture was then treated with sodium cyanoborohydride
(0.015 g, 0.253 mmol) in a portionwise fashion and allowed
to stir for 15 h. The reaction mixture was quenched through
the addition of an aqueous saturated sodium bicarbonate
solution (100 mL)) and the mixture was extracted with ethyl
acetate (2x75 mL). The combined organic extracts were
washed with brine (75 mL), dried over sodium sulfate and
concentrated in vacuo. The remaining crude product mixture
was purified by column chromatography on silica using 7%
methanol in dichloromethane as the eluent to afford 188
(0.015 g, 28%) as an off-white solid. "H NMR (400 MHz,
CDCl,): 8 7.97 (d, J=8.3 Hz, 1H), 7.55 (d, I=8.6 Hz, 2H),
7.27 (d, occluded by solvent, 2H), 7.01 (brs, 1H), 3.82 (s,
2H), 3.57 (brs, 3H) 2.71 (brs, 3H), 2.57 (s, 3H), 2.21 (brs,
6H), 1.70-1.41 (m, 6H); MS (ESI, positive mode) m/z
424/426 (MH*, *>27CI).

Example 24: 1-(1-(4-Chlorophenyl)-6-((methyl-
amino)methyl)-1H-indol-3-y1)-2-(piperidin-1-y1)
ethan-1-one (119)

[0317] Compound 119 was prepared using methods simi-
lar to those described in Examples 21-23.
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Example 25: 1-(2-Methyl-1H-pyrrolo[3,2-b]pyridin-
3-y1)-2-(piperidin-1-yl)ethan-1-one (Compound

128)

[0318]

N,
O

N

H
XX

[0319] Synthesis of 2-Chloro-1-(2-methyl-1H-pyrrolo

[3,2-b]pyridin-3-yl)-ethanone (I.XII). To a solution of XX
(0.5 g, 3.78 mmol) in dichloromethane (10 mL) was added
anhydrous aluminum chloride (2.5 g, 0.018 mol). The mix-
ture was allowed to stir at room temperature for 1 h and then
a solution of chloroacetyl chloride (2.1 g, 0.018 mol) in
dichloromethane (10 mL) was added dropwise to the reac-
tion mixture. The reaction mixture was allowed to stir under
a nitrogen atmosphere, at room temperature, overnight. In
the morning the reaction mixture was diluted with methanol
(50 mL) and then concentrated in vacuo. The remaining
residue was diluted with water (50 mL) and extracted with
ethyl acetate (2x100 mL). The combined organic extracts
were washed with brine (2x50 mL), dried over anhydrous
sodium sulfate, and then concentrated under reduced pres-
sure. The remaining solid material was triturated with n-pen-
tane to afford X (0.5 g, 63%) as a brown solid; "H NMR (400
MHz, DMSO-dy) 6 12.38 (s, 1H), 8.45 (d, J=6.0 Hz, 1H),
7.81 (d, I=9.6 Hz, 1H), 7.20 (d, J=13 Hz, 1H), 5.28 (s, 2H)
2.71 (s, 3H); MS (ESI, positive mode) m/z 209/211 (MH™,
35/37C1).

[0320] Synthesis of 1-(2-Methyl-1H-pyrrolo [3,2-b]pyri-
din-3-yl)-2-piperidin-1-yl-ethanone (128). To a solution of
compound LXII (0.250 g, 0.0012 mol) and triethylamine
(0.333 g, 0.0024 mol) in acetonitrile (5 mL) was added
piperidine (0.178 g, 0.00180 mol). The resulting mixture
was allowed to stir at room temperature for 6 h, before it was
diluted with cold water (10 mL). The precipitate that formed
was collected by filtration and washed with additional water
and hexanes to afford 128 (0.019 g, 6%) as an off-white
solid; 'H NMR (400 MHz, CDCl,) § 8.95 (s, 2H), 8.47 (s,
1H), 7.60 (d, J=7.8 Hz, 1H), 7.08 (d, J=12.8 Hz, 1H), 4.24
(s, 2H), 2.77 (s, 3H), 2.67 (m, 4H), 1.69-1.63 (m, 4H), 1.46
(brs, 2H); MS (ESI, positive mode) m/z 258 (MH™).
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Example 26: 4-(2-Methyl-3-(2-(piperidin-1-yl)
acetyl)-1H-pyrrolo[2,3-b]pyridin-1-yl)benzonitrile
(Compound 141)

[0321]

Br

AN
| —

F
N

CN

LXVII
CN

141

[0322] Synthesis of 3-Prop-1-ynyl-pyridin-2-ylamine
(LXIV): To a degassed mixture of copper(]) iodide (0.055 g,
0.289 mmol) and 2-amino-3-bromo-pyridine (1 g, 5.78
mmol) in triethylamine (30 mL) was added Pd(PPh,),Cl,
(0.202 g, 0.289 mmol). The resulting reaction mixture was
cooled to -78° C. and purged with propyne gas (3.6 g, 46.0
mmol). The mixture was allowed to warm to room tempera-
ture and stir for 18 h. The reaction mixture was diluted with
water (50 mL) and filtered through a pad of celite. The
filtrate was extracted with ethyl acetate and the combined
organic extracts were dried over anhydrous sodium sulfate.
After concentrating in vacuo, the crude product mixture was
purified by column chromatography on silica (100-200
mesh) using 50% ethyl acetate in hexanes as the eluent to
afford LXIV (0.400 g, 52%) as an off-white solid. 'H NMR
(400 MHz, CDCl,): 8 7.97 (d, J=3.9 Hz, 1H), 7.46-7.43 (m,
1H), 6.58-6.55 (m, 1H), 4.93 (bs, 2H), 2.09 (s, 3H); MS
(ESI, positive mode) m/z 233 (MH*).

[0323] Synthesis of 2-Methyl-1H-pyrrolo [2,3-b]pyridine
(LXV): To an ice-cooled solution of compound LXIV (0.4
g, 3.02 mmol) in N,N-dimethylformamide (5 ml) was
added potassium tert-butoxide (0.68 g, 6.05 mmol) in a
portion-wise manner. The resulting mixture was allowed to
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warm to room temperature and stir for 4 h. The reaction
mixture was poured onto cold water (10 mL) and extracted
with diethyl ether (2x10 ml). The combined organic
extracts were dried over anhydrous sodium sulfate and
concentrated in vacuo to get afford LXV (0.3 g, crude) as an
off-white solid, which was used without further purification.
[0324] Synthesis of 4-(2-Methyl-pyrrolo[2,3-b]pyridin-1-
yD)-benzonitrile (LXVI): To a degassed mixture of crude
compound LXV (0.35 g), 4-iodobenzene (0.606 g, 2.64
mmol), and potassium phosphate (0.955 g, 4.50 mmol) in
1,4-dioxane (20 mL) were added copper(I) iodide (0.018 g,
0.132 mmol) and trans-(+/-)-1,2-cyclohexanediamine
(0.015 g, 0.132 mmol). The reaction mixture was then
heated at 110° C. for 38 h, after which it was allowed to cool
to room temperature. The reaction mixture was filtered
through celite bed and the filtrate was condensed in vacuo.
The remaining crude product mixture was purified by col-
umn chromatography on silica gel (100-200 mesh) using
30% ethyl acetate in hexanes as the eluent to afford LXVI
(0.300 g, 43% after two steps) as an off-white solid. 'H
NMR (400 MHz, CDCl,): § 8.20 (dd, J=4.8, 1.5 Hz, 1H),
7.85-7.83 (m, 3H), 7.59-7.56 (m, 2H), 7.11-7.07 (m, 1H),
6.39 (s, 1H), 2.38 (s, 3H); MS (ESI, positive mode) m/z 234
MH").

%0325]) Synthesis of 4-[3-(2-Chloro-acetyl)-2-methyl-pyr-
rolo-[2, 3-b]pyridin-1-yl]-benzonitrile (LXVII): To an ice-
cooled solution of compound LXVI (0.3 g, 1.28 mmol) in
dichloromethane (15 ml.) was added aluminum trichloride
(0.517 g, 3.86 mmol). The resulting mixture was allowed to
stir for 5 min and was then treated with chloroacetyl chloride
(0.35 mL, 3.86 mmol). The reaction mixture was allowed to
warm to room temperature and stir for 16 h, before it was
poured onto ice cold water (10 mL). The mixture was
extracted with dichloromethane (2x10 ml) and the com-
bined organic extracts were washed with water (2x10 mL).
The organic layer was dried over sodium sulfate, filtered,
and concentrated in vacuo to afford crude product. The crude
product mixture was purified by column chromatography on
silica gel (100-200 mesh) using 30% ethyl acetate in
hexanes as the eluent to afford LXVII (0.1 g, 25%) as an
off-white solid. The material was carried forward without
any further purification or characterization.

[0326] Synthesis of 4-(2-Methyl-3-(2-(piperidin-1-yl)
acetyl)-1H-pyrrolo[2,3-b]pyridin-1-yl)benzonitrile ~ (141):
To an ice-cooled solution of LXVII (0.1 g, 0.324 mmol) in
N,N-dimethylformamide (5 ml) was added potassium car-
bonate (0.13 g, 0.97 mmol), followed by piperidine (0.041
g, 0.485 mmol). The mixture was allowed to warm to room
temperature and stir for 2 h. The reaction mixture was
poured onto ice cold water and the precipitate that formed
was collected via filtration, washed with water, and dried in
a stream of air to afford 141 (0.08 g, 70%) as an off-white
solid. '"H NMR (400 MHz, CDCl,): 8 8.34 (d, J=8.0 Hz, 1H),
8.27-8.25 (m, 1H), 7.90 (d, J=8.4 Hz, 2H), 7.55 (d, J=8.4 Hz,
2H), 7.28-7.26 (m, 1H), 3.76 (s, 2H), 2.68 (s, 3H), 2.64 (s,
4H), 1.67-1.64 (m, 4H), 1.48 (s, 2H); MS (ESI, positive
mode) m/z 359 (MH*).

Example 27: 4-(2-Methyl-3-(2-(piperidin-1-yl)
acetyl)-1H-pyrrolo[2,3-c]pyridin-1-yl)benzonitrile
(Compound 144)

[0327]
AN AN

[ | N
P a NH, F N
LXVII LXIX
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Cl
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LXXI

CN

[0328] Synthesis of 2-Methyl-1H-pyrrolo[2,3-c[pyridine
(LXIX). To a solution of 3-amino-4-methylpyridine (2.16 g,
0.020 mol) in anhydrous tetrahydrofuran (80 ml.), main-
tained at -78° C., was slowly added sec-butyl lithium (59
ml, 0.058 mol, 1.0 M solution in cyclohexane). The reaction
mixture was allowed to warm at room temperature and stir
for 3 h. The reaction mixture was again cooled to —78° C.
and a solution of methyl acetate (0.44 g, 0.006 mol) in
tetrahydrofuran (1 mL) was added to the reaction mixture
over 5 minutes. The mixture was allowed to warm to —-30°
C. and stir for 0.5 h. The reaction was quenched with
methanol (20 mL) and then allowed warmed to room
temperature. After 1 h of additional stirring the reaction
mixture was poured onto an aqueous, saturated solution of
ammonium chloride (30 mL) and the resulting mixture was
extracted with ethyl acetate (3x100 mL). The combined
organic extracts were dried over anhydrous sodium sulfate
and concentrated under vacuum. The crude product mixture
was purified by chromatography on basic alumina using
1.2% methanol in dichloromethane as the eluant to afford
compound LXIX (250 mg, 10%). '"H NMR (400 MHz,
CDCl,): & 8.88 (brs, 1H), 8.69 (s, 1H), 8.19 (d, J=5.3 Hz,
1H), 7.41 (d, J=5.3 Hz, 1H), 6.24 (s, 1H), 2.49 (s, 3H); MS
(ESI, positive mode) m/z 359 (MH*).

[0329] Synthesis of 4-(2-Methyl-pyrrolo[2,3-c]pyridin-1-
yD)-benzonitrile (LXX): A mixture of LXIX (0.25 g, 1.90
mmol), potassium phosphate (1.42 g, 6.80 mmol) and cop-
per(D) iodide (0.04 g, 0.0032 mol) in 1,4-dioxane (30 mL)
was sparged with nitrogen gas for 0.5 h. Then 4-iodo-
benzonitrile (0.73 g, 3.20 mmol) and (+/-)-trans-1,2-di-
aminocyclohexane (0.04 g, 0.004 mol) were added to the
flask. The resulting mixture was kept under a nitrogen
atmosphere and heated at reflux for 48 h. After cooling to
room temperature the volatiles were removed under vacuum
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and the remaining residue was diluted with ice-water. The
aqueous mixture was extracted with ethyl acetate (3x20 m[)
and the combined organic extracts were washed with brine,
dried over anhydrous sodium sulfate, and concentrated
under vacuum. The crude product mixture was purified by
chromatography on basic alumina using 60% dichlorometh-
ane in hexanes as the eluant to obtain LXX (90 mg, 20%) as
an off-white solid. '"H NMR (400 MHz, CDCl,): § 8.47 (s,
1H), 8.27 (d, J=4.9 Hz, 1H), 7.87 (dd, J=6.7, 1.8 Hz, 2H),
7.52(dd, J1=6.7, 1.8 Hz, 2H), 7.46 (d, J=4.9 Hz, 1H), 6.46 (s,
1H), 2.36 (s, 3H); MS (ESI, positive mode) m/z 359 (MH™).

[0330] Synthesis of 4-[3-(2-Chloro-acetyl)-2-methyl-pyr-
rolo[2,3-c]pyridin-1-yl]-benzonitrile (LXXI): To an ice-
cooled solution of LXX (0.090 g, 0.390 mmol) in dry
dichloromethane (7 ml) was added neat chloro acetyl
chloride (0.130 g, 1.10 mmol), followed by the addition of
powdered anhydrous aluminum trichloride (0.156 g, 1.10
mmol). The reaction mixture was allowed to warm to room
temperature and stir for 16 h. The reaction was quenched
with ice-water and then neutralized with an aqueous, satu-
rated solution of sodium bicarbonate. The aqueous mixture
was extracted with dichloromethane (3x10 mL) and the
combined organic extracts were dried over anhydrous
sodium sulfate. The organic layer was concentrated under
vacuum and the remaining crude product mixture was
purified by column chromatography on (100-200 mesh)
silica gel, using 5% methanol in dichloromethane as the
eluant, to obtain LXXI (0.060 g, 53%) as an off-white solid.
'H NMR (400 MHz, CDCL,): § 8.50 (d, J=5.6 Hz, 1H), 8.42
(s, 1H), 7.96 (dd, J=6.6 Hz, 2H), 7.78 (d, J=5.6 Hz, 1H), 7.53
(dd, J=6.6 Hz, 2H), 4.71 (s, 2H), 2.67 (s, 3H); MS (ESI,
positive mode) m/z 310/312 (MH*, *>37C1).

[0331] Synthesis of 4-[2-Methyl-3-(2-piperidin-1-yl-
acetyl)-pyrrolo[2,3-c]pyridin-1-yl]-benzonitrile (144): To an
ice-cooled solution of LXXI (60 mg, 0.190 mmol) in dry
N,N-dimethyl formamide (1 mL) was slowly added neat
piperidine (35 mg, 0.380 mmol). The reaction mixture was
allowed to stir for 1 h at 0° C. and was then poured into
ice-cold water.

[0332] The precipitate that formed was collected via fil-
tration, washed with water, and allowed to dry under
vacuum to afford 144 (25 mg, 36%) as an off-white solid. "H
NMR (400 MHz, CDCl,): § 8.44 (d, J=5.5 Hz, 1H), 8.39 (s,
1H), 7.94 (d, 1=8.4 Hz, 2H), 7.87 (d, J=5.5 Hz, 1H), 7.52 (d,
J=8.4 Hz, 2H), 3.75 (s, 2H), 2.65 (s, 3H), 2.58 (brs, 4H),
1.67-1.60 (m, 4H), 1.48 (brs, 2H); MS (ESI, positive mode)
m/z 359 (MH™").

Example 28: 4-(2-Methyl-3-(2-(piperidin-1-yl)
acetyl)-1H-pyrrolo[3,2-c]pyridin-1-yl)benzonitrile
(Compound 151)
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[0334] Synthesis of 3-Prop-1-ynyl-pyridin-4-ylamine
(LXXIID). To a solution of LXXII (1.5 g, 8.67 mmol) in
N,N-dimethyl formamide (20 mL) was added solid sodium
acetate (2.1 g, 0.02106 mol). The resulting mixture was
degassed for 10 min and then [1,1'-bis(diphenylphosphino)
ferrocene|dichloropalladium(Il) (0.31 g, 0.430 mmol), fol-
lowed by tributyl(prop-1-yn-1-yl)stannane (3.7 g, 11.3
mmol), were added. The reaction mixture was heated at 100°
C. in a sealed tube for 12 h, before being allowed to cool to
room temperature. The reaction mixture was poured in to
water and the mixture was extracted with ethyl acetate (3x50
mL). The combined organic extracts were dried over sodium
sulfate and concentrated in vacuo. The crude product mix-
ture was purified by column chromatography on (100-200
mesh) silica, using 3% methanol in dichloromethane as the
eluant to afford LXXIII (1 g, 87%) as a semi solid. 'H NMR
(400 MHz, CDCl,) d 8.29 (s, 1H), 8.08 (d, 2H, J=5.7 Hz),
6.50 (d, 2H, J=5.6 Hz), 4.61 (brs, 2H), 2.11 (s, 3H); MS
(ESI, positive mode) m/z 133 (MH*).

[0335] Synthesis of 2-Methyl-1H-pyrrolo[3,2-c[pyridine
(LXXIV). To a solution of LXXIII (900 mg, 6.81 mmol) in
N,N-dimethylformamide (10 mL) was added solid potas-
sium tert-butoxide (1.9 g, 0.017 mol). The reaction mixture
was allowed to stir at room temperature for 2 h before it was
poured into ice-water. The precipitate that formed was
collected by filtration and allowed to dry in a stream of air
to obtain LXXIV (550 mg, 61%) as an off-white solid. 'H
NMR (400 MHz, DMSO-d) 6 11.33 (s, 1H), 8.65 (s, 1H),
8.05 (d, 2H, J=5.5 Hz), 7.23 (d, 2H, J=5.5 Hz), 6.23 (s, 1H),
2.39 (s, 3H); MS (ESI, positive mode) m/z 359 (MH™).
[0336] Synthesis of 4-(2-Methyl-pyrrolo[3,2-c]pyridin-1-
yD)-benzonitrile (LXXV) In a screw cap bottle was prepared
a mixture of compound LXXIV (0.440 g, 3.33 mmol),
4-iodobenzonitrile (1.5 g, 6.66 mmol) and potassium phos-
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phate (2.11 g, 9.99 mmol) in 1,4-dioxane (15 mL). The
mixture was sparged with nitrogen gas for 30 min and then
(+/-)-trans-1,2-diaminocyclohexane (0.037 g, 0.660 mmol)
and copper(l) iodide (~6 mg) was added. The tube was
tightly sealed and then heated at 110° C. for 16 h. After
cooling to room temperature the excess solvent was
removed under vacuum and ice-water (20 mL) was poured
over the remaining residue. The aqueous mixture was
extracted with ethyl acetate (3x30 mL) and the combined
organic extracts were dried over anhydrous sodium sulfate.
The organic layer was condensed in vacuo and the remaining
crude product mixture was purified by chromatography on
basic alumina using 40% ethyl acetate in hexanes as the
eluant to afford LXXV (200 mg, 26%) as an off-white solid.
'"H NMR (400 MHz, CDCl,) 8 8.86 (d, 1H, J=0.5 Hz), 8.2
(d, 1H, J=5.8 Hz), 7.88-7.75 (m, 2H), 7.50-7.47 (m, 2H),
7.01 (d, 1H, J=5.8 Hz), 6.53 (s, 1H), 2.34 (s, 3H); MS (ESI,
positive mode) m/z 234 (MH™).

[0337] Synthesis of 4-[3-(2-Chloro-acetyl)-2-methyl-pyr-
rolo[3,2-c]pyridin-1-yl]-benzonitrile (LXXVI). To an ice-
cooled suspension of anhydrous aluminum chloride (0.128
g, 0.960 mmol) in dry 1,2-dichloroethane (5 ml.) was added
neat chloro acetyl chloride (0.15 g, 0.960 mmol) in a
dropwise fashion. The reaction mixture was allowed to stir
for 30 min at 0° C. and then a solution of LXXV (0.15 g,
0.640 mmol) in dry 1,2-dichloroethane (1 mL) was added in
single portion. The reaction mixture was allowed to warm to
room temperature and was then heated at 60° C. for 1 h.
Additional aluminum chloride (0.5 equiv.) and chloro acetyl
chloride (0.5 equiv.) were added to the reaction mixture at
60° C. After 1 h of additional heating, the reaction was
poured over ice-water (20 mL) and the aqueous mixture was
basified with an aqueous saturated solution of sodium bicar-
bonate. The mixture was extracted with dichloromethane
(3x10 mL) and the combined organic extracts were dried
over anhydrous sodium sulfate. Evaporation of the organic
layer afforded the crude product mixture, which was purified
by column chromatography on neutral alumina using 40%
ethyl acetate in hexanes as the eluant to afford a solid. The
solid was triturated with n-pentane (2x2 mL) and allowed to
dry in a stream of air to afford LXXVI as an off-white solid
(85 mg, 43%). 'H NMR (400 MHz, CDCl,) & 9.27 (s, 1H),
8.41 (d, 1H, I=5.6 Hz), 7.95 (d, 2H, J=8.5 Hz), 7.49 (d, 2H,
J=8.5 Hz), 6.97 (d, 1H, J=5.6 Hz), 4.74 (s, 2H), 2.16 (s, 3H).

[0338] Synthesis of 4-[2-Methyl-3-(2-piperidin-1-yl-
acetyl)-pyrrolo[3,2-c|pyridin-1-yl]-benzonitrile (151). To a
solution of LXXVI (0.060 g, 0.190 mmol) in dry N,N-
dimethylformamide (0.5 mL), kept at 0° C., was added
piperidine (0.030 g, 0.380 mmol). The reaction mixture was
allowed to warm to room temperature and stir for 30 min.
The reaction mixture was then poured into crushed ice (10
ml) and stirred for 15 min. The pale yellow precipitate that
formed was collected by filtration and washed with water
(10 mL). After drying, the filtered solid was then recrystal-
lized from a mixture of dichloromethane and, n-pentane to
afford 151 (20 mg, 29%) as an off-white solid. ‘H NMR (400
MHz, CDCl,): 8 9.33 (s, 1H), 8.36 (d, 1H, J=5.8 Hz), 7.93
(d, 2H, J=8.6 Hz), 7.48 (d, 2H, J=8.6 Hz), 6.94 (d, J=5.9 Hz,
2H), 3.77 (s, 2H), 2.62 (s, 3H), 2.59 (brs, 4H), 1.66-1.61 (m,
4H), 1.51-1.47 (m, 2H); MS (ESI, positive mode) m/z 359
(MH™M).
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Examples 29-31: 1-(4-Chlorophenyl)-2-methyl-3-(2-
(piperidin-1-yDacetyl)-1H-indol-6-yl Acetate (Com-
pound 172), 1-(1-(4-Chlorophenyl)-6-hydroxy-2-
methyl-1H-indol-3-yl)-2-(piperidin-1-yl)ethan-1-one
(Compound 148), 2-((1-(4-Chlorophenyl)-2-methyl-
3-(2-(piperidin-1-yl)acetyl)-1H-indol-6-yl)oxy)acet-
amide (Compound 179)

[0339]
—_—
o NH,
LXXVII
m —
\o N
LXXVIII
\Om
l
LXXIX
HO” : N
—_—

Cl
LXXX

J -

Cl

LXXXI



US 2023/0242557 A9
92

-continued

o AN
Aoﬁifé -

O
ok -

O
172

LXXXII

HO N

Cl
148

Aug. 3, 2023

()

-continued

H,N
W(\ o N

e}

179

[0340] Synthesis of  6-Methoxy-2-methyl-1H-indole
(LXXVIID): To a solution of 3-methoxyaniline (7.0 g, 0.057
mol) in dimethylsulfoxide (80 mL) was added copper(Il)
acetate-hydrate (17.0 g, 0.085 mol). The mixture was
sparged with nitrogen for 0.5 h and then acetone (100 mL),
followed by palladium(Il) acetate (0.255 g, 1.13 mmol),
were added. The mixture was heated at 80° C. for 48 h,
before being allowed to cool to room temperature. The
volatiles were removed under vacuum and the remaining
residue was poured into cold water (80 mL). The aqueous
mixture was extracted with ethyl acetate (3x80 mL)) and the
combined organic extracts were dried over anhydrous
sodium sulfate. The organic layer was concentrated in vacuo
and the remaining crude product mixture was purified by
column chromatography (100-200 mesh) silica gel using 5%
ethyl acetate in hexanes to afford LXXVIII (0.34 g, 4%) as
an off-white solid. 'HNMR (400 MHz, CDCl,): § 7.72 (brs,
1H), 7.36 (d, J=8.6 Hz, 1H), 6.80 (s, 1H), 6.72 (dd, J=8.5,
2.3 Hz, 1H), 6.12 (s, 1H), 3.82 (s, 3H), 2.39 (s, 3H); MS
(ESI, positive mode) m/z 162 (MH™).

[0341] Synthesis of 1-(4-Chloro-phenyl)-6-methoxy-2-
methyl-1H-indole (LXXIX): To a degassed solution of
LXXVII (0.650 g, 4.03 mmol) in 1,4-dioxane (50 mL) were
added 1-chloro-4-iodo-benzene (0.96 g, 4.03 mmol), potas-
sium phosphate (1.54 g, 7.25 mmol), copper(]) iodide (0.038
g, 0.200 mmol), and trans-(+/-)-1,2-diamino-cyclohexane
(0.041 g, 0.362 mmol). The resultant reaction mixture was
heated at 110° C. for 24 h, before being allowed to cool to
room temperature. The reaction mixture was filtered through
a celite bed and the filter cake was washed with ethyl acetate.
The filtrate was concentrated in vacuo and the remaining
crude product mixture was purified by column chromatog-
raphy on (100-200 mesh) silica using 5% ethyl acetate in
hexanes as the eluant to afford LXXIX (0.550 g, 50%). ‘H
NMR (400 MHz, CDCl,): § 7.49 (d, J=8.6 Hz, 2H), 7.41 (d,
J=8.6 Hz, 1H), 7.28 (d, J=8.6 Hz, 2H), 6.76 (dd, J=8.6, 2.3
Hz, 1H), 6.55 (d, J=2.1 Hz, 1H), 6.30 (s, 1H), 3.74 (s, 3H),
2.23 (s, 3H); MS (ESI, positive mode) m/z 272/274 (MH",
35/37C1).

[0342] Synthesis of 1-(4-Chloro-phenyl)-2-methyl-1H-in-
dol-6-01 (LXXX): To an ice-cooled solution of LXXIX
(0.200 g, 0.735 mmol) in dichloromethane (12 mL) was
added boron tribromide (0.264 g, 1.05 mmol). The mixture
was allowed to warm to room temperature and stir for 3 h.
The reaction mixture was then poured onto ice-cold water
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and the mixture was extracted with dichloromethane (3x20
mL). The combined organic extracts were washed with an
aqueous saturated solution of sodium bicarbonate and brine.
The organic layer was dried over anhydrous sodium sulfate
and then concentrated under vacuum to afford crude LXXX
(0.150 g, 79%). '"H NMR (400 MHz, CDCl,): 8 7.47 (d,
J=8.6 Hz, 2H), 7.37 (d, J=8.4 Hz, 1H), 7.25 (d, J=8.6 Hz,
2H), 6.65 (dd, 1=8.4, 2.2 Hz, 1H), 6.53 (d, ]=2.2 Hz, 1H),
6.30 (s, 1H), 4.54 (s, 1H), 2.23 (s, 3H); MS (ESI, positive
mode) m/z 258/260 (MH*, **37C1).

[0343] Synthesis of 1-(4-Chlorophenyl)-2-methyl-1H-in-
dol-6-yl Acetate (LXXXI): To a cold solution of LXXX
(0.500 g, 1.94 mmol) in dichloromethane (30 ml) were
added acetic anhydride (0.237 g, 2.32 mmol) and triethyl-
amine (0.392 g, 3.88 mmol). The reaction mixture was
allowed to warm to room temperature and stir for 3 h. The
reaction was quenched with methanol (1 mL) and then
washed with brine. The organic layer was dried over anhy-
drous sodium sulfate and then concentrated under vacuum.
The crude product mixture was purified by chromatography
on (100-200 mesh) silica gel using 2% ecthyl acetate in
hexanes to afford LXXXI (0.435 g, 75%). '"H NMR (400
MHz, CDCl,): § 7.51-7.46 (m, 3H), 7.27 (d, J=8.6 Hz, 2H),
6.82 (dd, J=8.4, 2.0 Hz, 1H), 6.77 (d, J=1.8 Hz, 1H), 6.37 (s,
1H), 2.26 (s, 3H), 2.24 (s, 3H); MS (ESI, positive mode) m/z
300/302 (MH*, *>37C1).

[0344] Synthesis of 3-(2-Chloroacetyl)-1-(4-chlorophe-
nyl)-2-methyl-1H-indol-6-yl Acetate (LXXXII): To a sus-
pension of aluminum chloride (0.133 g, 0.001 mmol) in
dichloromethane (10 mL), kept at 0° C., was added chloro
acetyl chloride (0.1230 g, 0.0010 mole). The mixture was
allowed to stir at 0° C. for 0.5 h and then a solution of
LXXXI (0.150 g, 0.500 mmol) in dichloromethane (5 ml.)
was added. The reaction mixture was allowed to warm to
room temperature and stir for 4 h, after which the system
was heated at 50° C. for 1.5 h. After cooling to room
temperature the reaction mixture was poured onto ice-cold
water and the resulting mixture was extracted with dichlo-
romethane. The combined organic extracts were washed
with an aqueous 10%-sodium bicarbonate solution and then
dried over sodium sulfate. After condensing the organic
layer the crude product mixture was purified by chromatog-
raphy on (100-200 mesh) silica gel using 5% ethyl acetate in
hexanes as the eluant to afford LXXXII (0.090 g, 48%) as a
brown solid. *"H NMR (400 MHz, CDCL,): & 7.90 (d, J=8.7
Hz, 1H), 7.56 (d, J=8.6 Hz, 2H), 7.25 (d, occluded by
solvent, 2H), 7.04 (dd, J=8.7, 2.2 Hz, 1H), 6.75 (d, J=2.1 Hz,
1H), 4.70 (s, 2H), 2.59 (s, 3H), 2.25 (s, 3H); MS (ES],
positive mode) m/z 376/378 (MH*, *>37Cl).

[0345] Synthesis of 1-(4-Chlorophenyl)-2-methyl-3-(2-
(piperidin-1-ylacetyl)-1H-indol-6-yl Acetate (172): To a
cold solution of LXXXII (0.070 g, 0.186 mmol) in N,N-
dimethylformamide (2 mL) was added piperidine (0.019 g,
0.223 mmol). The reaction mixture was allowed to warm to
room temperature and stir for 2 h. The reaction mixture was
poured onto ice-cold water and the resulting precipitate that
formed was collected by filtration. The filtered material was
washed with water and allowed to dry in a stream of air to
obtain the crude product. The crude solid was triturated with
diethyl ether and then dried to afford product 172 (0.014 g,
17%) as an off-white solid. 'H NMR (400 MHz, CDCl,): &
8.02 (d, J=8.7 Hz, 1H), 7.54 (d, J=8.4 Hz, 2H), 7.25 (d,
occluded by solvent, 2H), 7.00 (d, J=8.6 Hz, 1H), 6.71 (s,
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1H), 3.74 (s, 2H), 2.52-2.64 (m, 7H), 2.26 (s, 3H), 1.58-1.68
(m, 4H), 1.47 (brs, 2H); MS (ESI, positive mode) m/z
376/378 (MH*, *>37C).

[0346] Synthesis of 1-(1-(4-Chlorophenyl)-6-hydroxy-2-
methyl-1H-indol-3-yl)-2-(piperidin-1-yl)ethan-1-one (148):
To a cold solution of 172 (0.150 g, 0.352 mmol) in ethanol
(10 mL) was added solid potassium carbonate (0.058 g,
0.423 mmol). The reaction mixture was allowed to warm to
room temperature and stir for 2 h. The reaction mixture was
condensed in vacuo and the remaining residue was treated
with cold water. The precipitate that formed was collected
by filtration, washed with water and allowed to dry in a
stream of air. The crude product was triturated with pentane
and then dried to afford product 148 (0.070 g, 52%) as an
off-white solid. 'H NMR (400 MHz, CDCL,): § 7.87 (d,
J=8.7 Hz, 1H), 7.53 (d, J=8.6 Hz, 2H), 7.25 (d, occluded by
solvent, 2H), 6.80 (dd, J=8.6, 2.2 Hz, 1H), 6.44 (d, J=2.2 Hz,
1H), 3.73 (s, 2H), 2.60 (brs, 4H), 2.53 (s, 3H), 1.67-1.60 (m,
4H), 1.46 (brs, 2H); MS (ESI, positive mode) m/z 383/385
(MH+, 35/37C1).

[0347] Synthesis of 2-((1-(4-Chlorophenyl)-2-methyl-3-
(2-(piperidin-1-yl)acetyl)-1H-indol-6-yl)oxy)acetamide
(179): To a solution of 148 (0.120 g, 0.314 mmol) in
N,N-dimethylformamide (5 mL) was added solid cesium
carbonate (0.205 g, 0.628 mmol), followed by 2-bromo-
acetamide (0.087 g, 0.628 mmol). The reaction mixture was
allowed to warm to room temperature and stir for 4 h. The
reaction mixture was poured onto ice-water and the precipi-
tate that formed was collected via filtration. The filtered
solid was washed with water and dried to afford crude
product. The crude solid was triturated with pentane, fol-
lowed by diethyl ether, and then dried to afford 179 (44 mg,
32%) as an off-white solid. 'H NMR (400 MHz, CDCl,): §
7.99 (d, J=8.8 Hz, 1H), 7.57 (d, J=8.5 Hz, 2H), 7.25 (d,
occluded by solvent, 2H), 6.93 (dd, J=8.8, 2.3 Hz, 1H), 6.54
(brs, 1H), 6.47 (d, J=2.3 Hz, 1H), 5.53 (brs, 1H), 4.43 (s,
2H), 3.72 (s, 2H), 2.59 (brs, 4H), 2.55 (s, 3H), 1.60-1.68 (m,
4H), 1.42-1.50 (m, 2H); MS (ESI, positive mode) m/z
440/442 (MH*, *>27C1).

Example 32: N-((1-(4-Cyanophenyl)-2-methyl-3-(2-
(piperidin-1-yl)acetyl)-1H-indol-5-yl)methyl)acet-
amide (Compound 183)
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[0349] Synthesis of 2-Methyl-1H-indole-5-carbonitrile
(LXXXIV): In a sealed tube, a suspension of compound
LXXXIII (5.0 g, 42.3 mmol) and copper(I]) acetate (11.5 g,
63.4 mmol) in dimethylsulfoxide (20 mL) was sparged with
nitrogen gas for 0.5 h. Acetone (100 mL) and palladium (II)
acetate (0.189 g, 0.840 mmol) were then added to the
reaction mixture and the tube was sealed. The system was
heated at 85-90° C. for 48 h and then allowed to cool to room
temperature. The volatiles were removed under vacuum and
the remaining material was poured into cold water (80 mL).
The aqueous mixture was extracted with ethyl acetate (3x80
ml) and the combined organic extracts were dried over
anhydrous sodium sulfate, before being concentrated under
reduced pressure to obtain the crude product mixture. The
crude product was purified by flash chromatography on
silica to afford compound LXXXIV (1.3 g, 20%) as an
off-white solid. "H NMR (400 MHz, CDCL,): 8 8.16 (brs,
1H), 7.83 (s, 1H), 7.36-7.30 (m, 2H), 6.28 (s, 1H), 2.46 (s,
3H); MS (ESI, negative mode) m/z 155 (M™-H).

[0350] Synthesis of tert-Butyl ((2-Methyl-1H-indol-5-y1)
methyl)carbamate (LXXXV): To a cooled (0° C.) solution of
compound LXXXIV (1.20 g, 7.60 mmol) in methanol (50
ml) was added di-tert-butyl-dicarbonate (6.64 g, 30.7
mmol) and nickel (II) chloride-hexahydrate (0.182 g, 0.768
mmol). Subsequently sodium borohydride (2.03 g, 5.37
mmol) was added to the reaction mixture in a portion-wise
manner. The resulting mixture was allowed to stir at the
reduced temperature for 1.5 h and then warm to room
temperature and stir for 6 h. The reaction mixture was
concentrated under reduced pressure, diluted with water, and
then extracted with ethyl acetate (3x50 mL). The combined
organic extracts were dried over anhydrous sodium sulfate
and then evaporated to afford the crude product mixture. The
crude product was purified by column chromatography on
(100-200 mesh) silica gel using 20% ethyl acetate in
hexanes as the eluant to afford compound LXXXV (1.30 g,
65%) as a brown, sticky mass. "H NMR (400 MHz, CDCl,):
d 7.85 (brs, 1H), 7.39 (s, 1H), 7.23 (d, J=8.2 Hz, 1H), 7.02
(d, I=8.2 Hz, 1H), 6.16 (s, 1H), 4.76 (brs, 1H), 4.36 (d, J=5.4
Hz, 2H), 2.43 (s, 3H), 1.45 (s, 9H); MS (ESI, positive mode)
m/z 261 (MH™").

[0351] Synthesis of tert-Butyl ((1-(4-Cyanophenyl)-2-
methyl-1H-indol-5-yl)methyl)carbamate (LXXXVI): In a
sealed tube, a mixture of compound LXXXV (1.00 g, 3.84



US 2023/0242557 A9

mmol), 4-iodo-benzonitrile (0.879 g, 3.84 mmol), and potas-
sium phosphate (1.47 g, 6.90 mmol) in 1,4-dioxane (50 mL)
was sparged with nitrogen gas for 0.5 h. Then copper (1)
iodide (0.036 g, 1.90 mmol) was and trans-(+/-)-1,2-di-
amino-cyclohexane (0.039 g, 3.40 mmol) were added to the
reaction mixture. The vessel was sealed and then heated at
110° C. for 24 h. After cooling to room temperature the
reaction mixture was filtered through celite and the filter pad
was washed with ethyl acetate. The filtrate was concentrated
under vacuum to obtain crude product mixture, which was
then chromatographed on (100-200 mesh) silica gel using
20% ethyl acetate in hexanes to afford compound LXXXVI
(0.650 g, 47%) as an off-white solid. "H NMR (400 MHz,
CDCl,): d 7.84 (d, J=6.5 Hz, 2H), 7.48-7.46 (m, 3H),
7.06-7.05 (m, 2H), 6.40 (s, 1H), 4.82 (brs, 1H), 4.37 (d,
J=5.6 Hz, 2H), 2.31 (s, 3H), 1.45 (s, 9H); MS (ESI, positive
mode) m/z 362 (MH").

[0352] Synthesis of 4-(5-Aminomethyl-2-methyl-indol-1-
yD)-benzonitrile (LXXXVII): To a cold solution of com-
pound LXXXVI (0.110 g, 0.304 mmol) in 1,4-dioxane (1
ml) was added a 4.0 M solution of hydrochloric acid in
1,4-dioxane (2 mL). The mixture was allowed to warm to
room temperature and stir for 1 h. The volatiles were
removed under reduced pressure and the remaining material
was triturated with n-pentane to afford the hydrochloride salt
of compound LXXXVII (0.115 g) as a pale-yellow solid. ‘H
NMR (400 MHz, DMSO-d): d 8.16 (brs, 3H), 8.10 (d,
J=8.3 Hz, 2H), 7.70 (d, J=8.3 Hz, 2H), 7.63 (s, 1H), 7.17 (s,
2H), 6.53 (s, 1H), 4.08 (d, J=5.6 Hz, 2H), 2.32 (s, 3H); MS
(ESI, positive mode) m/z 262 (MH"), 245 (MH"-NH,).
[0353] Synthesis of N-[1-(4-Cyano-phenyl)-2-methyl-1H-
indol-5-ylmethyl]-acetamide (LXXXVIII): To a cold (0° C.)
solution of compound LXXXVII (0.110 g, 0.420 mmol) in
dichloromethane (5 mL) was added acetic anhydride (0.051
g, 0.504 mmol) and triethylamine (0.084 g, 0.840 mmol).
Reaction mixture was allowed to warm to room temperature
and stir for 3 h. The reaction was quenched with methanol
(0.5 mL), poured into ice-water, and then extracted with
dichloromethane (2x20 mL). The combined organic extracts
were dried over anhydrous sodium sulfate and concentrated
under vacuum to obtain the crude product mixture. The
crude product was purified by column chromatography on
neutral alumina using ethyl acetate to afford compound
LXXXVIII (0.060 g, 47%) as an off-white solid. "H NMR
(400 MHz, CDCIl;)  7.83 (d, J=6.6 Hz, 2H), 7.48-7.46 (m,
3H), 7.08-7.03 (m, 2H), 6.41 (s, 1H), 5.67 (brs, 1H), 4.50 (d,
J=5.5 Hz, 2H), 2.31 (s, 3H), 2.01 (s, 3H); MS (ESI, positive
mode) m/z 304 (MH*).

