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FAMIDOBENZAMIDES AND USES THEREOF FOR INCREASING CELLULAR
LEVELS OF A3G

BACKGROUND

[0001] The field of the mvention relates to benramide compounds and therapeutic
uses thereot.  In particular, the field of the wmvention relates to novel 3-amido benzamide
compounds and therapeutic uses thereof for increasing levels of APOBEC3G {A3G) and
refated cellular cytidine deaminases in human cells. More specifically, the disclosed 3-amido
compouands could serve as therapies for diseases including bat not limted to HIV infection

and cangcer,

[0002] Human APOBEC3G (A3G), otherwise referred to gs “apolipoprotein B
mRNA-editing enzyme, catalvtic polypeptide-hke 3G” is an enzyme that induces
hypermutation of guanosine (G) 1o adenine {A} m single~stranded DNA. A3G and other A3
family niembers (including A3F and A3H) have been shown to be inhibitors against human
unmunodeficiency virus type 1 (HIV-1) infection. These A3 proteins block HIV reverse
wranscription (RT) and imegration, by causing signature “G-1o-A hypermutations” in minus-
strand DNA that 1s an intermediate v the process of RT and also by mechanisms independent
of cytidime deaminase enzvmatic activity, HIV virion infectivity factor (Vif) must degrade A3
protems i HiVanfected T cells in order to produce nfectious virus from those cells.
However, there is natural variation i the Ad-degrading function of Vif (1}, and partial A3G
restriction of Vifspositive HIV has been docwanented i vifro (2). Higher levels of APOBEC3s
in the physiological range inhibit Viftpositive HIV-1 replication in cultared cells in virrs (2,
3) bowever, A3s ouly completely block replication of Vifrdefective HIV-1 in vitra. In vivo,
fevels of HIV provivus and A3G are mversely associated (4, 5}, and lower virensia and higher
CD4 count are also associated with more cellolar A3G in blood cells (4, 6, 7 and others). A
measure of the extent of A3 cviidine deamination of HIV genomes i vive (PBMC provirus
hypermutation index) above a certam level 1s associated with decreased plasma HIV-1 RNA

fevels {(4). Activity of A3G against other viruses including hepatitis B virus (HBVY has also
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been described. However, A3G, F, and H have not been implicated in hypenmutating cellular

chromosomal DNAL

[0003] A3B is not expressed at detectable levels in primary human T lymphocoytes
{which gre the major host cells for HIV in which A3G, F, and H act), many other prumary
buman cells and many cell limes. However, mncreased A3B expression has been noted in many
types of cancer cells (in both cell Hoes i virro and in tumor biopsy specimens). Increased
A3B has been associated with increasing mutational load in genomes of these cancers. A3B
over expression and enhanced ovtidine degmination of human nuclesr (chromosonwal) DNA
has been wnplicated 1 pathogenesis of several types of cancer, wcluding cancers of breast,
lung, head/neck, cervical, ovanan, bladder, prostate and nultiple myeloma and certain
bymphomas occurring in HIV patients (primary effusion lymphoma). A3B increases genomic
mutations specifically in these cancer cells and has been called “mutagenic fuel for cancer
evolution and heterogeneity™ (8). While attention has been chiefly directed to inhibiting A3R
cvtidine deaminase activity as a therapeutic strategy, # has also been suggested that further
increasing excess AdB-mediated genomic hypermuotation may cause cancer cell death by
synthetic lfethality without harming normal cells (by analogy to effects of “mutation
catastrophe”™ on viruses) (9, 10). It is well described that one of the essential activities of a
functional p53 protemn, “the guardian of the genome™, 15 to allow repawr of potentially fethal
DNA damage. Thus, we hypothesize that cancer cells lacking functional p53 will be more

prone to synthetic lethality from excess A3B-mediated genome hypermutation.

[0004] There is a need for better and different treatments for HIV and cancer patients.
Herein we disclose small molecules able to boost expression of A3G and related cellular
proteins. These compounds could serve as therapies for the diseases in which A3G (and A3F
and A3H) are a protective/defensive factor including but not limited to HIV, and could be a

freatment for some cancers.

SUMMARY



WO 2016/029136 PCT/US2015/046328

f0005] Disclosed are novel benzamide compounds and the uses thereof for treating
diseases and disorders in a patient in need thereof by increasing cellular fevels of A3G andior
other members of the A3 family of proteins m the patient. The disclosed compounds melude
3-benzamide compounds that may be administered to treat an HIV-1 infection or cancer in a

patient.

[0006] The disclosed compounds may be referred ©0 as 3-benzamide compounds

having a core structure as follows:

R
R.
)
\I( R
O
[0007] In particular, the disclosed compounds have a formula @ as follows:

NH
O
wherein:
nisQorl;
XisCorN;
R0
R' is hivdroxyl, Cl-Cé-glkoxy, o O wherein



WO 2016/029136 PCT/US2015/046328

\
.
¢

jf;' NF Y/ NH
0 Ny 0 \—\
R is C1-Co-alkyl, N ,ar
G 13
R R
]
RY is H, niiro, amno, o * wherem

R® is H. or C1-Co-alkyl;

R' i3 C1-Co-alkyl, methyl sulfonyl, methylethy! salfonyl, cyclopropyl sulfonyl, cvelobutyl

O
—/4
N n
sulfonyl, or R wherein

RY is M, Cl1-Cé-alkyl optionally substituted with C1-Cé6-alkoxy, hydroxyl, C1-Cé-
alkylamine, C1-Cé-dialkylamino, phenyl, benzvl, benzoll,3ldioxvl, pyridin-2-vl, pyridin-3-

vi, pyndin-d-yl, C3-Cé-cycloalkyl optionally substitited with methyl, C1-Cé-alkoxy. N-

N
N2
)i‘ R
piperidinyl, tetrabvdroluran-2-vl, adamantanyl, or R wherein

RY and RY™ are independently selected from H, Cl1-Cé-alkyl, C1-C6-alkyl optionally
substituted with C1-Co-alkoxy, C1-C6 oycloalkyl, phenyl, C1-Cé-atkylamino, C1-Co-dialkyl
amino, or RY and RY together form a C3-C6 homocyele or a C3-C6 heterocyele, which

optionally is unsaturated at one or more boads;

R* is H or C1-Co-alkyl: and
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RYRY R R and R are independently selected from H, C1-Cé-alkoxy, halo, phenyl, or R?
and R together form a CS5-C7 homocyele or U507 heterocyele, which optionally is

unsaturated at ong or more bonds.

[0008] The disclosed compoands may have the specific formula la or I
)
W3 )]
R gl
i
R 5
3
R
NH p?

R Ia, or more specifically

wherein;
R s C1-Cé-alkoxy;
R” is H, or C1-Co-alkyl;

RM is H, C1-C6-alkyl, hydroxyl, Cl-Cé-alkylaming, C1-C6 dialkylamino, phenyl, benzyl,

benzofl 3ldioxyl, pyridin-2-yl, pyndin-3-yl, pynidind-yl, C3-Ub-cycloatkyl opuonally
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substitwted with methyl, CH-Cé-alkoxy, CHC6-alkyl optionally substitated with C1-Co-

atkoxy, N-piperidinyl, and tetrabydrofuran-2-yi; and
R R R R®, and R are independently selected from H. C1-Cé-alkoxy, and halo.

[0009] Alse disclosed are pharmaceutical compositions comprising the disclosed
compounds or pharmaceutically acceptable salts thereof and a pharmaceutical camrier. The
disclosed pharmaceutical compositions may comprise an effective amount of the disclosed
compoeunds for increasing levels of A3G andfor other members of the A3 family of proteins
after the composition i3 admumstereing to a patient i need thereof.  As such, therapeutic
methods also are conternplated herein and suitable patients for the treament methods may

inchude, but are not Hinuted to patients having an HIV-1 infection and/or cancer.
BRIEF DESCRIPTION OF THE FIGURES

[0010] Figure 1. APOBEC3G protein {guantified from immunoblots stained with
anti~-APOBEC3G antibody using Licor Odyssey as relative hight unitg, REU] per actin wmt)
blood resting memory CD4+ T central memory {(Tom) and T effector memory (Tem) cells
from chronicallyv-nfected HLA B-27/87-positive controflers {viremic controllers, VC) and

non-controllers {(antiretroviral suppressed, AS) (51

[0011] Figure 2. {A} Three different 2937 cell clones stably expressing A3G-
fuciferase fusion proteins {A3G-Luc) al different levels {each from a UMV promoter). (B}
Two of the cell clones from {A) are shown, as well as 4 other cell clones that stably express
A3G from a simple retrovirus promoter (FM1) Thas includes 2 of the cell clones with FMU
promoter driven A3G-Luc that were engineered to also co-express HIV-1 Vif from the same
promoter. Co-expression of Vif and A3G-Luc decreases A3G-Loc expression, indicating that

the A3G-Luc fusion protemn remains susceplible to Vit-mediated degradation.

[0012] Figure 3. AXG-Luc fusion proteins are sensitive to Vifimediated degradation.

The 2937 cell clone A3G-Luc #5 from Fig 2A was infected with either g Vif-aull HIV-1 ora
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wild type HIV-1 expressing Runctional Vif (NL4-3). Vi expression from NL4-3 led to a

decrease in A3G-Lac expression, refative to the Vif-nnll HIV-1 infected cells.

[0013] Figure 4. A3G-Luc fusion proteins retain anti-HIV activity against Vifnull
virus, The 2937 cell hnes stably expressing A3G-Luc from Fig 2A were infected with Vif-
pull HIV-1. The mfectivity of an equal amount of HIV-1 virions produced from these cells
was less for viruses produced fromy the cell lines stably expressing more A3G-Luc. A3G-Luc
#5-produced virus was less infectious than A3G-Luc #6 ~produced virus, which was also less

infectious than A3G-Luc #10-produced virus,

[0014] Figure 5. Generic structure of 3-benzamide compounds of the prasent study.
[0015] Fignre 6. 2937 cell clone #6 stably co-expressing A3G-Luciferase fusion

eifects on stability of A3G and inhibition of Vif activity against A3G by measuning fuciferase
activity, relative fo treatment with control DMSO only. The relative % luciferase activity was

higher after treatroent with NU compounds than DMSO.

[0016] Figure 7. 293T cells were wansiently transfected with 400 ng of expression
vectors for wild type A3G (A3G), a mutant A3G (A3G Y 124A), and A3F {A3F) o test effect
of NUSY weatment on steady state levels of the respestive A3 protein, as detected by

trwmunoblotting with respective antibodies, with GAPDH as loading control.

[0017] Figure 8. 2937 cells were co-transfected with 2 pg of NL43 plasmid DNA
and 400 ng of either conirol or AF/G DNAs, with or withowt NUS2, Infectivity of equal
amounts of resulting viruses (normahzed by HIV-1 p24 antigen) were measored using
TZM-bi cells. NU-52 weatment of producer cell reduced infectivity of virus produced from

those cells,

[0018] Figure 9 {A) Effect of listed compounds on cell numbers of various cancer cell

Hines. Selected lead compounds (NUS2, NU302, NU466) killed or decreased proliferation of
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some breast cancer cell lines tested (T47D, MDA-MB-157 and MDA-MB-231) and a cervical
cancer cell line tested (Hela). The compounds did not kill or decrease proliferation of other
breast cancer cell lines (MCFI0A, MCF7) or a kidney epithelial cell line (HEK293), All the
cancer cell lines with cell numbers decreased by the compounds had a nop-functional, null, or
mutant pS3 phenotype. HEK293 cells do not express A3B. (B} The selected tead compounds
killed or decreased prohiferation of some prostate cancer cell lines tested (RWPEL, DUI45,
and PC3). Some of the prostate cancer cell lines tested were not affected (NHP(E, BHIE).
All the cancer cell hines with cell numbers decreased by the compounds had a non-functional,

null, or mutant p33 phenotype.

0019] Figure 10. A primary effusion lvmphoma (PEL) cell line (BC-1, infected with
E b, ymg

both Kapost's sarcoma bherpesvirus and Epstein Bar Virus) is also killed by the listed

compounds.
DETAILED DESCRIPTION
[0020] The present invention is described herein using several definitions, as set forth

below and throughout the application.

fo021) As used in this specification and the claims, the singular forms “a,” “an,” and
“the” include plural forms unless the context clearly dictates otherwise. For example, the
terin “a compound” should be interpreted to mean “one or more compounds” unless the

comext clearly dictates otherwise. As used herein, the term “plurality” means “two or more.”