[0354] Synthesis of N-[3-(2-Chloro-acetyl)-1-(4-cyano-
phenyl)-2-methyl-1H-indol-5-ylmethyl]-acetamide
(LXXXIX): To a cold (0° C.) suspension of aluminum
chloride (0.240 g, 1.70 mmol) in 1,2-dichloroethane (10 mL)
was added chloro-acetyl chloride (0.426 g, 3.46 mmol). The
resulting mixture was allowed to warm to room temperature
and stir for 0.5 h. After cooling the reaction mixture back to
0° C., a solution of compound LXXXVIII (0.100 g, 0.329
mmol) in 1,2-dichloro-ethane (2 mI.) was then added to the
reaction mixture. The system was allowed to warm, again, to
room temperature and stir for 4 h and warmed further at 60°
C. for 1 h. After cooling to room temperature, the reaction
mass was poured into ice cold water and extracted with
dichloromethane (20 mL). The organic extract was washed
with a 10% aqueous sodium bicarbonate solution and then
dried over anhydrous sodium sulfate. The organic layer was
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then concentrated under vacuum to obtain the crude product
mixture. The crude was purified by column chromatography
on neutral alumina using 50% ethyl acetate in hexanes to
afford compound LXXXIX (0.037 g, 30%) as an off-white
solid. "H NMR (400 MHz, DMSO-d,): 8 8.38 (t, I=5.7 Hz,
1H), 8.17 (d, J=8.3 Hz, 2H), 8.01 (s, 1H), 7.73 (d, J=8.3 Hz,
2H), 7.12 (d, J=8.3 Hz, 1H), 6.99 (d, J=8.3 Hz, 1H), 5.03 (s,
2H), 4.36 (d, J=5.7 Hz, 2H), 2.59 (s, 3H), 1.86 (s, 3H); MS
(ESI, positive mode) m/z 380/382 (MH*, *>7Cl).

[0355] Synthesis of N-[1-(4-Cyano-phenyl)-2-methyl-3-
(2-piperidin-1-yl-acetyl)-1H-indol-5-ylmethyl]-acetamide
(183): To a cold (0° C.) solution of compound LXXXIX
(0.037 g, 0.097 mmol) in N,N-dimethylformamide (1 mL)
was added piperidine (0.012 g, 0.146 mmol). The mixture
was allowed to warm to room temperature and stir for 2 h.
The reaction mixture was then poured into ice cold water
and the resulting precipitate was collected by filtration. The
solids were washed with water and dried to afford product
183 (0.025 g, 61%) as an off white solid. 'H NMR (400
MHz, DMSO-d,): d 8.36 (t, I=5.3 Hz, 1H), 8.15 (d, I=8.3
Hz, 2H), 8.00 (s, 1H), 7.72 (d, I=8.3 Hz, 2H), 7.08 (d, I-8.4
Hz, 1H), 6.96 (d, J=8.3 Hz, 1H), 4.34 (d, J=5.3 Hz, 2H), 3.60
(s, 2H), 2.55 (s, 3H), 2.46 (s, 3H), 1.85 (s, 3H), 1.49-1.08 (m,
4H), 1.39 (brs, 2H); MS (ESI, positive mode) m/z 429
(MH™).

Example 33: 4-(5-Amino-2-methyl-3-(2-(piperidin-
1-yDacetyl)-1H-indol-1-yl)benzonitrile (Compound

186)
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[0357] Synthesis of 2-Methyl-5-nitro-1H-indole (XCI): To
an ice-cold solution of 2-methyl-1-H-indol (1.0 g, 7.60
mmol) in sulfuric acid (10 mL) was added sodium nitrate
(0.78 g, 9.10 mmol) in sulfuric acid (10 mL) in a dropwise
fashion. After the addition was completed, the reaction
mixture was poured onto crushed ice and the precipitate that
formed was collected via filtration. The filtered solid was
washed with water and dried in a stream of air to afford XCI
(0.5 g, 37%) as a yellow solid. '"H NMR (400 MHz,
CDCl;+2-drops DMSO-dy): 8 9.34 (brs, 1H), 8.41 (d, I=1.4
Hz, 1H), 7.96 (dd, J=1.3, 8.4 Hz, 1H), 7.26 (d, J=8.8 Hz,
1H), 6.33 (s, 1H), 2.44 (s, 3H); MS (ESI, positive mode) m/z
175 (MH").

[0358] Synthesis of 4-(2-Methyl-5-nitro-indol-1-yl)-ben-
zonitrile (XCII): A mixture of XCI (0.6 g, 3.40 mmol),
4-iodo-benzonitrile (1.56 g, 6.80 mmol), potassium carbon-
ate (1.40 g, 10.2 mmol) and 8-hydroxyquinoline (963 mg,
6.42 mmol) in dimethylsulfoxide (30 mL) was sparged with
nitrogen gas for 0.5 h in a sealed tube. Then copper(]) iodide
(0.65 g, 3.40 mmol) was finally added to the flask and the
resulting mixture was heated at 140° C. for 24 h. After
cooling to room temperature, the reaction mixture was
filtered through celite bed and the filter cake was washed
with ethyl acetate and water. The phases of the filtrate were
separated and the organic layer was washed with water and
brine. The organic layer was then dried over sodium sulfate
and concentrated under vacuum to obtain the crude product.
The crude product was purified by chromatography on
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(100-200 mesh) silica gel using 30% ethyl acetate in
hexanes as the eluant to afford XCII (0.35 g, 37%) as an
off-white solid. 'H NMR (400 MHz, CDCL,): § 8.51 (d,
J=2.1 Hz, 1H), 8.02 (dd, J=2.1, 8.4 Hz, 1H), 7.89 (dd, J=1.7,
6.8 Hz, 2H), 7.50 (dd, J=1.8, 6.7 Hz, 2H), 7.08 (d, J=8.4 Hz,
1H), 6.61 (s, 1H), 2.33 (s, 3H); MS (ESI, positive mode) m/z
278 (MH™).

[0359] Synthesis of 4-[3-(2-Chloro-acetyl)-2-methyl-5-ni-
tro-indol-1-yl]-benzonitrile (XCIII): To a suspension of alu-
minum chloride (2.4 g, 0.018 mol) in 1,2-dichloroethane (20
mL), kept at 0° C., was added chloro acetyl chloride (1.6
ml, 0.018 mol). The mixture was allowed to warm to room
temperature and stir for 0.5 h. Then the reaction mixture was
cooled back to 0° C. and a solution of compound XCII (1.0
g, 3.60 mmol) in 1,2-dichloroethane (10 mL) was added.
The resultant mixture was allowed to warm to room tem-
perature and was then heated at 60° C. for 24 h. After
cooling, the reaction mixture was poured onto ice cold water
and then extracted with dichloromethane (40 mL). The
organic layer was washed with an aqueous 10%-sodium
bicarbonate solution and dried over anhydrous sodium sul-
fate. The organic layer was concentrated under vacuum and
the remaining crude product mixture was purified by column
chromatography on neutral alumina, using 30% ethyl acetate
in hexanes as the eluant, to afford product XCIII (0.60 g,
46%) as an off-white solid. 'H NMR (400 MHz, CDCl,): §
8.94 (d, J=2.0 Hz, 1H), 8.13 (dd, J=2.1, 8.4 Hz, 1H), 7.97 (d,
J=8.4 Hz, 2H), 7.51 (d, J=8.4 Hz, 2H), 7.06 (d, J=8.4 Hz,
1H), 4.73 (s, 2H), 2.64 (s, 3H); MS (ESI, positive mode) m/z
352 (MHY).

[0360] Synthesis of 4-[2-Methyl-5-nitro-3-(2-piperidin-1-
yl-acetyl)-indol-1-yl]-benzonitrile (XCIV): To a solution of
compound XCIII (0.4 g, 1.13 mmol) in N,N-dimethylfor-
mamide (10 mL), kept at 0° C., was added potassium
carbonate (0.313 g, 2.20 mmol), followed by piperidine
(0.23 mL, 2.20 mmol). The mixture was allowed to stir for
1 h at the reduced temperature and then the reaction mixture
was poured onto ice cold water. The precipitate that formed
was collected by filtration, washed with water, and dried in
a stream of air to afford XCIV (0.25 g, 56%) as an off-white
solid. '"H NMR (400 MHz, CDCL,): 8 9.11 (d, J=2.1 Hz, 1H),
8.08 (d, J=2.2, 8.4 Hz, 1H), 7.95 (dd, J=2.0, 8.4 Hz, 2H),
7.50 (dd, J=2.4, 8.4 Hz, 2H), 7.02 (d, J=8.6 Hz, 1H), 3.70 (s,
2H), 2.62 (s, 3H), 2.60-2.58 (m, 4H), 1.65-1.61 (m, 4H),
1.47-1.46 (m, 2H); MS (ESI, positive mode) m/z 403
(MH™).

[0361] Synthesis of 4-(5-Amino-2-methyl-3-(2-(piperi-
din-1-yl)acetyl)-1H-indol-1-yl)benzonitrile (186): To a solu-
tion of XCIV (0.100 g, 0.250 mmol) in ethyl acetate (5 mL)
was added tin(II) chloride (0.280 g, 1.20 mmol). The resul-
tant mixture was heated at 70° C. for 5 h, before it was
allowed to cool back to ambient temperature. The reaction
mixture was neutralized with an aqueous solution of sodium
carbonate, filtered through a pad of celite, and washed with
ethyl acetate. The phases of the filtrate were separated and
the organic layer was dried over anhydrous sodium sulfate,
followed by concentration under vacuum to obtain the crude
product. The crude product mixture was purified by column
chromatography on neutral alumina, using 10% methanol in
dichloromethane as the eluant, to afford 186 (0.050 g, 54%)
as an off-white solid. 'H NMR (400 MHz, CDCl,): 8 7.86
(d, J=8.4 Hz, 2H), 7.45 (d, J=8.4 Hz, 2H), 7.37 (d, J=2.0 Hz,
1H), 6.79 (d, J=8.6 Hz, 1H), 6.60 (dd, J=2.0, 8.6 Hz, 1H),
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3.71 (s, 2H), 3.67 (brs, 2H), 2.62-2.55 (m, 7H), 1.68-1.62 —continued
(m, 4H), 1.48-1.47 (m, 2H); MS (ESI, positive mode) m/z %

(0] (@]
373 (MH"). Y
/N

Examples 34-35: N-(1-(4-Cyanophenyl)-2-methyl- \
3-(2-(piperidin-1-yl)acetyl)-1H-indol-5-y1)-N-

1

methylacetamide (Compound 196), 4-(2-Methyl-5- N —
(methylamino)-3-(2-(piperidin-1-yl)acetyl)-1H-
indol-1-yl)benzonitrile (Compound 199)
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[0363] Synthesis of 4-(2-Methyl-5-amino-indol-1-yl)-
benzonitrile (XCV): To a solution of compound XCII (1.0 g,
3.60 mmol) in ethyl acetate (40 ml.) was added tin(Il)
chloride (4.9 g, 0.021 mol). The resultant mixture was
heated at reflux for 24 h before cooling to room temperature.
The reaction mixture was neutralized with an aqueous,
saturated solution of sodium carbonate and the suspension
that formed was filtered through a pad of celite. The filter
pad was washed with ethyl acetate and the phases of the
filtrate were separated. The organic layer was washed with
water and brine, dried over sodium sulfate, and evaporated
to afford the crude product as sticky mass. The crude product
mixture was triturated with n-pentane and diethyl ether to
afford compound XCV (0.5 g, 56% o) as an off-white solid
'"H NMR (400 MHz, CDCI,). 8 7.80 (d, J=8.4 Hz, 2H), 7.46
(d, J=8.5 Hz, 2H), 6.95 (d, J=8.6 Hz, 1H), 6.85 (d, J=1.8 Hz,
1H), 6.55 (dd, J=1.8, 8.6 Hz, 1H), 6.26 (s, 1H), 3.52 (brs,
2H), 2.29 (s, 3H); MS (ESL positive mode) m/z 247 (MH™).
[0364] Synthesis of N-[1-(4-Cyano-phenyl)-2-methyl-1H-
indol-5-yl]acetamide (XCVI): To a solution of compound
XCV (0.500 g, 2.02 mmol) in dichloromethane (10 mL) kept
at 0° C. was added acetic anhydride (0.3 ml, 4.04 mmol) and
triethylamine (0.3 mL, 6.06 mmol). The resulting mixture
was allowed to stir at room temperature for 24 h. The
reaction mixture was quenched with methanol (1 mL) and
then poured onto ice-water. The aqueous mixture was
extracted with dichloromethane (2x10 mL) and the organic
layer was dried over anhydrous sodium sulfate. The organic
layer was concentrated under vacuum to obtain the crude
product mixture, which was further purified by column
chromatography on neutral alumina using 50% ethyl acetate
in hexanes as the eluant to afford compound XCVI (0.5 g,
85%) as an off-white solid. 'H NMR (400 MHz, CDCl,): §
8.82(d, J=9.6 Hz, 2H), 7.76 (d, J=1.4 Hz, 1H), 7.47 (d, J=8.4
Hz, 2H), 7.17 (brs, 1H), 7.12 (dd, J=1.8, 8.4 Hz, 1H), 7.04
(d, J=8.4 Hz, 1H), 6.40 (s, 1H), 2.30 (s, 3H), 2.18 (s, 3H);
MS (ESI, positive mode) m/z 290 (MH™).

[0365] Synthesis of N-[1-(4-Cyano-phenyl)-2-methyl-1H-
indol-5-yl]-N-methyl-acetamide (XCVII): To a solution of
XCVI (1 g, 3.46 mmol) in anhydrous tetrahydrofuran (50
mL), kept at 0° C., was added sodium hydride (60% in oil,
0.5 g, 0.010 mol). The resulting mixture was allowed to stir
at the reduced temperature for 0.5 h. Then methyl iodide (2.2
ml, 0.035 mol) was added and the reaction mixture was
allowed to warm to room temperature and stir for 2 h. The
reaction mixture was quenched with ice and then extracted
with ethyl acetate (2x10 mlL). The combined organic
extracts were dried over anhydrous sodium sulfate and
concentrated under vacuum to obtain compound XCVII (0.8
g, 80%) as an off-white solid. "H NMR (400 MHz, CDCL,):
d 7.86 (d, J=8.4 Hz, 2H), 7.50 (d, J=8.4 Hz, 2H), 7.36 (d,
J=1.8 Hz, 1H), 7.10 (d, J=8.6 Hz, 1H), 6.91 (dd, J=1.8, 8.6
Hz, 1H), 6.45 (s, 1H), 3.28 (s, 3H), 2.33 (s, 3H), 1.86 (s, 3H);
MS (ESI, positive mode) m/z 304 (MH™).

[0366] Synthesis of N-[3-(2-Chloro-acetyl)-1-(4-cyano-
phenyl)-2-methyl-1H-indol-5-y1]-N-methylacetamide
(XCVIID): To a solution of XCVII (1.0 g, 3.30 mmol) in
1,2-dichloroethane (20 ml.) was added chloro acetyl chlo-
ride (0.6 mL, 6.50 mmol). The reaction mixture was allowed
to stir at room temperature for 0.5 h and then aluminum
trichloride (0.879 g, 6.60 mmol) was added. The resultant
mixture was heated at 60° C. for 24 h before cooling to room
temperature. The reaction mixture was poured onto ice cold
water and then filtered through celite. The filter pad was
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washed with dichloromethane and the phases of the filtrate
were separated. The organic layer was washed with an
aqueous 10%-sodium bicarbonate solution, dried over anhy-
drous sodium sulfate, and concentrated under vacuum to
obtain the crude product. The crude product mixture was
triturated with diethylether to afford XCVIII (0.6 g, 48%) as
an off-white solid. "H NMR (400 MHz, CDCl,): 8 7.94 (d,
J=8.5 Hz, 2H), 7.84 (d, J=8.4 Hz, 1H), 7.51 (d, J=8.4 Hz,
2H), 7.06-7.01 (m, 2H), 4.63 (s, 2H), 3.31 (s, 3H), 2.62 (s,
3H), 1.87 (s, 3H); MS (ESI, positive mode) m/z 380/382
(MH+, 35/37C1).

[0367] Synthesis of N-[1-(4-Cyano-phenyl)-2-methyl-3-
(2-piperidin-1-yl-acetyl)-1H-indol-5-y1]-N-methyl-acet-
amide (196): To a solution of XCVIII (2.0 g, 5.30 mmol) in
N,N-dimethylformamide (20 mL), kept at 0° C., was added
solid potassium carbonate (1.46 g, 0.011 mol) and piperidine
(1 mL, 0.011 mol). The reaction mixture was allowed to
warm to room temperature and stir for 2 h. The reaction
mixture was poured onto ice cold water and the precipitate
that formed was collected via filtration. The filtered solid
was washed with water and allowed to dry in a stream of air
to afford 196 (1.5 g, 66%) as an off-white solid. "H NMR
(400 MHz, CDCl,): 8 7.97 (s, 1H), 7.92 (d, J=8.5 Hz, 2H),
7.50 (d, J=8.4 Hz, 2H), 7.99 (d, J=1.8, 8.6 Hz, 2H), 3.66 (s,
2H), 3.31 (s, 3H), 2.61-2.57 (m, 7H), 1.87 (s, 3H), 1.65-1.62
(m, 4H), 1.47-1.46 (m, 2H); MS (ESI, positive mode) m/z
429 (MHM).

[0368] Synthesis of tert-Butyl (1-(4-Cyanophenyl)-2-
methyl-3-(2-(piperidin-1-yl)acetyl)-1H-indol-5-yl)(methyl)
carbamate (IC): A suspension of 196 (0.200 g, 0.470 mmol)
in a 10% hydrochloric acid solution (5 mL) solution was
heated at 70° C. for 12 h. The reaction mixture was con-
densed in vacuo and the remaining residue was suspended in
dichloromethane (10 mL). The mixture was cooled to 0° C.
and then treated with triethylamine (1.2 mL, 9.00 mmol),
followed by di-tert-butyl-dicarbonate (0.8 mL, 0.036 mol).
The reaction mixture was allowed to stir at room tempera-
ture for 24 h, before it was poured onto ice cold water and
extracted with dichloromethane (2x20 mL). The combined
organic extracts were washed with water and brine. The
organic layer was then dried over anhydrous sodium sulfate
and concentrated under vacuum to obtain the crude product.
The crude product mixture was purified by column chroma-
tography on basic alumina using 5% methanol in dichlo-
romethane as the eluant to afford IC (0.150 g, 18%) as an
off-white solid. 'H NMR (400 MHz, CDCl,): 8 7.91-7.89
(m, 3H), 7.47 (d, J=8.4 Hz, 2H), 7.08-7.02 (m, 1H), 7.92 (d,
J=8.6 Hz, 1H), 3.71 (s, 2H), 3.31 (s, 3H), 2.62-2.57 (m, 7H),
1.65-1.63 (m, 4H), 1.50-1.46 (m, 2H), 1.43 (s, 9H); MS
(ESI, positive mode) m/z 487 (MH™).

[0369] Synthesis of 4-(2-Methyl-5-(methylamino)-3-(2-
(piperidin-1-yl)acetyl)-1H-indol-1-yl)benzonitrile (199): To
a solution of IC (0.100 g, 0.200 mmol) in 1,4 dioxane (5
mL), kept at 0° C., was added a solution of hydrochloric acid
1,4-dioxane (1.0 M, 5 ml). The reaction mixture was
allowed to warm to room temperature and stir for 24 h. The
reaction mixture was condensed in vacuo and remaining
crude material was basified with a saturated, aqueous solu-
tion of sodium bicarbonate. The aqueous layer was extracted
with ethyl acetate (2x10 ml) and the combined organic
extracts were washed with water and brine. The organic
layer was condensed to afford a sticky mass, which was
washed with n-pentane to obtain pure 199 (12 mg, 15%) as
an off-white solid. "H NMR (400 MHz, CDCl,): 8 7.87 (d,
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J=8.6 Hz, 2H), 7.46 (d, J=8.4 Hz, 2H), 7.27 (brs, 1H), 6.82
(d, J=8.6 Hz, 1H), 6.55 (dd, J=2.8, 6.0 Hz, 1H), 3.72 (s, 2H),
2.91 (s, 3H), 2.65-2.55 (m, 7H), 1.65-1.62 (m, 4H), 1.48
(brs, 2H); MS (ES], positive mode) m/z 387 (MH™).

Examples 36-37: N-(1-(4-Cyanophenyl)-2-methyl-
3-(2-(piperidin-1-yl)acetyl)-1H-indol-5-yl)pival-
amide (187), N-(1-(4-Cyanophenyl)-2-methyl-3-(2-
(piperidin-1-yl)acetyl)-1H-indol-5-yl)acetamide
(191)

[0370] Compounds 187 and 191 was prepared using meth-
ods similar to those described in Examples 34 and 35.

Examples 38-40: Ethyl 3-(1-(4-Cyanophenyl)-2-

methyl-3-(2-(piperidin-1-yl)acetyl)-1H-indol-6-y1)

propanoate (Compound 133), 3-(1-(4-Cyanophe-
nyl)-2-methyl-3-(2-(piperidin-1-yl)acetyl)-1H-indol-

6-yDpropanoic Acid (Compound 201), 3-(1-(4-
Cyanophenyl)-2-methyl-3-(2-(piperidin-1-yl)acetyl)-
1H-indol-6-yl)propanamide (Compound 194)
[0371]
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[0372] Synthesis of Ethyl 3-(3-Aminophenyl)propanoate
(CI): To a suspension of compound C* (8.0 g, 0.048 mol) in
ethanol (80 mL), kept at 0° C., was added thionyl chloride
(23 g, 0.193 mol) and a small quantity of N,N-dimethylfor-
mamide (0.2 mL). The reaction mixture was allowed to
warm to room temperature and stir for 1 h. The reaction
mixture was concentrated under reduced pressure and the
residue was treated with a cold, aqueous, saturated solution
of sodium bicarbonate. The aqueous mixture was extracted
with ethyl acetate (3x50 ml) and the combined organic
extracts were dried over anhydrous sodium sulfate. The
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organic layer was concentrated in vacuo to afford CI (8.0 g,
86%) as a pale brown, semi-solid. 'H NMR (400 MHz,
CDCl,): d 7.08-7.04 (m, 1H), 6.61 (d, J=7.6 Hz, 1H),
6.55-6.54 (m, 2H), 4.10 (q, I=7.1 Hz, 2H), 2.85 (t, J=7.6 Hz,
2H), 2.58 (t,J=7.5 Hz, 2H), 1.23 (t, J=7.1 Hz, 3H); MS (ESI,
positive mode) m/z 194 (MH™).

[0373] Synthesis of Ethyl 3-(2-Methyl-1H-indol-6-y1)pro-
panoate (CII): A solution of compound CI (0.5 g, 2.60
mmol) in dimethylsulfoxide (25 mL) and acetone (50 mL)
was degassed for 10 minutes and then copper(Il) acetate-
hydrate (1.5 g, 7.70 mmol) and palladium(II) acetate (0.011
g, 0.500 mmol) were added. The resultant reaction mixture
was heated at 100° C. for 15 h in sealed tube. After cooling
the reaction mixture was concentrated under reduced pres-
sure and the remaining residue was diluted with water. The
aqueous mixture was extracted with ethyl acetate (3x150
ml) and the combined organic extracts were dried over
anhydrous sodium sulfate. Concentrating the organic layer
afforded the crude product mixture, which was purified by
column chromatography (100-200 mesh) on silica gel using
5% ethyl acetate in hexanes as the eluant to afford CII (0.28
g, 48%) as a brown sticky mass. 'H NMR (400 MHz,
CDCl,): & 7.77 (brs, 1H), 7.40 (d, J=8.0 Hz, 1H), 7.10 (s,
1H), 6.90 (dd, I=1.2, 8.1 Hz, 1H), 6.15 (s, 1H), 4.11 (q, I=7.2
Hz, 2H), 3.01 (t, J=7.6 Hz, 2H), 2.63 (t, J=8.2 Hz, 2H), 2.41
(s, 3H), 1.22 (t, J=7.2 Hz, 3H); MS (ESI, positive mode) m/z
232 (MHY).

[0374] Synthesis of Ethyl 3-[1-(4-Cyano-phenyl)-2-
methyl-1H-indol-6-yl]|propanoate (CIII): A mixture of CII
(0.250 g, 1.08 mmol), 4-iodo-benzonitrile (0.49 g, 2.16
mmol) and potassium phosphate (0.68 g, 3.20 mmol) in
1,4-dioxane (20 mL) was sparged with nitrogen gas for 0.5
h in a sealed tube. Then copper(l) iodide (0.02 g, 0.100
mmol) and trans-(+/-)-1,2-diamino-cyclohexane (0.012 g,
0.100 mmol) were added to the reaction mixture, which was
then heated at 110° C. for 24 h. After cooling to room
temperature, the reaction mixture was filtered through a bed
of celite and the filter pad was washed with ethyl acetate.
The filtrate was concentrated under vacuum and the remain-
ing crude product mixture was purified by chromatography
on (100-200 mesh) silica gel using 5% ethyl acetate in
hexanes as the eluant to afford CIII (0.16 g, 45%) as an
off-white solid. 'H NMR (400 MHz, CDCL,): § 7.84 (d,
J=8.5 Hz, 2H), 7.48-7.45 (m, 3H), 6.98 (d, J=8.0 Hz, 1H),
6.94 (s, 1H), 6.39 (s, 1H), 4.19 (q, J=7.2 Hz, 2H), 2.97 (t,
J=7.6 Hz, 2H), 2.57 (t, J=8.2 Hz, 2H), 2.29 (s, 3H), 1.19 (t,
J=7.10 Hz, 3H); MS (ESI, positive mode) m/z 333 (MH").
[0375] Synthesis of FEthyl 3-[3-(2-Chloro-acetyl)-1-(4-
cyano-phenyl)-2-methyl-1H-indol-6-yl]-propanoate (CIV):
To a mixture of aluminum trichloride (0.20 g, 1.50 mmol)
and chloro acetyl chloride (0.16 g, 1.50 mmol) in dichloro-
ethane (3 mL) was added CIII (0.100 g, 0.304 mmol). The
reaction mixture was allowed to stir at room temperature for
15 minutes and then the mixture was poured onto an
ice-cold, aqueous saturated solution of sodium bicarbonate.
The mixture was extracted with ethyl acetate (3x20 mL.) and
the combined organic extracts were dried over anhydrous
sodium sulfate. After concentrating the organic layer the
remaining crude product mixture was purified by column
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chromatography on neutral alumina using 20% ethyl acetate
in hexanes as the eluant to afford CIV (0.08 g 33%) as an
off-white solid. 'H NMR (400 MHz, CDCL,): § 7.92 (d,
J=8.6 Hz, 2H), 7.80 (d, J=8.2 Hz 1H), 7.48 (d, J=8.2 Hz,
2H), 7.19 (dd, J=1.5, 8.3 Hz, 1H), 6.83 (s, 1H), 4.72 (s, 2H),
4.08 (q, J=7.2 Hz, 2H), 2.97 (d, J=7.6 Hz, 2H), 2.60-2.56 (m,
5H), 1.19 (t, J=7.1 Hz, 3H).

[0376] Synthesis of Ethyl 3-[1-(4-Cyano-phenyl)-2-
methyl-3-(2-piperidin-1-yl-acetyl)-1H-indol-6-yl]|propano-
ate (133): To a solution of CIV (0.08 g, 0.190 mmol) in
N,N-dimethylformamide (1 mL), kept at 0° C., was added
piperidine (0.03 g, 0.390 mmol). The reaction mixture was
allowed to stir at the reduced temperature for 0.5 h and was
then poured onto ice cold water. The precipitate that formed
was collected by filtration and washed with water, followed
by n-pentane. Drying the material in a stream of air afforded
133 (0.060 g, 67%) as a white solid. "H NMR (400 MHz,
DMSO-dy): 8 8.15 (d, J=8.4 Hz, 2H), 7.98 (d, J=8.2 Hz, 1H),
7.72 (d, I=8.4 Hz, 2H), 7.13 (d, J=7.9 Hz, 1H), 6.85 (s, 1H),
3.97 (q, J=7.1 Hz, 2H), 3.61 (s, 2H), 2.86 (t, J=7.5 Hz, 2H),
2.57-2.46 (m, 9H), 1.55-1.45 (m, 4H), 1.42-1.38 (m, 2H),
1.08 (t, J=7.10 Hz, 3H); MS (ESI, positive mode) m/z 458
(MH™).

[0377] Synthesis of 3-[1-(4-Cyano-phenyl)-2-methyl-3-
(2-piperidin-1-yl-acetyl)-1H-indol-6-yl1]-propionic acid
Hydrochloride Salt (201): A suspension of 133 (0.3 g, 0.650
mmol) in an aqueous solution of 10% hydrochloric acid (6
ml) was heated at 70° C. for 1 h. After cooling to room
temperature, the reaction mixture was concentrated under
reduced pressure and the remaining residue was washed
with diethylether to afford 201 (0.25 g, 89%) as a pale brown
solid. 'H NMR (400 MHz, DMSO-d): 8 12.08 (brs, 1H),
9.72 (brs, 1H), 8.19 (d, J=8.3 Hz, 2H), 8.00 (d, J=8.2 Hz,
1H), 7.74 (d, J=8.4 Hz, 2H), 7.25 (d, J=8.3 Hz, 1H), 6.94 (s,
1H), 4.86 (d, J=4.6 Hz, 2H), 3.67-3.52 (m, 2H), 3.16-3.12
(m, 2H), 2.87-2.84 (m, 2H), 2.58 (s, 3H), 2.49-2.47 (m, 2H),
1.92-1.81 (m, 4H), 1.79-1.71 (m, 1H), 1.49-1.39 (m, 1H),
MS (ESI, positive mode) m/z 430 (MH™).

[0378] Synthesis of 3-[1-(4-Cyano-phenyl)-2-methyl-3-
(2-piperidin-1-yl-acetyl)-1H-indol-6-yl]-propionamide
(194): To a solution of compound 201 (0.25 g, 0.500 mmol)
in dichloromethane (4 mL), kept at 0° C., was added thionyl
chloride (0.13 g, 1.60 mmol). The reaction mixture was
allowed to warm to room temperature and stir for 1 h. Then
the reaction mixture was cooled to —20° C. and ammonia gas
was passed through the mixture for 15 minutes. After
warming to room temperature the reaction mixture was
condensed in vacuo and the remaining residue treated with
cold water. The precipitate that formed was collected by
filtration and allowed to dry in a stream of air. The solid
material was then purified by column chromatography on
neutral alumina, using 0.8% methanol in dichloromethane as
the eluant, to afford 194 (0.1 g, 41%) as an oft-white solid.
'H NMR (400 MHz, DMSO-d,): 8 8.15 (d, J=8.4 Hz, 2H),
7.97 (d, I=8.2 Hz, 1H), 7.73 (d, J=8.4 Hz, 2H), 7.23 (s, 1H),
7.12 (d, I=8.4 Hz, 1H), 6.85 (s, 1H), 6.73 (s, 1H), 3.61 (s,
2H), 2.81 (t,J=7.5 Hz, 2H), 2.53 (s, 3H), 2.49-2.41 (m, 4H),
2.31-2.27 (m, 2H), 1.52-1.48 (m, 4H), 1.41-1.38 (m, 2H);,
MS (ESI, positive mode) m/z 429 (MH™).
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Examples 41-42: 2-(1-(4-Cyanophenyl)-2-methyl-3-
(2-(piperidin-1-yl)acetyl)-1H-indol-6-yl)acetic Acid
(Compound 198), 2-(1-(4-Cyanophenyl)-2-methyl-

3-(2-(piperidin-1-yl)acetyl)-1H-indol-6-yl)acetamide

(Compound 203)

[0379]

EtO

CN

197

CN

H,N

CN

203

[0380] Synthesis of [1-(4-Cyano-phenyl)-2-methyl-3-(2-
piperidin-1-yl-acetyl)-1H-indol-6-yl]acetic Acid Hydro-

Aug. 3, 2023

chloride Salt (198): A solution of 197 (90 mg, 0.200 mmol)
in an aqueous 10% hydrochloric acid solution (2 mL) was
heated at 70° C. for 4 h. After cooling to room temperature,
the reaction mixture was condensed to dryness. The remain-
ing brown residue was washed with diethylether, filtered,
and allowed to dry in a stream of air to afford 198 (50 mg,
59%) as a pale brown solid. 'H NMR (400 MHz, DMSO-
dg): 812.27 (brs, 1H), 9.66 (brs, 1H), 8.20 (d, J=8.4 Hz, 2H),
8.03 (d, J=8.2 Hz, 1H), 7.74 (d,J=8.4 Hz, 2H), 7.25 (d, J=8.2
Hz, 1H), 6.98 (s, 1H), 4.87 (d, I=8.7 Hz, 2H), 3.62 (s, 2H),
3.54-3.51 (m, 2H), 3.12-3.05 (m, 2H), 2.58 (s, 3H), 1.90-1.
82 (m, 4H), 1.80-1.72 (m, 2H); MS (ESI, positive mode) m/z
416 (MHM).

[0381] Synthesis of 2-[1-(4-Cyano-phenyl)-2-methyl-3-
(2-piperidin-1-yl-acetyl)-1H-indol-6-yl]acetamide (203): To
an ice-cooled solution of 198 (50 mg, 0.120 mmol) in
dichloromethane (5 mL.), maintained under a nitrogen atmo-
sphere, was slowly added oxalyl chloride (0.1 mL, 1.2
mmol), followed by N,N-dimethylformamide (2 drops). The
reaction mixture was allowed to stir at 0° C. for 1 h and was
then cooled to -78° C. Dry ammonia gas was bubbled
through the reaction mixture for 0.5 h and then the system
was allowed to warm to room temperature. The reaction
mixture as condensed in vacuo and the remaining material
was partitioned between dichloromethane (10 ml) and
ice-water (5 mL). The organic layer was dried over anhy-
drous sodium sulfate and then concentrated under vacuum to
obtain a pale-brown sticky mass. The crude product mixture
was purified by chromatography on neutral alumina, using
1% methanol in dichloromethane as the eluant, to afford 203
(25 mg, 25%) as a pale brown solid. '"H NMR (400 MHz,
DMSO-dy): 8 8.17 (d, J=8.3 Hz, 2H), 7.99 (d, J=8.2 Hz, 1H),
7.72 (d, J=8.3 Hz, 2H), 7.36 (brs, 1H), 7.16 (d, J=8.2 Hz,
2H), 6.92 (s, 1H), 6.79 (brs, 1H), 3.62 (s, 2H), 3.37 (s, 2H),
2.53 (s, 3H), 2.49-2.46 (m, 4H), 1.54-1.45 (m, 4H), 1.42-1.
35 (m, 2H); MS (ESI, positive mode) m/z 415 (MH").

Examples 43-47: Ethyl 2-(1-(4-Cyanophenyl)-2-
methyl-3-(2-(piperidin-1-yl)acetyl)-1H-pyrrolo[3,2-
blpyridin-6-yl)acetate (384), 2-(1-(4-Cyanophenyl)-
2-methyl-3-(2-(piperidin-1-yl)acetyl)-1H-pyrrolo[3,
2-b|pyridin-6-y1)-N-ethyl-N-methylacetamide
(Compound 382), 2-(1-(4-Cyanophenyl)-2-methyl-
3-(2-(piperidin-1-yl)acetyl)-1H-pyrrolo[3,2-b|pyri-
din-6-yl)-N-ethylacetamide (Compound 383), 2-(1-
(4-Cyanophenyl)-2-methyl-3-(2-(piperidin-1-yl)
acetyl)-1H-pyrrolo[3,2-b|pyridin-6-y1)-N-
cyclopropylacetamide (Compound 381), 4-(2-
Methyl-6-(2-0x0-2-(pyrrolidin-1-yl)ethyl)-3-(2-
(piperidin-1-ylacetyl)-1H-pyrrolo[3,2-b]pyridin-1-
yl)benzonitrile (Compound 298)
[0382]

N

Br

XLVI
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EtO [0383] Synthesis of Ethyl [1-(4-Cyano-phenyl)-2-methyl-
Q 1H-pyrrolo|[3,2-b]pyridin-6-yl]acetate (CV): To a degassed

383 NH

solution of ethyl acetoacetate (1.0 g, 7.68 mmol) and ethanol
(0.354 g, 7.688 mmol) in dimethylsulfoxide (10 mlL.) were
added potassium phosphate (1.63 g, 7.68 mmol), XLVI
CN (0.800 g, 2.56 mmol) and copper(l) iodide (0.048 g, 0.250
oVl mmol). The resulting mixture was heated at 40° C. for 1 h
and then at 85° C. for 20 h. The progress of the reaction was
monitored by TLC and HPLC. After cooling to room tem-
perature, the reaction mixture was diluted with water (30
ml) and the mixture was extracted with ethyl acetate (30
ml.x4). The combined organic extracts were dried over
anhydrous sodium sulfate and concentrated under reduced
pressure to obtain the crude product mixture. The crude
product mixture was further purified by column chromatog-
raphy on neutral alumina using 15% ethyl acetate in hexanes
- as eluent to afford CV (0.30 g, 36%) as an off-white,
amorphous paste. 'H NMR (400 MHz, CDCI,): & 8.43 (s,
1H), 7.87 (d, J=8.4 Hz, 2H), 7.47 (d, ]=8.4 Hz, 2H), 7.34 (s,
1H), 6.63 (s, 1H), 4.12 (q, I=7.1 Hz, 2H), 3.65 (s, 2H), 2.38
(s, 3H), 1.26 (1, J=7.1 Hz, 3H); MS (ESI, positive mode) m/z
320 (MH™).

[0384] Synthesis of FEthyl [3-(2-Chloro-acetyl)-1-(4-
cyano-phenyl)-2-methyl-1H-pyrrolo[3,2-b|pyridin-6-yl]ac-
etate (CVI): To an ice-cooled solution of aluminum chloride
(4.5 g,34.4 mmol) in 1,2-dichloroethane (20 mL) was added
chloroacetyl chloride (2.7 ml, 33.6 mmol) in a dropwise
fashion. The reaction mixture was allowed to stir at 0° C. for
40 min. The reaction mixture was then treated with a
solution of CV (0.55 g, 1.72 mmol) and heated at 60° C. for
14 h. Progress of the reaction was monitored by TLC. The
reaction mixture was poured into an aqueous, saturated
solution of sodium bicarbonate (500 mL) and extracted with
dichloromethane (2x100 mL). The combined organic
extracts were dried over sodium sulfate, filtered, and then
concentrated in vacuo to afford the crude product. The crude
product mixture was purified by column chromatography on
neutral alumina, using 40% ethyl acetate in hexanes as the
eluent, to afford CVI (0.32 g, 46%) as an off-white solid. 'H
NMR (400 MHz, CDCL,): 8 8.48 (d, J=1.7 Hz, 1H), 7.95 (d,
J=8.4 Hz, 2H), 7.51 (d, J=8.4 Hz, 2H), 7.30 (d, J=1.6 Hz,

CN 1H), 5.30 (s, 2H), 4.13 (q, I=7.1 Hz, 2H), 3.67 (s, 2H), 2.68
CcvIl (s, 3H), 1.25 (1, J=7.0 Hz, 3H); MS (ES]I, positive mode) m/z
396/398 (MH*, *>37(1).

EtO

384
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[0385] Synthesis of Ethyl 2-(1-(4-Cyanophenyl)-2-
methyl-3-(2-(piperidin-1-yl)acetyl)-1H-pyrrolo[3,2-b]pyri-
din-6-yl)acetate (384): To an ice-cooled solution of CVI
(0.32 g, 0.800 mmol) in acetonitrile (5 mL) was added
piperidine (0.137 g, 1.61 mmol) and the reaction mixture
was allowed to stir at room temperature for 2 h. Progress of
the reaction was monitored by TLC. The reaction mixture
was condensed in vacuo and the remaining crude product
mixture was purified by column chromatography on neutral
alumina using 1% methanol in dichloromethane as the
eluent to afford 384 (0.21 g, 58%) as an off-white solid. ‘H
NMR (400 MHz, CDCl,): 8 8.48 (d, J=1.8 Hz, 1H), 7.91 (d,
J=8.5 Hz, 2H), 7.48 (d, J=8.5 Hz, 2H), 7.27 (d, J=1.8 Hz,
1H), 431 (s, 2H), 4.12 (q, J=7.1 Hz, 2H), 3.66 (s, 2H), 2.65
(s, 7H), 1.71-1.61 (m, 4H), 1.47 (brs, 2H), 1.24 (t, J=7.1 Hz,
3H); MS (ESI, positive mode) m/z 320 (MH™).

[0386] Synthesis of [1-(4-Cyano-phenyl)-2-methyl-3-(2-
piperidin-1-yl-acetyl)-1H-pyrrolo[3,2-b]pyridin-6-yl]acetic
Acid (CVII): To a solution of 384 (0.15 g, 0.337 mmol) in
1,4-dioxane (5 mL) was added a solution of concentrated
hydrochloric acid (0.15 mL) in water (3 mL). The reaction
mixture was allowed to stir at room temperature for 15 h.
The progress of the reaction was monitored by TLC. Upon
completion, the reaction mixture was condensed in vacuo by
azeotropic distillation with toluene to afford crude CVII
(0.14 g), which was used as without any further purification.
MS (ESI, positive mode) m/z 417 (MH™).