[0022] As used herein, “about”, “approximately,” “substantially,” and “significantly”
will be understood by persons of ordinary skill in the art and will vary to some extent on the
context in which they are used. H there are uses of the term which are not elear to persons of
ordinary skill in the art given the context in which it 18 used, “abowt”™ and “approximately”
will mean up to plus or minus 10% of the particular term and “substantially”™ and

“sigmficantly” will mean more than plus or minuas 10% of the particular term.
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[0023] As used herein, the terms “include™ and “Including” have the same meaning &8
the terms “comprise” and “comprising.” The terms “comprise”™ and “comprising”™ should be
mterpreted as being “open” wransitional terms that permt the ncloston of additional
components further to those components recited 1n the claims,  The terms “consist™ and
“consisting of " should be interpreted as bemg “closed” transitional terms that do not permit
the inclasion of additional components other than the components recited m the claims. The
term “consisting essentially of” should be imerpreted 1o be partially closed and allowing the
inclusion only of additional components that do not fondamentally alter the natwe of the

claimed subject matter,

[0024] Disclosed hervein are benzamide compounds and the uses thereof for treating
diseases and disorders in a patient in need thereof by increasing cellular fevels of A3G and/or
other members of the A3 family of proteins {(e.g. A3F, A3H, and the like} in the patient. The
disclosed compounds include 3-benzamide compounds that may be administered to treat an

HIV-1 infection or cancer mn a patient.

[0028] The disclosed compounds may be further described as follows, The disclosed

compounds may be reforred to as 3-benzamide compounds having a core structure as follows:

R
R
!
Z | Y
0 f
[0026] In particular, the disclosed compounds have a formula 1 as follows
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R !
wherem:
n 30 or | {preferably n is 0);
Xis Cor N (preferably X is O);
R—0
Y,
R is hydroxyl, C1-C6-alkoxy {e.g.. preferably methoxy), or O wherein

RY iy C1Cé-alkyl  {zg.  methyd),
H

/’Nm
SECN

N

H

9 {4

R __R

“

.z.....z

T . B B
R is H, nitro, amino, or wherein

10

Or
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R is H, or C1-Ca-glkvh

RY is C1-C6-atkyl, methyl sulfonyl, methylethyl sulfonyl, cyclopropyl sulfonyd,

0
/e
\ L _
cyclobutyl sulfonyl, or R wherein

R' is H, C1-C6-alkyl optionally substituted with C1-Cé alkoxy {e.g.. ethylmethoxy),
hydroxyl, Cl-Co-alkylaming {eg. methylaming}, C1-Co-dialkyl amino {eg,
dimethy! amino), phenyl, benzyl, benzof1 3ldioxyl {e.g., benzofl 3diox-8-vl}),
pyridinvl {eg., pyridin-2-yl, pyrdin-3-yi, or pyridin-4-yl}, C3-Co-cyeloalkyl
optionally substinited with methyl (eg.. methyleyelopropyl), C1-Cé-alkoxy
{e.g. methoxy), piperidiny! {eg, N-pipendinyl), ietahydropyranyl {eg

tetrabvdropyran-d-yl),  tetrahvdrofuranvl  (eg..  tetrahvdroturan-2-vl),

R
£
>§‘R
3 1

) , R .
adamantany! {e.g., adamantan-7-vl}, or R wherein

R™ and RY are mdependently selected from H, Cl-Co-alkyl optionally
substitated  with C1-Co-alkoxy, C1-Chealkoxy, C1-C6 cycloalkyl,
phenyl, Ci-Cé-atkylamino, C1-Cé-diatkyl amino, or R¥ and R"
together form a C3-C6 homoeyele or a4 C3-C6 heteroovcle, which

optionally is unsaturated af one or more bonds;
R is H or C1-C6-alkyl {preferably H); and

RY, RY R*, Y, and R are independently selected from H, C1-Cé-alkoxy, halo, phenyl, 4-nitro
phenoxyl, or R and R together form a €5-C7 homoeyele (e.g.. 1,3-dioxolane) or a C3-C7

heterocyele, which optionally s unsatarated at one or more bonds.

[0027] fn some embodiments, the disclosed compounds may have a formuda:

11
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la, or more specifically

i
NH R

wherein
R is C1-Cé-atkoxy (preferably methoxy);
RYis H. or C1-Cé-alkyl:

R is H, C1-C6-alkyl optionally substituted with C1-Cé-alkoxy {e.g. ethylmethoxy),
bvdroxyl, CH-Cé-alkylamino (g methylanmine), CL-Co-dialkvlamino {e.g,
dimethyviamine), phenyl, benzyl, benzo{l 3ldioxyl {e.g., benzof{l 3]diox-8-v1},
pyridinyt {e.g., pyridin-2-yl, pyridin-3-vl, or pyridin-4-y1}, C3-Co-cycloalkyl
optionally substituted with methyl {eg.. methyleyelopropyl), C1-Céealkoxy

{e.g. methoxy), piperidingl {eg., N-piperidinyl), tewrabvdropyranyl {eg

12
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tetrahydropyran-4-y1},  tewrahvdroforanmyl  (eg, tetrabydroforan-2-v1),  or

adamantanyl (e.g., adamantan-7-y1}; and

R, RY, RY, R and R7 are independently selected from H, C1-Cé-alkoxy, and halo (e.g.,

chioro or Hooro).

[0028] The term “alkvl” as contemnplated herein includes a straipht-chain or branched
alkyl radical m all of s someric forms,  Sumilarly, the term “alkoxy™ refers o any alkyl

radical which is attached via by an oxygen atom {#.¢., a radical represented as “alkyl-0-*7).

[0029] As used herein, an asterisk ¥ is used o designate the point of attachment for

any radical group or substituent group.

[0030] In some embodiments of the disclosed compounds, R' is methoxy, For

example, the disclosed compounds may have a formula fe as follows:

' . . . ~ . gy i
00311 in some embodiments of the disclosed compounds, one or more of R°, R, are
| i :
R" are methoxy., For example, the disclosed compounds may have a formula Id or Ie as

follows:

13
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R ~O
o I
-~ ig,
[0032] in some embodiments of the disclosed compounds, one or more of B2, R”, are

R" are halo {eg., chloro or fluoro). For example, the disclosed compounds may have a

formuala If as follows:

0
l 11
HNT R
i
s{,\l j
L\/-’” \ r'zxm
o
o

14
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f0033] The following table provides a list of exemplary compounds as disclosed

herein.

Compound No. Structure

8, c\(?
M, B, 1;‘%

)
5P

NU 49 Rtk

NU 52 o

NU 34

15




WO 2016/029136

PCT/US2015/046328

NU 56

i
,.j\ Oy
Ha ‘f‘ IS
.
1
1
T
(ol
O
Y
i
‘3?"\3/\i G
H
G M
CHy

NU 57 o
HT
R ]
SNGE 1 \
oM s
o e
Ay
Ha L /E//J\
TN g
O M,

NLP 302

16




WO 2016/029136 PCT/US2015/046328
(ﬁ'h
a
% & ¥
. AN A /.J\ _.-'“‘\ &
Sy Y
O@"Q,\.\;‘_, o \T‘;\‘\Ci
i
NU 33
/{q\ },,Ci
Y o e

NLi 304

NL 306

17




WO 2016/029136

PCT/US2015/046328

s \1
N“"ﬁ/ "\;flo o *

R
i
{‘\;W,J v
HN\‘;’ b
i o1
Lo
o”l\r_m
£
&
o =
NLUY 308 @
Y
i
i\:-.; s ¥ o Ly
i (AQ‘\
v
3 \}/?,
B
®
(:1’A\F;
NL 309 &

NL 452

i
T
) N
N oH
g E/Qx\\:,.r \!f\ s
i it
g & L,

CH,

18




WO 2016/029136

PCT/US2015/046328

NLi 454

Nt 453

E

NL 4536

19




WO 2016/029136

PCT/US2015/046328

NU 457

FisC
.0 O,
e -,
Ot T
Q.

NLi 458

Nt 459

NL 460

20




WO 2016/029136

PCT/US2015/046328

o
24 ,;
N £
N g o /'N\V/Q\ ~CHy
B { i !
L o ety
FTo
CH,
NLU 461
Ci
Ci T/‘\;‘\\ o

NL 462

R
i
HQCJOV/\ { N
NU 463 s
ﬁ_x}.kv,(}
s
Y
"E:C\O‘ -
Qg N

NL 464

21




WO 2016/029136

PCT/US2015/046328

NLI 466

oy i
rf Ry
i P
™ N g
S o
ﬁ/"‘\b 'y Y]
i
MG, »)\1/‘
¥
4] i
po
\!/
i
4
ey v 4 £
B\Lz —;(’):\ CH,
f:'l
}
(_f—"“\ e
Vo
Y o
i
W0

G N
Sy
A
I T’
N 467 o
we o § M,

NL 468

22




WO 2016/029136 PCT/US2015/046328

NU 469

NLi 470

Sl A
TN o
i
N - xk:l’*f’"‘ .\yf"tf\Nf My

N v
o [ Gy

it
- \Q

CH,

Nt 471

NL 472 &

23




WO 2016/029136

PCT/US2015/046328

NU 473

NU 474

Nt 564

NLI 565

24




WO 2016/029136

PCT/US2015/046328

NU 566

NL 567

NLI 569

25



PCT/US2015/046328

WO 2016/029136

I\

fl

5 m\ Ny

R
L /

NU 570

NLi 5§71

=

e

pF o

26



WO 2016/029136

PCT/US2015/046328

NU 6l

NU 612

Nt 613

NU 614

E H
M i
X \ff\ﬂ\
O -
N \\‘/ "
b &

27




WO 2016/029136

PCT/US2015/046328

NU6lS

[»7.1/ '\U Q ”‘{: :
By G
NLI pl6
o
=N J,cs
.
W0
X
G
ML ’\g'f\v A3 &’krﬁ
NU 617

NU 124

HL0 -
X Q "\\v/‘“\\:,f\v‘* e
P R 8 iox
* Ny )\\f}\'s
; j
: b
ks
3 e, \.’/\m
i
@t

28




WO 2016/029136

PCT/US2015/046328

NU 125

oA
Tk
¥
N 2 o
S TN \E.- 1 E’EN\L .
o . pex
Rem IV -
NG g “Q)’\‘\N
Q ]
ﬁ;fu
TRV

NLi 126

k
A S
¢
{
N
i
}. R
R‘u‘.\_:;_\‘)

o~ ,&‘ \}’ﬁ:
(\‘,(k\‘fw}f N Ny \\’f
P ',
A
ﬂ‘ﬁé"v‘
2x,
NS B R o
1\[3 Ak f
el
i .
“//\ o
j
'F%"l\.z"\/\ g, «:—“\ ‘}J
Y
!
L
i \.-/
H R
o )

NL 128

[0034]

Also disclosed

compounds or pharmaceutically acceptable salts thereof and a pharmaceutical carmier,

are pharmaceutical compositions comprising the

disclosed

The

disclosed pharmaceutical compositions may comprise an effective amourt of the disclosed
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compounds for increasing levels of A3G andfor other members of the A3 family of proteins
{e.g., A3F, A3H, and the like) after the composition is admimistered to a patient in need
thereof. As such, therapeutic methods also are contemplated herein and switable patients for

the treament methods may mclnde, gt are not mited to patients having an HIV-1 infection

andfor cancer.

f0035] As used herein, the term “patient” may be used imerchangeably with the term
“subject” or “pxdreidual” and may include an “anumal” and in particalar a Umammal”
Mammahian subjects mav mclude humans and other primates, domestic animals, farm
animals, and companion animals sach as dogs, cats, guinea pigs, rabbits, mats, mice, horses,

caftle, cows, and the like.

[0036] The disclosed compounds, compositions, and methods may be utilized to treat
a patient in need thereof. A “patient in need thereof” is intended to include a patient having or
at nisk for developing diseases and disorders such as diseases and disorders treated by
administering a compound that increases the cellular levels of A3G andfor other members of
the A3 famly of proteins in the patient. Diseases and disorders that may be treated by the
disclosed compounds, compositions, and methods may include HIV-mifection and cell
prohferative diseases and disorders which may include cancer and hyperproliferative
disorders. A patient in need thereof may include a patient having or at risk for developing any
of  adenocarcimoma, leakemia, lymphoma, melanoma, myeloma,  sarcoma,  andd
feratocarcinoma, (ncluding cancers of the adrenal gland, bladder, bone, bone marrow, brain,
breast, cervix, gall bladder, gangha, gastrointestinal tract, heart, kudney, liver, lung, muscle,

ovary, pancreas, parathyroid, prostate, skin, testis, thymus, and uteros),

[0037] A patient in need thereof may refer to a human subject having or at risk for
developing a disease or disorder that i3 associated with A3G activity. The term “A3G™ and
the term “APOBEC3G™ may be used interchangeably herein to refer to “apolipoprotein B
mBNA-editing enzyme, catalytic polypeptide-like 3G A3G belongs to the APOBEC

superfamily of protemns which play an important role in innate anti-viral invnunity, particular
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against HIV-1. A3G s a cytidine deaminase that catalyzes the deamination of cytidine to
uridine in a single-stranded DNA substrate. A3G is expressed i certain cells, referred to as
non-permissive cells, in which HIV-1 cannot produce virious that are infections in the
absence of certain HIV-1 proteins that can counteract the mbibitory effect of A3G {e.g.; HIV-
ovirion infectivity factor, Vif), Increasing A3G (or decreasing Vif fupction) also partially
decreases infectious virus production when A3G-containing cells are infected with a Vit
positive HIV-1 as well. As such, a patient i need thereof may include a patient having or at
risk for developing infection by HIV-1, where the presently disclosed compounds may be
administered to increase cellular levels of A3G to help block HIV replication.  Other

members of the AY family of proteins may inclode, but are not limited to A3F and A3H.