[0387] General Procedure for Synthesis Target Com-
pounds 381, 382, 383, 298: To a solution of CVII (0.05 g,
0.120 mmol) in N,N-dimethylformamide (10 mL) was
added diisopropylethylamine (0.046 g, 0.357 mmol) in a
dropwise fashion and the reaction mixture was allowed to
stir at room temperature for 10 min. The reaction mixture
was then treated with propylphosphonic anhydride (T,P;
0.19 g, 0.597 mmol), followed by an ethylamine solution
(0.3 mL, 0.599 mmol, 2M in tetrahydrofuran). The reaction
mixture was allowed to stir at room temperature for 20 h.
The progress of the reaction was monitored by TLC. Upon
completion, the reaction mixture was diluted with water (50
ml) and the mixture was extracted with ethyl acetate (2x25
mL). The combined organic extracts were washed with a
brine solution (2x25 ml.) and then dried over anhydrous
sodium sulfate. The organic layer was condensed in vacuo to
afford the crude product mixture, which was purified by
column chromatography on neutral alumina using 2%
methanol in dichloromethane as eluent to get afford the
target compound. The following four compounds were pre-
pared by this method. 2-(1-(4-Cyanophenyl)-2-methyl-3-(2-
(piperidin-1-yDacetyl)-1H-pyrrolo[3,2-b]pyridin-6-y1)-N-
ethylacetamide (383): Yield: 43%; Off-white solid; 'H NMR
(400 MHz, CDCl,): 8 8.45 (d, J=1.7 Hz, 1H), 7.91 (d, J=8.4
Hz, 2H), 7.47 (d, J=8.4 Hz, 2H), 7.31 (d, J=1.7 Hz, 1H), 5.41
(brs, 1H), 4.31 (s, 2H), 3.55 (s, 2H), 3.26-3.19 (m, 2H),
2.67-2.62 (m, 7H), 1.70-1.63 (m, 4H), 1.48 (brs, 2H), 1.07
(t, I=7.3 Hz, 3H), MS (ES], positive mode) m/z 444 (MH™).
[0388] 2-(1-(4-Cyanophenyl)-2-methyl-3-(2-(piperidin-1-
yDacetyl)-1H-pyrrolo[3,2-b]pyridin-6-y1)-N-ethyl-N-
methylacetamide (382): Yield: 54%; Off-white solid; ‘H
NMR at 100° C. (400 MHz, CDCl;): d 8.43 (s, 1H),
8.13-8.08 (m, 2H), 7.75-7.70 (m, 2H), 7.34 (s, 1H), 4.43
(brs, 2H), 3.78 (s, 2H), 3.36 (m, 2H), 2.93 (brs, 3H), 2.84
(brs, 4H), 2.60 (s, 3H), 1.74-1.60 (m, 4H), 1.51-1.47 (m,
2H), 1.05 (brs, 3H); MS (ESI, positive mode) m/z 458
(MH™M).
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[0389] 2-(1-(4-Cyanophenyl)-2-methyl-3-(2-(piperidin-1-
yDacetyl)-1H-pyrrolo[3,2-b]pyridin-6-yl)-N-cyclopropylac-
etamide (381): Yield: 34%; Off-white solid; '"H NMR (400
MHz, DMSO-d,):  8.41 (d, J=1.6 Hz, 1H), 8.18 (d, J=8.3
Hz, 2H), 8.13 (d, J=3.8 Hz, 2H), 7.80 (d, J=8.5 Hz, 2H), 7.36
(d, J=1.3 Hz, 1H), 4.17 (s, 2H), 2.57 (s, 8H), 1.52 (brs, 4H),
1.41 (brs, 2H), 0.59-0.55 (m, 2H), 0.35-0.33 (m, 2H), MS
(ESI, positive mode) m/z 456 (MH*).

[0390] 4-(2-Methyl-6-(2-0x0-2-(pyrrolidin-1-yl)ethyl)-3-
(2-(piperidin-1-yl)acetyl)-1H-pyrrolo[3,2-b]pyridin-1-yl)
benzonitrile (298): Yield: 20%; Off-white solid; ‘H NMR
(400 MHz, CDCl,): 8 8.43 (d, J=1.6 Hz, 1H), 7.89 (d, J=8.4
Hz, 2H), 7.47 (d, J=8.4 Hz, 2H), 7.37 (d, J=1.5 Hz, 1H), 4.32
(s, 2H), 3.67 (s, 2H), 3.51-3.48 (m, 2H), 3.47-3.41 (m, 2H),
2.67-2.64 (m, 7H), 1.97-1.93 (m, 2H), 1.98-1.85 (m, 2H),
1.69 (brs, 4H), 1.48 (brs, 2H); MS (ESI, positive mode) m/z
468 (MH™).

Example 49: N-(2-(1-(4-Chlorophenyl)-2-methyl-3-
(2-(piperidin-1-yl)acetyl)-1H-pyrrolo[3,2-b|pyridin-
6-yl)ethyl)-N-ethylmethanesulfonamide (303)

[0391]
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[0392] Synthesis of 6-Bromo-1-(4-chloro-phenyl)-2-
methyl-1H-pyrrolo[3,2-b]pyridine (CVII): To a degassed
suspension of Z (1.0 g, 4.73 mmol), 1-chloro-4-iodobenze
(11.3 g, 47.4 mmol) and potassium triphosphate (3.01 g,
14.2 mmol) in of 1,4-ioxane (80 mL) were added copper(I)
iodide (0.090 g, 0.474 mmol) and trans-(+/-)-1,2-diamino-
cyclohexane (0.054 g, 0.470 mmol). The resulting reaction
mixture was heated at 125° C. for 16 h. After cooling to
room temperature the reaction mixture was filtered through
a celite bed and the filter pad was washed with ethyl acetate.
The filtrate was concentrated under reduced pressure to
obtain crude product mixture, which was purified by column
chromatography on neutral alumina using 2% ethyl acetate
in hexanes as the eluent to afford compound CVIII (1.0 g,
65%) as an off-white solid. 'H NMR (400 MHz, CDCl,): §
8.45(d, J=2.0Hz, 1H), 7.53 (d, J=8.7 Hz, 2H), 7.44 (d, J=2.7
Hz, 1H), 7.26 (d, J=8.7 Hz, 2H), 6.57 (s, 1H), 2.32 (s, 3H);
MS (ESI, positive mode) m/z 320/322 (MH*, *?7Cl,
79/81Br).

[0393] Synthesis of Ethyl [ 1-(4-Chloro-phenyl)-2-methyl-
1H-pyrrolo|3,2-b]pyridin-6-yl|acetate (CIX): To a degassed
solution of ethyl acetoacetate (10.5 g, 80.8 mmol) and
ethanol (3.72 g, 80.8 mmol) in dimethylsulfoxide (10 mL)
was added potassium phosphate (5.14 g, 24.3 mmol). The
mixture was allowed to stir for 10 min and then the mixture
was treated with a solution of CVIII (2.6 g, 8.08 mmol),
followed by copper(I) iodide (0.153 g, 0.800 mmol). The
resulting mixture was heated at 40° C. for 1 h and then at 90°
C. for 16 h. After cooling to room temperature the reaction
mixture was diluted with water and the mixture was
extracted with ethyl acetate (150 mL.x4). The combined
organic extracts were dried over anhydrous sodium sulfate
and concentrated under reduced pressure to obtain the crude
product. The crude product mixture was purified by column
chromatography on neutral alumina, using 15% ethyl acetate
in hexanes as eluent, to obtain CIX (0.800 g, 30%) as a
brown, viscous oil. "H NMR (400 MHz, CDCl,): d 8.32 (d,
J=1.8 Hz, 1H), 7.52 (d, J=8.6 Hz, 2H), 7.27-7.26 (m,
occluded by solvent, 3H), 6.57 (s, 1H), 4.11 (q, J=7.1 Hz,
2H), 3.63 (s, 2H), 2.32 (s, 3H), 1.21 (t, J=7.1 Hz, 3H); MS
(ESI, positive mode) m/z 320/322 (MH*, 3>37CY).

[0394] Synthesis of [2-[1-(4-Chloro-phenyl)-2-methyl-
1H-pyrrolo[3,2-b]pyridin-6-yl]-ethanol (CX): To an ice-
cooled solution of CIX (1.0 g, 3.04 mmol) in tetrahydrofuran
(20 mL) under a nitrogen atmosphere was added solid
lithium aluminum hydride (0.115 g, 3.04 mmol) in a por-
tionwise manner. The mixture was allowed to stir at 0° C. for
45 min. The progress of the reaction was monitored by TLC.
The reaction mixture was quenched through the addition of
ethyl acetate (2 mL) and then filtered through a celite bed.
The filter cake was washed with ethyl acetate (30 mL) and
the filtrate was concentrated under reduced pressure to
obtain CX (0.700 g, 80%) as a yellowish solid, which was
used without further purification. 'H NMR (400 MHz,
CDCl,): 9 8.29 (d, J=1.7 Hz, 1H), 7.52 (d, J=8.6 Hz, 2H),
7.26 (d, 1=8.6 Hz, 2H), 7.18 (s, 1H), 6.55 (s, 1H), 3.83 (t,
J=6.5Hz, 2H), 2.89 (t, J=6.5 Hz, 2H), 2.32 (s, 3H); MS (ES],
positive mode) m/z 287/289 (MH*, *>37(C1).

[0395] Synthesis of 2-(1-(4-Chlorophenyl)-2-methyl-1H-
pyrrolo[3,2-b]pyridin-6-yl)ethyl methanesulfonate (CXI):
To an ice-cooled solution of CX (0.700 g, 2.44 mmol) and
triethylamine (0.680 ml, 4.88 mmol) in dichloromethane
(50 mL) was added methanesulfonyl chloride (0.283 mlL,
3.66 mmol) in a dropwise fashion. The resulting reaction
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mixture was allowed to stir at 0° C. for 1 h. The progress of
the reaction was monitored by TLC. The reaction mixture
was diluted with water (25 mL) and the mixture was
extracted with dichloromethane (30 mL.x4). The combined
organic extracts were dried over sodium sulfate, filtered, and
then concentrated in vacuo to obtain crude CXI (1.3 g) as a
brown oil, which was used without further purification. MS
(ESI, positive mode) m/z 365/367 (MH*, *>27C1).

[0396] Synthesis of 2-(1-(4-Chlorophenyl)-2-methyl-1H-
pyrrolo[3,2-b]pyridin-6-yl)-N-ethylethan-1-amine (CXII):
To an ice-cooled solution of CXI (1.3 g, crude) in tetrahy-
drofuran (5 mL) under a nitrogen atmosphere was added
ethylamine (10.7 mL, 21.4 mmol, 2M in tetrahydrofuran)
and the resulting reaction mixture was heated at 70° C. for
16 h. Progress of the reaction was monitored by TL.C. The
reaction mixture was condensed in vacuo and the crude
product mixture was purified by column chromatography on
neutral alumina using 30% dichloromethane in hexanes and
then 1% methanol in dichloromethane as eluant to afford
CXII (0.650 g, 84% after two steps) as a brown, viscous oil.
'H NMR (400 MHz, CDC,): § 8.30 (d, J=1.5 Hz, 1H), 7.51
(d, I=8.6 Hz, 2H), 7.26 (d, ]=8.0 Hz, 2H), 7.15 (s, 1H), 6.56
(s, 1H), 2.84 (s, 3H), 2.63 (q, J=7.1 Hz, 2H), 2.32 (s, 3H),
1.05 (t, J=7.1 Hz, 3H); MS (ESI, positive mode) m/z
314/316 (MH*, *>*7CI).

[0397] Synthesis of N-(2-(1-(4-Chlorophenyl)-2-methyl-
1H-pyrrolo|3,2-b]pyridin-6-yl)ethyl)-N-ethylmethanesulfo-
namide (CXIII): To an ice-cooled solution of CXII (0.100 g,
0.320 mmol) and triethylamine (0.089 mL, 0.64 mmol) in
dichloromethane (5 mL) was added methane sulfonyl chlo-
ride (0.036 mL, 0.48 mmol) in a dropwise fashion. The
reaction mixture was allowed to stir at 0° C. for 1 h. The
progress of the reaction was monitored by TLC. The reaction
mixture was diluted with water and the mixture was
extracted with dichloromethane (25 mlL.x4). The combined
organic extracts were dried over sodium sulfate, filtered, and
concentrated in vacuo to obtain crude CXIII (0.110 g, 88%)
as a brown oil. 'H NMR (400 MHz, CDC,): § 8.28 (d, J=1.8
Hz, 1H), 7.53 (d, J=9.4 Hz, 2H), 7.26 (d, J=9.4 Hz, 2H), 7.18
(s, 1H), 6.56 (s, 1H), 3.35-3.37 (m, 2H), 3.26 (q, J=7.1 Hz,
2H), 2.95 (t, J=7.8 Hz, 2H), 2.71 (s, 3H), 2.33 (s, 3H), 1.20
(t, I=7.2 Hz, 3H); MS (ESL positive mode) m/z 392/394
(MH+, 35/37C1).

[0398] Synthesis of N-(2-(3-(2-Chloroacetyl)-1-(4-chloro-
phenyl)-2-methyl-1H-pyrrolo[3,2-b]pyridin-6-yl)ethyl)-N-
ethylmethanesulfonamide (CXIV): To an ice-cooled suspen-
sion of aluminum chloride (0.560 g, 4.21 mmol) in
dichloroethane (10 ml) was added chloroacetyl chloride
(0.475 g, 4.21 mmol) in a dropwise fashion and the resulting
reaction mixture was allowed to stir for 45 min at 0° C. To
the resulting reaction mixture was then added a solution of
CXIII (0.110 g, 0.281 mmol) in 1,2-dichloroethane (7 mL)
and t mixture was allowed to stir at room temperature for 1
h. The reaction mixture was then heated at 65° C. for 4 h.
Progress of the reaction was monitored by TLC. After
cooling, the reaction mixture was poured onto crushed ice
and neutralized with an aqueous saturated solution of
sodium bicarbonate (50 ml.). The mixture was extracted
with dichloromethane (30 mLx5). The combined organic
extracts were dried over sodium sulfate, filtered and con-
centrated in vacuo to afford the crude product. The crude
product mixture was purified by column chromatography on
neutral alumina using dichloromethane as the ecluent to
afford CXIV (0.055 g, 41%) as a white solid. "H NMR (400
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MHz, CDCl,): 8 8.42 (d, J=1.9 Hz, 1H), 7.59 (d, J=8.6 Hz,
2H), 7.26 (d obscured by solvent signal, 2H), 7.20 (s, 1H),
5.30 (s, 2H), 3.37 (t, J=7.5 Hz, 2H), 3.26 (q, J=7.2 Hz, 2H),
2.98 (t, I=7 Hz, 2H), 2.75 (s, 3H), 2.66 (s, 3H), 1.17 (1, J=7.1
Hz, 3H); MS (ESI, positive mode) m/z 468/470 (MH™,
35/37C1).

[0399] Synthesis of N-(2-(1-(4-Chlorophenyl)-2-methyl-
3-(2-(piperidin-1-yl)acetyl)-1H-pyrrolo[3,2-b|pyridin-6-y1)
ethyl)-N-ethylmethanesulfonamide (303): To an ice-cooled
solution of CXIV (0.055 g, 0.117 mmol) in acetonitrile (5
ml) was added piperidine (0.019 g, 0.230 mmol) and the
resulting reaction mixture was allowed to stir at room
temperature for 16 h. The Progress of the reaction was
monitored by TLC. The reaction mixture was condensed in
vacuo and the remaining residue was diluted with water. The
mixture was extracted with dichloromethane (15 m[.x4) and
the combined organic extracts were dried over anhydrous
sodium sulfate. The organic layer was concentrated under
reduced pressure to afford the crude product mixture, which
was purified by column chromatography on neutral alumina
using 1% methanol in dichloromethane as eluent to afford a
solid. The solid was further washed with diethyl ether (1
ml) and allowed to dry in a stream of air to obtain 303
(0.032 g, 52%) as an off-white solid. "H NMR (400 MHz,
CDCl,): 9 8.42 (d, J=1.8 Hz, 1H), 7.58 (d, J=8.6 Hz, 2H),
7.25 (d, I=8.5 Hz, 2H), 7.15 (d, J=1.8 Hz, 1H), 4.30 (s, 2H),
3.36-3.37 (m, 2H), 3.26 (q, J=7.1 Hz, 2H), 2.96 (t, ]=7.3 Hz,
2H), 2.74 (s, 3H), 2.66 (brs, 4H), 2.63 (s, 3H), 1.70-1.67 (m,
4H), 1.49 (m, 2H), 1.18 (t, J=7.2 Hz, 3H); MS (ESI, positive
mode) m/z 517/519 (MH*, **37C1).

Example 50: N-(2-(1-(4-Chlorophenyl)-3-(2-(4-
hydroxypiperidin-1-yl)acetyl)-2-methyl-1H-pyrrolo
[3,2-b]pyridin-6-yl)ethyl)methanesulfonamide (342)

[0400] Compound 342 was prepared using methods simi-
lar to those described in Example 49.

Examples 51-52: 2-(1-(4-Cyanophenyl)-2-methyl-3-
(2-(piperidin-1-yl)acetyl)-1H-indol-6-yl)ethyl
Acetate (205), 4-(6-(2-Hydroxyethyl)-2-methyl-3-
(2-(piperidin-1-yl)acetyl)-1H-indol-1-yl)benzonitrile
(207)
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[0402] Synthesis of 2-(2-Methyl-1H-indol-6-yl)-ethanol
(CXVI): To a stirred solution of CXV (0.80 g, 3.68 mmol)
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in dry tetrahydrofuran (35 mL), kept at 0° C., was slowly
added a 1.0 M solution of lithium aluminum hydride in
diethylether (7.4 mL, 7.40 mmol). The reaction mixture was
allowed to stir at the reduced temperature for 0.5 h before the
reaction was quenched with an aqueous, saturated solution
of sodium sulfate (1 mL). Excess anhydrous sodium sulfate
was added and then the reaction mixture was filtered through
a pad of celite. The filtrate was concentrated in vacuo to
obtain the crude CXVI as a pale yellow oil (0.69 g), which
was used without any further purification. "H NMR (400
MHz, CDCl,): § 7.82 (brs, 1H), 7.43 (d, J=7.9 Hz, 1H), 7.13
(s, 1H), 6.92 (d, J=8.0 Hz, 1H), 6.17 (s, 1H), 3.88-3.84 (m,
2H), 2.95-2.92 (m, 2H), 2.42 (s, 3H); MS (ESI, positive
mode) m/z 176 (MH*).

[0403] Synthesis of 2-(2-Methyl-1H-indol-6-yl)ethyl
Acetate (CXVII): To an ice-cooled solution of CXVI (0.69
g, 3.94 mmol) in dichloromethane (30 ml.) was added
triethylamine (3.19 g, 31.5 mmol) and acetic anhydride
(1.61 g, 15.8 mmol). The reaction mixture was allowed to
warm to room temperature and stir for 3 h. The reaction
mixture was condensed under reduced pressure and the
remaining yellow mass was partitioned between dichlo-
romethane (70 mL) and water (50 mL). The phases were
separated and the organic layer was dried over anhydrous
sodium sulfate. The organic layer was condensed in vacuo to
afford CXVII (0.44 g, 51%) as a yellow oil. 'H NMR (400
MHz, CDCl,): § 7.79 (brs, 1H), 7.41 (d, J=8.1 Hz, 1H), 7.12
(s, 1H), 6.91 (d, J=8.0 Hz, 1H), 6.16 (s, 1H), 4.31-4.27 (m,
2H), 3.01-2.98 (m, 2H), 2.42 (s, 3H), 2.03 (s, 3H); MS (ESI,
positive mode) m/z 218 (MH™).

[0404] Synthesis of 2-(1-(4-Cyanophenyl)-2-methyl-1H-
indol-6-ylethyl Acetate (CXVIII): A mixture of CXVII
(0.20 g, 0.920 mmol), 4-iodo-benzonitrile (0.42 g, 1.84
mmol), potassium phosphate (0.352 g, 1.66 mmol) and
copper(l) iodide (0.175 g, 0.92 mmol) in 1,4-dioxane (70
ml) was degassed with nitrogen gas for 0.5 h. Then trans-
(+/-)-1,2-diamino-cyclohexane (0.011 g, 0.092 mmol) was
added and the resulting mixture was heated at 100° C. for 24
h. After cooling to room temperature the reaction mixture
was condensed in vacuo and the remaining residue was
diluted with ice-water. The mixture was extracted with ethyl
acetate and the combined extracts were then filtered through
apad of celite. The filtrate was dried over sodium sulfate and
then concentrated under vacuum to afford the crude product.
Analysis of the crude product mixture revealed some de-
acetylated product was present, in addition to the target
compound. The crude product mixture was treated with
additional acetic anhydride and triethylamine in dichlo-
romethane. After condensing, the crude product mixture was
purified by column chromatography on (60-120 mesh) silica
gel using 7% ethyl acetate in hexanes to afford CXVIII (0.18
g, 61%). '"H NMR (400 MHz, CDCL,): § 7.83-7.82 (m, 2H),
7.49-7.47 (m, 3H), 7.04-7.01 (m, 1H), 6.94 (s, 1H), 6.40 (s,
1H), 4.25-4.21 (m, 2H), 2.95-2.93 (m, 2H), 2.30 (s, 3H),
1.99 (s, 3H); MS (ESI, positive mode) m/z 319 (MH").
[0405] Synthesis of 2-(3-(2-Chloroacetyl)-1-(4-cyanophe-
nyl)-2-methyl-1H-indol-6-yl)ethyl Acetate (CXIX): To an
ice-cold solution of anhydrous aluminum chloride (0.40 g,
3.02 mmol) in 1,2-dichloroethane (20 mL.) was added neat
chloro-acetyl chloride (0.20 g, 1.81 mmol) in a dropwise
fashion. The reaction mixture was allowed to stir at the
reduced temperature for 0.5 h and then a solution of CXVIII
(0.48 g, 1.51 mmol) in 1,2-dichloroethane was added to the
reaction mixture at 0° C. The resultant reaction mixture was
allowed to warm to room temperature and stir for 16 h. The
reaction mixture was poured onto ice-cold water, neutralized
with an aqueous, saturated solution of sodium bicarbonate
and then extracted with dichloromethane. The organic layer
was dried over sodium sulfate and then concentrated under
vacuum to afford the crude product. The crude product
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mixture was purified by column chromatography on (60-120
mesh) silica gel using 20% ethyl acetate in hexanes to obtain
CXIX (0.17 g, 29%) as an orange solid. 'H NMR (400 MHz,
CDCl,): d 7.94-7.92 (m, 2H), 7.83 (d, J=8.3 Hz, 1H),
7.49-7.47 (m, 2H), 7.21 (dd, J=1.5, 8.1 Hz, 1H), 6.83 (s, 1H),
4.73 (s, 2H), 4.22 (t, J=7.1 Hz, 2H), 2.95 (1, ]=7.0 Hz, 2H),
2.60 (s, 3H), 1.98 gs, 3H); MS (ESI, positive mode) m/z
395/397 (MH*, *>37C).

[0406] Synthesis of 2-(1-(4-Cyanophenyl)-2-methyl-3-(2-
(piperidin-1-yDacetyl)-1H-indol-6-yl)ethyl Acetate (205):
To an ice-cold solution of CXIX (0.10 g, 0.250 mmol) in
N,N-dimethylformamide (1.5 mL) was slowly added pip-
eridine (0.03 mL, 1.01 mmol). The reaction mixture was
allowed to stir at 0° C. for 1 h. The reaction mixture was
poured onto ice and the precipitate that formed was collected
by filtration. The filtered solid was washed with water and
allowed to dry in a stream of air. The crude solid was
purified by column chromatography on neutral alumina
using 70% ethyl acetate in hexanes to afford 205 (0.06 g,
53%) as an off-white solid. 'H NMR (400 MHz, CDCl,): §
7.96-7.90 (m, 3H), 7.50-7.46 (m, 2H), 7.20-7.15 (m, 1H),
6.81 (s, 1H), 4.22 (t, I=7.1 Hz, 2H), 3.78 (s, 2H), 2.94 (t,
J=7.1 Hz, 2H), 2.74-2.58 (m, 7H), 1.98 (s, 3H), 1.65-1.61
(m, 4H), 1.48-1.42 (m, 2H); MS (ESI, positive mode) m/z
444 (MH™).

[0407] Synthesis of 4-(6-(2-Hydroxyethyl)-2-methyl-3-
(2-(piperidin-1-yl)acetyl)-1H-indol-1-yl)benzonitrile (207):
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resultant mixture was allowed to stir at room temperature for
26 h. The reaction mixture was condensed in vacuo and the
remaining residue was neutralized with an aqueous saturated
solution of sodium bicarbonate. The precipitate that formed
was collected by filtration and washed with water. The solid
was allowed to dry in a stream of air and was then purified
by column chromatography on neutral alumina using 2%
methanol in ethyl acetate to afford a solid (40 mg). The solid
was triturated with diethylether and allowed to dry to obtain
207 (15 mg, 21%) as a grey solid. 'H NMR (400 MHz,
CDCl,): d 7.96 (d, J=8.1 Hz, 1H), 7.91-7.89 (m, 2H),
7.50-7.46 (m, 2H), 7.18 (d, J=8.0 Hz, 1H), 6.84 (s, 1H),
3.84-3.81 (m, 4H), 2.90-2.87 (t, I=7.1 Hz, 2H), 2.70-2.64
(m, 4H), 2.58 (s, 3H), 1.72-1.62 (m, 4H), 1.52-1.44 (m, 2H);
MS (ESI, positive mode) m/z 402 (MH™).

Examples 53-56: Ethyl 3-(1-(4-Cyanophenyl)-2,5-
dimethyl-3-(2-(piperidin-1-ylacetyl)-1H-pyrrolo[3,
2-b|pyridin-6-yl)propanoate (200), 3-(1-(4-Cyano-
phenyl)-2.5-dimethyl-3-(2-(piperidin-1-yl)acetyl)-
1H-pyrrolo[3,2-b]pyridin-6-yl)propanoic Acid
Hydrochloride Salt (202), 3-(1-(4-Cyanophenyl)-2,
5-dimethyl-3-(2-(piperidin-1-yl)acetyl)-1H-pyrrolo
[3,2-b]pyridin-6-y1)-N,N-diethylpropanamide (204),
3-(1-(4-Cyanophenyl)-2,5-dimethyl-3-(2-(piperidin-
1-yDacetyl)-1H-pyrrolo[3,2-b]pyridin-6-yl)propana-

A hydrochloric acid solution (10% in water, 3 mL) was mide (210)
added to compound 205 (0.08 g, 0.180 mmol) and the [0408]
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[0409] Synthesis of 3-lodo-5-nitro-pyridin-2-ol (CXXI):
To a mixture of 2-Hydroxy-5-nitro pyridine (14 g, 99.9
mmol) and potassium carbonate (13.8 g, 99.9 mmol) in
N,N-dimethylformamide (100 ml.) was added iodine (25.3
g, 99.7 mmol) in a portionwise fashion at room temperature.
The resulting reaction mixture was heated at 85° C. for 15
h, before being allowed to cool to room temperature. The
progress of the reaction was monitored by TLC. The reaction
mixture was diluted with water (150 mL) and then extracted
with ethyl acetate (75 mLx3). The combined organic
extracts were washed with brine (150 ml.x3), dried over
anhydrous sodium sulfate and concentrated in vacuo. The
remaining solid residue was washed with n-hexanes (50
ml.x2) and allowed to dry in a stream of air to afford CXXI
(14 g, 53%) as a brown solid, which was used without
further purification.

[0410] Synthesis of 2-Chloro-3-iodo-5-nitro-pyridine
(CXXID): To a solution of CXXI (14 g, 52.6 mmol) in
quinoline (5 mL) was added phosphorous oxychloride (4.8
ml, 52.2 mmol). The resulting mixture was heated at 120°
C. for 2 h. Progress of the reaction was monitored by TLC.
After cooling to room temperature the reaction mixture was
poured onto ice cold water (75 mL) and the precipitate that

202

NH,

NC

210

formed was collected by filtration. The filtered solid was
washed with water and allowed to dry to obtain CXXII (12
g, 81%) as a brown solid. '"H NMR (400 MHz, CDCL,): §
9.12 (d, J=2.3 Hz, 1H), 8.84 (d, J=2.4 Hz, 1H).

[0411] Synthesis of 2-(3-lodo-5-nitro-pyridin-2-yl)-ma-
lonic Acid Diethyl Ester (CXXIII): To an ice-cooled solution
of diethylmalonate (2.2 g, 13.7 mmol) in N,N-dimethylfor-
mamide (30 mL) was added sodium hydride (0.72 g, 30.2
mmol) in a portionwise manner. The reaction mixture was
allowed to stir for 15 min at 0° C. and then CXXII (2.0 g,
7.03 mmol) was added portionwise. The reaction mixture
was allowed to warm to room temperature and stir for 2 h.
The progress of the reaction was monitored by TLC. The
reaction mixture was diluted with 2 N hydrochloric acid (20
ml) and the aqueous mixture was extracted with diethyle-
ther (50 mLx2). The combined organic extracts were
washed with brine (75 mLx2) and dried over anhydrous
sodium sulfate. The organic layer was condensed under
reduced pressure to obtain CXXIII (2.5 g, 87%) as a brown
oil, which was used without any further purification. MS
(ESI, positive mode) m/z 407 (MH*).

[0412] Synthesis of 3-lodo-2-methyl-5-nitro-pyridine
(CXXIV): A suspension of CXXIII (2.5 g, 6.12 mmol) in
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aqueous 7 N hydrochloric acid (40 mL) was heated at 110°
C. for 4 h. After cooling to room temperature the reaction
mixture was diluted with water (50 mL) and the pH of the
mixture was adjusted to 10 through the addition of an
aqueous 10% sodium hydroxide solution. The mixture was
extracted with diethylether (50 ml.x3) and the combined
organic extracts were washed with brine (50 mLx3). The
organic layer was dried over anhydrous sodium sulfate and
concentrated under reduced pressure to obtain the crude
product. The crude product mixture was purified by column
chromatography on silica gel (100-200 mesh), using 8%
ethyl acetate in hexanes as the eluent to afford CXXIV (1 g,
60%) as a pale yellow solid. 'H NMR (400 MHz, CDCl,):
8 9.25 (d, I=2.3 Hz, 1H), 8.80 (d, J=2.4 Hz, 1H), 2.85 (s,
3H).

[0413] Synthesis of Ethyl (E)-3-(2-Methyl-5-nitropyridin-
3-yDacrylate (CXXV): To a degassed solution of CXXIV
(3.2 g, 12.1 mmol) in N,N-dimethylformamide (50 mlL.)
were added ethyl acrylate (2.4 g, 23.97 mmol), diisopropy-
lethylamine (4.6 g, 35.7 mmol), tri(o-tolyl phosphine) (147
mg, 0.48 mmol) and palladium(Il) acetate (54 mg, 0.24
mmol). The resulting reaction mixture was heated at 90° C.
for 6 h. Upon cooling to room temperature, the reaction
mixture was diluted with water (100 mL) and the mixture
was extracted with ethyl acetate (75 mL.x2). The combined
organic extracts were washed with brine solution (100
ml.x3), dried over anhydrous sodium sulfate, and concen-
trated under reduced pressure to obtain the crude product.
The crude product mixture was washed with n-hexane (50
ml.x2) and allowed dry to afford CXXV (2.2 g, 77%) as a
brown solid. *"H NMR (400 MHz, CDCL,): § 9.28 (d, J-2.4
Hz, 1H), 8.55 (d, I=2.4 Hz, 1H), 7.88 (d, J=15.9 Hz, 1H),
6.53 (d, I=15.9 Hz, 1H), 4.30 (q, I=7.1 Hz, 2H), 2.77 (s, 3H),
1.35 (1, J=7.1 Hz, 3H); MS (ESIL positive mode) m/z 237
(MH™).

[0414] Synthesis of Ethyl 3-(5-Amino-2-methyl-pyridin-
3-yD)propionate (CXXVI): A mixture of CXXV (11.2 g, 47.4
mmol) and 10% palladium on carbon (4 g) in ethyl acetate
(100 mL) was agitated under a hydrogen atmosphere (50
psi) for 15 h. The reaction mixture was then filtered through
a celite bed and the filter pad was washed with ethyl acetate
(100 mLx1).

[0415] The filtrate was condensed in vacuo to obtain
CXXVI (9 g, 91.18%) as pale-orange solid, which was used
without further purification. 'H NMR (400 MHz, CDCL,): &
7.86 (d, J=2.6 Hz, 1H), 6.79 (d, I=2.5 Hz, 1H), 4.14 (¢, J=7.1
Hz, 2H), 3.51 (brs, 2H), 2.85-2.81 (m, 2H), 2.56-2.52 (m,
2H), 2.41 (s, 3H), 1.24 (1, J=7.1 Hz, 3H); MS (ESI, positive
mode) m/z 209 (MH™).

[0416] Synthesis of Ethyl 3-(5-Amino-6-bromo-2-methyl-
pyridin-3-yl)propionate (CXXVII): To an ice-cooled solu-
tion of CXXVI (1.5 g, 7.20 mmol) in acetic acid (20 mL)
was added sodium acetate (1.1 g, 13.4 mmol) in a portion-
wise manner. The reaction mixture was allowed to stir for 10
min and then neat bromine (0.36 mL., 6.88 mmol) was added
in a dropwise fashion. The reaction mixture was allowed to
warm to room temperature and stir for 30 min. Progress of
the reaction was monitored by TLC. The reaction mixture
was diluted with water (100 mL) and the resulting aqueous
mixture was extracted with ethyl acetate (75 mLx2). The
combined organic extracts were washed with an aqueous,
saturated solution of sodium bicarbonate (75 mL.x2), dried
over anhydrous sodium sulfate, and concentrated under
reduced pressure to obtain the crude product. The crude
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product mixture was purified by column chromatography on
silica gel (100-200 mesh), using 25% ethyl acetate in
hexanes as the eluent, to afford CXXVII (1.4 g, 70%) as a
pale orange solid. 'H NMR (400 MHz, CDCl,): § 6.85 (s,
1H), 4.17 (q, J=7.1 Hz, 2H), 3.93 (brs, 2H), 2.86-2.82 (m,
2H), 2.58-2.54 (m, 2H), 2.41 (s, 3H), 1.27 (t, J=7.1 Hz, 3H).
[0417] Synthesis of Ethyl 3-(5-Amino-2-methyl-6-prop-1-
ynyl-pyridin-3-yl)propanoate (CXXVII): To a degassed
suspension of copper(l) iodide (0.039 g, 0.200 mmol) and
CXXVII (1.2 g, 4.18 mmol) in triethylamine (30 mL) was
added  bis(triphenylphosphine)palladium(II)  dichloride
(0.146 g, 0.200 mmol). The resulting reaction mixture was
cooled to —78° C. and propyne gas (1.3 g, 32.5 mmol) was
passed through the reaction mixture. The reaction mixture
was allowed to warm to room temperature and stir for 48 h.
The progress of the reaction was monitored by TLC. The
reaction mixture was diluted with water (50 mL) and then
filtered through a pad of celite. The filter cake was washed
with ethyl acetate and the organic layer from the filtrate was
dried over anhydrous sodium sulfate. The organic layer was
concentrated in vacuo and the crude product mixture was
purified by column chromatography on silica gel (100-200
mesh), using 50% ethyl acetate in hexanes as the eluant, to
afford CXXVIII (0.85 g, 83%) as a viscous liquid. "H NMR
(400 MHz, CDCl,): 8 6.79 (s, 1H), 4.14 (q, J=7.1 Hz, 2H),
3.96 (brs, 2H), 2.84 (t, J=7.6 Hz, 2H), 2.55 (t, J=7.6 Hz, 2H),
2.40 (s, 3H), 2.11 (s, 3H), 1.24 (t, I=7.1 Hz, 3H); MS (ES],
positive mode) m/z 248 (MH™).

[0418] Synthesis of Ethyl 3-(2,5-Dimethyl-1H-pyrrolo[3,
2-b|pyridin-6-yl)propanoate (CXXIX): To an ice-cooled
solution of CXXVIII (2.60 g, 10.6 mmol) in 1,4-dioxane (50
ml) were added trifluoroacetic anhydride (3.7 mlL, 26.2
mmol) and diisopropylethylamine (6.3 ml., 36.4 mmol). The
reaction mixture was allowed to stir at room temperature for
3 h and then triethylamine (4.4 mL, 31.6 mmol) was added.
The reaction mixture was heated at 60° C. for 15 h and the
progress of the reaction was monitored by TLC. Upon
cooling to room temperature the reaction mixture was
diluted with water (50 mL) and the mixture was extracted
with ethyl acetate (50 mLx2). The combined organic
extracts were washed with brine (50 ml.x3), dried over
anhydrous sodium sulfate, and concentrated under reduced
pressure to obtain the crude product. The crude product
mixture was purified by column chromatography on silica
gel (100-200 mesh), using 5% methanol in dichloromethane
as the eluant, to afford CXXIX (1.8 g, 69%) as a brown solid.
'"H NMR (400 MHz, CDCI3): § 8.22 (brs, 1H), 7.40 (s, 1H),
6.27 (s, 1H), 4.14 (q, J=7.1 Hz, 2H), 3.02 (t, J=7.5 Hz, 2H),
2.63-2.58 (m, 5H), 2.43 (s, 3H), 1.23 (t, J=7.1 Hz, 3H); MS
(ESI, positive mode) m/z 247 (MH™).

[0419] Synthesis of Ethyl 3-[1-(4-Cyano-phenyl)-2,5-di-
methyl-1H-pyrrolo[3,2-b|pyridin-6-yl]propanoate (CXXX):
To a degassed solution of CXXIX (1.6 g, 6.50 mmol),
4-iodobenzonitrile (2.9 g, 12.7 mmol), and potassium phos-
phate (4.1 g, 19.3 mmol) in 1,4 Dioxane (30 mL) were added
copper(l) iodide (0.123 g, 0.640 mmol) and trans-(+/-)-1,
2-cyclohexanediamine (0.074 g, 0.640 mmol). The reaction
mixture was heated at 100° C. for 15 h and then allowed to
cool to room temperature. The progress of the reaction was
monitored by TLC. The reaction mixture was diluted with
water (100 mL) and the mixture was extracted with ethyl
acetate (75 mLx3). The combined organic extracts were
washed with brine (100 ml.x3), dried over anhydrous
sodium sulfate, and concentrated under reduced pressure to
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obtain the crude product. The crude product mixture was
purified by column chromatography on silica gel (100-200
mesh), using 2% methanol in dichloromethane as the eluent,
to afford CXXX (1.5 g, 67%) as a pale orange solid. "H
NMR (400 MHz, CDCl): § 7.87 (dd, J=6.7, 1.9 Hz, 2H),
7.46 (dd, 1=6.7, 1.9 Hz, 2H), 7.23 (s, 1H), 4.11 (q, J=7.1 Hz,
2H), 3.00 (t, J=7.9 Hz, 2H), 2.69 (s, 3H), 2.57 (t, J=7.9 Hz,
2H), 2.36 (s, 3H), 1.20 (t, J=7.1 Hz, 3H); MS (ESI, positive
mode) m/z 348 (MH™).

[0420] Synthesis of FEthyl 3-[3-(2-Chloro-acetyl)-1-(4-
cyano-phenyl)-2,5-dimethyl-1H-pyrrolo[3,2-b]pyridin-6-y1]
propanoate (CXXXI): To an ice-cooled solution of alumi-
num trichloride (5.3 g, 39.7 mmol) in 1,2-dichloroethane (40
ml) was added neat chloroacetyl chloride (3.2 mL, 40.3
mmol) in a dropwise fashion. The reaction mixture was
allowed to stir at 0° C. for 40 min and then a solution of
CXXX (1.4 g, 4.03 mmol) in 1,2-dichloroethane (20 mL.)
was added. The reaction mixture was allowed to warm to
room temperature and was then heated at 60° C. for 6 h.
Progress of the reaction was monitored by TLC. After
cooling, the reaction mixture was poured onto ice cold water
(100 mL) and the mixture was extracted with dichlorometh-
ane (2x100 mL). The combined organic extracts were dried
over sodium sulfate, filtered, and concentrated in vacuo to
afford the crude product. The crude product mixture was
purified by column chromatography on silica gel (100-200
mesh), using 30% ethyl acetate in hexanes as the cluent, to
afford CXXXI (1.3 g, 76%) as a pale brown solid. ‘H NMR
(400 MHz, CDCl,): 8 7.93 (dd, J=6.7, 1.9 Hz, 2H), 7.46 (dd,
J=6.7,1.9 Hz, 2H), 7.10 (s, 1H), 5.35 (s, 2H), 4.10 (g, J=7.1
Hz, 2H), 3.00 (t, J=7.9 Hz, 2H), 2.67 (s, 3H), 2.66 (s, 3H),
2.57 (t, 7.9 Hz, 2H), 1.24 (t, J=7.1 Hz, 3H); MS (ES],
positive mode) m/z 424/426 (MH*, *>37C1).

[0421] Synthesis of Ethyl 3-[1-(4-Cyano-phenyl)-2,5-di-
methyl-3-(2-piperidin-1-yl-acetyl)-1H-pyrrolo[3,2-b|pyri-
din-6-yl]propanoate (200): To an ice-cooled solution of
CXXXI (1.3 g, 3.06 mmol) in N,N-dimethylformamide (25
ml.) was added piperidine (0.78 g, 9.19 mmol). The reaction
mixture was allowed to stir at room temperature for 1 h
before it was poured onto ice cold water. The precipitate that
formed was collected by filtration and washed with water.
After drying in a stream of air the solid was purified by
column chromatography on silica gel (100-200 mesh) using
2% methanol in dichloromethane as the eluent to afford 200
(1.1 g, 76%) as an off white solid. 'H NMR (400 MHz,
CDCl,): 8 7.91 (d, J=8.4 Hz, 2H), 7.45 (d, I=8.4 Hz, 2H),
7.07 (s, 1H), 4.35 (s, 2H), 4.10-4.05 (m, 2H), 2.99 (t, I=7.6
Hz, 2H), 2.86-2.60 (m, 10H), 2.51 (t, J=7.6 Hz, 2H), 1.68
(m, 4H), 1.48 (m, 2H), 1.20 (1, J=7.2 Hz, 3H); MS (ESI,
positive mode) m/z 473 (MH™).