[0038] Over-expression of the A3 family of proteins and ovtidine deamination of
nuclear DNA has been implicated in pathogenesis of several tvpes of cancer, mcluding
cancers of breast, lung, head/meck, cervical, ovarian, bladder, prostate and muliiple myveloma
and cerfain ymphomas ocowring in HIV patients. It i3 well deseribed that one of the
functions of pS3 tumor suppressor protein 18 to allow repair of potentially lethal DNA
damage. Thuas, we hypothesize that cells lacking functional p&3 will be more prone to
svathetic lethality from excess A3B-mediated genome hypermutation.  As such, a patient m
need thereof may include a pattet having or at risk for developing a cell proliferative
disorders such as cancer, and in particular, a cell proliferative disorder or cancer that s

characterized by the low p53 biological activity.

[0038]) The compounds disclosed herein preferably increase cellular levels of A3G
and/or other members of the A3 family of protems by any biological mechanism of action
{e.g., by protecting A3G andior other members of the A3 family of proteins from degradation
andfor by increasing expression of A3G anddor other members of the A3 famuly of proteins).
Cellular levels of A3G and/or other members of the A3 family of proteins may be assessed
utilizing methods known in the art, mclding nucleic acid assavs, protein assays, immune

assays, and enzymatic assays known in the art.  In some embodiments, the compounds

increase cellular levels of A3G and/or other members of the A3 family of proteins refative to
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a control {e.g., by at least about 10%, 20%, 30%, 40%, 50%;, 60%, 70%, 80%, 90%, or more}.
tn other embodiments, an ECsp value for the compound in regard to increasing cellular levels
of A3G andfor other members of the A3 famuly of proteins may be determined and preferably

the compound has an ECse value of less than about 100 gM, 50 M, 10 gM, 5 oM, or 1 M.

[0040] The compounds disclosed herein (e.g., compounds of formula 1, Ia, b, lo, Id,
fe, and If) may bave several chirsl centers, and stereoisomers, epimers, and enantiomers are
contemplated.  The compounds may be optically pure with respect 1o one or more chiral
certers {e.g., some or gll of the chiral centers may be completely in the S configuration; some
or all of the chiral centers may be completely tn the R configaration; ete)). Additionally or
alternatively, one or more of the chiral centers may be present as a mixture of configurations
{e.g., a racemic or another mixture of the R configuration and the S configuration).
Compositions comprising substantially purified stereoisomers, epimers, or enantiomers, or
analogs or derivatives thereof are contemplated herein (e.g., a composition comprising at least
about 90%, 95%, or 99% pure stereoisomer, epimer, or enantiomer)  As used herein,

formulae which do not specify the orientation at one or more chiral centers are meant to

encompass all orientations and maxtares thereof.
[0041] The compounds emploved in the compositions and methods disclosed herein

may be administered as pharmaceutical compositions and, therefore, pharmaceutical
composiions incotporating the compounds are considered to be embodiments of the
composttions disclosed herein.  Such compositions may take any physical form which is
pharmaceutically acceptable; illustratively, they can be orslly sdpunistered pharmacentical
compositions.  Such pharmacentical compositions contain an effective amount of a disclosed
compoeund, which effective amount 18 related 1o the dally dese of the compound to be
admimstered. Each dosage wuit may contain the daily dose of a given compound or each
dosage umt may contain a fraction of the daily dose, such as one-half or one-third of the dose.
The amount of each compound to be contamed in each dosage unit can depend, w part, on the
wdentity of the particular compound chosen for the therapy and other factors, such as the

indication for which it 1s given. The pharmacentical compositions disclosed herein may be
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tormulated 50 as to provide quick, sustatned, or delaved release of the active ingredient after

administration to the patient by emploving well known procedures.

[0042] The compounds for use according to the methods of disclosed herein may be
administered as g single compound or a combination of compounds.  For example, a
compound that increases celludar levels of A3G andfor other members of the A3 family of
proteins may be administered as a smgle compound or in combination with another
componnd that increases cellular levels of A3G andfor other members of the A3 famuly of
preteins or that has a different pharmacologicsl activity {eg, & different pharmacological

activity for treating infection by HIV-1 or for treating cancer).

f0043] As indicated above, pharmaceutically acceptable salts of the componnds are
contemplated and also may be utilized in the disclosed methods. The term “pharmaceuntically
acceptable salt™ as nsed herein, refers to salis of the compounds which are substantially non-
toxic {0 living organisms.  Typical pharmaceutically acceptable salts wnclude those salts
prepared by reaction of the compounds as disclosed herein with a pharmaceutically
acceplable mineral or organic acid or an organic or morganic base. Such salis are known as
actd addition and base addition salts. It will be appreciated by the skilled reader that most or
all of the compounds as disclosed hevein are capable of forming salts gnd that the salt forms
of pharmacenticals are commonly used, often because they are more readily crystallized and

purified than are the free acids or bases.

[0044] Acids commonly employed to form acid addition salis may include norganic
acids such as hvdrochloric acid, hydrobromic acid, hydrododic acid, sutfuric acid, phosphoric
acid, and the hike, and orpanic acids such as p-toluenesulfonic, methanesulfonic acid, exahc
acid, p-bromophenylsulfonic acid, carbonic acid, succinic acid, citvie acid, benzoie acid,
acetic acid, and the like. Examples of suitable pharmaceutically acceptable salts may include
the suifate, pyrosulfate, bisulfte, sulfite, bisulfate, phosphate, monohydrogenphosphate,
dihvdrogenphosphate, metaphosphate, pyrophosphate, bromide, todide, acetate, propionate,

decanoate, caprylate, acrylate, formate, hvdrochloride, dihedrochloride, isobutyiate, caproate,
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heptanoate, propiolate, oxalate, malonate, succinate, suberate, sebacate, fumarate, maleat-,
butyae- 1 4-dioate,  hexyne-l.6-dicate,  benzoate,  chlorobenzoate,  methyibenzoate,
hydroxybenzoate,  mothoxvbenzoate,  phthalate,  xyvlenesulfonate,  phenylacetate,
phenylpropionate, phenyibutyrate, citrate, lactate, alpha-hvdroxybutyrate, glyeolate, tartvate,
methanesalfonate,  propanesulfonate, naphthalene-l-sulfonate, naphthalene-2-sultonate,

mandelate, and the bke.

[0045] Base addition salts mclude those derived from inorganic bases, such as
armmontun or alkah or glkaling carth metal hydroxides, carbonates, bicarbonates, and the
fike. Bases useful in preparing such salts include sodivam hvdroxide, potasstom hydroxide,
ammoniam  hydroxide, potassium catbonate, sodium  carbonate, sodium  bicarbonate,

potassitum bicarbonate, calciam hydroxide, calcium carbonate, and the like.

[0046] The particular counter-ion forming a part of any salt of a compound disclosed
herean is may not be critical to the activity of the compound, so long as the salt as a whole 15
pharmacologically acceptable and as long as the comnterion does not contribute undesired
qualbities to the salt as a whole. Undesired qualities may inclade undesivably solubility or

tOXICItY.

[0047] Pharmaceutically acceptable esters and amides of the compounds can also be
emploved in the composittions and methods disclosed heremn, Examples of suitable esters
inchude alkyl, arvl, and aralky! esters, such as methyl esters, ethyl esters, propyl esters,
dodecyl esters, benzyl esters, and the like. Examples of suttable amides include unsubstituted
amides, monosubstituted amides, and disubstituted amides, such as methvl anude, dimethyl

amide, methyl ethyl amide, and the like.

f0048] In addition, the methods disclosed herein may be practiced using salvate forms
of the compounds or salts, esters, and/or amides, thereof. Solvate forms may inchude ethanol

solvates, hydrates, and the like.
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n

[0049] As used herein, the tenms "treating” or "to teal” each mean to alleviate
symptoms, eliminate the causation of resultant symptoms either on a temporary or permanent
basis, andfor to prevent or slow the appearance or 10 reverse the progression or severity of
resultant symptoms of the named disease or disorder.  As such, the methods disclosed hevein

encompass both therapeatic and prophylactic administration,

[0050] As used herein the term "effective amount” refers 1o the amount or dose of the
compound, upon single or multiple dose administration to the subject, which provides the
desired effect in the subject under diagnosiy or treatment. The disclosed methods mav inchude
administering an effective amownt of the disclosed compounds (eg. as present in g
phatmaceutical composition) for treating a disease or disorder associated with the biological
activity of A3G andfor other members of the A3 fammly of proteins, including admimistering
an effective amount of a compound that increases cellular levels of A3G andfor other

members of the A3 family of proteins,

[0051] An effective amount can be readily determined by the attending diagnostician,
as one skilled in the art, by the use of known techniques and by observing results obtamed
under analogous cucomstances.  In determining the effective amount or dose of compound
admunistered, a nuraber of factors can be considered by the attending diagoostician, such as:
the species of the subject; its size, age, amd general health; the degree of involvement or the
severity of the disease or disorder mvelved; the response of the mndividual subject; the
particular  compound  admumstered; the mode of admumistration; the bioavailability
characteristics of the preparation administered; the dose regimen selected; the use of

concontant medication; and other redevant circunmstances.

[0052] A typical daily dose may contain from about 001 mg'kg to about 100 mgkg
{such as fiorm about 0.05 my'ky to about 30 mg'kg and/or from about 0.1 myky to about 28

mg'ke) of cach compound used in the present method of treatment.

3] ompositions can be formulated ina onit dosaee form, each dosage containing
0053 Compositions can be formulated in a unit dosage form, each dosage containing

from abowut 1 to shout S00 myg of each compound individually or in a single umt dosage form,

35



WO 2016/029136 PCT/US2015/046328

such as from about 5 1o about 300 myg, from about 10 to about 100 my, and/or about 25 mg.
The term "unit dosage form” refers to a physically discrete unit suitabde as unitary dosages for
a patient, each unit containing a predetermined quantity of active material calculated to
produce the desired therapeuntic effect, in association with a suitable pharmacentical carrier,

difnent, or excipient.

[0054] Oral administration is an iHustrative royte of adminisiering the componnds
emploved m the compositions and methods disclosed berem.  Other iHustrative routes of
administration  mmclude tansdenmal, percutaneouns, intravenous, mtramuscular, intranasal,
buccal, mntrathecal, intracerebral, or intrarectal routes. The route of administration may be
varied m any way, Hmited by the physical properties of the compounds being emploved and

the convenience of the subject and the caregiver.

[00585] As one skilled in the art will appreciate, suitable formulations include those
that are suitable for more than one route of admimistration.  For example, the forondation can
be one that is suitable for both intrathecal and intracerebral administration.  Alternatively,
surtable formulations include those that ave soitable for only one route of adminisiration as
well as those that are suitable for one or more routes of administration, but not suitable for
one or raore other routes of admimstration.  For example, the formulation can be one that 15
suitable for oral, trapsdermal, percutancous, intravenous, mtranuscnlar, intranasal, buceal,

and/or mtrathecal administration but noet suitable for mtracerebral admanisiration,

[0056] The inert ingredients and wanner of formulation of the pharmaceutical
compositions are conventional. The usual methods of formulation vsed in pharmaceutical
science may be vsed here. All of the usual types of compositions may be used, including
tablets, chewable tablets, capsuoles, solofions, parenteral solutions, intranasal sprays or
powders, troches, suppositories, transdermal patches, and suspensions.  In general,
compositions contain from about 0.5% to about 50%%5 of the compound in total, depending on
the desired doses and the type of composition to be used. The amount of the compound,

however, 1s best defined as the "effective amount”, that 18, the amouont of the compound which

36



WO 2016/029136 PCT/US2015/046328

provides the desired dose to the patient in need of such freatment. The activity of the
compounds employed mn the compositions and methods disclosed herein are not believed to
depend greatly on the nature of the composition, and, therefore, the compositions can be

chosen and fornulated primarily or solely for convenience and economy.