[0422] Synthesis of 3-[1-(4-Cyano-phenyl)-2,5-dimethyl-
3-(2-piperidin-1-yl-acetyl)-1H-pyrrolo[3,2-b]pyridin-6-y1]
propionic Acid Hydrochloride Salt (202): To a solution of
200 (0.75 g, 1.58 mmol) in 1,4-dioxane (20 ml.) was added
a solution of concentrated hydrochloric acid (2 mL) in water
(4 mL). The mixture was heated at 70° C. for 3 h and then
allowed to cool to room temperature. The progress of the
reaction was monitored by TLC. The reaction mixture was
condensed in vacuo through azeotropic distillation with
toluene (10 mL.x3). The remaining brown viscous liquid was
purified by washing with diethylether (10 mLx3) to afford
202 (470 mg, 62%) as an off-white solid. 'H NMR (400
MHz, DMSO): 3 9.82 (brs, 1H), 8.19 (d, J=8.5 Hz, 2H), 7.80
(d, J=8.5 Hz, 2H), 7.42 (s, 1H), 5.10 (d, J=4.8 Hz, 2H),
3.58-3.53 (m, 2H), 3.19-3.17 (m, 2H), 2.92 (t, I=7.4 Hz,
2H), 2.68 (s, 3H), 2.64 (s, 3H), 2.53 (s, 2H), 1.88-1.84 (m,
4H), 1.74-1.71 (m, 1H), 1.47 (m, 1H); MS (ESI, positive
mode) m/z 445 (MH*).
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[0423] Synthesis of 3-[1-(4-Cyano-phenyl)-2,5-dimethyl-
3-(2-piperidin-1-yl-acetyl)-1H-pyrrolo[3,2-b]pyridin-6-y1]-
propionamide (210): To a solution of 202 (0.45 g, 10.1
mmol) in N,N-dimethylformamide (20 ml) was added
diisopropylethylamine (0.785 g, 6.08 mmol) in a dropwise
fashion. The reaction mixture was allowed to stir at room
temperature for 10 min and was then treated with HBTU
(0.76 g, 2.02 mmol), followed by solid ammonium chloride
(0.54 g, 10.1 mmol). The reaction mixture was allowed to
stir for 3 h and was then diluted with water (100 mL). The
mixture was extracted with ethyl acetate (50 m[.x3) and the
combined organic extracts were washed with brine (100
ml.x3). The organic layer was dried over anhydrous sodium
sulfate and then concentrated under reduced pressure to
obtain the crude product. The crude product mixture was
purified by column chromatography on neutral alumina,
using 3% methanol in dichloromethane as eluent, to afford
210 (0.14 g, 31%) as an off-white solid. 'H NMR (400 MHz,
DMSO-d,): 9 8.15 (d, J=8.5 Hz, 2H), 7.76 (d, J=8.5 Hz, 2H),
7.25 (s, 2H), 6.78 (s, 1H), 4.18 (s, 2H), 2.85 (1, J=7.3 Hz,
2H), 2.60-2.50 (m, 10H), 2.32 (t, J=7.3 Hz, 2H), 1.55-1.47
(m, 4H), 1.41 (brs, 2H); MS (ESI, positive mode) m/z 444
(MH™).

[0424] Synthesis of 3-[1-(4-Cyano-phenyl)-2,5-dimethyl-
3-(2-piperidin-1-yl-acetyl)-1H-pyrrolo[3,2-b]pyridin-6-y1]-
N,N-diethyl-propionamide (204): To a solution of 202 (70
mg, 0.158 mmol) in N,N-dimethylformamide (3 mL) was
added diisopropylethylamine (0.08 mL, 0.472 mmol) in a
dropwise fashion. The reaction mixture was allowed to stir
at room temperature for 10 min and then HBTU (119 mg,
0.314 mmol), followed by diethylamine (34 mg, 0.465
mmol) was added. The reaction mixture was allowed to stir
for 24 h and was then diluted with water (50 mL). The
mixture was extracted with ethyl acetate (2x25 mL)) and the
combined organic extracts were washed with brine (3x50
ml), dried over anhydrous sodium sulfate, and concentrated
under reduced pressure. The remaining crude product mix-
ture was purified by column chromatography on neutral
alumina, using 3% methanol in dichloromethane as the
eluant, to afford to afford 204 (25 mg, 32%) as an off-white
solid; 'H NMR (400 MHz, DMSO): & 8.15 (d, J=8.5 Hz,
2H), 7.76 (d, 1=8.5 Hz, 2H), 7.23 (s, 1H), 4.20 (brs, 2H),
3.23-3.16 (m, 4H), 2.88 (t, J=7.2 Hz, 2H), 2.67-2.61 (m,
S5H), 2.56-2.44 (m, occluded by solvent, 6H), 1.53 (brs, 4H),
1.42 (brs, 2H), 0.97 (t, J=7.0 Hz, 3H), 0.89 (1, J=7.0 Hz, 3H),
MS (ESI, positive mode) m/z 500 (MH™).

Example 57: 4-(2-Methyl-3-(2-(piperidin-1-yl)
acetyl)-6-vinyl-1H-indol-1-yl)benzonitrile (206)
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[0426] Synthesis of  6-Bromo-2-methyl-1H-indole
(CXXXIIID): A mixture of 3-bromo-aniline (4 g, 0.041
mmol), copper(ll) acetate-monohydrate (14.0 g, 0.129
mmol), palladium(II) acetate (0.1 g, 0.000801 mmol) and
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acetone (100 mL) in dimethylsulfoxide (50 ml.) was heated
at 90° C. for 24 h. The reaction mixture was poured onto
cold water and then extracted with ethyl acetate (2x250 mL).
The organic layer was washed with water and brine, before
drying over anhydrous sodium sulfate. The organic layer
was concentrated under reduced pressure to afford the crude
product, which was purified by column chromatography on
(100-200 mesh) silica gel, using 5% ethyl acetate in
hexanes, to afford CXXXIII (1.3 mg, 27%). 'H NMR (400
MHz, CDCl,): § 7.83 (brs, 1H), 7.40 (s, 1H), 7.34 (d, I=8.3
Hz, 1H), 7.14 (dd, J=8.5, 1.7 Hz, 1H), 6.17 (s, 1H), 2.41 (s,
3H); MS (ESI, positive mode) m/z 208/210 (MH*, **'Br).
[0427] Synthesis of 4-(6-Bromo-2-methyl-indol-1-yl)-
benzonitrile (CXXXIV): To a solution of CXXXIII (1.0 g,
4.70 mmol) in 1,4-dioxane (50 mL.) was added potassium
phosphate (2.98 g, 0.044 mol) and 4-iodo-benzonitrile (2.1
g, 0.010 mol). The mixture was sparged with nitrogen gas
for 0.5 h at room temperature. Then copper(I) iodide (0.44
g, 0.230 mmol) and trans-(+/-)-1,2-diaminocyclohexane
(0.054 g, 0.470 mmol) were added to the flask. The resultant
reaction mixture was heated at 130° C. for 48 h. After
cooling to room temperature, the reaction mixture was
filtered through a bed of celite and the filter pad was washed
with ethyl acetate. The filtrate was concentrated under
reduced pressure and the remaining crude product mixture
was purified by column chromatography on (100-200 mesh)
silica gel, using 5% ethyl acetate in hexanes to afford
CXXXIV (0.65 g, 44%) as an off-white solid. "H NMR (400
MHz, CDCl,): 8 7.85 (d, J=8.3 Hz, 2H), 7.4-7.45 (m, 2H),
7.42-7.39 (m, 1H), 7.24-7.22 (m, 2H), 6.41 (s, 1H), 2.29 (s,
3H).

[0428] Synthesis of 4-[6-Bromo-3-(2-chloro-acetyl)-2-
methyl-indol-1-yl]-benzonitrile (CXXXV): To a solution of
chloroacetyl chloride (1.32 g, 0.010 mol) in 1,2-dichloro-
ethane (20 mL), kept at 0° C. under a nitrogen atmosphere,
was added anhydrous aluminum chloride (1.4 g, 0.010 mol).
The reaction mixture was allowed to warm to room tem-
perature and stir for 0.5 h. Then a solution of CXXXIV (0.55
g, 1.70 mmol) in dry 1,2-dichloroethane (10 ml) was added
to the reaction mixture. The reaction mixture was allowed to
stir at room temperature for 1 h before it was poured onto
cold water. The mixture was extracted with ethyl acetate
(2x100 mL) and the combined organic extracts were dried
over anhydrous sodium sulfate. The organic layer was
concentrated under reduced pressure and the remaining
crude product mixture was purified by column chromatog-
raphy on (100-200 mesh) silica gel, using 10% ethyl acetate
in hexanes, to afford CXXXV (0.380 g, 55%) as a brownish
solid. "H NMR (400 MHz, CDCl,): 8 7.94 (d, 1=8.4 Hz, 2H),
7.81 (d, J=8.6 Hz, 1H), 7.49-7.42 (m, 3H), 7.13 (d, J=1.5 Hz,
1H), 4.68 (s, 2H), 2.59 (s, 3H); MS (ESI, positive mode) m/z
385/387 (MH*, 7"*'Br/**”*7Cl).

[0429] Synthesis of 4-[6-Bromo-2-methyl-3-(2-piperidin-
1-yl-acetyl)-indol-1-yl]-benzonitrile (CXXXVI): A mixture
of CXXXV (0.35 g, 0.610 mmol) and piperidine (0.078 g,
0.910 mmol) in N,N-dimethylformamide (2 ml) was
allowed to stir at room temperature for 1 h under a nitrogen
atmosphere. The reaction mixture was poured onto cold
water and the precipitate that formed was collected by
filtration. The filtered solid was washed with water and, after
drying, triturated with n-pentane to afford CXXXVI (0.27 g,
70%) as an off-white solid. 'H NMR (400 MHz, CDCl,): §
7.94-7.90 (m, 3H), 7.46 (d, J=8.4 Hz, 2H), 7.38 (dd, J=8.5,
1.6 Hz, 1H), 7.11 (d, J=1.5 Hz, 1H), 3.70 (s, 2H), 2.60-2.52
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(m, 7H), 1.64-1.62 (m, 4H), 1.50-1.44 (m, 2H); MS (ESI, —continued
positive mode) m/z 436/438 (MH*, 77/*'Br). S
[0430] Synthesis of 4-(2-Methyl-3-(2-(piperidin-1-yl) <\ \
acetyl)-6-vinyl-1H-indol-1-yl)benzonitrile (206): To a solu- \N/N N,

tion of CXXXVI (0.15 g, 0.340 mmol) in toluene (10 mL) |
and ethanol (10 mL) was added an aqueous 2.0 M sodium

bicarbonate solution (10 mL). The mixture was sparged with N
nitrogen gas for 0.5 h and then vinyl boronic acid pinacol
ester (0.16 g, 0.001 mol) and tetrakis(triphenylphosphine)

CN

palladium(0) (2 mg, 0.017 mmol) was added. The reaction
mixture was sparged with nitrogen for an additional 10 min
before heating at 90° C. under a nitrogen atmosphere for 8
h. After cooling to room temperature the reaction mixture
was filtered through celite and the filter pad was washed with
ethyl acetate. The filtrate was extracted with ethyl acetate
(2x50 mL) and the combined organic extracts were dried
over anhydrous sodium sulfate. The organic layer was
concentrated under reduced pressure and the remaining
crude product mixture was purified by column chromatog-
raphy on silica gel (100-200 mesh), using a gradient of ethyl
acetate in hexanes. The solid obtained this way was further
triturated with n-pentane and allowed to dry to afford 206
(44 mg, 38%) as a pale brown solid. 'H NMR (400 MHz,
CDCl,): d 7.96 (d, J=8.4 Hz, 1H), 7.92-7.90 (m, 2H),
7.49-7.47 (m, 2H), 7.42-7.40 (dd, J=8.5 Hz, 1H), 6.95 (s,
1H), 6.70 (dd, J=17.5, 10.8 Hz, 1H), 5.66 (d, J=17.5 Hz,
1H), 5.18 (d, I=10.8 Hz, 1H), 3.77 (s, 2H), 2.60-2.59 (m,
7H), 1.68-1.62 (m, 4H), 1.50-1.45 (m, 2H); MS (ESI, CN
positive mode) m/z 384 (MH™). CXL

CXXXIX

Examples 58-59: 4-(2-Methyl-3-(2-(piperidin-1-yl)
acetyl)-5-(2H-1,2,3-triazol-2-yl)-1H-pyrrolo|3,2-b]
pyridin-1-yl)benzonitrile (208), 4-(2-Methyl-3-(2-
(piperidin-1-ylacetyl)-5-(1H-1,2,3-triazol-1-y1)-1H-
pyrrolo[3,2-b|pyridin-1-yl)benzonitrile (209)

Cl
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[0432] Synthesis of 4-(2-Methyl-5-(1H-1,2,3-triazol-1-
y)-1H-pyrrolo[3,2-b]pyridin-1-yl)benzonitrile

(CXXXVIIl) and 4-(2-Methyl-5-(2H-1,2,3-triazol-2-y1)-
1H-pyrrolo[3,2-b]pyridin-1-yl)benzonitrile (CXXXIX): To
a mixture of CXXXVII (0.025 g, 0.099 mmol) and 1,2,3-
triazole (0.010 g, 0.149 mmol) in N,N-dimethylformamide
(1 mL) was added potassium carbonate (0.041 g, 0.298
mmol). The resulting mixture was heated at 150° C. in a
microwave for 2 h. Progress of the reaction was monitored
by TLC. The reaction mixture was diluted with water (30
ml) and then extracted into ethyl acetate (30 m[.x2). The
combined organic extracts were washed with brine (25
ml.x2), dried over anhydrous sodium sulfate, and concen-
trated in vacuo to obtain the crude product. The crude
product mixture was purified by chromatography on silica
using 8-10% ethyl acetate in hexanes to afford CXXXVIII
(0.005 g, 17%) and CXXXIX (0.01 g, 17%) as off-white
solids. MS (ESI, positive mode) m/z 301 (MH™).

[0433] Synthesis of 4-(3-(2-Chloroacetyl)-2-methyl-5-
(1H-1,2,3-triazol-1-yl)-1H-pyrrolo[3,2-b]pyridin-1-yl)ben-
zonitrile (CXL) and 4-(3-(2-Chloroacetyl)-2-methyl-5-(2H-
1,2,3-triazol-2-yl)-1H-pyrrolo[3,2-b]pyridin-1-yl)
benzonitrile (CXLI), General Procedure: To an ice-cooled
solution of aluminum trichloride (10 eq) in dichloromethane
was added chloroacetyl chloride (10 eq) in a dropwise
fashion. The reaction mixture was allowed to stir at 0° C. for
40 min and then to the mixture was added CXXXVIII or
CXXXIX (1 eq). The reaction mixture was allowed to warm
to room temperature and was then heated at 80° C. for 6 h.
The progress of the reaction was monitored by TLC. After
cooling, the reaction mixture was poured onto ice cold water
and the mixture was extracted with dichloromethane. The
combined organic extracts were dried over sodium sulfate,
filtered, and concentrated in vacuo to afford the crude
product. The crude product mixture was purified by column
chromatography on silica gel (100-200 mesh), using metha-
nol in dichloromethane as the eluent to afford CXL and
CXLI. The material were used without any further purifi-
cation or characterization.

[0434] Synthesis of 4-(2-Methyl-3-(2-(piperidin-1-yl)
acetyl)-5-(2H-1,2,3-triazol-2-yl1)-1H-pyrrolo[ 3,2-b]pyridin-
1-yl)benzonitrile (208): To an ice-cooled solution of CXLI
(0.22 g, 0.584 mmol) in N,N-dimethylformamide (10 mL.)
were added piperidine (0.149 g, 1.75 mmol), potassium
carbonate (0.16 g, 1.17 mmol) and stirred at room tempera-
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ture for 2 h. Progress of the reaction was monitored by TLC.
The reaction mixture was diluted with water (50 mL) and
extracted with ethyl acetate (25 mL.x2). The combined
organic extracts were washed with brine (50 mL.x2), dried
over sodium sulfate, and concentrated in vacuo to obtain the
crude product. The crude product mixture was purified by
washing with diethyl ether (5 mL.x2) and drying afforded
208 (0.14 g, 56%) as an off-white solid. *H NMR (400 MHz,
CDCl,): & 8.20 (t, J=4.2 Hz, 4H), 7.88 (d, J=8.6 Hz, 3H),
777 (d, J=8.8 Hz, 1H), 4.20 (s, 2H), 2.62 (brs, 7H),
1.48-1.46 (m, 4H), 1.39-1.38 (m, 2H); MS (ESI, positive
mode) m/z 426 (MH*).

[0435] Synthesis of 4-(2-Methyl-3-(2-(piperidin-1-yl)
acetyl)-5-(1H-1,2,3-triazol-1-yl)-1H-pyrrolo[3,2-b]pyridin-
1-yD)benzonitrile (209): To an ice-cooled solution of CXL
(0.2 g, crude) in N,N-dimethylformamide (10 mL) was
added piperidine (0.09 g). The mixture was allowed to stir
at room temperature for 2 h and then the reaction mixture
was poured onto ice cold water. The precipitate that formed
was collected via filtration and the solids were washed with
water. After drying, the solid was purified by column chro-
matography on neutral alumina, using 1% methanol in
dichloromethane as eluent, to afford 209 (0.01 g, 3% after
two steps) as an off-white solid. '"H NMR (400 MHz,
CDCl,): 0 8.88 (s, 1H), 8.20 (d, J=8.1 Hz, 2H), 8.04 (s, 1H),
7.97 (d, J=8.7 Hz, 1H), 7.88 (d, J=8.2 Hz, 2H), 7.83 (d, J=8.7
Hz, 1H), 4.21 (s, 2H), 2.62 (s, 7H), 1.52 (brs, 4H), 1.40 (brs,
2H); MS (ESI, positive mode) m/z 426 (MH™).

Example 60: 4-(2-Methyl-3-(2-(piperidin-1-yl)
acetyl)-6-(pyrrolidin-1-ylmethyl)-1H-pyrrolo[3,2-b]
pyridin-1-yl)benzonitrile (360)
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[0437] Synthesis of tert-Butyl 6-bromo-2-methyl-1H-pyr-

rolo[3,2-b|pyridine-1-carboxylate (CXLII): To an ice-
cooled solution of Z (4.5 g, 21.3 mmol) in dichloromethane
(25 mL) were added 4-dimethylaminopyridine (2.60 g, 21.3
mmol) and di-tert-butyl dicarbonate (6.97 g, 32.0 mmol).
The reaction mixture was allowed to stir at room tempera-
ture for 1 h. Progress of the reaction mixture was monitored
by TLC. The reaction mixture was then poured onto cold
water and the mixture was extracted with dichloromethane
(2x50 mL). The combined organic extracts were dried over
anhydrous sodium sulfate and concentrated under reduced
pressure to afford CXLII (4.8 g, 73%) as an off-white solid.
'H NMR (400 MHz, CDCI,):  8.49-8.48 (m, 2H), 6.47 (s,
1H), 2.62 (s, 3H), 1.67 (s, 9H); LC MS (ES], positive mode)
m/z 311/313 (MH*, "/*'Br).

[0438] Synthesis of tert-Butyl 6-Formyl-2-methyl-1H-
pyrrolo[3,2-b]pyridine-1-carboxylate (CXLIII): To a stirred
solution of CXLII (4.8 g, 15.4 mmol) in dry diethylether
(100 mL) was added tetramethylethylene diamine (2.14 g,
18.5 mmol) in a dropwise fashion. To the mixture was added
n-butyl lithium (1.18 g, 18.5 mmol) in a dropwise fashion at
-78° C. The reaction mixture was allowed to stir at -78° C.
for 45 min and then dry N,N-dimethylformamide (5.07 g,
69.5 mmol) was added in a dropwise fashion. The reaction
mixture was allowed to warm to room temperature and stir
for 45 minutes. Progress of the reaction was monitored by
TLC. The reaction mixture was quenched by through the
addition of an aqueous ammonium chloride solution (50
ml.) and then poured onto cold water (100 mL). The mixture
was extracted with ethyl acetate (2x100 mL) and the com-
bined organic extracts were dried over sodium sulfate,
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filtered, and concentrated in vaccuo. The remaining crude
product mixture was purified by column chromatography on
silica, using 30% ethyl acetate in hexanes as the eluant, to
afford CXLIII (1.9 g, 47%) as an off-white solid. 'H NMR
(400 MHz, DMSO-dy): & 10.14 (s, 1H), 8.93 (d, J=1.7 Hz
1H), 8.67 (d, J=1.7 Hz 1H), 6.77 (s, 1H), 2.67 (s, 3H), 1.66
(s, 9H); MS (ESI, positive mode) m/z 261 (MH").

[0439] Synthesis of tert-Butyl 6-(Hydroxymethyl)-2-
methyl-1H-pyrrolo[3,2-b|pyridine-1-carboxylate (CXLIV):
To an ice cooled solution of CXLIII (1.8 g, 6.92 mmol) in
ethanol (20 ml.) was added sodium borohydride (0.130 g,
3.46 mmol) in a portionwise manner. The reaction mixture
was allowed to stir at room temperature for 1 h and was then
condensed in vacuo. The reaction mixture was poured onto
cold water (100 mL) and the mixture was extracted with
ethyl acetate (2x100 mL). The combined organic extracts
were dried over sodium sulfate, filtered, and concentrated in
vaccuo to afford CXLIV (1.8 g, 99%) as an oft-white solid.
'HNMR (400 MHz, DMSO-dy): 8 8.34 (s, 1H), 8.28 (s, 1H),
6.57 (s, 1H), 531 (t, I=5.7 Hz, 1H), 4.62 (d, =5.6 Hz, 2H),
2.59 (s, 3H), 1.63 (s, 9H); MS (ESI, positive mode) m/z 263
(MH™M).

[0440] Synthesis of tert-Butyl 2-Methyl-6-(((methylsulfo-
nyl)oxy)methyl)-1H-pyrrolo[3,2-b]pyridine-1-carboxylate
(CXLV): To an ice cooled solution of CXLIV (1.8 g, 6.87
mmol) in dichloromethane (30 mL.) were added triethylam-
ine (4.17 g, 41.2 mmol) and methane sulfonyl chloride (1.88
g, 16.5 mmol) in a dropwise fashion. The reaction mixture
was allowed to warm to room temperature and stir for 4 h.
The progress of the reaction was monitored by TLC. The
reaction mixture was then poured onto cold water (100 mL)
and the mixture was extracted with dichloromethane (2x100
mL). The combined organic extracts were dried over sodium
sulfate, filtered, and concentrated in vacuo to afford CXLV
(1.9 g, crude) as pale-brown, viscous oil, which was used
without further purification. MS (ESI, positive mode) m/z
281 (MHM).

[0441] Synthesis of tert-Butyl 2-methyl-6-(pyrrolidin-1-
ylmethyl)-1H-pyrrolo[3,2-b|pyridine-1-carboxylate
(CXLVD): To a solution of CXLV (1.9 g, crude) in acetoni-
trile (30 mL.) were added potassium carbonate (1.87 g, 13.6
mmol) and pyrrolidine (0.72 g, 10.2 mmol). The reaction
mixture was allowed to stir at room temperature for 16 h.
Progress of the reaction was monitored by TLC. The reac-
tion mixture was condensed in vacuo and the remaining
residue was diluted with cold water (100 mL). The mixture
was extracted with dichloromethane (3x100 ml) and the
combined organic extracts were dried over sodium sulfate,
filtered, and concentrated in vacuo to afford CXLVI (0.750
g, crude) as a brown, viscous oil, which was used without
any further purification. MS (ESI, positive mode) m/z 317
(MH™M).

[0442] Synthesis of 2-Methyl-6-(pyrrolidin-1-ylmethyl)-
1H-pyrrolo[3,2-b]pyridine (CXLVII): To an ice cooled solu-
tion of CXIVI (0.750 g, crude) in 1,4 dioxane (10 mL) is
added concentrated hydrochloric acid (10 mL). The reaction
mixture was allowed to warm to room temperature and stir
for 16 h. Progress of the reaction was monitored by TLC.
The reaction mixture was condensed in vacuo and the
remaining material was diluted with cold water (50 mL).
The mixture was neutralized through the addition of an
aqueous, saturated sodium bicarbonate solution (15 mL.) and
then extracted with dichloromethane (4x100 mL.). The com-
bined organic extracts were dried over sodium sulfate,
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filtered, and concentrated in vacuo to afford CXLVII (0.300
g, 20% over three steps) as a brown, viscous oil. 'H NMR
(400 MHz, DMSO-dy); 6 11.02 (s, 1H), 8.13 (d, J=1.8 Hz,
1H), 7.48 (s, 1H), 6.20 (s, 1H), 4.26-4.20 (m, 1H), 4.02-3.96
(m 1H), 2.59-256 (m, 7H), 1.68-1.66 (m, 4H); MS (ESI,
positive mode) m/z 216 (MH™).

[0443] Synthesis of 4-(2-methyl-6-(pyrrolidin-1-ylm-
ethyl)-1H-pyrrolo[3,2-b|pyridin-1-yl)benzonitrile
(CXLVIID): To a degassed mixture of CXLVII (0.300 g, 1.39
mmol), 4-iodo-benzonitrile (1.27 g, 5.58 mmol), copper(l)
iodide (0.132 g, 0.69 mmol) and potassium phosphate (1.77
g, 8.37 mmol) in 1,4-dioxane (15 ml) was added trans-
(+/-)-1,2-cyclohexanediamine (0.079 g, 0.69 mol). The
resulting reaction mixture was heated at 125° C. for 16 h in
a sealed tube. After cooling, the reaction mixture was filtered
through a bed of celite and the filter pad was washed with
ethyl acetate. The filtrate was concentrated to afford the
crude product, which was purified by column chromatogra-
phy on neutral alumina, using 30% ethyl acetate in hexanes
as eluent, to afford CXLVIII (0.300 g, 68%) as a viscous oil.
'H NMR (400 MHz, DMSO-d,): § 8.29 (d, J=1.6 Hz, 1H),
8.10 (d, I=8.5 Hz, 2H), 7.73 (d, J=8.5 Hz, 2H), 7.36 (s, 1H),
6.59 (s, 1H), 3.61 (s, 2H), 2.40-2.35 (m, 7H), 1.64 (brs, 4H);
MS (ESI, positive mode) m/z 317 (MH*).

[0444] Synthesis of 4-(3-(2-Chloroacetyl)-2-methyl-6-
(pyrrolidin-1-ylmethyl)-1H-pyrrolo[3,2-b]pyridin-1-yl)ben-
zonitrile (CXLIX): To an ice cooled suspension of aluminum
trichloride (1.58 g, 12.0 mmol) in 1,2-dichloroethane (20
ml) was added neat chloroacetyl chloride (1.34 g, 12.0
mmol) in a dropwise fashion. The reaction mixture was
stirred for 45 min at 0° C. and then a solution of CXLVIII
(0.190 g, 0.60 mmol) in 1,2-dichloroethane (20 mL) was
added. The reaction was allowed to warm to room tempera-
ture and was then heated at 80° C. for 7 h. Progress of the
reaction was monitored by TLC. The reaction mixture was
poured onto an aqueous, saturated solution of sodium bicar-
bonate (500 mL.) and the mixture was extracted with dichlo-
romethane (2x100 mL). The combined organic extracts were
dried over sodium sulfate, filtered and concentrated in vacuo
to afford CXLIX (0.38 g, crude) as a pale-brown, viscous oil,
which was used without further purification. MS (ESI,
positive mode) m/z 393/395 (MH*, *>**7Cl).

[0445] Synthesis of 4-(2-Methyl-3-(2-(piperidin-1-yl)
acetyl)-6-(pyrrolidin-1-ylmethyl)-1H-pyrrolo[3,2-bpyri-
din-1-yl)benzonitrile (360): To a solution of CXLIX (0.38 g,
crude) in acetonitrile (15 mL) was added piperidine (0.26 g).
The reaction mixture was allowed to stir at room tempera-
ture for 5 h. The progress of the reaction was monitored by
TLC. The reaction mixture was condensed in vacuo and the
remaining material was diluted with cold water (100 mL).
The mixture was extracted with dichloromethane (2x100
ml) and the combined organic extracts were dried over
sodium sulfate. The organic layer was filtered and concen-
trated in vacuo to afford the crude product, which was
purified by preparative HPLC to obtain 360 (0.030 g, 1.3%
over two steps) as a pale brown solid. 'H NMR (400 MHz,
DMSO-d,): 8 8.48 (d, J=1.6 Hz, 1H), 8.17 (d, J=8.4 Hz 2H),
7.81 (d, J=8.5 Hz, 2H), 7.35 (d, J=1.4 Hz, 1H), 4.18 (s, 2H),
3.64 (s, 2H), 2.58-2.55 (m, 7H), 2.39 (s, 4H), 1.64 (brs, 4H),
1.53-1.49 (m, 4H), 1.41 (brs, 2H); MS (ESI, positive mode)
m/z 442 (MH").



US 2023/0242557 A9
116

Examples 61-62: Ethyl (R)-3-(1-(4-Cyanophenyl)-
2-methyl-3-(2-(piperidin-1-yl)acetyl)-1H-pyrrolo[3,
2-b|pyridin-6-yl)butanoate (350), Ethyl (S)-3-(1-(4-
Cyanophenyl)-2-methyl-3-(2-(piperidin-1-yl)acetyl)-
1H-pyrrolo[3,2-b]pyridin-6-yl)butanoate (351)

[0446]
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-continued
EtO
CN
350(R)
351(S)
[0447] Synthesis of Ethyl (E)-3-[1-(4-Cyano-phenyl)-2-

methyl-1H-pyrrolo[3,2-b|pyridin-6-yl]-but-2-enoate  (CL):
To a stirred solution of XLVI (1.1 g, 3.50 mmol) in N,N-
dimethylformamide (20 mL) was added ethyl crotonate (1.2
ml, 0.011 mol), diisopropylethylamine (1.8 mL, 0.011 mol)
and tri-o-tolylphosphine (21 mg, 0.141 mmol). The mixture
was sparged with nitrogen gas for 20 minutes and then
palladium(II) acetate (32 mg, 0.141 mmol) was added. The
reaction mixture was heated at 100° C. for 12 h and then
allowed to cool to room temperature. The reaction mixture
was filtered through a bed of celite and the filtrate was
diluted with ethyl acetate (20 mL). The mixture was washed
with water (3x10 mL) and brine, dried over anhydrous
sodium sulfate and concentrated under vacuum to afford
crude product. The crude product mixture was purified by
column chromatography on neutral alumina, using 30%
ethyl acetate in hexanes as the eluant, to afford CL (0.300 g,
23%) as an off-white solid. '"H NMR (400 MHz, CDCl,): §
8.61 (d, J=1.8 Hz, 1H), 7.90 (d, J=8.5 Hz, 2H), 7.48 (d, J=8.5
Hz, 2H), 7.40 (d, J=1.8 Hz, 1H), 6.66 (s, 1H), 6.1 (s, 1H),
4.20 (q, I=7.1 Hz, 2H), 2.58 (s, 3H), 2.39 (s, 3H), 1.30 (t,
J=7.1 Hz, 3H); MS (ESI, positive mode) m/z 346 (MH").

[0448] Synthesis of Ethyl 3-[1-(4-Cyano-phenyl)-2-
methyl-1H-pyrrolo[3,2-b]pyridin-6-yl]-butanoate (CLI): To
a stirred solution of CL (1.2 g, 3.50 mmol) in ethyl acetate
(20 mL) was added palladium on carbon (10% wt/wt, 1.2 g).
The reaction mixture was allowed to stir for 2 days under an
atmosphere of hydrogen gas (50 psi). The reaction mixture
was filtered through a bed of celite and the filtrate was
concentrated under vacuum to obtain the crude product. The
crude product mixture was purified by column chromatog-
raphy on neutral alumina, using 30% ethyl acetate in
hexanes as the eluant, to afforded CLI (0.400 g, 33%) as an
off-white solid. 'H NMR (400 MHz, CDCL,): & 8.35 (d,
J=1.8 Hz, 1H), 7.87 (d, J=8.4 Hz, 2H), 7.46 (d, J=8.4 Hz,
2H), 7.19 (d, J=1.8 Hz, 1H), 6.61 (s, 1H), 4.06-4.00 (m, 2H),
3.99-3.33 (m, 1H), 2.57 (dd, J=7 .4, 1.0 Hz, 2H), 2.36 (s, 3H),
1.30 (d, J=7.0 Hz, 3H), 1.14 (t, J=7.2 Hz, 3H); MS (ES],
positive mode) m/z 348 (MH™).

[0449] Synthesis of FEthyl 3-[3-(2-Chloro-acetyl)-1-(4-
cyano-phenyl)-2-methyl-1H-pyrrolo  [3,2-b]pyridin-6-yl]-
butanoate (CLII): To a solution of CLI (600 mg, 1.70 mmol)
in 1,2-dichloroethane (20 mL), kept at 0° C., was added
aluminum trichloride (1.2 g, 8.60 mmol), followed by neat
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chloroacetyl chloride (0.88 ml., 8.60 mmol). The reaction
mixture was allowed to warm to room temperature and was
then heated at 60° C. for 16 h. After cooling, the reaction
mixture was poured onto ice-cold water (50 ml) and
extracted with dichloromethane (2x20 mL). The combined
organic extracts were washed with an aqueous solution of
sodium bicarbonate (2x20 mL), followed by brine. The
organic layer was dried over sodium sulfate, filtered, and
concentrated under vacuum to afford the crude product. The
crude product mixture was purified by column chromatog-
raphy on neutral alumina, using 30% ethyl acetate in
hexanes as the eluant, to afford CLII (0.400 g, 55%) as an
off-white solid. 'H NMR (400 MHz, CDCL,): § 8.49 (d,
J=1.8 Hz, 1H), 7.94 (d, J=8.4 Hz, 2H), 7.48 (d, I=8.4 Hz,
2H), 7.15 (d, J=1.8 Hz, 1H), 5.30 (s, 2H), 4.06-4.00 (m, 2H),
3.40-3.35 (m, 1H), 2.67 (s, 3H), 2.58 (d, J=7.6 Hz, 2H), 1.31
(d, J=7.0 Hz, 3H), 1.15 (t, J=7.1 Hz, 3H); MS (ES]I, positive
mode) m/z 424/426 (MH*, 3>37C).

[0450] Synthesis of Ethyl (R)-3-(1-(4-Cyanophenyl)-2-
methyl-3-(2-(piperidin-1-yl)acetyl)-1H-pyrrolo[3,2-b]pyri-
din-6-yl)butanoate (350) and Ethyl (S)-3-(1-(4-Cyanophe-
nyl)-2-methyl-3-(2-(piperidin-1-yl)acetyl)-1H-pyrrolo[3,2-
blpyridin-6-yl)butanoate (351): To a solution of CLII (100
mg, 0.240 mmol) in anhydrous N,N-dimethylformamide (5
mL), kept at 0° C., was added potassium carbonate (65 mg,
0.470 mmol) and piperidine (0.040 mL, 0.470 mmol). The
reaction mixture was allowed to warm to room temperature
at stir for 2 h. Progress of reaction was monitored by TLC.
The reaction mixture was poured into ice cold water (20 mL)
and the mixture was extracted with ethyl acetate (2x10 mL).
Combined organic extracts were washed with water and
brine, dried over sodium sulfate, and concentrated under
vacuum to afford the crude product. The crude product
mixture was purified by column chromatography on neutral
alumina, using 30% ethyl acetate in hexanes as the eluant, to
afford a racemic mixture of 350 and 351 (0.40 g, 36%) as an
off-white solid.

[0451] The enantiomers were separated by chiral station-
ary phase HPLC. 'H NMR (400 MHz, CDCl,): & 8.50 (d,
J=1.8 Hz, 1H), 7.92 (d, J=8.4 Hz, 2H), 7.46 (d, I=8.4 Hz,
2H), 7.12 (d, J=1.8 Hz, 1H), 4.31 (s, 2H), 4.06-4.00 (m, 2H),
3.39-3.33 (m, 1H), 2.70-2.62 (m, 7H), 2.58 (d, J=7.6 Hz,
2H), 1.70-1.67 (m, 4H), 1.50-1.48 (m, 2H), 1.30 (d, J=7.0
Hz, 3H), 1.15 (t, J=7.2 Hz, 3H); MS (ESI, positive mode)
m/z 473 (MH™").

Examples 63-67: 3-(1-(4-Cyanophenyl)-3-(2-(pip-
eridin-1-yl)acetyl)-1H-pyrrolo|3,2-b]pyridin-6-y1)-
N-(2,2-dimethoxyethyl)propanamide (296), N-(3-
Azidopropyl)-3-(1-(4-cyanophenyl)-3-(2-(piperidin-
1-yDacetyl)-1H-pyrrolo[3,2-b|pyridin-6-y1)
propanamide (299), N-(2-Azidoethyl)-3-(1-(4-
cyanophenyl)-3-(2-(piperidin-1-yl)acetyl)-1H-
pyrrolo[3,2-b]pyridin-6-yl)propanamide (304), 3-(1-
(4-Cyanophenyl)-3-(2-(4-hydroxypiperidin-1-y1)
acetyl)-1H-pyrrolo[3,2-b]pyridin-6-y1)-N-(pent-4-
yn-1-yl)propanamide (361), 3-(1-(4-Cyanophenyl)-
3-(2-(4-hydroxypiperidin-1-ylacetyl)-1H-pyrrolo[3,
2-b|pyridin-6-y1)-N-(3-cyanopropyl)propanamide
(362)

[0452] Compounds 296, 299, 304, 361, and 362 were
prepared using methods similar to those described in
Examples 61 and 62, except ethyl acrylate was employed in
the first step instead of ethyl crotonate. Conditions employed
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for the formation of the amide bonds are analogues to those
described in Examples 53-56.

Example 68: 4-(6-(Difluoromethyl)-2-methyl-3-(2-
(piperidin-1-ylacetyl)-1H-pyrrolo[3,2-b]pyridin-1-
yDbenzonitrile (301)
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-continued

CN
CLXVI

CN

301

[0454] Synthesis of Ethyl 5-Amino-nicotinate (CLIV): To
a solution of 5-amino-nicotinic acid (10 g, 72.3 mmol) in
ethanol (400 ml.) was added concentrated hydrochloric acid
(100 mL). The reaction mixture was heated at reflux for 48
h and then allowed to cool to room temperature. The reaction
mixture as condensed in vacuo and the remaining material
was neutralized through the addition of an aqueous, satu-
rated solution of sodium bicarbonate (200 mL). The aqueous
mixture was extracted with ethyl acetate (200 mI.x3) and the
combined organic extracts were dried over sodium sulfate.
The organic layer was concentrated in vacuo to afford CLIV
(8.0 g, 67%) as a pale yellow solid. 'H NMR (400 MHz,
CDCl,): 6 8.61 (s, 1H), 8.22 (d, J=2.4 Hz, 1H), 7.55-7.54 (m,
1H), 4.36 (q, J=7.1 Hz, 2H), 3.83 (brs, 2H), 1.38 (t, I=7.1
Hz, 3H); MS (ESI, positive mode) m/z 167 (MH*).

[0455] Synthesis of Ethyl 5-Amino-6-bromo-nicotinate
(CLV): To an ice-cooled solution of CLIV (7.0 g, 42.1
mmol) in glacial acetic acid (100 mL) was added solid
sodium acetate (6.9 g, 84.2 mmol), followed by bromine (6.0
g, 37.9 mmol). The resulting reaction mixture was allowed
to warm to room temperature and stir for 1 h. Progress of the
reaction was monitored by TLC. The reaction mixture was
then diluted with water and extracted with ethyl acetate (100
ml.x2). The combined organic extracts were washed with an
aqueous, saturated solution of sodium bicarbonate and then
dried over sodium sulfate. The organic layer was concen-
trated under reduced pressure to obtain the crude product,
which was purified by column chromatography on silica gel
(100-200 mesh), using 20% ethyl acetate in hexanes as
eluant, to afford CLV (5.0 g, 50%) as an off-white solid. ‘H
NMR (400 MHz, CDCl,): § 8.34 (s, J=2.0 Hz, 1H), 7.56 (d,
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J=2.0 Hz, 1H), 4.36 (q, J=7.1 Hz, 2H), 4.26 (brs, 2H), 1.37
(t, I=7.1 Hz, 3H); MS (ESL positive mode) m/z 245/247
(MH+, 79/81Br).

[0456] Synthesis of Ethyl 5-Amino-6-prop-1-ynyl-nicoti-
nate (CLVI): To a degassed suspension of CLV (5.0 g, 20.4
mmol) and copper(l) iodide (0.77 g, 4.08 mmol) in acetoni-
trile (50 mL) and triethylamine (25 mL) was added tetrakis
(triphenylphosphine)palladium(0) (2.3 g, 0.204 mmol). The
resulting mixture was cooled to —78° C. and propyne gas
(6.5 g, 163 mmol) was bubbled through the system. The
reaction mixture was allowed to warm to room temperature
and stir for 18 h. Progress of the reaction was monitored by
TLC. The reaction mixture was then filtered and the filtered
material was washed with ethyl acetate (100 mL). The
filtrate was concentrated under reduced pressure and the
remaining material was purified by column chromatography
on silica gel (100-200 mesh), using 40% ethyl acetate in
hexanes as eluent, to afford CLVI (4 g, 98%) as a pale yellow
solid. '"H NMR (400 MHz, CDCl,): 8 8.53 (d, J=1.8 Hz, 1H),
7.56 (d, J=1.8 Hz, 1H), 4.36 (q, I=7.1 Hz, 2H), 4.27 (brs,
2H), 2.15 (s, 3H), 1.37 (1, J=7.1 Hz, 3H); MS (ESI, positive
mode) m/z 205 (MH*).

[0457] Synthesis of Ethyl 2-Methyl-1H-pyrrolo [3,2-b]
pyridine-6-carboxylate (CLVII): To an ice-cooled solution
of CLVI (3.0 g, 14.7 mmol) in N,N-dimethylformamide (100
ml.) was added potassium tert-butoxide (3.2 g, 39.4 mmol).
The reaction mixture was allowed to stir at room tempera-
ture for 1 h. The reaction was diluted with ice water and the
aqueous mixture was extracted with ethyl acetate (50
ml.x3). The emulsions that formed during the extractions
were filtered through beds of celite to resolve the phases.
The combined organic extracts were dried over sodium
sulfate and concentrated under reduced pressure to obtain
the crude product. The crude product mixture was purified
by column chromatography on neutral alumina, using 30%
ethyl acetate in hexanes as eluent, to afford CLVII (1.6 g,
57%) as a pale yellow solid. '"H NMR (400 MHz, DMSO-
de): & 11.58 (brs, 1H), 8.80 (d, J=1.8 Hz, 1H), 8.10 (s, 1H),
6.39 (s, 1H), 4.33 (q, I=7.1 Hz, 2H), 2.49 (s, obscured by
solvent signal, 3H), 1.34 (1, J=7.1 Hz, 3H); MS (ESI],
positive mode) m/z 205 (MH™).