[0057] Capsules are prepared by mixing the compound with a suitable diloent and
filling the proper amount of the mixture in capsules.  The usual dilvents include men
powdered substances {such as starches), powdered cellulose {especially crystalline and
microcrystaliine cellulose), sugars {such as fructose, manuitol and sucrose), grain Hours, and

similar edible powders.

f0058] Tablets are prepared by direct compression, by wet granulation, or by dry
granulation.  Their formulations wsually incorporate diluents, binders, lubwicants, and
disintegrators (in addition to the compounds). Typical diluents include, for example, various
types of starch, lactose, manniol, kaolin, calciam phosphate or sulfate, mmorganic salts (such
as sodium chlonide), and powdered sugar. Powdered cellulose dertvatives can also be used.
Typical tablet binders include substances such as starch, gelatin, and sugars {e.g, lactose,
fructose, glucose, and the like). Natural and synthetic gums can also be used, including
acacia, alginates, methyleellulose, polyvinylpyrrohidine, and the hke. Polyethvlene ghveol,

ethylcellulose, and waxes can also serve as binders.

[0059] Tablets can be coated with sugar, e, as a flavor enhancer and sealant. The
compounds alsp may be formulated as chewable tablets, by using large amounts of pleasant-
tasting substances, such as manntiol, i the formulation.  Instantly dissolving tablei-like
formulations can also be employed, for example, to assure that the patient consumes the
dosage form and fo avoid the difficulty that some patients experience in swallowing solid

objects.

[0060] A lubricant can be used in the tablet formulation to prevent the tablet and
punches from sticking i the die. The lubricant can be chosen from such shippery solids as

tale, magnesium and calciom stearate, stearic acid, and hydrogenated vegetable oils.

37



WO 2016/029136 PCT/US2015/046328

[0061] Tablets can alse comain disintegrators.  Disintegrators are substances that
swell when wetted to break up the tablet and release the compound. They include starches,
clavs, celluloses, algins, and gums.  As further lustration, com and potato starches,
methyleellulose, agar, bentonite, wood cellulose, powdered natural spoange, cation-exchange
resing, alginic acid, guar gum, citrus pulp, sodiuny lanryl sulfate, and carboxymethvicellulose

can be used.

[0062] Compositions can be formulated as enteric formulations, for example, to
protect the active ingredient from the stongly acid contemts of the stomach.,  Such
formulations can be created by coating & solid dosage form with a film of a polymer which s
inseluble in acid environments and soluble in basic environments. Hustrative films include
cellulose acetate phthalate, polyvinyl acetate phthalate, hydroxypropyl methyleeltulose

phthalate, and hydroxypropy! methyiceliulose acetate succinate.

[00863] When it is desired to administer the compound as a suppository, conventional
bases can be used. Hlustratively, cocoa butter is a traditional suppository base. The cocoa
butter can be moditied by addition of waxes to raise its melting point shightly. Water-
nviscible suppository bases, such as polyethviene glycols of various molecular wetghts, can

also be used tn suppository formulations.

[00864] Transdermal patches can also be used to deliver the compounds, Transdernual
patches can include a restnous composition in which the compound will dissolve or partally
dissolve; and a film which protects the composition and which holds the resingus composition
in contact with the skan. Other, more comphicated patch compositions can also be wed, such
as those having & membrane pierced with a plurality of pores through which the drugs are

pumped by osmotic action.

0065] As one skilled m the art will also appreciate, the formolation can be prepared
P : preg

with materials {e.g., actives excipients, cariers (such as cyclodextring), diluents, ere.} having

properties {e.g., purity) that render the formudation seable for admumstration to hwmans.

Alternatively, the formulation can be prepared with materials having purity andior other
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properties that render the formulation suitable for admimstration to non-human sobjects, but

not suitable for adnunistration to humans.

[00686] The following list of formulations is illustrative.  These illustrative
formulations may be sultable for prepanng pharmaceutical compositions that include the
disclosed compounds as “active myredients.” The following list of formulations s Hustrative

and should not be interpreted as Hmiting the present disclosure or clatms in any way:
[0067) Formulation 1
Hard gelatin capsules are prepared using the following ingredients:

Quantity
{mg/capsuale)

Active Ingredient 250
Starch, dried 200
Maguesium stegrate 10
Total 360 mg

The above ingredients are mixed and filled into hard gelatin capsules in 460 mg quantities.

[0068] Formulation 2
Quantity
{mg/tablet)
Active Ingredient 250
Cellulose, microerystalline 400
Silicon dioxade, fumed 10

Lh

Stearic acid
Total

s
:"-
(941
et
~
=
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The components are blended and compressed to form tablets each weighing 665 mg.
(00681 Formulation 3
An aerosol solution is prepared containing the following components:

Weight %

Active Ingredient 028
Fthanol 2975
Propellant 22 {chlorodiflucromethane) 70.00
Total 100.00

The agctive compound s mixed with ethanol and the nuxture added to a portion of the
Propellant 22, cooled to 30°C and transferved to a filling device. The required amouat is then
fed to a staindess steel container and diluted with the remainder of the propellant. The valve

units are then fitted 10 the container,
[0070] Formulation 4

Tablets each containing 60 my of active ingredient are made as follows:

Active Ingredient 60 myg
Starch 43 my
Microcrystatline celinfose 35img
Polyvinvipyrrolidone 4 mg
Sodium carboxymethyl starch 4.3 mg
Magnesium stearate 0.5 mg
Tale P mg
Total 150 mg

The active ingredient, starch, and cellulose are passed through a No. 45 mesh U.S. sieve and

mixed thoroughly. The solution of polyeinvipyrrolidone is mixed with the resultant powders
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which are then passed through 8 No. 14 mesh US. sieve. The granules so produced are dried
at 30°C and passed through a No. 18 mesh US. sieve. The sodinm carboxymethyi starch,
magnestum stearate, and tale, previously passed through a No. 00 mesh ULS, sieve, are then
added to the granules which, after mixing, ar2 compressed on a tablet machine to vield tablets

each weighing 150 my.
[0071] Formulation 3

Capsules, each containing 80 mg medicament, are made as follows:

Active Ingredient &0 mg
Starch 39 mg
Microcrystalline cellulose 59 mg
Magnestum stearate 2mg
Total 200 myg

The active mgredient, cellulose, starch, and magnesium stearate are blended, passed through a

No. 45 sigve, and filled into hard gelatin capsules m 200 mg quantities.

[0072] Formulation 8

Suppositories each containing 225 my of active mgredient may be made as follows:

Active Ingredient 223 mg
Saturated fatty acid alveendes 2,000 myg
Total 2225 mg

The gctive mgredient is passed through @ No, 60 mesh ULS, sieve and suspended in the
satwrated fatty acid glveendes previously melted using the minimuan heat necessary.  The

2 capacity and allowed to cool.