[0458] Synthesis of (2-Methyl-1H-pyrrolo[3,2-b]pyridin-
6-yl)-methanol (CLVIII): To an ice cooled solution of
lithium aluminum hydride (0.037 g, 0.96 mmol) in tetrahy-
drofuran (3 mL) was added a solution of CLVII (0.05 g, 0.24
mmol) in tetrahydrofuran (2 mL). The resulting mixture was
allowed to warm to room temperature and stir for 2 h.
Progress of the reaction was monitored by TLC. The reac-
tion was quenched through the addition of an aqueous
saturated solution of sodium thiosulfate and then filtered.
The filtrate was concentrated in vacuo to afford CLVIII (0.03
g, 79%) as a pale-yellow, sticky mass. "H NMR (400 MHz,
DMSO-dy): § 11.07 (brs, 1H), 8.16 (d, I=1.5 Hz, 1H), 7.53
(s, 1H), 6.20 (s, 1H), 5.14 (t, J=5.7 Hz, 1H), 4.56 (d, J=5.6
Hz, 2H), 2.41 (s, 3H); MS (ESI, positive mode) m/z 163
(MH™M).

[0459] Synthesis of 6-(tert-Butyl-diphenyl-silanyloxym-
ethyl)-2-methyl-1H-pyrrolo[3,2-b]pyridine (CLIX): To a
solution of CLVIII (2.4 g, 14.7 mmol) in tetrahydrofuran
(100 mL) were added tert-butyldiphenylsilyl chloride (8.1 g,
29.6 mmol) and imidazole (4 g, 58.8 mmol). The reaction
mixture was allowed to stir at room temperature for 2 h. The
reaction mixture was diluted with ice water and the mixture
was extracted with ethyl acetate (100 mL.x3). The combined
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organic extracts were dried over sodium sulfate and con-
centrated under reduced pressure to obtain the crude prod-
uct. The crude product mixture was purified by column
chromatography on neutral alumina, using 30% ethyl acetate
in hexanes as the eluant, to afford partially pure CLIX (5.5
g, crude) as a white solid, which was used without further
purification. MS (ESI, positive mode) m/z 402 (MH™).
[0460] Synthesis of 4-[6-(tert-Butyl-diphenyl-silany-
loxymethyl)-2-methyl-pyrrolo[3,2-b]|pyridin-1-yl]-benzoni-
trile (CLX): To a degassed solution of CLIX (5.5 g, 13.7
mmol) in 1,4-dioxane (150 mL) were added 4-iodobenzo-
nitrile (6.2 g, 27.5 mmol), copper(I) iodide (0.130 g, 0.686
mmol), potassium phosphate (5.2 g, 24.7 mmol) and trans-
(+/-)-1,2-diaminocyclohexane (2 mL). The reaction mixture
was heated at reflux for 18 h and then allowed to cool to
room temperature. Progress of the reaction was monitored
by TLC. The reaction mixture was filtered and the filtrate
was evaporated under reduced pressure to obtain the crude
product. The crude product mixture was purified by column
chromatography on neutral alumina, using 30% ethyl acetate
in hexanes, as eluent to afford CLX (5.5 g, 74% over two
steps) as a pale-yellow, sticky mass. '"H NMR (400 MHz,
CDCl,): 9 8.36 (d, J=1.1 Hz, 1H), 7.84 (d, I=8.4 Hz, 2H),
7.63 (d, I=7.8 Hz, 2H), 7.44-7.36 (m, 4H), 7.34-7.30 (m,
4H), 6.63 (s, 1H), 4.83 (s, 2H), 2.39 (s, 3H), 1.03 (s, 9H); MS
(ESI, positive mode) m/z 502 (MH*).

[0461] Synthesis of 4-(6-Hydroxymethyl-2-methyl-pyr-
rolo[3,2-bpyridin-1-yl)-benzonitrile (CLXI): To a solution
of CLX (5.5 g, 10.9 mmol) in tetrahydrofuran (100 mL) was
added a 1M solution of tetrabutylammonium fluoride in
tetrahydrofuran (11.9 mL., 12 mmol). The reaction mixture
was allowed to stir at room temperature for 2 h and then the
mixture was diluted with water (50 mL). The mixture was
extracted with ethyl acetate (50 mL.x3) and the combined
organic extracts were dried over sodium sulfate. The organic
layer was concentrated under reduced pressure and the
remaining material was washed with diethylether (20 m[.x3)
to afford CLXI (2.4 g, 71%) as a pale brown solid. 'H NMR
(400 MHz, DMSO-dy): 8 8.31 (d, J=1.5 Hz, 1H), 8.12 (d,
J=8.5 Hz, 2H), 7.74 (d, J=8.5 Hz, 2H), 7.43 (s, 1H), 6.60 (s,
1H), 5.20 (brs, 1H), 4.56 (s, 2H), 2.37 (s, 3H); MS (ES],
positive mode) m/z 264 (MH™).

[0462] Synthesis of 4-(6-Formyl-2-methyl-pyrrolo [3,2-b]
pyridin-1-yl)-benzonitrile (CLXII): To a solution of CLXI (1
g, 3.8 mmol) in dimethylsulfoxide (12 ml.) was added
2-iodoxybenzoic acid (1.16 g, 4.17 mmol). The reaction
mixture was allowed to stir at room temperature for 1 h and
was then diluted with water (25 mL). The precipitate that
formed was collected by filtration and washed with ethyl
acetate (50 mL). The filtrate was evaporated and the remain-
ing material was washed with diethyl ether (25 mL) to afford
CLXII (0.9 g, 91%) as a pale yellow solid. "H NMR (400
MHz, DMSO-d,): § 10.06 (s, 1H), 8.89 (d, J=1.7 Hz, 1H),
8.16 (d, J=8.6 Hz, 2H), 7.90 (d, J=0.8 Hz, 1H), 7.84 (d, J=8.6
Hz, 2H), 6.81 (s, 1H), 2.45 (s, 3H); MS (ESI, positive mode)
m/z 262 (MH™").

[0463] Synthesis of 4-(6-Difluoromethyl-2-methyl-pyr-
rolo[3,2-b|pyridin-1-yl)-benzonitrile (CLXII): To an ice-
cooled solution of CLXII (1.5 g, 5.74 mmol) in dichlo-
romethane (20 ml) was added diethylaminosulfur
trifluoride (1.1 mL, 8.61 mmol). The reaction mixture was
allowed to warm to room temperature and stir for 18 h. The
reaction mixture was quenched through the addition of an
aqueous, saturated solution of sodium bicarbonate (20 mL.)
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and the mixture was extracted with dichloromethane (25
ml.x3). The combined organic extracts were dried over
sodium sulfate and condensed in vacuo to afford the crude
product, which was purified by column chromatography on
silica gel (100-200 mesh), using 60% ethyl acetate in
hexanes, as the eluent to afford CLXIII (0.350 g, 22%) as a
pale-yellow solid. '"H NMR (400 MHz, CDCL,): d 8.56 (s,
1H), 7.89 (d, J=8.1 Hz, 2H), 7.50-7.45 (overlapped d and s,
3H), 6.90-6.62 (overlapped t and s, 1H), 2.42 (s, 3H); MS
(ESI, positive mode) m/z 284 (MH").

[0464] Synthesis of  4-(6-Difluoromethyl-3-iodo-2-
methyl-pyrrolo-[3,2-b]pyridin-1-yl)-benzonitrile (CLXIV):
To a solution of CLXIII (0.12 g, 0.420 mmol) in N,N-
dimethylformamide (5 ml) was added N-iodosuccinimide
(0.143 g, 0.637 mmol). The reaction mixture was allowed to
stir at room temperature for 3 h before it was diluted with
cold water (20 mL). The precipitate that formed was col-
lected by filtration and the solids were washed with cold
water (20 mL). Drying the material afforded CLXIV (0.16 g,
94%) as a pale brown solid. "H NMR (400 MHz, CDCl,):
3 8.65 (s, 1H), 7.93 (d, J=8.4 Hz, 2H), 7.49-7.47 (overlapped
d and s, 3H), 6.78 (t, J=5.6 Hz, 1H), 2.48 (s, 3H); MS (ESI,
positive mode) m/z 410 (MH™).

[0465] Synthesis of  4-(3-Acetyl-6-difluoromethyl-2-
methyl-pyrrolo-[3,2-b]-pyridin-1-yl)-benzonitrile (CLXV):
To a solution of CLXIV (0.05 g, 0.120 mmol) in toluene (5
ml) was added tetrakis(triphenylphosphine)palladium(0)
(0.042 g, 0.030 mmol), followed by tributyl(1-ethoxyvinyl)
stannane (0.211 g, 0.660 mmol). The reaction mixture was
heated at 120° C. for 1 h and then allowed to cool to room
temperature. The reaction mixture was diluted with water
(25 mL) and extracted with ethyl acetate (25 mLx3). The
combined organic extracts were dried over sodium sulfate
and concentrated under reduced pressure to obtain the crude
product. The crude product mixture was purified by column
chromatography on silica gel (100-200 mesh), using 30%
ethyl acetate in hexanes as eluent, to afford CLXV (0.010 g,
crude) as a brown, viscous mass. MS (ESL, positive mode)
m/z 326 (MH™").

[0466] Synthesis of 4-[3-(2-Bromo-acetyl)-6-difluorom-
ethyl-2-methyl-pyrrolo[3,2-b|pyridin-1-yl]-benzonitrile
(CLXVI): To a solution of CLXV (0.02 g, 0.061 mmol) in
tetrahydrofuran (5 mL) was added phenyltrimethylammo-
nium tribromide (0.023 g, 0.061 mmol). The reaction mix-
ture was heated at 80° C. for 2 h before being allowed to cool
to room temperature. The reaction mixture was condensed in
vacuo and the remaining material was treated with an
aqueous, saturated solution of sodium bicarbonate. Thea
mixture was extracted with ethyl acetate (10 m[.x3) and the
combined organic extracts were dried over sodium sulfate.
The organic layer was condensed in vacuo to afford CLXVI
(0.02 g, crude) as a brown, viscous oil, which was used
without purification. MS (ESI, positive mode) m/z 406/408
(MH+, 79/81Br).

[0467] Synthesis of 4-(6-(Difluoromethyl)-2-methyl-3-(2-
(piperidin-1-yDacetyl)-1H-pyrrolo[3,2-b]pyridin-1-yl)ben-
zonitrile (301): To a solution of CLXVI (0.058 g, 0.178
mmol) in dichloromethane (5 ml) was added piperidine
(0.028 mL, 0.28 mmol). The reaction mixture was allowed
to stir at room temperature for 2 h, which was then diluted
with water (25 mL). The phases were separated and the
aqueous phase was extracted with dichloromethane (25
ml.x3). The combined organic extracts were dried over
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sodium sulfate and concentrated under reduced pressure to
obtain the crude product. The crude product mixture was
purified by column chromatography on silica gel (100-200
mesh) using 4% methanol in dichloromethane as the eluent
to afford 301 (0.010 g, 13% over two steps) as a pale-yellow
solid. "H NMR (400 MHz, CDCI,): 8 8.68 (s, 1H), 7.94 (d,
J=8.2 Hz, 2H), 7.49-7.45 (overlapped d and s, 3H), 6.78 (t,
J=5.6 Hz, 1H), 4.45 (s, 2H), 2.85 (brs, 4H), 2.69 (s, 3H), 1.78
(brs, 4H), 1.53 (brs, 2H); MS (ESI, positive mode) m/z 409
(MH™).

Example 69: (E)-3-(1-(4-Cyanophenyl)-2-methyl-3-
(2-(piperidin-1-yl)acetyl)-1H-pyrrolo[3,2-b|pyridin-
6-yl)-N-ethylacrylamide (305)
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-continued

EtO

CN
CLXX

CN

305

[0469] Synthesis of Ethyl (E)-3-(1-(4-Cyanophenyl)-2-
methyl-1H-pyrrolo[3,2-b|pyridin-6-yDacrylate (CLXVII):
To a degassed solution of XLLVI (2.0 g, 6.41 mmol), ethyl
acrylate (8 mL), diisopropylethylamine (2.4 g, 19.2 mmol),
and tri-o-tolylphosphine (0.195 g, 0.64 mmol) in N,N-
dimethylformamide (100 ml) was added palladium(Il)
acetate (0.071 g, 0.31 mmol). The resulting reaction mixture
was heated at 160° C. for 16 h in a sealed tube before being
allowed to cool to room temperature. Progress of the reac-
tion was monitored by TLC. The reaction mixture was
diluted with water (150 mL) and the mixture was extracted
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with ethyl acetate (100 mLx2). The combined organic
extracts were washed with brine (150 ml.x3), dried over
anhydrous sodium sulfate, and concentrated under reduced
pressure to obtain the crude product. The crude product
mixture was purified by column chromatography on silica
gel (100-200 mesh) using 2% methanol in dichloromethane
as the eluent to afford CLXVII (1.9 g, 89%), as a pale-yellow
solid; "H NMR (400 MHz, CDCI,):  8.67 (s, 1H), 8.10 (d,
J=8.4 Hz, 2H), 7.93 (s, 1H), 7.79-7.72 (m, 3H), 6.75-6.67
(m, 2H), 4.16 (q, J=7.1 Hz, 2H), 2.37 (s, 3H), 1.23 (t, J=7.1
Hz, 3H); MS (ESI, positive mode) m/z 332 (MH™").

[0470] Synthesis of Ethyl (E)-3-(3-(2-Chloroacetyl)-1-(4-
cyanophenyl)-2-methyl-1H-pyrrolo[3,2-b]pyridin-6-y1)
acrylate (CLXVIII): To an ice-cooled solution of aluminum
chloride (5.0 g, 37.5 mmol) in 1,2-dichloroethane (25 mL.)
was added chloroacetyl chloride (3 mL, 37.2 mmol) in a
dropwise fashion. The reaction mixture was allowed to stir
at 0° C. for 45 min and then a solution of CLXVII (0.5 g,
1.51 mmol) in 1,2-dichloroethane (10 mL) was added. The
reaction mixture was allowed to warm to room temperature
and was then heated at 60° C. for 12 h. Progress of the
reaction was monitored by TLC. After cooling, the reaction
mixture was poured onto an aqueous, saturated solution of
sodium bicarbonate (500 mL). The aqueous mixture was
extracted with dichloromethane (2x100 mL) and the com-
bined organic extracts were dried over sodium sulfate. The
organic layer was concentrated in vacuo and the remaining
crude product mixture was purified by column chromatog-
raphy on neutral alumina, using 40% ethyl acetate in
hexanes, as the eluant to afford CLXVIII (0.38 g, 62%) as
pale brown solid. 'H NMR (400 MHz, CDCl,): & 8.73 (d,
J=1.8 Hz, 1H), 7.96 (d, J=8.6 Hz, 2H), 7.73 (d, =16 Hz,
1H), 7.50 (d, J=8.5 Hz, 2H), 7.43 (d, J=1.8 Hz, 1H), 6.41 (d,
J=16 Hz, 1H), 5.29 (s, 2H), 4.25 (q, J=7.1 Hz, 2H), 2.70 (s,
3H), 1.32 (t, J=7.1 Hz, 3H); MS (ESI, positive mode) m/z
409/411 (MH*, **37C1).

[0471] Synthesis of Ethyl (E)-3-(1-(4-Cyanophenyl)-2-
methyl-3-(2-(piperidin-1-yl)acetyl)-1H-pyrrolo[3,2-b]pyri-
din-6-ylacrylate (CLXIX): To an ice-cooled solution of
CLXVIII (0.38 g, 0.930 mmol) in a mixture of acetonitrile
and N,N-dimethylformamide (2:1, 30 mL) was added pip-
eridine (0.23 g, 2.70 mmol). The reaction mixture was
allowed to warm to room temperature and stir for 3 h.
Progress of the reaction was monitored by TLC. The reac-
tion mixture was condensed in vacuo to afford CLXIX (0.35
g, 82%) as a pale yellow solid, which was used without
further purification. 'H NMR (400 MHz, CDCL,): 8 8.72 (d,
J=1.8 Hz, 1H), 7.94 (d, J=8.5 Hz, 2H), 7.73 (d, =16 Hz,
1H), 7.46 (d, J=8.5 Hz, 2H), 7.41 (d, J=1.8 Hz, 1H), 6.40 (d,
J=16 Hz, 1H), 4.31 (s, 2H), 4.26 (q, I=7.1 Hz, 2H), 2.67
(overlapped m and s, 7H), 1.67 (brs, 4H), 1.48 (brs, 2H),
1.31 (1, J=7.1 Hz, 3H); MS (ESI, positive mode) m/z 457
(MH™).

[0472] Synthesis of (E)-3-(1-(4-Cyanophenyl)-2-methyl-
3-(2-(piperidin-1-yl)acetyl)-1H-pyrrolo[3,2-b|pyridin-6-y1)

acrylic acid (CLXX): To a solution of CLXIX (0.3 g, 0.650
mmol) in 1,4-dioxane (5 ml) was added a solution of
concentrated hydrochloric acid (0.6 mL) in water (1.2 mL).
The reaction mixture was heated at 60° C. for 15 h before
cooling back to room temperature. Progress of the reaction
was monitored by TLC. The reaction mixture was con-
densed in vacuo and the water was azeotropically distilled
with toluene (10 mLx3) to obtain CLXX (0.32 g, crude) as
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a pale brown solid, which was used without further purifi- -continued
cation. MS (ESI, positive mode) m/z 429 (MH™).

[0473] Synthesis of (E)-3-(1-(4-Cyanophenyl)-2-methyl-
3-(2-(piperidin-1-yl)acetyl)-1H-pyrrolo[3,2-b|pyridin-6-
y1)-N-ethylacrylamide (305): To a solution of CLXX (0.1 g,

crude) in N,N-dimethylformamide (10 mL) was added diiso- |
propylethylamine (0.15 g, 1.16 mmol) in a dropwise fashion.

The reaction mixture was allowed to stir at room tempera- -~ T
ture for 10 min and then propylphosphonic acid anhydride §)
(0.74 mL, 1.16 mmol) was added, followed by ethylamine
(0.58 mL, 1.15 mmol, 1M in tetrahydrofuran). The reaction
mixture was allowed to stir at room temperature for 15 h and
was then diluted with water (50 mL). The aqueous mixture
was extracted with ethyl acetate (25 mIL.x2) and the com-
bined organic extracts were washed with brine (25 mL.x2).
The organic layer was dried over anhydrous sodium sulfate
and then condensed in vacuo. The remaining residue was
purified by preparative HPLC to afford 305 (0.021 g, 7%
after two steps) as an off-white solid. 'H NMR (400 MHz,
CDCl,): 9 8.73 (d, J=1.8 Hz, 1H), 7.94 (d, I=8.4 Hz, 2H),
7.66 (d, I=15.6 Hz, 1H), 7.48 (d, J=8.4 Hz, 2H), 7.36 (d,
J=1.8 Hz, 1H), 6.34 (d, J=15.6 Hz, 1H), 5.53 (t, ]=5.0 Hz,
1H), 4.31 (s, 2H), 3.43-3.38 (m, 2H), 2.67 (overlapped m
and s, 7H), 1.69 (brs, 4H), 1.48 (brs, 2H), 1.19 (t, J=7.2 Hz,
3H); MS (ESI, positive mode) m/z 456 (MH™).

CN
CLXXII

CN
CLXXIII

Example 70: 3-(1-(4-Cyanophenyl)-2-methyl-3-(2-
(piperidin-1-yDacetyl)-1H-pyrrolo[3,2-b]pyridin-6-
yprop-2-yn-1-yl Dimethylcarbamate (319)
[0474]
N,
PN
P

Br

CN

319

XLVI

[0475] Synthesis of 4-(3-Acetyl-6-bromo-2-methyl-1H-
pyrrolo[3,2-b]pyridin-1-yl)benzonitrile (CLXXI): To an ice-

cooled suspension of aluminum chloride (4.2 g, 3.20 mmol)

in 1,2-dichloroethane (20 ml) was added acetyl chloride

(2.5 g, 0.032 mol). The reaction mixture was allowed to

warm to room temperature and stir for 0.5 h. Then XLVI (2.0

g, 6.40 mmol) was added to the flask and the resulting

. mixture was allowed to stir at room temperature for 4 h.
Progress of the reaction was monitored by TLC. The reac-

tion mixture was poured onto ice-cold water neutralize with

a sodium bicarbonate solution. The mixture was then

extracted with dichloromethane (3x20 ml) and the com-

bined organic extracts were dried over anhydrous sodium

CN sulfate. The organic layer was concentrated under reduced

CLXXI pressure to obtain CLXXI (2.0 g, 88%) as an off-white solid.
'H NMR (400 MHz, DMSO-d,): 8 8.64 (d, 1=2.0 Hz, 1H),

Br
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8.17 (d, J=8.6 Hz, 2H), 7.83 (d, J=8.6 Hz, 2H), 7.78 (d, J=2.0
Hz, 1H), 2.84 (s, 3H), 2.56 (s, 3H); MS (ESI, positive mode)
m/z 354/356 (MH*, 7®*'Br).

[0476] Synthesis of 3-(3-Acetyl-1-(4-cyanophenyl)-2-
methyl-1H-pyrrolo[3,2-b]pyridin-6-yl)prop-2-yn-1-yl Dim-
ethylcarbamate (CLXXII): A solution of CLXXI (2.0 g, 5.60
mmol) in acetonitrile (10 mL) and diisopropylethylamine
(20 mL) was sparged with nitrogen gas for 0.5 h. Then
copper(l) iodide (0.214 g, 1.20 mmol) and bis(triph-
enylphosphine)palladium(II) chloride (0.396 g, 0.560
mmol) was added to the flask, followed by prop-2-yn-1-yl
dimethylcarbamate (4.3 g, 0.034 mol). The resultant mixture
was heated at 80° C. for 16 h and then allowed to cool to
room temperature. Progress of the reaction was monitored
by TLC. The reaction mixture was filtered through a bed of
celite and the filtrate was concentrated under vacuum to
afford the crude product. The crude product mixture was
purified by column chromatography on silica gel (100-200
mesh) using 50% ethyl acetate in hexanes as the eluant to
afford CLXXII (0.450 g, 20%) as an off-white solid. ‘H
NMR (400 MHz, DMSO-dy): 8 8.63 (d, J=1.7 Hz, 1H), 8.15
(d, J=6.7 Hz, 2H), 7.82 (d, J=6.7 Hz, 2H), 7.58 (d, J=1.8 Hz,
1H), 4.91 (s, 2H), 2.86 (s, 6H), 2.83 (s, 3H), 2.59 (s, 3H); MS
(ESI, positive mode) m/z 401 (MH™).

[0477] Synthesis of 3-(3-(2-Bromoacetyl)-1-(4-cyanophe-
nyl)-2-methyl-1H-pyrrolo[3,2-b|pyridin-6-yl)prop-2-yn-1-
yl Dimethylcarbamate (CLXXIII): To a solution of CLXXII
(0.50 g, 1.20 mmol) in tetrahydrofuran (15 mL) was added
phenyltrimethylammonium tribromide (0.46 g, 1.20 mmol).
The reaction mixture was heated at 70° C. for 2 h and then
allowed to cool to room temperature. The reaction mixture
was condensed in vacuo and the remaining material was
partitioned between ethyl acetate and water. The phases
were separated and the organic layer was washed with water
(10 mL.x2), dried over anhydrous sodium sulfate, and con-
centrated under reduced pressure to obtain crude CLXXIII
(700 mg), which was used without further purification. MS
(ESI, positive mode) m/z 479/481 (MH*, "*'Br).

[0478] Synthesis of 3-(1-(4-Cyanophenyl)-2-methyl-3-(2-
(piperidin-1-yDacetyl)-1H-pyrrolo[3,2-b]pyridin-6-yl)prop-
2-yn-1-yl Dimethylcarbamate (319): To an ice cooled solu-
tion of CLXXIII (0.700 g, crude) in dichloromethane (5 mL)
was added piperidine (0.372 g, 4.30 mmol). The reaction
mixture was allowed to warm to room temperature and stir
for 3 h before it was poured onto ice-cold water. The phases
were separated and the aqueous phase was extracted with
dichloromethane (10 mLx3). The combined organic extracts
were dried over anhydrous sodium sulfate and concentrated
under reduced pressure to afford the crude product. The
crude product mixture was purified by column chromatog-
raphy on silica gel (100-200 mesh) using ethyl acetate as the
eluent. The product was further purified by preparative
HPLC to obtain 319 (20 mg, 3%) as an off-white solid. 'H
NMR (400 MHz, DMSO-dy): 3 8.61 (d, J=1.7 Hz, 1H), 8.14
(d, J=8.5 Hz, 2H), 7.82 (d, J=8.5 Hz, 2H), 7.57 (d, J=1.7 Hz,
1H), 4.91 (s, 2H), 4.15 (s, 2H), 2.85-2.83 (overlapped s, 6H),
2.58 (s, 3H), 2.55-2.44 (m, 4H), 1.54-1.49 (m, 4H), 1.42-1.
37 (m, 2H); MS (ESI, positive mode) m/z 484 (MH™).
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Example 71: (E)-4-(3-(2-(4-Hydroxycyclohexyl)
acetyl)-2-methyl-6-(2-(5-(trifluoromethyl)-1,3,4-
oxadiazol-2-yl)vinyl)-1H-pyrrolo[3,2-b]pyridin-1-yl)
benzonitrile (321)

[0479]
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[0480] Synthesis of (E)-3-(1-(4-Cyanophenyl)-2-methyl-
1H-pyrrolo|[3,2-b]pyridin-6-yl)acrylic Acid (CLXXIV): To
a solution of CLXVII (2.0 g, 6.03 mmol) in 1,4-dioxane (20
ml) was added an aqueous 30% hydrochloric acid solution
(12 mL). The reaction mixture was heated at 80° C. for 15

Aug. 3, 2023

h and then allowed to cool to room temperature. Progress of
the reaction was monitored by TLC. The reaction mixture
was condensed in vacuo and residual water was azeotropi-
cally distilled with toluene (10 mLx3) to obtain CLXXIV
(2.0 g, crude) as an off-white solid, which was used without
further purification. 'H NMR (400 MHz, DMSO-d,): § 8.97
(s, 1H), 8.48 (s, 1H), 8.18 (d, J=8.5 Hz, 2H), 7.84 (d, J=8.5
Hz, 2H), 7.76 (d, J=16 Hz, 1H), 6.96 (s, 1H), 6.82 (d, J=16
Hz, 1H), 2.45 (s, 3H); MS (ESI, positive mode) m/z 304
(MH™).

[0481] Synthesis of tert-Butyl (E)-2-(3-(1-(4-Cyanophe-
nyl)-2-methyl-1H-pyrrolo[3,2-b]pyridin-6-yl)acryloyl)hy-
drazine-1-carboxylate (CLXXV): To a mixture of CLXXIV
(2.0 g, crude) in N,N-dimethylformamide and tetrahydro-
furan (50 mL; 1:1) was added diisopropylethylamine (8.4 g,
65.1 mmol) in a dropwise fashion. The reaction mixture was
allowed to stir at room temperature for 10 min and then
propylphosphonic acid anhydride (20.9 mL, 31.4 mmol) was
added, followed by tert-butyl hydrazinecarboxylate (1.7 g,
12.9 mmol). The reaction mixture was allowed to stir at
room temperature for 15 h and then diluted with water (50
mlL). The mixture was extracted with ethyl acetate (25
ml.x2) and the combined organic extracts were washed with
brine (25 mL.x2). The organic layer was dried over anhy-
drous sodium sulfate and condensed in vacuo to obtain the
crude product. The crude product mixture was purified by
column chromatography on neutral alumina, using 2%
methanol in dichloromethane as eluant, to afford CLXXV
(1.3 g, crude) as an off-white solid. "H NMR (400 MHz,
DMSO-dy) 8 8.53 (s, 1H), 7.89 (d, J=8.7 Hz, 2H), 7.84 (brs,
1H), 7.70 (d, J=15.4 Hz, 1H), 7.51 (d, J=8.7 Hz, 2H), 7.42
(s, 1H), 6.66 (s, 1H), 6.40 (d, J=15.9 Hz, 1H), 2.40 (s, 3H),
1.45 (s, 9H); MS (ESI, positive mode) m/z 418 (MH™).
[0482] Synthesis of (E)-3-(1-(4-Cyanophenyl)-2-methyl-
1H-pyrrolo[3,2-b]pyridin-6-yl)acrylohydrazide Hydrochlo-
ride (CLXXVI): To a solution of CLXXV (1.3 g, crude) in
1,4-dioxane (20 ml.) was added concentrated hydrochloric
acid (2 mL). The reaction mixture was allowed to stir at
room temperature for 2 h. Progress of the reaction was
monitored by TLC. The volatiles were removed under
reduced pressure and the remaining material was azeotro-
pically distilled with toluene (10 mL.x3) to obtain CLXXVI
(1.2 g, crude) as pale-yellow solid, which was used without
further purification. "H NMR (400 MHz, DMSO-d,) s 11.14
(s, 1H), 8.86 (s, 1H), 8.17-8.14 (overlapped d and s, 3H),
7.84 (d, J=8.5 Hz, 2H), 7.79 (d, J=15.9 Hz, 1H), 6.90 (s, 1H),
6.81 (d, I=15.9 Hz, 1H), 2.45 (s, 3H); MS (ESI, positive
mode) m/z 318 (MH*).

[0483] Synthesis of (E)-3-(1-(4-Cyanophenyl)-2-methyl-
1H-pyrrolo[3,2-b]pyridin-6-y1)-N'-(2,2,2-trifluoroacetyl)
acrylohydrazide (CLXXVII): To an ice-cooled solution of
CLXXVI(1 g, 3.15 mmol) in dichloromethane (50 mL) was
added pyridine (1.2 mL, 15.2 mmol), followed by diisopro-
pylethylamine (1 mL, 6.20 mmol). The mixture was allowed
to stir at 0° C. for 5 min and then trifluoroacetic anhydride
(0.9 mL, 6.18 mmol) was added. The reaction mixture was
allowed to stir 0° C. for 30 min and was then concentrated.
The remaining residue was partitioned between ethyl acetate
(100 mL) and water (75 mL). The organic layer was washed
with brine (50 ml.x2), dried over anhydrous sodium sulfate,
and condensed in vacuo to afford crude CLXXVII (2.1 g,
crude) as a yellow solid, which was used in the next step
without further purification. 'H NMR (400 MHz, DMSO-
dg): 89.75 (s, 1H), 8.53 (d, I=1.7 Hz, 1H), 8.13 (d, J=8.5 Hz,
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2H), 7.79 (d, I=8.5 Hz, 2H), 7.72 (s, 1H), 7.42 (d, J=15.6 Hz,
1H), 7.08-7.04 (d, J=16.8 Hz, 1H), 6.65 (s, 1H), 2.39 (s, 3H);
MS (ESI, positive mode) m/z 414 (MH™).

[0484] Synthesis of (E)-4-(2-Methyl-6-(2-(5-(trifluorom-
ethyl)-1,3,4-oxadiazol-2-yl)vinyl)-1H-pyrrolo[3,2-b|pyri-
din-1-yl)benzonitrile (CLXXVIIl): To a solution of
CLXXVII (2.1 g, 5.08 mmol) in 1,4-dioxane (20 mL) was
added phosphorus oxychloride (1 mL). The reaction mixture
was heated at 90° C. for 15 h and then allowed to cool to
room temperature. Progress of the reaction was monitored
by TLC. The reaction mixture was condensed in vacuo and
the remaining crude product was suspended in an aqueous,
saturated solution of sodium bicarbonate (75 mL). The
aqueous mixture was extracted with ethyl acetate (50 m[.x2)
and the combined organic extracts were washed with brine
(50 mLx2). The organic layer was dried over anhydrous
sodium sulfate and concentrated under reduced pressure to
obtain the crude product, which was purified by column
chromatography on neutral alumina, using 2% methanol in
dichloromethane as eluent, to afford CLXXVIII (0.51 g,
25%) as a pale yellow solid. "H NMR (400 MHz, CDCL,):
d 8.67 (d, J=1.8 Hz, 1H), 7.93 (d, J=8.4 Hz, 2H), 7.77 (d,
J=16.5 Hz, 1H), 7.53-7.50 (overlapped d and s, 3H), 7.01 (d,
J=16.4 Hz, 1H), 6.71 (s, 1H), 2.42 (s, 3H); MS (ESI, positive
mode) m/z 396 (MH™).

[0485] Synthesis of (E)-4-(3-(2-Chloroacetyl)-2-methyl-
6-(2-(5-(trifluvoromethyl)-1,3,4-oxadiazol-2-yl)vinyl)-1H-
pyrrolo[3,2-b]pyridin-1-yl)benzonitrile (CLXXIX): To an
ice-cooled solution of aluminum trichloride (1.34 g, 10.1
mmol) in 1,2-dichloroethane (25 ml) was added chloro-
acetyl chloride (0.8 mL, 10.1 mmol) in a dropwise fashion.
The reaction mixture was allowed to stir at 0° C. for 45 min
and then a solution of CLXXVIII (0.2 g, 0.500 mmol) was
added. The reaction mixture was allowed to warm to room
temperature and was then heated at 70° C. for 15 h. Progress
of' the reaction was monitored by TL.C. After cooling to room
temperature, the reaction mixture was condensed in vacuo to
obtain the crude product, which was suspended in a sodium
bicarbonate solution (75 mlL). The aqueous mixture was
extracted with ethyl acetate (50 mI.x2) and the combined
organic extracts were washed with brine solution (50
ml.x2). The organic layer was dried over anhydrous sodium
sulfate and then concentrated under reduced pressure to
obtain the crude product mixture, which was purified by
column chromatography on neutral alumina, using 1%
methanol in dichloromethane as eluant, to afford CLXXIX
(0.14 g, 58%) as a pale brown solid. 'H NMR (400 MHz,
CDCl,): 9 9.02 (d, J=1.7 Hz, 1H), 8.21 (d, J=8.5 Hz, 2H),
8.16 (d, J=1.7 Hz, 1H), 7.94 (d, J=16.5 Hz, 1H), 7.86 (d,
J=8.5 Hz, 2H), 7.68 (d, J=16.5 Hz, 1H), 5.39 (s, 2H), 2.64
(s, 3H); MS (ESI, negative mode) m/z 470/472 (M -H,
35/37C1).

[0486] Synthesis of (E)-4-(3-(2-(4-Hydroxycyclohexyl)
acetyl)-2-methyl-6-(2-(5-(trifluoromethyl)-1,3 ,4-oxadiazol-
2-yl)vinyl)-1H-pyrrolo[3,2-b]pyridin-1-yl)benzonitrile
(321): To a solution of CLXXIX (0.14 g, 0.290 mmol) in
N,N-dimethylformamide (10 mL) was added 4-hydroxypi-
peridine (0.036 g, 0.350 mmol). The reaction mixture was
allowed to stir at room temperature for 6 h, after which the
reaction mixture was diluted with water (25 mL). The
mixture was extracted with ethyl acetate (25 m[.x2) and the
combined organic extracts were washed with brine (25
ml.x2). The organic layer was dried over anhydrous sodium
sulfate and then concentrated under reduced pressure to
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obtain the compound product, which was purified by column
chromatography on neutral alumina using 2% methanol in
dichloromethane as eluent to afford 321 (0.03 g, 18%) as an
off-white solid. 'H NMR (400 MHz, DMSO-d): 8 8.96 (d,
J=1.7 Hz, 1H), 8.16 (d, J=8.5 Hz, 2H), 8.07 (d, J=1.7 Hz,
1H), 7.89 (d, J=16.4 Hz, 1H), 7.81 (d, J=8.4 Hz, 2H), 7.61
(d, I=16.4 Hz, 1H), 4.53 (d, J=4.3 Hz, 1H), 4.18 (s, 2H),
3.46-3.41 (m, 1H), 2.88-2.85 (m, 2H), 2.57 (s, 3H), 2.29-2.
23 (m, 2H), 1.70-1.68 (m, 2H), 1.44-1.35 (m, 2H); MS (ESI,
positive mode) m/z 537 (MH™).

Example 72: 1-(1-(4-Chlorophenyl)-2-methyl-6-(2-
(pyrrolidin-1-ylethyl)-1H-pyrrolo[3,2-b]pyridin-3-
yD)-2-(piperidin-1-yl)ethan-1-one (346)

[0487]
H;CO58._ N
0 = \
| P
Cl
CXI
N
Y
—_—
cl
CLXXX

Cl

CLXXXI
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346

[0488] Synthesis of 1-(4-Chloro-phenyl)-2-methyl-6-(2-
pyrrolidin-1-yl-ethyl)-1H-pyrrolo[3,2-b]pyridine

(CLXXX): To a solution of CXI (0.2 g, 0.548 mmol) in
tetrahydrofuran (5 ml) was added pyrrolidine (0.11 g, 1.64
mmol). The reaction mixture was heated at 70° C. for 16 h
and then allowed to cool to room temperature. Progress of
the reaction was monitored by TLC. The reaction mixture
was diluted with cold water (20 mL) and the mixture was
extracted with ethyl acetate (2x20 ml). The combined
organic extracts was dried over sodium sulfate, filtered, and
concentrated under reduced pressure to obtain the crude
product. The crude product mixture was purified by column
chromatography on silica, using 100% methanol in dichlo-
romethane as the eluant, to afford CLXXX (0.18 g, 75% o
over two steps) as a white solid. '"H NMR (400 MHz,
CDCl,). & 829 (d, J=1.8 Hz, 1H), 7.53-7.50 (m, 2H),
7.27-7.24 (m, 2H), 7.15 (s, 1H), 6.55 (s, 1H), 2.89 (t, I=7.5
Hz, 2H), 2.69 (t, J=8.7 Hz, 2H), 2.59 (brs, 4H), 2.32 (s, 3H),
1.85-1.80 (in, 4H); MS (ESI, positive mode) m/z 340/342
(MH+, 35/37C1).

[0489] Synthesis of 2-Chloro-1-[1-(4-chloro-phenyl)-2-
methyl-6-(2-pyrrolidin-1-yl-ethyl)-1H-pyrrolo[3,2-b|pyri-
din-3-yl]-ethanone (CLXXXI): To an ice-cooled suspension
of aluminum trichloride (1.2 g, 11.2 mmol) in 1,2-dichlo-
roethane (15 ml.) was added chloroacetyl chloride (1.2 g,
11.2 mmol) in a dropwise fashion. The reaction mixture was
allowed to stir at 0° C. for 45 min and then a solution of
CLXXX (0.19 g, 0.550 mmol) in 1,2-dichloroethane (5 mL.)
was added. The reaction mixture was heated at 80° C. for 2
h and then allowed to cool to room temperature. Progress of
the reaction was monitored by TLC. The reaction mixture
was poured onto crushed ice and mixture was neutralized
with an aqueous, saturated solution of sodium bicarbonate.
Then the aqueous phase was extracted with dichloromethane
(3x30 mL) and the combined organic extracts were dried
over sodium sulfate. The organic layer was concentrated
under reduced pressure to afford the crude product. The
crude product mixture was purified by column chromatog-
raphy on neutral alumina, using 3% methanol in dichlo-
romethane as the eluent, to afford CLXXXI (0.11 g, 48%) as
an off white solid. 'H NMR (400 MHz, CDCL,): & 8.44 (d,
J=1.7 Hz, 1H), 7.60-7.57 (m, 2H), 7.27-7.25 (m, 2H), 7.14
(s, 1H), 5.30 (s, 2H), 2.89 (t, I=7.6 Hz, 2H), 2.67 (t, J=8.6
Hz, 2H), 2.65 (s, 3H), 2.55 (brs, 4H), 1.78 (brs, 4H); MS
(ESI, positive mode) m/z 416/418 (MH*, **'37CI).
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[0490] Synthesis of 1-(1-(4-Chlorophenyl)-2-methyl-6-(2-
(pyrrolidin-1-ylethyl)-1H-pyrrolo[3,2-b]pyridin-3-y1)-2-
(piperidin-1-yl)ethan-1-one (346): To a solution of CLXXXI
(0.11 g, 0.264 mmol) in acetonitrile (5 mL) was added
piperidine (0.045 g, 0.528 mmol). The reaction mixture was
allowed to stir at room temperature for 30 min and was then
condensed under reduced pressure. The remaining residue
was diluted with water and the precipitate that formed was
collected by filtration. The filtered solid was washed with
water (2x5 mL), followed by hexanes (2x5 ml), and
allowed to dry in a stream of air. The crude product was
triturated with diethylether (2x5 mL) to afford 346 (0.06 g,
50%) as a brown solid. '"H NMR (400 MHz, DMSO-d,): §
8.43 (d, I=1.6 Hz, 1H), 7.73-7.71 (m, 2H), 7.57-7.55 (m,
2H), 7.32 (d, J=1.6 Hz 1H), 4.16 (s, 2H), 2.80 (t, J=7.2 Hz,
2H), 2.60-2.49 (m, 7H), 2.44-2.41 (m, 4H), 1.65-1.62 (m,
4H), 1.53-1.50 (m, 4H), 1.41-1.38 (m, 2H); MS (ES],
positive mode) m/z 465/467 (MH*, *>37C1).

Example 73: 2-(1-(4-Chlorophenyl)-3-(2-(4-hy-
droxypiperidin-1-yl)acetyl)-2-methyl-1H-pyrrolo[3,
2-b|pyridin-6-yl)ethane-1-sulfonamide (357)

[0491]

H;C0,8.

e}

CLXXXII

CLXXXIII
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[0492] Synthesis of Sodium 2-(1-(4-Chlorophenyl)-2-
methyl-1H-pyrrolo[3,2-b|pyridin-6-yl)ethane-1-sulfonate
(CLXXXII): To a mixture of CXI (0.40 g, crude) in ethanol
and water (1:1, 30 mL) was added tetrabutylammonium
iodide (0.040 g, 0.110 mmol), followed by sodium sulfite
(0.207 g, 1.64 mmol). The reaction mixture was heated at
reflux for 16 h and then allowed too cool to room tempera-
ture. The reaction mixture was condensed under reduced
pressure and the remaining material was diluted with water
(50 mL). The aqueous mixture was extracted with dichlo-
romethane (30 mL.x3) and the combined organic extracts
were concentrated under reduced pressure to obtain
CLXXXII (0.50 g, crude) as an off-white solid. MS (ESIL,
positive mode) m/z 351/353 (MH*, **'*"Cl).

[0493] Synthesis of 2-(1-(4-Chlorophenyl)-2-methyl-1H-
pyrrolo[3,2-b]pyridin-6-yl)ethane-1-sulfonamide
(CLXXXII): To an ice-cooled suspension of CLXXXII
(0.250 g, crude) in dichloromethane (40 mL) being main-
tained under a nitrogen atmosphere was added phosphorus
pentachloride (0.558 g, 2.68 mmol) in a portionwise manner.
The reaction mixture was allowed to stir at 0° C. for 16 hand
was then cooled to -78° C. The mixture was treated with
liquid ammonia (10 mL) and the resulting reaction mixture
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Aug. 3, 2023

was allowed to warm to room temperature. The mixture was
allowed to stir for 1 h and the mixture was filtered. The
filtered solids were washed with dichloromethane and the
filtrate was concentrated under reduced pressure to obtain
the crude product. The crude product mixture was purified
by column chromatography on neutral alumina using 5%
methanol in dichloromethane as eluant to afford CLXXXIII
(0.85 g) as an off-white solid. The product was used in the
next step without further purification. MS (ESI, positive
mode) m/z 350/352 (MH*, *>37C1).

[0494] Synthesis of 2-(3-(2-Chloroacetyl)-1-(4-chloro-
phenyl)-2-methyl-1H-pyrrolo[3,2-b|pyridin-6-yl)ethane-1-
sulfonamide (CLXXXIV): To an ice-cooled solution of
aluminum ftrichloride (0.304 g, 2.28 mmol) in dry 1,2-
dichloroethane (30 ml.) was added chloroacetyl chloride
(0.258 g, 2.28 mmol) in a dropwise fashion. The reaction
mixture was allowed to stir at 0° C. for 45 min and then a
solution of CLXXXIII (0.80 g, crude) in dry 1,2-dichloro-
ethane (20 mlL) was added. The reaction mixture was
allowed to warm to room temperature and was then heated
at 65° C. for 16 h. After cooling to room temperature the
reaction mixture was poured onto crushed ice and neutral-
ized with a solution of sodium bicarbonate. The mixture was
extracted with ethyl acetate (25 mL.x3) and the combined
organic extracts were dried over sodium sulfate, filtered, and
concentrated under reduced pressure. The remaining crude
product mixture was purified by column chromatography on
neutral alumina using 2% methanol in dichloromethane as
the eluant to afford CLXXXIV (0.032 g, crude) as an
off-white solid. The product was used in the next step
without further purification. MS (ESI, positive mode) m/z
426/428 (MH*, *>37C1).

[0495] Synthesis of 2-(1-(4-Chlorophenyl)-3-(2-(4-hy-
droxypiperidin-1-yl)acetyl)-2-methyl-1H-pyrrolo[3,2-b]

pyridin-6-yl)ethane-1-sulfonamide (357): To a solution of
CLXXXIV (0.030 g, crude) in acetonitrile (5 mL.) was added
4-hydroxypiperidine (0.014 g, 0.14 mmol). The reaction
mixture was allowed to stir at room temperature for 16 h.
Progress of the reaction was monitored by TLC. The reac-
tion mixture was condensed in vacuo to obtain the crude
product mixture, which was purified by column chromatog-
raphy on neutral alumina using 5% methanol in dichlo-
romethane as the eluent. The material obtained after chro-
matography was further washed with diethyl ether (1 m[.x2)
and allowed to dry in a stream of air to afford 357 (0.011 g,
2% over five steps) as a pale brown solid. 'H NMR (400
MHz, CDCl,): § 8.47 (d, J=1.7 Hz, 1H), 7.73 (d, J=8.6 Hz,
2H), 7.58 (d, I=8.6 Hz, 2H), 7.41 (d, J=1.7 Hz, 1H), 6.83 (s,
2H), 4.55 (d, J=4.3 Hz, 1H), 4.18 (s, 2H), 3.46-3.43 (m, 1H),
3.29-3.25 (m, 2H), 3.10-3.06 (m, 2H), 2.90-2.86 (m, 2H),
2.55 (s, 3H), 2.29-2.24 (m, 2H), 1.71 (m, 2H), 1.45-1.37 (m,
2H); MS (ESI, positive mode) m/z 491/493 (MH™, 3>37C1).

[0496]
prepared using the procedures similar to those described in
Examples 1-73.

The compounds shown below in Table 2 were
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TABLE 2
General
Synthetic
Compound Route
No. Number Structure 'H NMR LC-MS
30 1 HO 'H NMR (400 MHz, CDCl3): LC Ry = 8.9 min;
8 8.47 (dd, 1H), 8.39 (s, MS: [M + H,
1H), 7.52-7.58 (m, 2H), 337 =
7.40-7.48 (m, 3H), 7.28-7.38 369/371 m/z
(m, 2H), 3.68-3.78 (m, 1H),
3.65 (s, 2H), 2.88-2.95 (m,
N 2H), 2.28-2.38 (m, 2H),
1.88-1.97 (m, 2H), 1.60-1.70
(m, 2H)
0
; N
Cl
31 1 'H NMR (400 MHz, CDCl3): LC Rz = 9.7 min;
 8.48 (s, 1H), 8.40-8.47 (m, MS: [M + H,
1H), 7.52-7.58 (m, 2H), 337t =
N 7.45-7.50 (m, 2H), 7.40-7.44 353/355 m/z
(m, 1H), 7.26-7.37 (m, 2H),
3.60 (s, 2H), 2.40-2.60 (m,
o 4H), 1.58-1.64 (m, 4H),
1.40-1.50 (m, 2H)
; N
Cl
34 1

Qggg

'H NMR (400 MHz, CDCls):
8 8.45 (d, 1H), 8.24 (s, 1H),
7.50 (g, 4H), 7.42 (d, 1H),
7.34 (m, 1H), 3.85 (s, 2H),
2.70-2.73 (m, 4H), 1.79-1.91
(m, 4H)

LC Ry = 9.9 min;
MS: [M + H,
3T =

339/341 m/z



5 7.98 (d, 1H), 7.54 (dd, MS: [M + H,
2H), 7.22-7.30 (m, 3H), 7.16 37O =
{t, 1H), 6.99 (d, 1H), 4.02 (s, 353/355 m/z
2H), 2.75-2.85 (m, 4H), 2.59

(s, 3H), 1.80-1.90 (m, 4H).
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TABLE 2-continued
General
Synthetic
Compound Route
No. Number Structure 'H NMR LC-MS
86 1 HO 'H NMR (400 MHz, CDCly): LC Ry = 11.1 min;
8 7.99 (d, 1H), 7.55 (dd, MS: [M + H,
2H), 7.22-7.30 (m, 3H), 7.17 337 =
{t, 1H), 6.99 (d, 1H), 3.85 (s, 383/385 m/z
2H), 3.70-3.78 (m, 1H),
2.92-3.00 (m, 2H), 2.58 (s,
N 3H), 2.40-2.50 (m, 2H),
1.92-2.00 (m, 2H), 1.68-1.75
(m, 2H).
0
; N
Cl
87 1 'H NMR (400 MHz, CDCl3): LC Ry = 12.1 min;
5 8.01 (d, 1H), 7.55 (dd, MS: [M + H,
2H), 7.22-7.30 (m, 3H), 7.16 337t =
N {t, 1H), 6.98 (d, 1H), 3.82 (s, 367/369 m/z
2H), 2.60-2.88 (m, 4H), 2.58
(s, 3H), 1.62-1.72 (m, 4H),
o 1.42-1.50 (m, 2H).
; N
Cl
88 1 D 'H NMR (400 MHz, CDCl3): LC Ry = 11.8 min;
N
0
; N

@]
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H,N

dg): & 8.19 (br s, 1H), 8.12 (d,

(m, 3H), 7.24 (t, 1H), 7.16 (t,

{{ NMR (400 MHz, DMSO- LC Ry = 6.6 min;

MS: [M + H|" =

2H), 8.09 (s, 1H), 7.57-7.59 376 m/z

1H), 6.98 (d, 1H), 3.63 (s,

2H), 2.56 (s, 3H), 2.45-2.52
(brm, 4 H), 1.47-1.55 (brm,

4H), 1.35-1.42 (m, 2H).
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TABLE 2-continued
General
Synthetic
Compound Route
No. Number Structure 'H NMR LC-MS
98 1 'H NMR (400 MHz, CDCly): LC Ry = 10.8 min;
87.76 (d, 1H), 7.57 (d, 2H), MS: [M + H,
7.26 (d, 2H), 6.90 (d, 2H), 337t =
N 3.77 (s, 2H), 2.63-2.76 (m, 385/387 m/z
4H), 2.59 (s, 3H), 1.64-1.75
(m, 4H), 1.45-1.56 (m, 2H).
0
F
N
Cl
106 'H NMR (400 MHz, DMSO- LC Ry = 11.2 min;
dg): 8 7.73 (m, 1H), 7.65 (d, MS: [M + H,
2H), 7.42 (d, 2H), 7.00-7.04 337+ -
N (m, 3H), 5.06 (m, 1H), 4.75 H,0 = 351/353
(br s, 1H), 2.83 (m, 1H), n/z
2.40-2.48 (m, 5H), 1.46-1.56
HO (m, 4H), 1.38-1.44 (m, 2H).
; N
Cl
108 1 Q
N
|
N; i:
io
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Aug. 3, 2023

Compound Route

No. Number Structure 'H NMR
115

LC-MS

'H NMR (400 MHz, CDCl):
5 8.48 (s, 1H), 8.4 (d, 1H),
7.43-7.47 (m, 3H), 7.45 (d,
2H), 7.31 (d, 1H), 4.78 (s,
2H), 3.57 (s, 2H), 2.48-2.58
(m, 4H), 1.58-1.65 (m, 4H),
1.42-1.48 (m, 2H).

OH

Cl

116

'H NMR (400 MHz, CDCls):
8 8.60 (dd, 1H), 7.90 (dd,
2H), 7.48 (dd, 2H), 7.31 (dd,
1H), 7.11 (dd, 1H), 3.39 (d,
2H), 2.65 (s, 3H), 1.83 (m,
1H), 1.62-1.72 (m, 4H),
1.15-1.28 (m, 4H), 1.08-1.12
(m, 2H).

118

'H NMR (400 MHz, CDCl,):
8 8.51 (s, 1H), 8.46 (d, 1H),
7.57 (d, 2H), 7.46 (d, 2H),
7.40 (s, 1H), 7.35 (dd, 1H),
5.19 (s, 2H), 3.58 (s, 2H),
2.48-2.58 (m, 4H), 2.07 (s,
3H), 1.58-1.65 (m, 4H),
1.40-1.48 (m, 2H).

Cl

LC Ry = 5.7 mim;
MS: [M + H,
IO =

383/385 m/z

LC Ry =10.1 min;
MS: M + H]" =

358 m/z

LC R, = 8.2 min;
MS: [M + H,
ST

425/427 m/z



H

/

N

8 7.79 (s, 2H), 7.70 (s, 1H), MS: [M + H,
7.52 (d, 2H), 7.23-7.25 (m, 337t =
obscured by solvent, 2H), 427/429 m/z
5.26 (m, 1H), 3.86 (s, 3H),
3.09 (m, 1H), 2.84-2.88 (m,
2H), 2.55-2.70 (m, 3H), 2.29
(s, 3H), 1.70-1.80 (m, 6H)
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TABLE 2-continued
General
Synthetic
Compound Route
No. Number Structure 'H NMR LC-MS
119 'H NMR (400 MHz, DMSO-  LC Ry = 4.9 min;
dg): 0 8.82 (s, 1H), 8.30 (d, MS: [M + H,
1H), 7.66-7.75 (m, 5H), 7.37 337t =
N (d, 1H). 4.10 (s, 2H), 3.63 396/398 m/z
(s, 3H), 2.43-2.46 (4H),
1.49-1.52 (m, 4H), 1.38-1.40
o (m, 2H).
NH
; N
Cl
120 'H NMR (400 MHz, DMSO- LC Ry = 7.5 min;
dg): 8 9.4 (s, 1H), 8.56 (s, MS: [M + H,
1H), 8.06 (d, 1H), 7.69 (dd, 337t =
N 4H), 6.84 (m, 1H), 6.80 (dd, 369/371 m/z
1H), 3.56 (s, 2H), 2.46 (brs,
4H), 1.48-1.54 (m, 4H),
o 1.36-1.40 (m, 2H)
N? OH
Cl
126 O 'H NMR (400 MHz, CDCl;): LC Ry = 8.1 min;
N
0
o}
0

0

Cl
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TABLE 2-continued
General
Synthetic
Compound Route
No. Number Structure 'H NMR LC-MS
127 2 'H NMR (400 MHz, CDCl;):  LC Ry = 6.0 min;

)

0

fo.

C

N
128 O
N
[@]
N\
g
N F
H
130 O
N
1

8 13.87 (br s, 1H), 7.89 (d,

2H), 7.44 (d, 2H), 7.10 (d,

1H), 6.30 (d, 1H), 3.50 (s,

2H), 2.60-2.64 (m, 4H), 2.51

(s, 3H), 1.82 (s, 3H), 1.49-

1.64 (m, 4H), 1.20-1.32 (m,
2H).

'H NMR (400 MHz, CDCls):
8 8.47 (brs, 1H), 7.60 (m,
1H), 7.08 (m, 1H), 4.25 (s,

2H), 2.77 (s, 3H), 2.67 (br s,

4H), 1.62-1.69 (m, 4H),
1.44-1.48 (m, 2H).

'H NMR (400 MHz, CDCl,):
8 7.78 (d, 1 H), 7.51 (d, 2H),
7.26-7.23-7.25 (m, 2H,
partially obscured by
solvent), 7.11 (d, 1H), 7.03
(s, 1H), 5.23 (m, 1H), 4.69
(s, 2H), 3.14 (t, 1H), 2.86 (br
s, 2H), 2.65 (br s, 2H), 2.55
(m, 1H) 2.26 (s, 3H), 1.71-
1.75 (m, 4H), 1.53-1.55 (m,
2H).

MS: [M + H,
35/37C1]+ -

375 m/z

LC Ry = 5.0 min;
MS: M + H]" =
258 m/z

LC R;= 6.4 min;

MS: [M + H,
35/37C1]+ -

399/401 m/z
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TABLE 2-continued
General
Synthetic
Compound Route
No. Number Structure 'H NMR LC-MS
131 3 'H NMR (400 MHz, DMSO- LC R, = 11.1 min;
dg): 8 9.89 (br s, 1H), 7.95 MS: [M + H,
(d, 2H), 7.55-7.53 (m, 2H), 337t =
N 7.46-7.44 (m, 2H), 6.87 (t, 369/371 m/z
1H), 6.78-6.75 (m, 2H),
4.29 (s, 2H), 3.32 (br s, 4H),
o 1.75-1.77 (m, 4H), 1.54 (br s,
2H).
HO /
; N
Cl
132 3 'H NMR (400 MHz, CDCl); LC Ry = 7.5 min;
8 8.15 (d, 1H), 7.40-7.43 (m, MS: [M + H,
4H), 7.05 (t, 1H), 6.97 (t, 337t =
N 1H), 6.82 (d, 1H), 4.89 (s, 383/385 m/z
2H), 3.84-3.89 (m, 2H),
3.31-3.36 (m, 5H), 2.03-
o 2.09 (m, 2H), 1.82-1.91 (m,
2H), 1.65-1.78 (m, 2H)
ot
/N
Cl
133 1 'H NMR (400 MHz, DMSO- LC Ry = 7.1 min;

)

¢

dg): 8 8.15 (d, 2H), 7.98 (d,  MS: [M + H]" =
1H), 7.72 (d, 2H), 7.13 (d, 458 m/z
1H), 6.85 (s, 1H), 3.97 (q,
2H), 3.61 (s, 2H), 2.86 (t,
2H), 2.58-2.45 (m, 9H),
1.55-1.45 (m, 4H), 1.42-1.38
(m, 2H), 1.08 (t, 3H)
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TABLE 2-continued

General
Synthetic
Compound Route
No. Number Structure 'H NMR LC-MS
141 'H NMR (400 MHz, CDCl3): LC Rz = 9.3 min;
88.34 (d, 1H), 8.26 (m, 1H), MS: [M + H]* =
7.89 (d, 2H), 7.54 (d, 2H), 359 m/z
7.26-7.28 (m, 1H), 3.77 (s,
2H), 2.68 (s, 3H), 2.64 (br s,
4H), 1.63-1.68 (m, 4H),
1.45-1.50 (m, 2H).
142 1 'H NMR (400 MHz, DMSO- LC Ry = 11.7 min;
dg): 8 8.08 (d, 1H), 7.73 (d, MS: [M + H,
2H), 7.54 (d, 2H), 7.25 (t, 337 =
1H), 7.16 (t, 1H), 6.98 (d, 482/484 m/z
1H), 6.76 (m, 1H), 3.68 (s,
2H), 3.23 (m, 1H), 2.88-2.93
(m, 2H), 2.54 (s, 3H), 2.14-
2.18 (m, 2H), 1.66-1.72 (m,
2H), 1.39-1.47 (m, 2H), 1.37
(s, 9H).
144 'H NMR (400 MHz, CDCl3): LC Ry = 8.3 min;

5 8.44 (d, 1H), 8.39 (5, 1), MS: [M + H]" =
7.94 (d, 2H), 7.88 (d, 1), 359 m/z
7.52 (d, 2H), 3.75 (s, 2H),

2.65 (s, 3H), 2.56-2.61 (m,

4H), 1.60-1.67 (m, 4H), 1.46-

149 (m, 2H).
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Synthetic
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No. Number Structure 'H NMR LC-MS
145 1 'H NMR (400 MHz, CDCly): LC Ry = 14.0 min;
87.77 (m, 1H), 7.56 (d, 2H), MS: [M + H,
7.26-7.33 (m, 4H), 7.04 (t, 337t =
N 1H), 6.88-6.99 (m, 4H), 3.68 459/461 m/z
(s, 2H), 2.58 (s, 3H), 2.50-
2.55 (m, 4H), 1.57-1.64 (m,
o 4H), 1.43-1.45 (m, 2H).
0
; N
Cl
146 1 'H NMR (400 MHz, CDCl;) LC Ry = 7.4 min;
8:7.78 (d, 2H), 7.53 (d, MS: M + HJ* =
1H), 7.40-7.38 (d, 2H), 7.21 388 m/z

(m, 1H), 6.65 (d, 1H), 4.04
(s, 2H), 3.52 (S, 3H), 2.93
(br s, 4H), 2.46 (s, 3H),
1.75-1.79 (m, 4H), 1.29-1.31
(m, 2H).
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No. Number Structure
147 1 N3
; O
HN
N
|
N ::
Cl
148 1
N

{f NMR (400 MHz, DMSO-
dg): & 8.25 (d, 1H), 8.09 (d,
1H), 7.88 (d, 2H), 7.72 (d,
2H), 7.53 (d, 2H), 7.25 (t,
1H), 7.14-7.20 (m, 3H), 6.97
(d, 1H), 3.78 (m, 1), 2.95-
3.00 (m, 2H), 2.55 (s, 3H),
2.23 (¢, 2H), 1.74-1.79 (m,
2H), 1.57-1.62 (m, 2H)

'H NMR (400 MHz, CDCls):

8 7.87 (d, 1H), 7.53 (d, 2H),
7.23 (d, 2H), 6.80 (dd, 1),
6.4 (d, 1H), 3.73 (s, 2H),
2.60 (bm, 4H), 2.54 (s, 3H),
1.40-1.67 (m, 6H)

LC Ry =12.0 min;
MS: [M + H,
IO =

527/529 m/z

LC Ry =10.4 min;
MS: [M + H,
3s7Cqyr

383/385 m/z
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149 2 'H NMR (400 MHz, CDCl;)  LC Ry = 9.3 min;
8 8.59 (m, 1H), 8.43 (m, MS: [M + H,
1H), 7.65 (m, 1H), 7.59 (m, 337t =
N 1H), 7.29 (dd, 1H), 7.12 (dd, 369/371 m/z
1H), 4.33 (s, 2H), 2.65-2.69
(m, 7H), 1.65-1.72 (m, 4H),
1.45-1.51 (m, 2H)
150 1 'H NMR (400 MHz, DMSO- LC Rz = 10.9 min;

151

NO,

dé): 8 9.10 (s, 1H), 8.06 (m,
1H), 7.76 (d, 2H), 7.61 (d,
2H), 7.17 (d, 1H), 3.63 (s,

2H), 2.58 (s, 3H), 2.50 (brs,
4H, occluded by solvent),

1.48-1.54 (m, 4H), 1.37-1.44
(m, 2H).

'H NMR (400 MHz, CDCl):
89.34 (s, 1H), 8.36 (d, 1H),
7.93 (dd, 2H), 7.48 (dd, 2H),
6.95 (m, 1H), 3.77 (s, 2H),
2.62 (s, 3H), 2.42-2.60 (m,
4H), 1.60-1.67 (m, 4H) 1.47-
1.51 (m, 2H).

MS: [M + H,
35/37Cl]+

412/414 m/z

LC Ry = 9.6 min;
MS: M + H]" =
359 m/z



US 2023/0242557 A9 Aug. 3,2023
TABLE 2-continued
General
Synthetic
Compound Route
No. Number Structure 'H NMR LC-MS
152 'H NMR (400 MHz, CDCl;)  LC Ry = 8.3 min;
87.93 (d, 1H), 7.79-7.83 (m, MS: [M + H,
2H), 7.67-7.69 (m, 2H), 7.57 337t =

Cl

153 O
N

(d, 2H), 7.37 (d, 1H), 7.23-
7.24 (d, 1H, occluded by
solvent), 7.10 (s, 1H), 4.84
(s, 2H), 3.78 (bs, 2H), 2.61
(bs, 4H), 2.55 (s, 3H), 1.65
(bs, 4H), 1.49 (bs, 2H)

'H NMR (400 MHz, CDCl;)

8 7.93 (d, 1H), 7.54 (d, 2H),
7.25-7.23 (m, 2H, partially

obscured by solvent), 7.20

(d, 1H), 6.98 (s, 1H), 4.76

(S, 2H), 3.88 (s, 2H), 2.69-
2.72 (m, 4H), 2.58 (s, 3H),
1.71-1.68 (m, 4H), 1.47-1.49
(m, 2H), 0.86 (s, 9H), 0.02

(s, 6H).

'H NMR (400 MHz, CDCl):

8 7.63 (s, 1H), 7.55 (d, 2I0),
7.26 (d, 2H), 6.84 (dd, 21),
3.90 (s, 3H), 3.77 (s, 2H),
2.64-2.72 (m, 4H), 2.58 (s,
3H), 1.60-1.77 (m, 4H),
1.40-1.58 (m, 2H).

526/528 m/z

LC Ry = 5.4 min;
MS: [M + H,
IO =

511/513 m/z

LC Ry =11.2 min;
MS: [M + H,
IO =

397/399 m/z
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' NMR (400 MHz, CDCLy): LC Ry = 6.2 min;
8 8.56 (dd, 1H), 7.56 (d,

MS: [M + H,
2H), 7.24-7.30 (m, 3H,

35/37Cl]+
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No. Number Structure 'H NMR LC-MS
156 1 'H NMR (400 MHz, CDCly): LC Rz = 11.4 min;
87.79 (s, 1H), 7.56 (d, 2H), MS: [M + H,
7.25 (d, 2H), 7.01 (d, 1H), 337t =
N 6.88 (d, 1H), 3.96 (brs, 2H), 381/383 m/z
2.89 (br s, 4H), 2.58 (s, 3H),
2.49 (s, 3H), 1.71-1.88 (m,
o 4H), 1.47-1.70 (m, 2H).
; N
Cl
160 1 'H NMR (400 MHz, CDCly): LC Ry = 12.4 min;
88.03 (d, 1H), 7.90 (d, 2H), MS: [M + H]" =
7.48 (d, 2H), 7.30 (t, 1H), 358 m/z
N 7.19 (t, 1H), 6.99 (d, 1H),
3.79 (s, 2H), 2.57-2.65 (bs,
7H), 1.62-1.70 (m, 4H),
o 1.42-1.50 (bm, 2H)
; N
NC
161 2 O
N

partially obscured by solvent),
7.08 (dd, 1H), 4.34
(s, 2H), 2.66-2.68 (m, 4H),
2.64 (s, 3H), 1.66-1.72 (m,
4H), 1.46-1.50 (m, 2H).

368/370 m/z

Cl
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No. Number Structure 'H NMR LC-MS
162 2 'H NMR (400 MHz, CDCl;): LC Ry = 6.9 min;
8 8.59 (dd, 1H), 7.90 (d, MS: [M + H]" =
2M), 7.47 (d, 2H), 7.31 (dd, 359 m/z
N 1H), 7.11 (dd, 1H), 4.33 (s,
2H), 2.64-2.68 (bm, 7H),
1.64-1.72 (m, 4H), 1.42-1.50
(bm, 2H)
N
163

164

0

0,

/; : .CN

j@

)

'H NMR (400 MHz, CDCl):
8 8.51 (s, 1H), 7.93 (d, 2H),
7.48 (d, 2H), 7.43 (dd, 1H),
7.03 (d, 1H), 3.67 (s, 2H),
2.61 (s, 3H), 2.55-2.59 (m,
3H), 1.65-1.60 (m, 4H),
1.45-1.49 (m, 2H)

LC Ry = 7.6 min;
MS: M + H]" =
383 m/z

'H NMR (400 MHz, CDCls):
8 8.48 (d, 2H), 8.03 (d, 1H),
7.56 (d, 2H), 7.33 (t, 1H),
7.22 (t, 1H), 7.04 (d, 1H),
3.93 (brs, 2H), 2.70-2.88 (m,
4H), 2.64 (s, 3H), 1.75 (brs,
4 H), 1.53 (brs, 2H).

LC Ry =10.2 min;
MS: M + H]" =
378 m/z
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No. Number Structure 'H NMR LC-MS
165 2 I NMR (400 MHz, CDCly): LC Ry = 7.5 min;
$7.92 (d, 21), 748 (d, 2H), MS: [M + H]* =
7.38 (m, 1H), 6.74 (m, 1H), 377 m/z
N 422 (s, 2H), 2.66-2.70 (m,
4T0), 2.65 (s, 3H), 1.65-1.72
(m, 2H), 1.46-1.52 (m, 2H).
167 1 I NMR (400 MHz, CDCly): LC Ry = 8.1 min;
57.86 (d, 210), 747 (d, 2H), MS: [M + H]* =
7.10 (t, 1H), 6.66 (m, 1H), 388 m/z
N 3.94 (s, 31), 3.88 (s, 2H),
2.53-2.57 (m, 4H), 2.32 (s,
3H), 1.60-1.66 (m, 4H),
1.43-1.47 (m, 2H)
168 1 I NMR (400 MHz, CDCly): LC Ry = 11.0 min;
57.80 (d, 210), 747 (d, 2H), MS: [M + H]* =
7.10 (m, 1H), 6.94 (m, 1H), 376 m/z
N

6.79 (d, 2H), 3.85 (s, 2H),
2.54-2.58 (m, 4H), 2.4 (s,
3H), 1.58-1.63 (m, 2H),
1.42-1.45 (m, 2H)
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jQY

'H NMR (400 MHz, CDCly): LC Ry = 12.4 min;
6 8.06 (d, 1H), 7.96 (dd,
1H), 7.67 (m, 1H), 7.58 (d,
2H), 7.25-7.28 (m, 2H,
partially obscured by
solvent), 3.87 (s, 3H), 3.77
(s, 2H), 2.57-2.63 (m, 7H),
1.61-68 (m, 4 H), 1.42-1.49
(m, 2H)

MS: [M + H,
35/37Cl]+

425/427 m/z
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Synthetic
Compound Route
No. Number Structure 'H NMR LC-MS
169 1 I NMR (400 MHz, CDCly): LC Ry = 10.9 min;
$7.95-7.87 (m, 3H), 7.46 (d, MS: [M + H]* =
2H), 1.72 (d, 1H), 6.77 (s, 372 m/z
N 1H), 3.78 (s, 2H), 2.60-2.57
(bm, 7H), 2.38 (s, 3H), 1.68-
1.62 (m, 4H), 1.50-1.46 (bm,
o 2H)
N
NC
170 1 'H NMR (400 MHz, CDCl3): LC Ry = 10.4 min;
5 7.82-7.85 (m, 3H), 7.48 (d, MS: [M + H]* =
2M), 7.19 (m, 1H), 6.88 (m, 376 m/z
N 1H), 3.75 (s, 2H), 2.59 (br s,
4), 2.52 (s, 3H), 1.61-1.67
(m, 4H), 1.46-1.48 (m, 2H)
O
N
; |
NC
171 1
N
0]
O

o

Cl
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No. Number
172
173 1
175 1

g@k

)
)

o
0

j/@

NC

'H NMR (400 MHz, CDCl):
5 8.02 (d, 1H), 7.54 (d, 2H),
7.25 (d, 2H), 7.00 (d, 1H),
6.71 (s, 1H), 3.74 (s, 2H),
2.52-2.64 (bm, 7H), 2.25 (s,
3H), 1.58-1.68 (bm, 4H),
1.46 (bs, 2H)

{f NMR (400 MHz, DMSO-
dg): 8 7.73 (d, 2H), 7.58-
7.65 (m, 3H), 6.94 (d, 1H),
4.02 (s, 2H), 2.52-2.58 (m,
7H), 1.49-1.52 (m, 4H),
1.38-1.43 (m, 2H)

'H NMR (400 MHz, CDCl):
8 8.19 (d, 1H), 7.90-7.98 (m,
3H), 7.53 (m, 1H), 7.45-7.51
(m, 2H), 7.29 (s, 1H), 3.70
(s, 2H), 2.64 (s, 3H), 2.56-
2.65 (m, 4H), 1.60-1.65 (m
4H), 1.46-1.48 (m, 2H)

LC Ry = 14.4 min;
M+ H,
IO =

425/427 m/z

LC Ry = 8.2 min;
MS: [M + H,
IO =

386/388 m/z

LC Ry =10.7 min;
MS: M + H]" =
383 m/z



8 7.91 (d, 1H), 7.55 (d, 2H),
7.25-7.27 (m, 2H, partially

MS: [M + H,
IBICY =
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No. Number Structure 'H NMR LC-MS
176 1 'H NMR (400 MHz, CDCly): LC Ry = 10.4 min;
8 7.80 (dd, 1H), 7.91 (d, MS: [M + HJ =
2H), 7.47 (d, 2H), 7.05 (td, 376 m/z
N 1H), 6.68 (dd, 1H), 3.81 (s,
2H), 2.67-2.71 (m, 4H), 2.58
(s, 3H), 1.65-1.71 (m, 4H),
o 1.48-1.52 (m, 2H)
Né F
NC
177 1 'H NMR (400 MHz, CDCl;) LC Ry = 7.7 min;
8:7.89 (d, 2H), 7.45 (d, 2H), MS: [M + HJ* =
7.25 (d, 1H), 6.59 (d, 1H), 389 m/z
N 4.44 (bs, 2H), 4.04 (s, 3H),
2.79 (bs, 2H), 2.63 (s, 3H),
1.77 (bs, 4H), 1.60 (bs, 4H)
° |
O
NC
178 1 O 'H NMR (400 MHz, CDCl;): LC Ry = 8.3 min;

N

o,
x

Cl

obscured by solvent), 6.92
(dd, 1H), 6.44 (m, 1H), 3.75
(br s, 2H), 3.74 (s, 3H), 2.59

(br s, 4H), 2.54 (s, 3H),
1.61-1.68 (m, 4H), 1.45-1.47
(m, 2H)

397/399 m/z
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No. Number Structure 'H NMR LC-MS
179 'H NMR (400 MHz, CDCl;):  LC Ry = 9.9 min;
87.99 (d, 1H), 7.57 (d, 2H), MS: [M + H,
7.24 (d, 2H), 6.93 (dd, 1H), 337t =
N 6.54 (bs, 1H), 6.47 (d, 1H), 440/442 m/z
5.53 (bs, 1H), 4.43 (s, 2H),
3.72 (s, 2H), 2.57-2.65 (bm,
o 4H), 2.55 (s, 3H), 1.60-1.68
(m, 4H), 1.42-1.50 (bm, 2H)
0, NH,
Né 0
Cl
180 1 'H NMR (400 MHz, CDCl;):  LC Ry = 9.1 min;
8 7.89-7.95 (m, 3H), 7.46 (d, MS [M + HJ* =
2H), 7.20 (d, 1H), 6.80 (s, 400 m/z
N 1H), 3.78 (s, 2H), 2.87-2.94
(bm, 1H), 2.57-2.65 (bm,
7H), 1.63-1.67 (bm, 4H),
o 1.47 (bs, 2H), 1.21 (d, 6H)
N
NC
181 2 'H NMR (400 MHz, CDCl3): LC Ry = 5.9 min;
8 8.77 (m, 1H), 8.62 (m, MS: [M + HJ* =
1H), 7.97 (d, 1H), 7.87 (dd, 360 m/z
N 1H), 7.33 (m, 1H), 7.16 (dd,
1H), 4.33 (s, 2H), 2.64-2.70
(m, 7H), 1.65-1.72 (m, 4H),
1.47-1.51 (m, 2H)
——

!

N,
N
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182 'H NMR (400 MHz, CDCl3): LCRz= 7.3 min;
$7.99 (d, 1H), 7.56 (d, 2H), MS: [M + H,
2.24-7.27 (m, 3H partially 337t =
N obscured by solvent), 4.71 397/399 m/z
(s, 2H), 3.77 (s, 2H), 2.56-
2.63 (m, 7H), 1.62-1.68 (m,
o 4T0), 1.45-1.49 (m, 2H)
OH
; N
Cl
183 'H NMR (400 MHz, DMSO- LC R;= 6.9 min;
dg): 6 8.36 (t, 1H), 8.15 (d,  MS: [M + H]* =
2H), 8.00 (s, 1H), 7.72 (, 429 m/z
N 2M), 7.08 (d, 1H), 6.96 (d,
1H), 4.34 (d, 2H), 3.60 (s,
2H), 2.55 (s, 3H), 2.46 (s,
3M), 1.85 (s, 3H), 1.49-1.08
(m, 4H), 1.39 (brs, 2H)
184 2 I NMR (400 MHz, CDCly): LC Ry = 7.2 min;

8 8.42 (s, 1H), 7.90 (d, 2H), MS: [M + H]" =
7.46 (d, 2H), 7.09 (s, 1H), 373 m/z
435 (s, 2H), 2.69 (bs, 2H),

2.64 (s, 3H), 2.39 (s, 3H),
1.70 (bs, 4H), 1.61 (brs, 4H)
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No. Number Structure 'H NMR LC-MS
185 {f NMR (400 MHz, CDCL): LC Ry = 8.3 min;
8 7.96 (d, 1H), 7.55 (d, 2H), MS: [M + H,
7.26 (m, 2H, occluded by 337t =
N solvent), 7.21 (s, 1H), 6.93 396/398 m/z
(s, 1H), 3.89 (s, 2H), 3.79 (s,
2H), 2.62 (bs, 4H), 2.57 (s,
3H), 1.66-1.59 (m, 6H)
e}
/ NH,
N
186 'H NMR (400 MHz, CDCl3):  LCR;= 5.8 min;
5 7.87 (d, 2H), 746 (d, 2H), MS: [M + HJ* =
7.38 (m, 1H), 6.80 (d, 1H), 373 m/z
6.60 (dd, 1H), 3.71 (s, 2H),
3.68 (br s, 2H), 2.56-2.62 (m
7H), 1.62-1.68 (m, 4H),
1.45-1.50 (m, 2H)
NH,
187

'H NMR (400 MHz, CDCl,):

8 8.11 (m, 1H), 7.90 (d, 2H),

7.57 (dd, 1H), 7.45-7.51 (m,
3H), 6.93 (d, 1H), 3.76 (s,

2H), 2.65 (br s, 4H), 2.60 (s,
3H), 1.61-1.66 (m, 4H),

1.47-1.50 (m, 2H), 1.34 (s, 9

H)

LC R;= 6.4 min;
MS: [M + H]' =
457 m/z
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188 'H NMR (400 MHz, DMSO- LC Ry = 6.6 min;
dg): 6 8.03 (d, 1H), 7.74 (d, MS: [M + H,
2H), 7.53 (d, 2H), 7.20 (d, 337t =
N 1H), 6.92 (bs, 1H), 3.79- 424/426 m/z
3.41 (m, 4H), 2.54 (s, 3H),
2.16 (bs, 6H), 1.54 (bs, 4H),
o 1.42 (bs 2H)
N
N Ny
Cl
189 2 F I NMR (400 MHz, CDCly): LC Ry = 7.1 min;
5842 (s, 1), 7.91 (d, 2H), MS: [M + HJ* =
7.47 (d, 2H), 7.10 (s, 1H), 391 m/z
4.66-4.82 (m, 1H), 4.40 (s,
2M), 3.20 (m, 1H), 2.90 (m,
N 1H), 2.59-2.64 (m, 4H), 2.45
(m, 1H), 2.39 (s, 3H), 1.98
(m, 1H), 1.86 (m, 1H), 1.59-
1.69 (m, 2H partially
obscured by solvent).
; N
N
190 2 F 'H NMR (400 MHz, DMSO- LC Rzy= 7.1 min;
dg): 6 8.41 (s, 1H), 815 (d,  MS: [M + HJ* =
2H), 7.79 (d, 2H), 7.33 (s, 391 m/z
1H), 4.62-4.76 (m, 1H), 4.25
(s, 2H), 2.74-2.78 (m, 2H),
N 2.55-2.57 (m, 4H), 2.36 (s,

N

0

C
C

3H), 1.84-1.91 (m, 2H),
1.70-1.74 (m, 2H) plus 1H
obscured by solvent.
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No. Number Structure 'H NMR LC-MS
191 'H NMR (400 MHz, CDCl;) LC Ry = 5.9 min;
8 8.17 (brs, 1H), 7.89 (d, MS: M + HJ* =
2H), 7.48 (d, 2H), 7.40 (dd, 415 m/z
N 1H), 7.28 (brs, 1H), 6.94 (d,
1H), 3.75 (s, 2H), 2.57 (brs,
7H), 2.21 (s, 3H), 166-1.63
o (m, 4H), 1.47 (brs, 2H)
H
hd
0
N
NC
192 3 'H NMR (400 MHz, DMSO- LC Ry = 7.4 min;
dg) 8 7.93-7.91 (d, 1H), MS [M + H,
7.70-7.68 (d, 2H), 7.54-7.52 3537¢+
N (d, 1H), 7.19-7.15 (t, 1H), 396/398 m/z
7.10-7.06 (t, 1H), 6.91-6.89
(d, 1H), 3.59 (s, 2H), 2.68
o (s, 2H), 2.47 (m, 4H), 1.50-
1.48 (m, 4H), 1.38 (m, 2H)
\N /
/N
193 1 'H NMR (400 MHz, DMSO- LC Rz = 10.0 min;

dg) 8 8.15 (d, 2H), 7.90 (s, MS M + H]* =
1H), 7.75 (d, 2H), 6.98 (s, 472 m/z
1H), 3.92 (s, 3H), 3.59 (s,
2H), 2.55 (s, 3H), 2.51-2.46
(brm, 4H, occluded by
solvent), 1.50 (brs, 4H), 1.39
(brs, 2H)

e}
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No. Number
194
195 2
196

NI,

'H NMR (400 MHz, DMSO-

dg): 8 8.15 (d, 2H), 7.97 d,
1H), 7.73 (d, 2H), 7.23 (s,
1H), 7.12 (d, 1H), 6.85 (s,
1H), 6.74 (s, 1H), 3.61 (s,
2H), 2.81 (t, 2H), 2.53 (s,

3H), 2.49-2.41 (m, 4H,
occluded by solvent), 2.29
(t, 2H), 1.52-1.48 (m, 4H),
1.41-1.38 (m, 2H)

'H NMR (400 MHz, DMSO-
dg): 8 7.89 (d, 2H), 745 (d,
2H), 7.03 (s, 1H), 4.36 (s,
2H), 2.70 (brs, 4H), 2.63 (s,
3H), 2.61 (s, 3H), 2.30 (s,
3H), 1.71-1.60 (m, 4H), 1.48
(brs, 2H)

'H NMR (400 MHz, CDCl):
87.97 (s, 1H), 7.92 (d, 2H),
7.50 (d, 2H), 6.98 (d, 2H),
3.67 (s, 2H), 3.29 (s, 3H),
2.69 (s, 3H), 2.58 (brs, 4H),
1.88 (s, 3H), 1.67-1.56 (m,
4H), 1.24 (brs, 2H)

LC Ry = 5.5 min;
MS: [M + H]' =
429 m/z

LC Ry = 7.3 min;
MS: [M + H]' =
387 m/z

LC Ry =10.2 min;
MS: M + H]" =
429 m/z
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Compound
No.

197

Synthetic
Route

Number

Structure 'H NMR

LC-MS

198

199

'H NMR (400 MHz, CDCl,):
87.97 (d, 1H), 7.90 (d, 2H),
7.47 (d, 2H), 7.22 (d, 1H),
6.91 (s, 1H), 4.10 (q, 2H),
3.78 (s, 2H), 3.62 (s, 2H),
2.60 (brs, 4H), 2.58 (s, 3H),
1.69-1.45 (m, 6H), 1.21 (t,

3H)

'H NMR (400 MHz, DMSO-
dg): 8 12.27 (brs, 1H), 9.66
(brs, 1H), 8.21 (d, 2H), 8.03
(d, 1H), 7.75 (d, 2H), 7.25
(d, 1H), 6.98 (s, 1H), 4.87
(s, 2H), 3.62 (s, 2H), 3.53
(brd, 2H), 3.11 (brs, 2H), 2.58
(s, 3H), 1.85 (brs, 4H), 1.74
(brd, 1H), 1.41 (brs, 2H)

HCl

'H NMR (400 MHz, CDCl):
8 7.86 (d, 2H), 7.46 (d, 2H),
7.28 (brs, 1H), 6.82 (d, 1H),
6.55 (dd, 1H), 3.73 (brs,
2H), 2.92 (s, 3H), 2.62 (brs,
4H), 2.58 (s, 3H), 1.66-1.42
(brm, 6H)

pdan)

LC Ry = 7.8 min;
MS: [M + H]' =
444 m/z

LC Ry = 5.9 min;
MS: M + H]" =

416 m/z

LC Ry = 5.5 min;
MS: M + H]" =
387 m/z
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No. Number Structure 'H NMR LC-MS
200 2 I NMR (400 MHz, CDCly): LC Ry = 13.1 min;

201

202

OH

HClL

HClL

8 7.90 (d, 2H), 7.44 (d, 2H),
7.07 (s, 1H), 4.36 (s, 2H),
4.08 (q, 2H), 2.98 (t, 2H),
2.79 (brs, 4H), 2.67 (3H),
2.63 (s, 3H), 2.55 (t, 2H),
1.68 (brs, 4H), 1.49 (brs,

2H), 1.20 (t, 3H)

'H NMR (400 MHz, DMSO-
dg): ©12.09 (brs, 1H), 9.67
(brs, 1H), 8.18 (d, 2H), 7.99
(d, 1H), 7.73 (d, 2H), 7.21
(brs, 1H), 6.93 (brs, 1H),
4.87 (brs, 2H), 3.48 (dd,
1H), 3.42 (dd, 1H), 3.02
(brs, 2H), 2.85 (t, 2H), 2.56
(s, 3H), 2.53 (s, 2H,
occluded by solvent), 1.95-
1.42 (brm, 6H)

'H NMR (400 MHz, DMSO-
dg): 8 9.83 (brs, 1H), 8.19
(d, 2H), 7.79 (d, 2H), 7.43
(s, 1H), 5.10 (d, 2H), 3.55
(brd, 2H), 3.18 (brd, 2H),
2.91 (t, 2H), 2.68 (s, 3H),
2.65 (s, 3H), 2.53 (t, 2H,
occluded by solvent), 1.88
(brs, 4H), 1.84 (brd, 1H),
1.47 (brd, 1H)

MS: M + H]* =
473 m/z

LC Ry = 2.3 mim;
MS: M + H]" =
430 m/z

LC R;= 6.4 min;
MS: [M + H]' =
445 m/z
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No. Number Structure 'H NMR LC-MS

203 ' NMR (400 MHz, DMSO-  LC Ry = 6.5 min;
dg): 6 8.17 (d, 2H), 7.99 (d,  MS: [M + HJ* =
1H), 7.73 (d, 2H), 7.36 (brs, 415 m/z
N

1H), 7.16 (d, 1H), 6.92 (s,
1H), 6.80 (s, 1H), 3.63 (s,
2H), 3.37 (s, 2H), 2.54 (2,
3H), 2.46 (brs, 4H, occluded
by solvent), 1.50 (brs, 4H),
1.40 (brs, 2H)

NH,

204 'H NMR (400 MHz, DMSO- LC Ry = 11.4 min;
dg): 8 8.14 (d, 2H), 7.75 (d, MS: M + H]" =
2H), 7.23 (s, 1H), 4.20 (brs, 500 m/z
2H), 3.23-3.16 (m, 4H), 2.88

(t, 2H), 2.62 (brs, 4H), 2.56

(s, 3H), 2.54 (d, 2H), 1.54

(brs, 4H), 1.42 (brs, 2H),

0.97 (t, 3H), 0.88 (t, 3H)

; |
NC

205 ' NMR (400 MHz, CDCLy): LC Ry = 7.7 min;
8795 (d, 1H), 7.91 (d, 2H),  MS: [M + HJ* =
747 (d, 2H), 7.16 (dd, 1), 444 m/z
N

6.82 (s, 1H), 4.22 (t, 2H),
3.78 (s, 2H), 2.95 (t, 2H),
2.62 (brs, 4H), 2.59 (5, 3H),
1.99 (s, 3H), 1.67 (brs, 4H),
0 1.47 (brs, 2H)

NC
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206 I NMR (400 MHz, CDCl;): LC Ry = 7.8 min;
$7.97 (d, 11), 791 (d, 2H), MS: [M + H]* =
7.48 (d, 2H), 7.41 (dd, 1H), 384 m/z
N 6.95 (s, 1H), 6.70 (dd, 1H),
5.67 (d, 2H), 5.18 (d, 1),
3.77 (s, 2H), 2.61 (brs, 41),
2.59 (s, 3H), 1.69-1.60 (m,
4T0), 1.48 (brs, 21)
207

'H NMR (400 MHz, CDCl3): LC Rz = 6.9 min;
0796 (d, 1H), 7.90 (d, 2H), MS: [M + H]* =
7.47 (d, 2H), 7.18 (d, 1H), 402 m/z
6.85 (s, 1H), 3.85-3.82 (m,
4H), 2.89 (t, 2H), 2.64 (brs,
4H), 2.59 (s, 3H), 1.69-1.37
(brm, 6H, partially occluded
by solvent)

NC
Q
0
N? OH
IH NMR (400 MHz, DMSO-  LC Ry = 8.9 min;
dg): 6 8.20-8.17 (m, 4H),
N

MS: [M + H]" =
7.89-7.86 (m, 3H), 7.76 (d, 426 m/z
1H), 4.20 (s, 2H), 2.63 (brs,
4H), 2.62 (s, 3H), 1.47 (brs,

4H), 1.38 (brs, 2H)
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209 'H NMR (400 MHz, DMSO- LC Ry = 8.7 min;
dg): 58.88 (s, 1H), 8.19 (d,  MS: [M + H]* =
2H), 8.04 (s, 1H), 7.96 (d, 426 m/z
1H), 7.87 (d, 2H), 7.82 (d,
1H), 4.21 (s, 2H), 2.65 (s,
3H), 2.62 (brs, 4H), 1.52
(brs, 4H), 1.41 (brs, 2H)
210 'H NMR (400 MHz, DMSO- LC Ry = 7.2 min;
dg): 8 8.14 (d, 2H), 7.75 (d,  MS: [M + H]* =
2H), 7.25 (s, 2H), 6.78 (s, 444 m/z
1H), 4.18 (brs, 2H), 2.85 (t,
2H), 2.61-2.51 (m, 10H),
2.30 (t, 2H), 1.51 (brs, 4H),
1.41 (brs, 2H)
NH,
296

'H NMR (400 MHz, DMSO): LC Rz = 10.0 min;
6 8.45 (d, 1H), 7.92 (d, 2H), MS: [M + H]*
7.44 (d, 2H), 7.15 (d, 1H), 518 m/z

5.53 (s, 1H), 4.30 (s, 2H),

4.26 (t, 1H), 3.39-3.33 (m,

8H), 3.02 (t, 2H), 2.72-2.64

(overlapped s and m, 7H),

2.46 (t, 2H), 1.71-1.65 (m,

4H), 1.48-1.47 (m, 2H)

OCH;

OCH;
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297 4 I NMR (400 MHz, CDCl;) LC Ry = 10.7 min;
5 8.61 (d, 11), 7.93 (d, 2H), MS [M + HJ*
7.46 (d, 2H), 7.44 (d, 110), 437 m/z
N 426 (s, 2H), 2.72-2.70 (m,
4T0), 2.64 (s, 3H), 1.69-1.67
(m, 4H), 1.49-1.48 (m, 2H)
298 I NMR (400 MHz, CDCly): LC Ry = 7.5 min;
5843 (d, 11), 7.89 (d, 2H), MS: [M + H]* =
7.47 (d, 2H), 7.37 (d, 110), 468 m/z
N 432 (s, 2H), 3.67 (s, 2H),
3.51-3.48 (m, 2H), 3.47-3.41
(m, 2H), 2.67-2.64 (m, 7H),
1.97-1.93 (m, 2H), 1.98-1.85
(m, 2H), 1.69 (m, 4H),
1.48 (m, 2H), 1.25-1.21 (,
3H)
299

'H NMR (400 MHz, CDCl):
8 8.45 (d, 1H), 7.91 (d, 2H),
7.46 (d, 2H), 7.16 (d, 1H),
5.51 (brs, 1H), 4.30 (s, 2H),
3.28-3.23 (m, 4H), 3.02 (t,
2H), 2.66-2.64 (overlapped
m and s, 7H), 2.45 (t, 2H),

1.71-1.66 (m, 6H), 1.49-1.47

(m, 2H)

LC Ry = 7.6 min;
MS: M + H]" =
513 m/z
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No. Number

'H NMR LC-MS

300 2

301

302 2

CF3

'H NMR (400 MHz, CDCl3): LC Ry = 10.2 min;
0 8.85 (s, 1H), 796 (d, T = MS: M + H]" =
8.5 Hz, 2H), 7.50-7.48 427 m/z
(overlapped d and s, 3H),
4.34 (s, 2H), 2.83-2.75 (m,
4H), 2.69 (s, 3H), 1.79-1.64
(m, 4H), 1.54 (m obscured
by solvent signal, 2H)

'H NMR (400 MHz, CDCl;):  LC Ry = 8.4 min;
0 8.68 (s, 1H), 7.95-7.93 (d, MS: (M + H) =
2H), 7.49-7.45 (overlapped 409 m/z
d and s, 3H), 6.78 (t, 1H),

4.45 (s, 2H), 2.85 (m, 4H),
2.69 (s, 3H), 1.78 (m, 4H),
1.53 (m, 2H)

'H NMR (400 MHz, CDCl3): LC Ry = 5.8 min;
0 8.92 (s, 1H), 8.18 (d, 2H), MS: [M + H]" =
7.86-7.84 (overlapped d and 443 m/z

s, 3H), 4.61 (brs obscured

by occluded solvent signal,
1H, D20 exchangable), 4.28

(m, 2H), 3.49-3.41

(overlapped m, 2H), 2.94

(m, 2H), 2.62 (s, 3H), 2.35
(m, 2H), 1.75 (m, 2H), 1.46

(m, 2H)
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303 'H NMR (400 MHz, CDCl3): LCRy= 8.1 min;
5842 (d, 11), 7.58 (d, 2H), MS: [M + H]* =
7.25 (d, 2H), 7.15 (d, 110), 517 m/z
N 430 (s, 2H), 3.36-3.37 (m,
2H), 3.26 (q, 2H), 2.96 (t,
2M), 2.74 (s, 3H), 2.66 (brs,
4T0), 2.63 (s, 3H), 1.70-1.67
(m, 4H), 1.49 (m, 2H), 1.18
(t, 3H)
N/\
@ SO,CH;
NC
304 'H NMR (400 MHz, CDCl3): LCRy= 8.1 min;
5846 (d, 11), 7.92 (d, 2H), MS: [M + H]* =
7.46 (d, 2H), 7.15 (d, 110), 499 m/z
N

5.63 (brs, 1H), 4.32 (s, 2H),
3.35 (s, 4H), 3.03 (t, 2H),
2.74-2.66 (m, 4H), 2.64 (s,

2H), 2.48 (t, 2H), 1.70-1.66

(m, 4H), 1.49-1.48 (m, 2H)

305

'H NMR (400 MHz, CDCl3): LC Ry = 8.8 min;
0 8.73 (d, 1H), 7.94 (d, 2H), MS: [M + H]" =
7.66 (d, 1H), 7.48 (d, 2H), 456 m/z
7.36 (d, 1H), 6.34 (d, 1H),
5.53 (t, 1H), 4.31 (s, 2H),
3.43-3.38 (m, 2H),
2.67 (overlapped m and
s, 7H), 1.69 (m, 4H), 1.48
(m, 2H), 1.19 (t, 3H)

N

NC
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306 4 'H NMR (400 MHz, DMSO- LC Rz =10.7 min;
dg): & 8.65 (d, 1H), 8.15 (d, MS: [M + H,
2H), 7.82 (d, 2H), 7.77 (d, BB =
1H), 4.72-4.67 (d, 1H), 3.92- 437/439 m/z
3.87 (d, 1H) geminal
coupling, 3.28 (obscured by
solvent signal, 1H), 2.63-
2.56 (m, 1H), 2.56 (s, 3H),
2.28-2.26 (m, 1H), 1.94-1.87
(m, 1H), 1.72-1.64 (m, 2H),
1.33-1.27 (m, 1H), 1.07 (d,
3H)
NC
307 4 'H NMR (400 MHz, DMSO- LC RT = 10.7 min;
. dg): 6 8.65 (d, 1H), 8.15 (d, MS: [M + H,
n 2H), 7.82 (d, 2H), 7.77 (d, PBIgAt =
1H), 4.69 (d, 1H), 3.88 (d, 437/439 m/z
1H) geminal coupling, 3.33-
3.25 (m, 1H), 2.62-2.56 (m,
1H), 2.56 (s, 3H), 2.28-2.26
(m, 1H), 1.92-1.86 (m, 1H),
1.72-1.63 (m, 2H), 1.35-1.30
(m, 1H), 1.06 (d, 31)
308 4

'H NMR (400 MHz, DMSO-
dg): 8 8.64 (d, 1H), 8.15 (d,
2H), 7.82 (d, 2H), 7.77 (d,
1H), 4.39, 4.27 (q, 2H),
2.91-2.87 (m, 1H), 2.73-2.66
(m, 1H), 2.59-2.55 (m, 1H),
2.55 (s, 3H), 1.65-1.62 (m,
2H), 1.59-1.42 (m, 2H),
1.33-1.15 (overlapped m,
2H), 1.01 (d, 3H)

LC Ry = 11.0 min;
MS: [M + H,
98I+ =
451/453 m/z
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309 4 'H NMR (400 MHz, DMSO- LC R, = 11.0 min;
dg): 8 8.64 (d, 1H), 8.15 (d, MS: [M + H,
2H), 7.81 (d, 2H), 7.77 (d, BB =

N 1H), 4.39, 4.27 (q, 2H), 451/453 m/z

2.91-2.88 (m, 1H), 2.73-2.69
(m, 1H), 2.60-2.59 (m, 1H),
2.59-2.55 (m, 1H), 2.55 (s,
3H), 1.66-1.62 (m, 2H),
1.59-1.42 (m, 2H), 1.33-1.17
(m, 2H), 1.01 (d, 31)

NC
310 4 'H NMR (400 MHz, CDCly): LC Ry = 10.8 min;
8 8.64 (d, 1H), 8.15 (d, 2H), MS: [M + H,
7.82 (d, 2H), 7.77 (d, 1H), BB =
4.21 (s, 2H), 2.87-2.83 (m, 451/453 m/z
2H), 2.55 (s, 3H), 1.74-1.67
(m, 2H), 1.63-1.55 (m, 2H),
1.03 (s, 6H)
? Br
NC
311 4 H;CO 'H NMR (400 MHz, DMSO- LC Ry = 11.1 min;
dg): 8 8.64 (d, 1H), 8.15 (d, MS: [M + H,
2H), 7.82 (d, 2H), 7.77 (d, BB =
1H), 4.16 (s, 2H), 3.23 (s, 467/469 m/z
3H), 3.19-3.17 (m, 1H),
N 2.88-2.85 (m, 2H), 2.56 (s,

3H), 2.33 (bs, 2H), 1.85-
1.82 (m, 2H), 1.45-1.42 (m,
2H)
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No. Number

312 4

314 4

315 4

N

5
e

o

O

N

0

NC

)

'H NMR (400 MHz, DMSO-
dg): & 8.64 (d, 1H), 8.15 (d,
2H), 7.82 (d, 2H), 7.77 (d,

1H), 441 (t, 1H), 4.16 (s,
2H), 3.24 (t, 2H), 2.99 (m,
2H), 2.57 (s, 3H), 2.15-2.09

(m, 2H), 1.64-1.62 (m, 2H),
1.40-1.33 (m, 1H), 1.18-1.15

(m, 2H)

{f NMR (400 MHz, DMSO-
dg): 6 8.65 (d, 1H), 8.15 (d,
2H), 7.82 (d, 2H), 7.77 (d,
1H), 5.72-5.65 (m, 2H), 4.24
(s, 20), 3.13 (s, 2H), 2.74-

2.71 (t, 2H), 2.57 (s, 3H),
2.09 (s, 2H)

{f NMR (400 MHz, DMSO-
dg):  8.65 (d, 1H), 8.15 (d,
2H), 7.82 (d, 2H), 7.77 (d,

1H), 5.82 (s, 2H), 448 (s,
2H), 3.65 (s, 4H), 2.57 (s,
3H)

LC Ry = 7.8 min;
MS: [M + H,
T9/8IB " =

467/469 m/z

LC Ry = 7.4 min;
MS: [M + H,
79/81B " =
435/437 m/z

LC R;= 7.9 min;
MS: [M + H,
T9/8IB " =

421/423 m/z
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318 4 If NMR (400 MHz, CDCL): LC Ry = 10.9 min;
8 8.62 (d, 1H), 7.92 (d, 2H), MS: [M + H,
7.51-7.43 (overlapped d and 8Igt =
s, 2H), 4.32 (s, 2H), 2.67- 465/467 m/z
2.65 (m, 2H), 2.63 (s, 3H),
1.65-1.55 (m, 6H), 1.14 (s,
6H)
NC
319 'H NMR (400 MHz, DMSO- LC Ry = 6.6 min;
dg): 8 8.61 (d, 1H), 8.14 (d,  MS: [M + H]*=
2H), 7.82 (d, 2H), 7.57 (d, 484 m/z
1H), 4.91 (s, 2H), 4.15 (s,
2H), 2.85-2.83 (overlapped
s, 6H), 2.58 (s, 3H), 2.55-
2.44 (m, 4H), 1.54-1.49 (m,
4H), 1.42-1.37 (m, 2H)
320 4

Br

'H NMR (400 MHz, DMSO-

dg): 8 8.64 (d, 1H), 8.15 (d,

2H), 7.82 (d, 2H), 7.77 (d,

1H), 4.12 (s, 2H), 2.56-2.55

(m, 2H) reduced split signal
for CH;

LC Ry = 8.0 min;

MS: [M + H,
9/81R )+ =

447/449 m/z
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'H NMR LC-MS

321 HO

324 4

325 4

'H NMR (400 MHz, DMSO-
dg): 8 8.96 (d, 1H), 8.16 (d,
2H), 8.07 (d, 1H), 7.89 (d,
1H), 7.81 (d, 2H), 7.61 (d,
1H), 4.53 (d, 1H), 4.18 (s,

2H), 3.46-3.41 (m, 1H),
2.88-2.85 (m, 2H), 2.57 (s,
3H), 2.29-2.23 (m, 2H),
1.70-1.68 (m, 2H), 1.44-1.35
(m, 2H)

LC Ry = 6.1 min;
MS: M + H]" =
537 m/z

{f NMR (400 MHz, DMSO-
dg):  8.65 (d, 1H), 8.16 (d,
2H), 7.82 (d, 2H), 7.79 (d,

1H), 4.36 (s, 2H), 3.15 (t,
2H), 2.95 (t, 2H), 2.58 (s,
3H), 2.32-2.21 (m, 2H)

LC Ry = 9.0 min;
MS: [M + H,
98I+ =

459/461 m/z

1 NMR (400 MHz, CDCLy): LC Ry = 6.6 min;

6 8.60 (d, 1H), 7.93 (dd, MS: [M + H,
2H), 7.47-7.44 (overlapped BB =
d and s, 3H), 4.36 (s, 2H), 409/411 m/z

3.50 (t, 4H), 2.63 (s, 3H),
2.21 (quin, 2H)
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326 3 'H NMR (400 MHz, CDCl3): LC Ry = 5.1 min;
88.34 (d, 1H), 7.94 (d, 2H), MS: [M - H]* =
7.48 (d, 2H), 6.77 (d, 1H), 389 m/z
4.62 (s, 2H), 3.81 (s, 3H),
3.08 (m, 4H), 2.63 (s, 3H),
1.92 (m, 6H)
NC
327 4 0, 'H NMR (400 MHz, DMSO- LC R, = 6.6 min;
S dg): 8 8.65 (d, 1H), 8.16 (d, MS: [M + H,
2H), 7.81 (d, 2H), 7.79 (d, 8Ig =
1H), 4.43 (s, 2H), 3.20-3.19 487/489 m/z
(m, 4H), 3.12-3.11 (m, 4H),
2.58 (s, 3H)
328 4

'H NMR (400 MHz, DMSO-
dg): & 8.64 (d, 1H), 8.15 (d,
2H), 7.82 (d, 2H), 7.77 (d,
1H), 4.67 (d, 1H), 4.64 (d,
1H), 4.17 (q, 2H), 3.25-3.22
(m, 1H), 3.15-3.10 (m, 1H),
3.02-2.98 (m, 1H), 2.87-2.84
(m, 1H), 2.57 (s, 3H), 2.20-
2.19 (m, 1H), 2.10 (¢, 1H),
1.72-1.70 (m, 1H), 1.45-1.38
(m, 1H)

LC Ry = 5.8 min;
MS: [M + H,
98I+ =
469/471 m/z
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329 4 0 'H NMR (400 MHz, CDCl;):  LC R, = 6.8 min;
8 8.61 (d, 1H), 7.93 (d, 2H), MS: [M + H,
7.47 (d, 2H), 7.45 (d, 1H), 8Ig =
4.29 (s, 2H), 3.83-3.81 (m, 439/441 m/z
4H), 2.75-2.73 (m, 4H), 2.64

(s, 3H)
NC

330 4 CH; 'H NMR (400 MHz, CDCl3):  LC Ry = 5.8 min;
8 8.61 (d, 1H), 7.93 (d, 2H), MS: [M + H,
7.46 (d, 2H), 7.44 (d, 1H), 8Igt =
4.29 (s, 2H), 2.77 (br s, 4H), 452/454 m/z
2.64 (s, 3H), 2.55 (br s, 4H),

N 231 (s, 3H)
NC
331 4 S 'H NMR (400 MHz, CDCl3): LC Ry = 8.1 min;

NC

8 8.61 (d, 1H), 7.93 (d, 2H),
7.47 (d, 2H), 7.45 (d, 1H),
431 (s, 2H), 2.99-2.97 (m,

4H), 2.79-2.76 (m, 4H), 2.64

(s, 3H)

MS: [M + H,
79/81Br]+ -

455/457 m/z
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332 4 'H NMR (400 MHz, DMSO- LC Ry = 5.8 min;
dg) 8 8.65 (d, 1), 8.15 (d, MS: [M + H,
2H), 7.82 (d, 2H), 7.77 (d, 8Ig =
1H), 432 (d, 1H), 4.23 (d, 469/471 m/z
1H), 4.17 (d, 2H), 3.65 (s,
1H), 3.52 (br s, 1H), 2.67-
2.63 (m, 1H), 2.57 (s, 3H),
2.56 (s, obscured by solvent
signal, 1H) 1.68-1.63 (m,
1H), 1.58-1.53 (m, 1H)
335 2

336 2

'H NMR (400 MHz, DMSO-

'H NMR (400 MHz, CDCls):
8 8.58 (d, 1H), 7.91 (d, 2H),
7.47 (d, 2H), 7.31 (d, 1H),
7.13-7.12 (m, 1H), 4.39 (s,

2H), 3.76 (m, 1H), 3.07-3.04
(m, 2H), 2.67 (s, 3H), 2.50-
2.42 (m, 2H), 1.99-1.96 (m,

2H), 1.78-1.72 (m, 2H), 1.39

(brs, 1H)

LC Ry = 6.4 min;
MS: M + H]" =
375 m/z

LC Ry= 1.7 mim;
MS: [M + H]*
387 m/z

dg): 8 8.56 (d, 1H), 8.17 (d,
2H), 7.79 (d, 2H), 7.31-7.15
(m, 3H), 4.24 (brs, 2H),
3.34-3.21 (m, 1H, occluded
by solvent peak), 2.53 (brs,
4H), 1.54 (brs, 4H), 1.42
(brs, 2H), 1.28 (d, 6H)
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337 1 HO 'H NMR (400 MHz, CDCl3): LC Ry = 6.4 min;
87.99 (d, 1H), 7.90 (d, 1H), MS: [M + H]*
7.48 (d, 2H), 7.33-7.29 (m, 374 m/z
1H), 7.22-7.17 (m, 1H), 7.00
(d, 1H), 3.90 (s, 2H), 3.81-
3.77 (m, 1H), 3.04-3.01 (m,
N 2H), 2.60 (s, 3H), 2.54-2.50
(m, 2H), 2.09 (s, 1H), 1.99-
1.97 (br, 2H), 1.76-1.68 (m,
Y 2H)
; N
NC
338 4 'H NMR (400 MHz, CDCly): LC Ry = 10.7 min;
8 8.60 (d, 1H), 7.93 (d, 2H), MS: [M + H,
7.47 (d, 2H), 7.44 (d, 1H), 8Igt =
4.29 (s, 2H), 3.09-3.07 (m, 465/467 m/z
2H), 2.64 (s, 3H), 2.03-2.00
N (m, 2H), 1.78-1.72 (m, 3H),
0.86 (d, 6H), 0.61-0.55 (m,
1H)
339 5 HO 'H NMR (400 MHz, CDCl3): LC Ry = 5.9 min;
88.29 (d, 1H), 7.93 (d, 2H), MS: [M + H]* =
7.47 (4, 2H), 6.75 (d, 1H), 405 m/z

4.79 (s, 2H), 4.1
(overlapped signals, 2H),
3.78 (s, 3H), 3.71-3.70 (m,
1H), 3.59-3.57 (m, 1H), 3.50
(br, 2H), 2.62 (s, 3H), 1.99-
1.84 (br, 4H)
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340 5 HO {f NMR (400 MHz, CDCL): LC Ry = 6.4 min;
88.32 (d, 1H), 7.93 (d, 2H), MS: [M - HJ* =
7.48 (d, 2H), 6.77 (d, 1), 419 m/z
4.59 (m, 2H), 4.00 (g, 2H),
3.34 (m, 4H), 3.10 (m, 1H),
2.63 (s, 3H), 1.87 (m, 2H),
N 1.57 (m obscured by solvent
obscured by adjacent t, 1H),
141 @, 31)
NC
341 5 0

342

NC
H

N

O

Cl

'H NMR (400 MHz, CDCls):
8 8.38 (s, 1H), 7.90 (d, 2H),
7.45 (d, 2H), 6.86 (s, 1H),
4.33 (s, 2H), 4.10 (brt, 2H),
3.75-3.71 (brm, 3H), 3.43 (s,
3H), 3.07-3.02 (brm, 2H),
2.62 (s, 3H), 2.46 (t, 2H),
1.99-1.92 (brm, 2H), 1.73 (q,
2H)

'H NMR (400 MHz, CDCls):
6 8.44 (d, 1H), 7.73-7.71 (m,
2H), 7.58-7.56 (m, 2H), 7.37
(d, 1H), 7.04 (t, 1H), 4.54 (d,
1H), 4.18 (s, 2H), 3.46-3.43
(m, 1H), 3.19-3.14 (m, 2H),
2.89-2.93 (m, 4H), 2.81 (s,
3H), 2.55 (s obscured by
solvent signal, 3H), 2.29-
2.24 (m, 2H), 1.71-1.70 (m,
2H), 1.46-1.38 (m, 2H)

LC Ry = 6.8 min;
MS: M + H]" =
448 m/z

LC Ry = 7.2 mim;
MS: [M + H,
3T =

505/507 m/z
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343 4 0 'H NMR (300 MHz, DMSO-  LC Ry = 2.2 min;
dg): 8 8.63 (s, 1H), 8.15 (d, MS: [M + H,
J=84Hz 2H),7.80 (d, ] = 7981y =
8.1 Hz, 2H), 7.76 (s, 1H), 451/453 m/z
4.63 (s, 4H), 4.23 (s, 2H),
3.48 (s, 4H), 2.56 (s, 3H)
NC
344 4 H 'H NMR (300 MHz, DMSO-  LC Ry = 2.4 min;
N dg): 8 8.65 (s, 1H), 8.16 (d, MS: [M + H,
0 T = 8.4 Hz, 2H), 7.82 (d, 2H), 7981 =
7.78 (s, 1H), 7.74 (s, 1H), 452/454 m/z
N 4.28 (s, 2H), 3.20 (brs, 4H),
2.83 (t, 2H), 2.58 (s, 3H)
NC
345 4 'H NMR (300 MHz, DMSO-  LC Ry = 2.3 min;
dg): 8 8.65 (s, 1H), 8.15 (d, MS: [M + H,
2H), 7.82 (d, 2H), 7.77 (s, 7981y =
1H), 4.46 (s, 2H), 3.82 (t, 439/441 m/z

NC

2H), 2.90 (s, 2H), 2.57 (s,
3H), 1.76-1.71 (m, 2H),
1.53-1.48 (m, 2H)
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346 O
N

o

347 5 HO
C

N

N

348 4

T,

Z

'H NMR (400 MHz, DMSO- L.C Ry = 5.0 min;
dg): 8843 (d, 1H), 7.72 d, MS: M + H]" =
2H), 7.56 (d, 2H), 7.32 (d, 465 m/z

1H), 4.17 (s, 2H), 2.80 (t,
2H), 2.60-2.50 (m, 9H), 2.43
(brs, 4H), 1.64 (brs, 4H),
1.54-1.49 (brm, 4H), 1.42-
1.37 (brm, 2H)

1 NMR (400 MHz, CDCLy): LC Ry = 10.9 min;
88.33 (d, 1H), 7.91 (d, 2H), MS: [M + HJ* =
7.46 (d, 2H), 6.77 (d, 1), 433 m/z

4.42 (s, 2H), 3.89 (¢, 2H),

3.81 (s, 1H), 3.12 (s, 1H),

2.61 (s, 5H), 2.03 (br, 2H),

1.84-1.75 (m, 4H), 1.02 (t,

3H), 0.88 (m, 2H)

'H NMR (400 MHz, CDCls):
6 8.60 (d, 1H), 7.92 (d, 2H),
7.92 (d, 2H), 7.44 (d, 1H),
4.19 (s, 2H), 2.63 (s, 3H),
2.59 (br s, 1H), 2.36-2.31
(m, 2H), 1.99-1.96 (m, 2H),
1.41 (obscured by solvent
signal, 1H), 1.30-1.24 (m,
2H), 0.99 (d, 6H)

LC Ry = 8.1 mim;
MS: [M + H,
79/81B] =
465/467 m/z
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349 4 & 'H NMR (400 MHz, CDCl3): LC Ry = 8.1 min;
s 6 8.60 (d, 1H), 7.93 (d, 2H), MS: [M + H,
7.93 (d, 2H), 7.44 (d, 1H), 7981y =
4.22 (s, 2H), 2.63 (s, 4H), 465/467 m/z
2.39 (br s, 2H), 1.99-1.97
(m, 2H), 1.55 (obscured by
solvent signal, 1H), 1.31-
1.24 (m, 2H), 0.99 (d, 6H)
NC
350 'H NMR (400 MHz, CDCl3): LC Ry = 5.7 min;
0 8.50 (s, 1H), 7.92 (d, 2H), MS: M + H]" =
7.46 (d, 2H), 7.12 (s, 1H), 473 m/z
N 4.33 (s, 2H), 4.08-3.99 (m,
2H), 3.36 (dt, 1H), 2.72-2.56
(m, 10H), 1.70 (brs, 2H),
1.49 (brs, 2H), 1.30 (d, 3H),
1.15 (t, 3H)

'H NMR (400 MHz, CDCl;):  LC Ry = 5.7 min;
8 8.50 (s, 1H), 7.92 (d, 2H), MS: M + H]* =
473 m/z

351
7.46 d, 2H), 7.12 (s, 1H),
433 (s, 2H), 4.05-4.02 (m,
N 2H), 3.40-3.33 (brm, 1H),
2.68 (brs, 4H), 2.64 (s, 3H),
2.58 (d, 2H), 1.70 (brs, 4H),

1.49 (bs, 2H), 1.30 (d, 3H),
1.15 ¢, 31)
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352 4 \ 'H NMR (400 MHz, DMSO- LC Ry = 6.9 min;
de): & 8.64 (d, 1H), 8.15 (d, MS: [M + H,
N— 2H), 7.82 (d, 2H), 7.77 (d, 7981y =
1H), 4.17 (brs, 2H), 2.99 494/496 m/z
(brd, 2H), 2.57 (s, 3H), 2.14
(brs, 10 H), 1.65 (brd, J =
12.5 Hz, 2H), 1.45 (brs, 1H),
1..18-1.11 (brm, 2H)
NC
353 4 HO 'H NMR (400 MHz, CDCl3): LC Ry = 6.3 min;

NC

6 8.60 (d, 1H), 7.93 (d, 2H),
7.46 (d, 2H), 7.45 (d, 1H),
4.37 (s, 2H), 3.80 (brs, 1H),
3.08 (brs, 2H), 2.65 (s, 3H),
2.57 (brs, 2H), 2.06 (brs,
2H), 1.79-1.72 (m, 2H)

MS: [M + H,
79/81Br] -

453/455 m/z
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'H NMR

LC-MS
'H NMR (400 MHz, CDCl):

355

'H NMR (400

'H NMR (400 MHz, CDCl):

8 8.61 (s, 1H), 7.93 (d, 2H),
7.48-7.46 (m, 3H), 4.35 (d,
1H), 4.23 (d, 1H), 3.84 (s,
1H), 3.61-3.57 (m, 1H),
3.11-3.07 (m, 1H), 2.93-
2.89 (m, 1H), 2.66-2.62 (m,
4H), 2.49 (dt, 1H), 1.84-1.76
(brm, 3H), 1.24 (s, 2H)

8 8.63 (d, 1H), 7.96 (d, 2H),

4.31 (s, 2H), 3.21 (brd, 2H),
2.67 (s, 3H), 2.63 (d, 21),
2.26 (t, 2H), 1.78 (brs, 1),

1

8 8.61 (s, 1H), 7.93 (d, 2I0),
7.48-7.46 (m, 3H), 4.35 (d,
1H), 4.23 (d, 1H), 3.84 (s,
1H), 3.58 (s, 1H), 3.08, (brd,

1H), 2.90 (brs, 1H), 2.64
(brs, 4H), 2.52-2.45 (brm,
1H), 1.84-1.76 (brm, 3H),

1.24 (s, 2H)

LC Ry = 6.3 min;
7.49 (d, 2H), 7.47 (d, 1H),

MS: [M + H,
79813, =
466/468 m/z
.75 (brs, 1H), 1.50-1.38
(brm, 3H)

MHz, CDCly)

LC R, = 8.0 min;
MS: [M + H,
79813, =

469/471 m/z

: LC Ry= 8.0 min
MS: M + H]" =
469/471 m/z
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357 HO 'H NMR (400 MHz, DMSO- LC Ry = 6.7 min;
dg): 8 8.46 (s, 1H), 7.72 (d, MS: [M + H,
2H), 7.57 (d, 2H), 7.41 (s, 337t =
1H), 6.83 (s, 2H), 4.55 (d, 491/493 m/z
1H), 4.18 (s, 2H), 3.47-3.24
(m, 4H, occluded by solvent
N peak); 3.10-3.06 (m, 2H),
2.90-2.86 (m, 2H), 2.55 (s,
3H), 2.26 (t, 2H), 1.73-1.69
(m, 2H), 1.45-1.36 (m, 2H)
N S _NH
% 0O,
Cl
359 4 'H NMR (300 MHz, MeOH-  LC Ry = 1.8 min;
dy): 8 8.61 (s, 1H), 8.03 (d,  MS: [M + H]* =
2H), 7.71 (s, 1H), 7.65 (d, 451 m/z
2H), 5.13 (s, 2H), 4.43 (d,
2H), 4.18 (d, 2H), 2.65 (s,
N o 3H), 2.40 (t, 2H), 2.27 (t,
)j\ 2H), 1.91-1.83 (m, 2H)
0 HO CFs
N Br
NC
360 'H NMR (400 MHz, DMSO- LC Ry = 7.7 min;
de): 8 8.49 (s, 1H), 817 (d,  MS: [M + H]* =
2H), 7.80 (d, 2H), 7.36 (s, 442 m/z
N 1H), 4.18 (s, 2H), 3.64 (s,

2H), 2.58-2.49 (m, 7H), 2.39
(brs, 4H), 1.65 (brs, 4H),
1.55-1.48 (m, 4H), 1.42-1.38
(brm, 2H)

0

NC
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361

'H NMR (300 MHz, DMSO-
dg): 0 8.42 (s, 1H), 8.16 (d,
2H), 7.76 (apparent d, 2H),
7.75 (brs, 1H), 7.30 (s, 1H),
4.54 (d, 1H), 4.19 (s, 2H),
3.45 (brs, 1H), 3.01 (dd,
2H), 2.89 (t, 4H), 2.74 (t,
1H), 2.56 (s, 3H), 2.38 (t,
2H), 2.29 (brs, 2H), 2.01 (dt,
2H), 1.75-1.69 (m, 2H),
1.49-1.33 (m, 2H)

LC Ry = 1.8 mim;
MS: M + H]" =
512 m/z

362

{f NMR (300 MHz, DMSO-
dg): 8 8.42 (s, 1H), 8.16 (d,
2H), 7.85 (¢, 1H), 7.77 (d,
2H), 7.31 (5, 1H), 4.55 (brs,
1H), 4.21 (brs, 2H), 346
(brs, 2H), 3.03 (dd, 2H),
2.90 (t, 4H), 2.57 (s, 3H),
2.37 (t, 2H), 2.31 (t, 2H),
1.75-1.70 (brm, 2H), 1.55 (q,
2H), 1.47-1.36 (m, 2H)

LC Ry = 2.7 min;
MS: M + H]" =
513 m/z

363 5

'H NMR (400 MHz, DMSO-

LC Ry =20.3 min;
dg): 0 8.30 (s, 1H), 7.71 (d,

MS: [M + H,
2H), 7.57 (d, 2H), 7.01 (s, 37O =
1H), 4.16 (s, 2H), 4.10 (brs, 472/474 m/z

2H), 3.63 (brs, 2H), 3.28 (s,
3H), 3.23 (s, 3H), 3.17 (brs,
1H), 2.89-2.84 (m, 2H), 2.51
(s, 3H, occluded by solvent

peak), 2.31 (t, 2H), 1.87-
1.81 (m, 2H), 1.45-1.41 (m,
2H)
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364 5 'H NMR (400 MHz, DMSO- LC Rz = 10.8 min;
dg): 8 8.31 (s, 1H), 7.71 (d, MS: [M + H,
2H), 7.57 (d, 2H), 7.00 (s, 337t =
1H), 4.14 (s, 2H), 4.12-4.08 442/444 m/z
(m, 2H), 3.64-3.61 (m, 2H),
3.31 (s, 2H, occluded by
solvent), 3.28 (s, 3H), 2.54
(brs, 2H), 2.50 (s, 3H,
occluded by solvent), 1.53-
149 (m, 4H), 1.40 (brs, 2H)
Cl
365 4

366 4

NC

'H NMR (400 MHz, CDCls):
8 8.58 (s, 1H), 7.59-7.56 (m,

2H), 7.41 (d, 1H), 7.23 (m,
2H), 4.27 (s, 2H), 4.12 (q,
2H), 3.13 (d, 2H), 2.62 (s,
3H), 2.29-2.23 (m, 4H),
1.85, brs, 1H), 1.74 (brs,
1H), 1.71 (brs, 1H), 1.54-
1.45 (m, 2H), 1.24 (t, 3H),

LC Ry =10.4 min;

MS: [M + H,
79/81Br] -
523/525 m/z

'H NMR (400 MHz, CDCl,):
8 8.57 (s, 1H), 7.59-7.56 (m,
2H), 7.41 (d, 1H), 7.26-7.23
(m, 2H, occluded by

solvent), 4.27 (s, 2H), 4.11
(g, 2H), 3.07 (brd, 2H), 2.61
(s, 3H), 2.27-2.15 (m, 4H),

2.07-2.03 (m, 1H), 1.82-1.59
(m, 3H), 1.24 (t, 3H), 1.03

(brs, 1H)

LC Ry =12.6 min;
MS: [M + H,
79/81Ry] =
523/525 m/z
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367 4
368 4

HN

)

NC

'H NMR (400 MHz, CDCl):

8 8.57 (s, 1H), 7.60-7.56 (m,
2H), 7.42 (d, 1H), 7.26-7.22

(m, 2H), occluded by

solvent), 4.29 (s, 2H), 3.12

(brs, 2H), 2.85-2.76 (m, 1H),
2.62 (s, 3H), 2.33 (t, 2H),

1.92 (brd, 2H), 1.70-1.59 (m,

2H)

'H NMR (400 MHz, CDCls):

0 8.58 (s, 1H), 7.59-7.54 (m,
2H), 7.41 (d, 1H), 7.26-7.21

(m, 2H, occluded by

solvent), 4.28 (s, 2H), 4.18

(q, J=7.2 Hz, 2H), 3.39 (s,
2H), 3.17 (brd, 2H), 2.23
(brt, 2H), 1.76 (brd, 2H),
1.49-1.42 (m, 3H), 1.27 (t,

3H)

LC Ry = 8.6 min;
MS: [M + H,
79/81Ry] =
452/454 m/z

LC Ry = 8.0 min;
MS: [M + H,
79/81Ry] =

552/554 m/z
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369 5 NH, 'H NMR (400 MHz, DMSO- LC Ry = 7.1 min;
dg): 8 8.32 (d, 1H), 8.15 (d, MS: M + H]" =
2H), 7.79 (d, 2H), 7.71 (brs, 418 m/z
1H), 7.04 (d, 1H), 4.18 (s,
2H), 3.77 (s, 3H), 3.39-3.33
(m, 1H), 3.03 (d, 2H), 2.70-
2.67 (m, 2H), 2.53 (s, 3H),
2.20-2.13 (m, 2H), 1.70 (brs,
1H), 1.67 (brs, 1H), 1.55
(brs, 1H), 1.28-1.10 (m, 2H)
NC
370 5 \ 'H NMR (400 MHz, DMSO- LC Ry = 11.4 min;
N dg): 0 8.33 (s, 1H), 8.15 (d, MS: M + H]" =
— 2H), 7.79 (d, 2H), 7.03 (s, 446 m/z

1H), 4.15 (s, 2H), 3.77 (s,
3H), 2.98 (brd, 2H), 2.53 (s,
3H), 2.14 (brt, 2H), 2.09 (s,
6H), 2.03 (d, 2H), 1.64 (brd,

2H), 1.41 (brs, 1H), 1.16-

1.06 (m, 2H)
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371 4 'H NMR (400 MHz, MeOH- LC R;= 7.0 min;
d,): 8 8.63 (s, 1H), 7.73-7.67 MS: [M + H,
(m, 3H), 7.49 (brs, 2H), 5.05 7981y =

(brs, 2H), 3.65 (brs, 2H), 504/506 m/z
3.21 (brs, 2H), 2.69 (s, 3H),
2.27 (s, 2H), 2.08-1.95 (m,
7H), 1.70-1.64 (m, 2H), 1.29
(brs, 1H)

372 2 'H NMR (400 MHz, DMSO- LC Rz= 1.9 min;

dg): 8 8.67 (d, 1H), 8.54 (d,  MS: [M + HJ* =
1H), 8.18 (d, 2H), 7.94 (d, 413 m/z
2H), 7.56 (dd, 1H), 2.90 (s,
3H), 2.07 (brs, 4H), 1.30
(brs, 6H)
373 4 'H NMR (400 MHz, CDCl3): LC Ry = 6.6 min;

8 8.61 (d, 1H), 7.93 (d, 2H), MS: [M + H,
7.47 (d, 2H), 7.45 (d, 1H), 7981y =
4.64 (brs, 1H), 4.43 (brs, 465/467 m/z
1H), 3.27 (brs, 1H), 2.62 (s,
3H), 1.78 (brs, 2H), 1.66
(brs, 2H), 1.57 (brs, 2H),

1.15 (brs, 6H)
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No. Number Structure 'H NMR LC-MS
374 4

382 O
N

'H NMR (400 MHz, CDCl3): LC Rz = 6.6 min;
8 8.61 (d, 1H), 7.93 (d, 2H), MS: [M + H,

7.46 (d, 2H), 7.45 (d, 1H), 7981y =
4.67-4.61 (m, 1H), 4.45-4.38 465/467 m/z
(m, 1H), 3.30 (brs, 2H), 2.62
(s, 3H), 1.78 (brs, 2H), 1.75-

1.40 (brm, 4H), 1.15 (brs,

6H)

{f NMR (400 MHz, DMSO- LC Ry = 7.6 min;
dg): 8 841 (d, 1H), 8.18 (d,  MS [M + HJ* =
2H), 8.13 (d, 2H), 7.80 (d, 456 m/z
2H), 7.36 (d, 1H), 4.17 (s,
2H), 2.57 (s, 8H), 1.52 (m,

4H), 1.41 (m, 2H), 0.59-0.55
(m, 2H), 0.35-0.33 (m, 2H)

' NMR at 100° C. (400 MHz, LC R, = 6.4 min;
CDCly): 843 (5, 1H), 8.12  MS [M + H]" =
(m, 2H), 7.74 (m, 2H), 7.34 458 m/z
(s, 1H), 4.43 (s, 2H), 3.78 (5,
1H), 3.36 (m, 2H), 2.93 (m,
7H), 2.60 (s, 3H), 1.74-1.60
(m, 4H), 1.51-1.47 (m, 2H),

1.13 ¢, 3H)
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No. Number Structure 'H NMR LC-MS

383 I NMR (400 MHz, CDCly): LC Ry = 10.3 min;
5845 (d, 1), 791 (d, 2H), MS [M + HJ* =
7.47 (d, 2H), 7.31 (d, 1), 444 m/z
5.41 (brs, 1H), 4.31 (s, 2H),
3.55 (s, 2H), 3.26-3.19 (m,

2H), 2.67-2.62 (m, 7H),
1.70-1.63 (m, 410), 1.48 (m,
2M), 1.07 (¢, 3H)
NC

384 I NMR (400 MHz, CDCly): LC Ry = 8.1 min;
5848 (d, 1), 791 (d, 2H), MS [M + HJ* =
7.48 (d, 2H), 7.27 (d, 1), 445 m/z
4.31 (s, 2H), 4.12 (q, 2H),
3.66 (s, 2), 2.65 (s, 7H),
1.71-1.61 (m, 41), 1.47 (brs,

2M), 1.24 (¢, 3H)
EtO
CN
385 2 'H NMR (400 MHz, DMSO- LC Rz = 6.3 min;

CN

dg): 8 8.58 (d, 1H), 8.16 (d, MS: [M + H,
2H), 7.82 (d, 2H), 7.68 (d, 337t =
1H). 4.17 (brs, 2H), 2.58- 393/395 m/z

2.50 (m, 7H), 1.54 (brs, 4H),
1.41 (brs, 2H)
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No. Number Structure 'H NMR LC-MS
386 4 H 'H NMR (400 MHz, DMSO- LC Ry = 6.3 min;
N, dg at 80° C.): 8 8.62 (s, 1H), MS: [M + H,
\/COzH 7.74-7.67 (m, 3H), 7.59 (d, 3337y,
2H), 4.15 (s, 2H), 3.01 (brs, 8Igt =
4H), 2.75-2.63 (m, 2H), 2.55 535/537 m/z
(s, 3H), 2.33-2.24 (m, 2H),
1.91 (s, 1H), 1.78 (brs, 1H),
1.70 (brd, 2H), 1.58 (brs,
1H), 1.27-1.19 (m, 2H)
Cl
387 2 'H NMR (400 MHz, CDCl;): LC Ry = 9.6 min;
8 8.42 (s, 1H), 7.56 (d, 2H), MS: [M + H,
7.22 (d, occluded by 37O =
solvent, 2H), 7.09 (s, 1H), 466/468 m/z
4.30 (s, 2H), 2.93 (t, 2H),
2.73-2.62 (m, 6H), 2.61 (s,
3H), 2.33 (t, 2H), 1.71-1.64
(m, 4H), 1.58-1.51 (m, 2H),
1.47 (brs, 2H), 0.85 (t, 3H),
Cl
388 2 OH 'H NMR (400 MHz, DMSO- LC Ry = 5.5 min;

dg): 68.53 (d, 1H), 7.72 (d,
2H), 7.58 (d, 2H), 7.45 (d,
1H), 7.20 (dd, 1H), 4.54 (d,
1H), 4.20 (s, 2H), 3.46 (brs,
1H), 2.91-2.86 (m, 2H), 2.56
(s, 3H), 2.28 (t, 2H), 1.72
(brd, 2H), 1.46-1.37 (m, 2H)

Cl

MS: [M +H,
35/37C1]+ -

384/386 m/z



C@i

dg): 8 8.08 (d, 1H), 7.83- MS: [M + H]*=
7.70 (m, 2H), 7.40 (brd, 1), 385 m/z
7.25 (t, 1H), 7.17 (t, 1H),
7.00 (d, 1H), 4.55 (d, 1),
3.65 (s, 2H), 3.45 (brs, 1H),
2.80 (brd, 2H), 2.55 (s, 3H),
2.22 (t, 2H), 1.71 (brs, 2H),
1.44-1.35 (m, 2H)
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TABLE 2-continued
General
Synthetic
Compound Route
No. Number Structure 'H NMR LC-MS
389 1 OH 'H NMR (400 MHz, DMSO- LC R = 10.2 min;
dg): 8 8.08 (d, 1H), 7.56- MS: [M + H]* =
7.46 (m, 4H), 7.23 (t, 1H), 367 m/z
7.16 (t, 1H), 6.93 (d, 1H),
3.65 (s, 2H), 3.45 (brs, 1H),
2.80 (brd, 2H), 2.53 (s, 3H),
o N 2.22 (t, 2H), 1.71 (brd, 2H),
j / 1.41-1.37 (m, 2H)
N
F
390 1 HO 'H NMR (400 MHz, CDCl3): LC Ry = 13.7 min;
CF;3 87.97 (d, 1H), 7.56 (d, 2H), MS: [M + H,
7.31-7.25 (m, 3H), 7.17 (, 337t =
1H), 7.00 (d, 1H), 3.91 (s, 451/453 m/z
2H), 3.03 (d, 2H), 2.61-2.54
(m, SH), 2.14 (dt, 2H), 1.82
o N (s, 1H), 1.74 (d, 2H)
i :N
Cl
391 1 OH '"H NMR (400 MHz, DMSO- LC Ry = 10.1 min;
N
F

.

F
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392 1 OH 'H NMR (400 MHz, DMSO-  LC Ry = 1.0 min;
dg): 6 8.62 (d, 1H), 8.1 (d, MS: [M + H,
1H), 8.09 (d, 1H), 7.83 (d, 337 =
1H), 7.25 (t, 1H), 7.17 (t, 384/386 m/z
1H), 7.03 (d, 1H), 4.54 (d,
1H), 3.66 (s, 2H), 3.49-3.41
o N (m, 1H), 2.80 (brd, 2H), 2.52
(s, 3H), 2.22 (t, 2H), 1.70
(brd, 2H), 1.45-1.35 (m, 2H)
N
N
—
Cl
393 1 OH 'H NMR (400 MHz, DMSO- LC R, = 1.5 min;
dg): 8 8.95 (s, 1H), 8.43-8.35 MS: [M + H]* =
(m, 2H), 8.09 (d, 1H), 7.28 375 m/z
(t, 1H), 7.21 (t, 1H), 7.07 (d,
1H), 4.54 (d, 2H), 3.67 (s,
2H), 3.50-3.39 (m, 1H),
o N 2.83-2.75 (m, 2H), 2.55 (s,
3H), 2.22 (dt, 2H), 1.76-1.68
(m, 2H), 1.49-1.31 (m, 2H)
N
N
—
CN
394 1 OH 'H NMR (400 MHz, DMSO- LC R, = 5.6 min;

dg): & 8.11 (dd, 1H), 7.18 (d, MS: [M + H,
2H), 7.54 (d, 2H), 7.10 (dt, 337 =
1H), 6.77 (dd, 1H), 4.56 (d, 401/403 m/z
1H), 3.62 (s, 3H), 3.46-3.42
(m, 1H), 2.79 (brd, 1H), 2.53

(s, 3H), 2.21 (dt, 2H), 1.70

(brd, 2H), 1.43-1.33 (m, 2H)
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No. Number Structure 'H NMR LC-MS
395 1 OH 'H NMR (400 MHz, DMSO- LCRy=
dg): & 8.81 (d, 1H), 8.73 (s, 1.0 min;
1H), 8.10 (d, 1H), 8.02 (d,  MS: [M + HJ* =
1H), 7.72 (dd, 1H), 7.26 (t, 350 m/z
1H), 7.18 (t, 1H), 6.96 (d,
1H), 4.54 (d, 1H), 3.66 (s,
o N 2H), 3.48-3.43 (m, 1H), 2.80
(brd, 2H), 2.55 (s, 3H), 2.23
(t, 2H), 1.73 (brd, 2H), 1.44-
1.35 (m, 2H)
N
N
—
396 1 OH 'H NMR (400 MHz, DMSO-  LC Ry = 0.7 min;
dg): 68.87 (d, 2H), 8.10 (d,  MS: [M+ HJ* =
1H), 7.61 (d, 2H), 7.27 (t, 350 m/z
1H), 7.19 (t, 1H), 7.10 (d,
1H), 4.54 (d, 1H), 3.66 (s,
N

397

N\ Z
/

Z

A

Z

N
=7

2H), 3.48-3.43 (m, 1H), 2.80
(brd, 2H), 2.59 (s, 3H), 2.23
(s, 31), 1.71 (brd, 2H), 1.44-

1.35 (m, 2H)

'H NMR (400 MHz, DMSO-
dg): 0 8.75 (d, 2H), 8.20-
8.07 (m, 2H), 7.69-7.61 (m,
2H, 7.27-7.10 (m, 3H), 4.54
(d, 1H), 3.66 (s, 2H), 3.46
(brs, 1H), 2.80 (brd, 2H),
2.61 (s, 3H), 2.28 (t, 2H),
1.71 (brd, 2H), 1.44-1.23 (m,
2H)

LC Ry = 1.4 min;
MS: M + H]" =
350 m/z
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398 1 OH 'H NMR (400 MHz, DMSO-  LC Rz = 2.0 min;
de): 6 8.82 (d, 1H), 8.29 (dd, MS: [M + H,
1H), 8.09 (d, 1H), 7.75 (d, 337t =
1H), 7.29-7.17 (m, 3H), 4.54 384/386 m/z
(d, 1H), 3.65 (s, 2H), 3.48-
3.42 (m, 1H), 2.81-2.76 (m,
o N 2H), 2.67 (s, 3H), 2.22 (¢,
2H), 1.70 (brd, 2H), 1.43-
1.34 (m, 2H)
N
7\
—
Cl
399 1 'H NMR (400 MHz, DMSO-  LC Rz = 2.0 min;
dg): & 8.10 (d, 1H), 7.70 (d, MS: [M + H,
2H), 7.59 (d, 2H), 7.24-7.16 337t =
N (m, 2H), 7.06 (d, 1H), 3.80 393/395
0 (s, 2H), 2.49 (brs, occluded n/z
by solvent, 4H), 2.31-2.27
(m, 1H), 1.50 (brs, 2H), 1.41
(brs, 2H), 0.87-0.83 (m, 2H),
\ 0.44-0.41 (m, 2H)
N ;
Cl
400 1 OH 'H NMR (400 MHz, DMSO-  LC Rz = 1.6 min;

Z

dg): 8 9.19 (s, 2H), 8.08 (d, MS: [M + H,
1H), 7.74 (d, 1H), 7.29-7.22 37O =
(m, 2H), 4.53 (brs, 1H), 3.68 385/387 m/z
(s, 2H), 3.44 (brs, 1H), 2.80-
2.73 (m, SH), 2.22 (brt, 2H),
1.70 (brd, 2H), 1.40-1.33 (m,

2H)
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No. Number Structure 'H NMR LC-MS
401 1 'H NMR (400 MHz, DMSO- LC Ry = 1.9 min;
de): 6 7.99 (d, 1H), 7.72 (d, MS: [M + H,
2H), 7.55 (d, 2H), 7.25 (t, 337t =
N 1H), 7.16 (t, 1H), 6.90 (t, 381/383 m/z

402 1

OH

1H), 3.70 (s, 2H), 2.96-2.89

(m, 2H), 2.50 (brs, occluded

by solvent, 4H), 1.51 (brs,

4H), 1.43 (brs, 2H), 1.05 (t,
3H)

'H NMR (400 MHz, DMSO- LC Ry = 1.2 min;

dg): 8 8.11 (s, 1H), 8.10 (d, MS: [M + H,

1H), 7.40 (d, 1H), 7.33-7.25 337t =

(m, 2H), 4.54 (brs, 1H), 3.66 390/392
(brs, 2H), 3.45 (brs, 1H), n/z

2.78 (brs, 2H), 2.68 (s, 3H),
2.22 (brs, 2H), 1.70 (brd,
2H), 1.39-1.22 (m, 2H)

Example 17: USP 14 Inhibition Assay

[0497] Using previously described methodology [B. H.
Lee et al. Nature 2010, 467 (9), 179, the contents of which
are expressly incorporated by reference herein], select com-
pounds described herein were found to inhibit USP 14 as

delineated in Table 3. “I” in the Table below designates an
1C,, of =5 uM, “II” in the Table below designates and IC
between 0.5 and 5 pM, and III designates an IC;,<0.5 pM.
The IC,, values in the Table below represent the average
value from a minimum of two experimental determinations.



US 2023/0242557 A9 Aug. 3, 2023
189

TABLE 3

Compound No. Chemical Structure IC5q Category

30 I

@]

31

Qgg@

@]

34

@ggg

@]



US 2023/0242557 A9

TABLE 3-continued

190

Compound No. Chemical Structure

1C5, Category

86

@) o %
\Q\Z AN Z/Q/

87

AU

88

AL

@]

I

I

I

Aug. 3, 2023



US 2023/0242557 A9 Aug. 3, 2023
191

TABLE 3-continued

Compound No. Chemical Structure IC5q Category

98 O I

j/(j

Cl

o
0

106

j@

LN



US 2023/0242557 A9 Aug. 3, 2023
192

TABLE 3-continued

Compound No. Chemical Structure IC5q Category

115 O I
N

OH

Cl

116

118 O I
N

Cl



US 2023/0242557 A9 Aug. 3, 2023
193

TABLE 3-continued

Compound No. Chemical Structure IC5q Category

s
o

119 I

?Ct

120

Z

126

H

/

N

0

Cl



US 2023/0242557 A9 Aug. 3, 2023
194

TABLE 3-continued

Compound No. Chemical Structure IC5q Category

127 O I
N

o

128 O I
N

\ /"

130 O I
N

OH



US 2023/0242557 A9 Aug. 3, 2023
195

TABLE 3-continued

Compound No. Chemical Structure IC5q Category

131 I

132

@]

133 I

0

7 :
@]
Z



US 2023/0242557 A9

TABLE 3-continued

196

Compound No. Chemical Structure

1C5, Category

141

142

I

I

I

Aug. 3, 2023



US 2023/0242557 A9

TABLE 3-continued

197

Compound No.

Chemical Structure

1C5, Category

145

146

147

0

C

N.

3

)

i

NC

HN

C

)

pte
z

N
3
(6]
Q
1

Toc

O
RN

I

I

I

Aug. 3, 2023



US 2023/0242557 A9

TABLE 3-continued

198

Compound No.

Chemical Structure

1C5, Category

148

149

150

NO,

I

I

I

Aug. 3, 2023



US 2023/0242557 A9

TABLE 3-continued
Compound No. Chemical Structure IC5q Category
151 O 11
N
e}
/T Y
N e
Cl

152 I

153 I

Cl

Aug. 3, 2023



US 2023/0242557 A9

TABLE 3-continued

200

Compound No.

Chemical Structure

1C5, Category

155

156

160

AN TORALD

ALD

e}

I

I

I

Aug. 3, 2023



US 2023/0242557 A9

TABLE 3-continued

201

Compound No.

Chemical Structure

1C5, Category

161

162

163

)

N

P
)

NC

I

I

I

Aug. 3, 2023



US 2023/0242557 A9

TABLE 3-continued

202

Compound No.

Chemical Structure

1C5, Category

164

165

167

)

2

)

NC

)

NC

I

I

I

Aug. 3, 2023



US 2023/0242557 A9 Aug. 3, 2023
203

TABLE 3-continued

Compound No. Chemical Structure IC5q Category

168 O I
N

0

N

169 I

N

In
P

C
170 O I
N
C

e

N

F



US 2023/0242557 A9
204

TABLE 3-continued

Compound No. Chemical Structure IC5q Category

Z

N

e}

171 O I
(@)
1

C

I

O
g;@k

Cl

N
N
173 O I
N

o

Aug. 3, 2023



US 2023/0242557 A9

TABLE 3-continued

205

Compound No.

Chemical Structure

1C5, Category

175

176

177

)
Jo.
&
Yo
&

)
)

Z

0

NC

I

I

I

Aug. 3, 2023



US 2023/0242557 A9
206

TABLE 3-continued

Compound No. Chemical Structure IC5q Category

178 I

j/@
N o

T
0

C

180 I

1
O

Z

Aug. 3, 2023



US 2023/0242557 A9
207

TABLE 3-continued

Compound No. Chemical Structure IC5q Category

181 I

182 I

183 I

Aug. 3, 2023



US 2023/0242557 A9

TABLE 3-continued

208

Compound No.

Chemical Structure

1C5, Category

184

185

186

C

)

To.

P
)
)

/; : NIL,

NC

I

I

I

Aug. 3, 2023



US 2023/0242557 A9

TABLE 3-continued

209

Compound No.

Chemical Structure

IC5, Category

187

188

189

C

)

Z

)

j/@\/
AN

@

F

pEuy’
&

NC

I

I

I

Aug. 3, 2023



US 2023/0242557 A9

TABLE 3-continued
Compound No. Chemical Structure IC5q Category
190 11
191 11
192 I

Aug. 3, 2023



US 2023/0242557 A9

TABLE 3-continued
Compound No. Chemical Structure IC5q Category
193 O 11
N

194 I

NH,

195 I

NC

Aug. 3, 2023



US 2023/0242557 A9

TABLE 3-continued
Compound No. Chemical Structure IC5q Category
196 11
197 11

198 I

Aug. 3, 2023



US 2023/0242557 A9

TABLE 3-continued
Compound No. Chemical Structure IC5q Category
199 O 11
N

H
N

200 I

201 O I
N

OH

NC

Aug. 3, 2023



US 2023/0242557 A9

TABLE 3-continued
Compound No. Chemical Structure IC5q Category
202 O 11
N
e}
OH
; N
NC
203 11
N
NH,
NC
204 O 11
N
¢}
N
N v

¢

Aug. 3, 2023



US 2023/0242557 A9

TABLE 3-continued

215

Compound No.

Chemical Structure

1C5, Category

205

206

207

OH

I

I

I

Aug. 3, 2023



US 2023/0242557 A9
216

TABLE 3-continued

Compound No. Chemical Structure IC5q Category

208 O I
N

0

N

C
209 O I
N
C

e}

Z—z
\
&/Z

/

N

0

N
210 O I
N

; |
NC

NH,

Aug. 3, 2023



US 2023/0242557 A9

TABLE 3-continued
Compound No. Chemical Structure IC5q Category
296 11
OCH;
OCH;3
NC
297 11

298 I

Aug. 3, 2023



US 2023/0242557 A9

TABLE 3-continued
Compound No. Chemical Structure IC5q Category
299 11
300 11

301 I

Aug. 3, 2023



US 2023/0242557 A9

TABLE 3-continued
Compound No. Chemical Structure IC5q Category
302 HO 11
Q
CF3
303 11
Iil /\
@ SO,CH;
NC
304 O 11
N
e}
( N
N ~N N,

; |
NC

Aug. 3, 2023



US 2023/0242557 A9
220

TABLE 3-continued

Compound No. Chemical Structure IC5q Category

305 I

306 I

307 I

NC

Aug. 3, 2023



US 2023/0242557 A9

TABLE 3-continued

221

Compound No.

Chemical Structure

IC5, Category

308

309

310

I

I

I

Aug. 3, 2023



US 2023/0242557 A9

TABLE 3-continued

222

Compound No.

Chemical Structure

1C5, Category

311

312

314

I

I

I

Aug. 3, 2023



US 2023/0242557 A9

TABLE 3-continued

223

Compound No.

Chemical Structure

1C5, Category

315

318

319

I

I

I

NC

Aug. 3, 2023



US 2023/0242557 A9

TABLE 3-continued

224

Compound No.

Chemical Structure

1C5, Category

320

321

324

I

I

Aug. 3, 2023



US 2023/0242557 A9 Aug. 3, 2023
225

TABLE 3-continued

Compound No. Chemical Structure IC5q Category

325 I

326 I

327




US 2023/0242557 A9

TABLE 3-continued

226

Compound No.

Chemical Structure

1C5, Category

328

329

330

1o

I

Aug. 3, 2023



US 2023/0242557 A9

TABLE 3-continued

227

Compound No.

Chemical Structure

1C5, Category

331

332

335

I

I

I

Aug. 3, 2023



US 2023/0242557 A9 Aug. 3, 2023
228

TABLE 3-continued

Compound No. Chemical Structure IC5q Category

336 O I
N

o

NC
H@
C

(0]
N
N

337 I

0

N

338 \d I

NC



US 2023/0242557 A9
229

TABLE 3-continued

Compound No. Chemical Structure IC5, Category

339 I

HO
bN

340 I

I

Aug. 3, 2023



US 2023/0242557 A9 Aug. 3, 2023
230

TABLE 3-continued

Compound No. Chemical Structure IC5, Category

342 HO I

343

344

NC



US 2023/0242557 A9 Aug. 3, 2023
231

TABLE 3-continued

Compound No. Chemical Structure IC5, Category

345 I
0
/
N

I

I

NC



US 2023/0242557 A9

TABLE 3-continued
Compound No. Chemical Structure IC5q Category
348 I
349 11
350 11

Aug. 3, 2023



US 2023/0242557 A9

TABLE 3-continued
Compound No. Chemical Structure IC5q Category
351 11
352 11

353 I

Aug. 3, 2023



US 2023/0242557 A9 Aug. 3, 2023
234

TABLE 3-continued

Compound No. Chemical Structure IC5q Category

g

354 I

N

o

N

Br

355 I

N
@N
N

¢}

N

o

N

C
HO
Br
C
356 HO 11

OH
H

O

>
S
o

)

0

NC

)

Br



US 2023/0242557 A9
235
TABLE 3-continued
Compound No. Chemical Structure IC5q Category
357 HO 11
Q
e}
N AN
S
% 0z
Cl
359 I
N
e}
HO)I\CF3
N Br
NC
360 O 11
N

0

NC

Aug. 3, 2023



US 2023/0242557 A9

TABLE 3-continued
Compound No. Chemical Structure IC5, Category
361 11
362 11

363 I

Aug. 3, 2023



US 2023/0242557 A9
237

TABLE 3-continued

Compound No. Chemical Structure IC5q Category

364 I

365 O I

366 O I

Aug. 3, 2023



US 2023/0242557 A9 Aug. 3, 2023

TABLE 3-continued
Compound No. Chemical Structure IC5q Category
367 LN I
NC
368 (@] 11

)




US 2023/0242557 A9 Aug. 3, 2023

TABLE 3-continued
Compound No. Chemical Structure IC5q Category
369 NH, I
NC
370 \ 11




US 2023/0242557 A9 Aug. 3, 2023
240

TABLE 3-continued

Compound No. Chemical Structure IC5q Category

371 I

372

373 I




US 2023/0242557 A9

TABLE 3-continued
Compound No. Chemical Structure IC5q Category
374 11
381 11

382 I

Aug. 3, 2023



US 2023/0242557 A9
242

TABLE 3-continued

Compound No. Chemical Structure IC5, Category

383 I

384 I

EtO

385 I

CN

Aug. 3, 2023



US 2023/0242557 A9

TABLE 3-continued
Compound No. Chemical Structure IC5q Category
386 I
Cl
387 11
Cl
388 OH 11

Cl

Aug. 3, 2023



US 2023/0242557 A9

TABLE 3-continued

244

Compound No.

Chemical Structure

1C5, Category

389

390

I

I

Aug. 3, 2023



US 2023/0242557 A9

TABLE 3-continued

245

Compound No. Chemical Structure

1C5, Category

392 OH

Z

393 OH

CN

394 OH

I

I

Aug. 3, 2023



US 2023/0242557 A9

TABLE 3-continued

246

Compound No.

Chemical Structure

1C5, Category

395

396

397

7

Z

A\

Z

N
=

A\
=2

I

Aug. 3, 2023



US 2023/0242557 A9

TABLE 3-continued

247

Compound No.

Chemical Structure

IC5, Category

398

399

400

Z

[ YN
—Z

@

CEK:Q

Z

I

Aug. 3, 2023



US 2023/0242557 A9

248

TABLE 3-continued

Aug. 3, 2023

Compound No. Chemical Structure

IC5, Category

CE@

402 OH

N
I

I

[0498] While this invention has been particularly shown
and described with references to preferred embodiments
thereof, it will be understood by those skilled in the art that
various changes in form and details may be made therein
without departing from the scope of the invention encom-
passed by the appended claims.

1.-93. (canceled)

94. A compound having a structure of Formula (II), or a
pharmaceutically acceptable salt, solvate, clathrate, or prod-
rug thereof:

an

wherein:

Q, is C(R,) or nitrogen;

Q, is selected from the group consisting of C(R;) and N;

Qg and Q, are each CH;

R, R;, Ry Ry, Ry, and R, are each independently
selected from the group consisting of hydrogen and
optionally substituted C,-C,, alkyl;

R, is independently selected from the group consisting of
hydrogen, optionally substituted C,-C,, alkyl, option-
ally substituted C,-C,,, alkenyl, optionally substituted
C,-C,, alkynyl, optionally substituted C;-C,, cycloal-
kyl, optionally substituted C;-C, , cycloalkenyl, option-
ally substituted aryl, halo, OR_, N5, NR R, C(O)OR_,
NO,, CN, C(O)R,, C(O)C(O)R,, C(O)NR_R,, NR C
(ORR.. NRS(O),R.. N(R,JCOOR,), NR C(0)C(O)
R., NR C(O)NR_R, NR_S(O),NR R, NR,S(O), R,
S(O),R,, S(O),NR,R, OC(O)OR, (C=NR,R,
OC(O)R,, optionally substituted heterocyclic and
optionally substituted heteroaryl;

R, is selected from the group consisting of hydrogen,
optionally substituted C,-C,, alkyl, optionally substi-
tuted C,-C,, alkenyl, optionally substituted C,-C,,,
alkynyl, optionally substituted C;-C,, cycloalkyl,
optionally substituted C5-C,, cycloalkenyl, optionally
substituted aryl, halo, N5, OR_, NR,R, C(O)OR,_,
NO,, CN, C(O)R,, C(O)C(O)R,, C(O)NR_R,, NR C



US 2023/0242557 A9

249

(O)R,. NR_S(O),R., N(R,)(COOR,), NR C(O)C(O)
R., NR C(O)NR_R, NR_S(O),NR R, NR,S(O),R,,
S(O),R,, S(0O),NR,R, OC(O)OR, (C=NR,R,
OC(O)R_, optionally substituted heterocyclic, and
optionally substituted heteroaryl;

R;, is selected from the group consisting of hydrogen,
optionally substituted C,-C,, alkyl, optionally substi-
tuted C,-C,, alkenyl, optionally substituted C,-C,,
alkynyl, optionally substituted C;-C,, cycloalkyl,
optionally substituted C;-C,, cycloalkenyl, optionally
substituted aryl, halo, N;, OR_, NR,R_, C(O)OR_,
NO,, CN, C(O)R,, C(O)C(O)R,, C(O)NR_R,, NR C
(O)R,. NR_S(O),R., N(R,)(COOR,), NR C(0)C(O)
R., NR C(O)NR_R, NR_S(O),NR R, NR,S(O),R,,
S(O),R,, S(0O),NR,R, OC(O)OR, (C=NR,R,
OC(O)R_, optionally substituted heterocyclic, and
optionally substituted heteroaryl;

Z is selected from the group consisting of NR R, option-
ally substituted aryl, optionally substituted heterocy-
clic, optionally substituted heteroaryl, optionally sub-
stituted C;-C,, cycloalkyl, optionally substituted
C;-C,, cycloalkenyl, and OR_;

each R, is independently selected from the group consist-
ing of hydrogen, optionally substituted C,-C,, alkyl,
optionally substituted C,-C,, alkenyl, optionally sub-
stituted C,-C,, alkynyl, optionally substituted C;-C,,
cycloalkyl, optionally substituted C5-C, , cycloalkenyl,
optionally substituted aryl, halo, N;, OR_, NR_R,
C(O)OR,, NO,, CN, C(O)R,, C(O)C(OR,, C(O)
NR R, NRC(O)R, NR,S(O),R. NRH(COOR,),
NR_C(O)C(O)R,, NR ,C(O)NR R, NR,S(O),NR R,
NRS(O),R., S(O),R., S(O)NRR, OC(OOR,
(C=NR)R_, OC(O)R_, opticnally substituted hetero-
cyclic, and optionally substituted heteroaryl;

each R, is independently selected from the group consist-
ing of hydrogen, optionally substituted C,-C,, alkyl,
optionally substituted C,-C,, alkenyl, optionally sub-
stituted C,-C,, alkynyl, optionally substituted C,-C,,
alkoxy, optionally substituted C;-C,, cycloalkyl,
optionally substituted C;-C,, cycloalkenyl, optionally
substituted heterocyclic, optionally substituted aryl,
and optionally substituted heteroaryl;

each R, is independently selected from the group consist-
ing of hydrogen, optionally substituted C,-C,, alkyl,
optionally substituted C,-C,, alkenyl, optionally sub-
stituted C,-C,, alkynyl, optionally substituted C;-C,,
cycloalkyl, optionally substituted C5-C, , cycloalkenyl,
optionally substituted heterocyclic, optionally substi-
tuted aryl, and optionally substituted heteroaryl;

each R, is independently selected from the group consist-
ing of hydrogen, optionally substituted C,-C,, alkyl,
optionally substituted C,-C,, alkenyl, optionally sub-
stituted C,-C,, alkynyl, optionally substituted C,-C,,
alkoxy, optionally substituted C;-C,, cycloalkyl,
optionally substituted C;-C,, cycloalkenyl, optionally
substituted heterocyclic, optionally substituted aryl,
and optionally substituted heteroaryl; or two geminal
R, groups are taken together with the nitrogen atom to
which they are attached to form an optionally substi-
tuted heterocyclic or an optionally substituted het-
eroaryl;

each R, is independently selected from the group consist-
ing of hydrogen, optionally substituted C,-C,, alkyl,
optionally substituted C,-C,, alkenyl, optionally sub-
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stituted C,-C,, alkynyl, optionally substituted C;-C,,
cycloalkyl, optionally substituted C5-C, , cycloalkenyl,
optionally substituted heterocyclic, optionally substi-
tuted aryl and optionally substituted heteroaryl; and

each n is independently 0, 1 or 2.

95. The compound of claim 94, or a pharmaceutically
acceptable salt, solvate, clathrate, or prodrug thereof,
wherein Q, is C(R,) and R, is selected from the group
consisting of hydrogen and optionally substituted C,-C,,
alkyl.

96. The compound of claim 94, or a pharmaceutically
acceptable salt, solvate, clathrate, or prodrug thereof,
wherein Q, is C(R,) and R, is selected from the group
consisting of hydrogen and methyl.

97. The compound of claim 94, or a pharmaceutically
acceptable salt, solvate, clathrate, or prodrug thereof,
wherein Q, is CH.

98. The compound of claim 94, or a pharmaceutically
acceptable salt, solvate, clathrate, or prodrug thereof,
wherein Q, is N.

99. The compound of claim 94, or a pharmaceutically
acceptable salt, solvate, clathrate, or prodrug thereof,
wherein R}, R, Ry, Ry, Ry, and R, are each hydrogen.

100. The compound of claim 94, or a pharmaceutically
acceptable salt, solvate, clathrate, or prodrug thereof,
wherein R, is optionally substituted C,-C,, alkyl.

101. The compound of claim 94, or a pharmaceutically
acceptable salt, solvate, clathrate, or prodrug thereof,
wherein R, is methyl.

102. The compound of claim 94, or a pharmaceutically
acceptable salt, solvate, clathrate, or prodrug thereof,
wherein R, is C,-C,, alkyl substituted with C(O)OR, or
OC(O)R..

103. The compound of claim 102, or a pharmaceutically
acceptable salt, solvate, clathrate, or prodrug thereof,
wherein R, is hydrogen or C,-C,, alkyl.

104. The compound of claim 94, or a pharmaceutically
acceptable salt, solvate, clathrate, or prodrug thereof,
wherein R, is C,-C,, alkyl substituted with C(O)NR R .

105. The compound of claim 104, or a pharmaceutically
acceptable salt, solvate, clathrate, or prodrug thereof,
wherein each R, is independently hydrogen or C,-C,, alkyl.

106. The compound of claim 104, or a pharmaceutically
acceptable salt, solvate, clathrate, or prodrug thereof,
wherein two geminal R, groups are taken together with the
nitrogen atom to which they are attached to form an option-
ally substituted heterocyclic.

107. The compound of claim 94, or a pharmaceutically
acceptable salt, solvate, clathrate, or prodrug thereof,
wherein R, is halo.

108. The compound of claim 94, or a pharmaceutically
acceptable salt, solvate, clathrate, or prodrug thereof,
wherein R, .is CN.

109. The compound of claim 94, or a pharmaceutically
acceptable salt, solvate, clathrate, or prodrug thereof,
wherein Z is selected from the group consisting of hetero-
cycloalkyl, heterocycloalkenyl, heterobicycloalkyl, hetero-
bicycloalkenyl, heteropolycycloalkyl, and heteropolycy-
cloalkenyl.

110. The compound of claim 94, or a pharmaceutically
acceptable salt, solvate, clathrate, or prodrug thereof,
wherein Z is N-heterocyclic.

111. The compound of claim 94, or a pharmaceutically
acceptable salt, solvate, clathrate, or prodrug thereof,
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wherein Z is selected from the group consisting of optionally
substituted pyrrolidin-1-yl, optionally substituted piperidin-
1-yl, optionally substituted piperazin-1-yl, and optionally
substituted morpholin-1-yl.

112. The compound of claim 94, or a pharmaceutically
acceptable salt, solvate, clathrate, or prodrug thereof,
wherein Z is optionally substituted piperazin-1-yl.

113. The compound of claim 94, or a pharmaceutically
acceptable salt, solvate, clathrate, or prodrug thereof,
wherein:

Zis

wherein:

G is absent, C(R,), O, or S; and

each R,, and R, are each independently selected from the
group consisting of hydrogen, optionally substituted
C,-C,, alkyl, optionally substituted C,-C,, alkenyl,
optionally substituted C,-C,, alkynyl, optionally sub-
stituted C;-C,, cycloalkyl, optionally substituted
C,-C,, cycloalkenyl, optionally substituted aryl, halo,
N;, OR_, NR_R, C(O)OR_, NO,, CN, C(O)R,, C(O)
C(O)R,, C(ONR,R, NR/C(O)R, NR/S(O)R,
N(R,)J(COOR,), NR,C(O)C(OR.. NR,CO)NRR,
NR,S(O),NRR, NRS(O),R., S(O),R., SO
,NR_R,, OC(O)OR_, (C=NRR_, OC(O)R_, option-
ally substituted heterocyclic, and optionally substituted
heteroaryl.

114. The compound of claim 113, or a pharmaceutically
acceptable salt, solvate, clathrate, or prodrug thereof,
wherein:

each R,, is hydrogen;

Gis C(R);

R, is OR_; and

R, is methyl.

115. The compound of claim 113, or a pharmaceutically
acceptable salt, solvate, clathrate, or prodrug thereof,
wherein:

each R,, is hydrogen; and

Gis O.

116. The compound of claim 94, or a pharmaceutically
acceptable salt, solvate, clathrate, or prodrug thereof,
wherein:

Q, is C—CHg;

Q, is N or CH;

R, Ry, Ry, Ry, Ry, and R, are each hydrogen;

R, is methyl, optionally substituted with C(O)NR_R

R;,is CN; and

Z is selected from the group consisting of optionally

substituted piperidin-1-yl, optionally substituted piper-
azin-1-yl, and optionally substituted morpholin-1-yl.

117. The compound of claim 116, or a pharmaceutically
acceptable salt, solvate, clathrate, or prodrug thereof,
wherein Q, is N.
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118. The compound of claim 116, or a pharmaceutically
acceptable salt, solvate, clathrate, or prodrug thereof,
wherein Q, is CH.

119. The compound of claim 116, or a pharmaceutically
acceptable salt, solvate, clathrate, or prodrug thereof,
wherein R;,, is methyl.

120. The compound of claim 116, or a pharmaceutically
acceptable salt, solvate, clathrate, or prodrug thereof,
wherein R, is methy] substituted with C(O)NR R ; and one
R, is hydrogen and the other R, is methyl.

121. The compound of claim 116, or a pharmaceutically
acceptable salt, solvate, clathrate, or prodrug thereof,
wherein R, is methyl substituted with C(O)NR R, and two
geminal R ; groups are taken together with the nitrogen atom
to which they are attached to form an optionally substituted
heterocyclic.

122. The compound of claim 116, or a pharmaceutically
acceptable salt, solvate, clathrate, or prodrug thereof,
wherein 7 is

er

and further wherein:
each R,, is hydrogen; and
Gis O.

123. The compound of claim 116, or a pharmaceutically
acceptable salt, solvate, clathrate, or prodrug thereof,
wherein 7 is

er

and further wherein:
each R, is hydrogen;
G is C(R,),;
each R,, is independently hydrogen or Oc; and

R.. is selected from the group consisting of hydrogen and
optionally substituted C,-C,, alkyl.

124. The compound of claim 94, or a pharmaceutically
acceptable salt, solvate, clathrate, or prodrug thereof,
wherein the compound is selected from the group consisting
of:
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125. A pharmaceutical composition comprising a phar-
maceutically acceptable carrier or excipient and a compound
\ of claim 94, or a pharmaceutically acceptable salt, solvate,

clathrate or prodrug thereof.

126. A pharmaceutical composition comprising:

a pharmaceutically acceptable carrier or excipient;

an agent selected from the group consisting of a proteo-

stasis regulator and a pharmacologic chaperone; and

a compound of claim 94, or a pharmaceutically acceptable

salt, solvate, clathrate or prodrug thereof.

127. A method of treating a patient suffering from a
condition associated with a dysfunction in proteostasis com-
prising administering to said patient an effective amount of
a compound of claim 94, or a pharmaceutically acceptable
salt, solvate, clathrate or prodrug thereof.

128. A method of alleviating the symptoms of cancer
selected from the group consisting of breast cancer, colon
cancer, pancreatic cancer, prostate cancer, lung cancer, ovar-
ian cancer, cervical cancer, multiple myeloma, basal cell
carcinoma, neuroblastoma, hematologic cancer, rhabdomyo-
sarcoma, liver cancer, skin cancer, leukemia, basal cell
carcinoma, bladder cancer, endometrial cancer, glioma, lym-
phoma, and gastrointestinal cancer in a subject in need
thereof comprising administering to said subject an effective
amount of a compound of claim 94, or a pharmaceutically
acceptable salt, solvate, clathrate or prodrug thereof.
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