-

mixtuge is then poured into a suppository mokl of nomimal 2

[0073] Formulation 7
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Suspensions each containing 50 mg of medicament per 5 mi dose are made as follows:

Active hngredient SGmyg
Sodium carboxymethyl cellulose S mg
Syrup 1.25ml
Henzote acid solution .10 ml
Flavor q.v.
Color q.v.
Purified water o total 5ml
The medicament 15 passed thropgh a No. 45 mesh UK. sieve and mixed with the sodium

carboxymethyvl, cellulose and syrup to form a smooth paste. The beazoic acd solution,
flavor, and color are diloted with some of the water and added with stnring. Suffictent water

is then added 1o produce the required volume,

[0074] Formulation §

An intravenous formulation containing 100 my of medicament per 3 ml dose can be prepared

as follows:

Active Ingredient 160 mg
Manmnitol 100 mg
3N Sodium hydroxide 200 mi
Purified water to total Sml

EXAMPLES
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f0075] The following Examples are illustrative and should not be interpreted as

limiting the scope of the claims.

[0078] Example 1 - Chemistry
[00771 General Experimental
[0078] All chemical reagents were obtained from commercial suppliers and used

without further purification unless otherwise stated. Anhydrous solvents were purchased from
Sigma-Aldrich, and dried over 3 A molecular sieves when necessary. DCM and THF were
purified by passage through a bed of activated alumuna. Norowl-phase flash column
chromatography was performed using Biotage KP-Si S0um silica gel columns and ACS
grade solvents on a Biotage Isolera flash purnification system. Analytical thin laver
chromatograpby {TLC) was perfonmed on EM Reagent 0.25 mm silica gel 60 Fasy plates and
visualized by UV hight or wodine vapor. Liguid chromatography/mass spectrometry (LOMS)
was performed on a Waters Acquity-H UPLC system with a 2.1 mm x 530 mm, 1.7 um,
reversed phase BEH CI8 colomn and LOMS grade solvents. A gradient elution from 95%
water + 0.1% formic acid/3% acetonitrile + 0.1% formic acid to 95% acetonirile + 0.1%
formic acid! 5% water + 0.1%% formic aaid over 2 min plus a further winute continuing this
mixture at a flow rate of 0.85 ml/min was used as the eluent. Total ton cwrrent traces were
obtained for electrospray positive and unegative jonization (ESI+/ESI). Proton ('H) and
carbon (7C) NMR spectra were recorded on @ Bruker Avance [ w/ divect covoprobe
spectrometer. Chemical shifts were reported in ppm (0) and were referenced using residual
non-deuterated solvent as an internal standard. The cheraical shifts for 'H NMR and PO NMR
are reported to the second decimal place. Proton coupling constamts are expressed n hertz
{Hz}. The following abbreviations were used to denote spin multiplicity for proton NMR: 5 =
singlet, d = doublet, t = triplet, g = quartet, m = nwdtiplet, brs = broad smnglet, dd = doublet of
doublets, de= doublet of wtiplets, quin = gaintet, tt = fiplet of wiplets. In some cases,

2 stgnals occurred 1o the 'C NMR spectra.

3 el

averlappin
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f0079] Preparation of intermedistes and final compounds
Wi, NOYy B,
SO IR N o o Py
\E .1:3\ OM s \Ei }L o4 e R > { =y g
Y ST SN e Ny
0 & i
1 1a 53
[0080] Scheme 1. Reagents and conditions: (2) SOCh, EtOAc, reflux, 3b (b) Ry-

PRNHz, TEA, DOM, 0 °C to w. 2h (¢} SnCl2H0, FIOH, 80 °C, 2h (d) R:COCY, TEA,
DCM, 0 °C to 11, 2h.

[0081] Step a: Synthesis of 4-methoxy-3-nitrebenzoyl chioride 1

[0082]

[0083] Thionyl chioride (10 ml, 137 mmol} was added slowly to a solution of 4-
methoxy-3-nitrobenzow acid 1 (5 g, 254 mmol} in EtQOAe (50 ml}. The resulting suspension
was refluxed (80 °C) for 3h upon which it became a clear solation. The reaction was cooled to
vt and the sobvents were removed under reduced pressure. The solid obtained was dried under
high vacoum to vield 4-methoxy-3-pitrobenzovl chlorde Ia (4.22 g 77%) as a tan-colored
solid. "H NMR (300 MHz, CDCl) § 4.08 (s, 3H), 7.21 {d, J=8.85 Hz, 1 H), 8.30 (dd, J=9.16,
244 Hz, L H), 861 (d, J=2.14 Hz, 1 H),

[0084] Step b: General procedure for the svnihesis of amides 2-5
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f0085] A solution of d-methoxy-3-nitrobenzoyl chloride 1a (1.0 equiv) in DCM (2
mL/mmol} was cooled to 0 °C and treated with TEA (1.2 eguiv).  To this selution was added
the appropriate amine Ry-PhNH; (1.0 equiv) and the resulting mixture was stivred at 0 °C for
2h. Water and 1IN HCU were added to the reaction mixture followed by removal of DOM
under reduced pressure. The sohid obtained was collected by vacuum filtration, washed with

water and methanol and dried under high vacuum to give the respective amides.

[0086]

[0087] N-(benzo{d}{1.3}dioxel-5-yD~4-methoxy-3-nitrobenzamide (2): Prepared
according to the general procedure described m Step b using 4-methoxy-3-nitrobenzoyl
chioride 1a (0.75 g, 348 mmol) to afford N-(benzol[dl{13ldioxol-5-yi-4-methoxy-3-
nitrobenzamide 2 {1 g, 90%). MS (ESi) mass caled. for CisHaNoQg, 316.27; méz found,

31718 [M+H}+,

NG,
A i*'*\'\
L N N
L
[0088] g
[0088] 4-Methoxy-N-{4-methoxyphenyl}l-3-nitrobenzamide (3): Prepared according

o the general procedure described i Step b using 4-methoxy-3-nitrobenzoyl chloride 1a
{0.75 g. 3.48 numol} to afford d-methoxy-N-{($-methoxyphenyi }-3-nitrobenzamide 3 (0.84 »,
80%}. MS (ESI): mass caled. for CialpaNaOs, 30228 miz found, 30321 [M+H}+

NO,
- Q\f{ ’li§§:
P
T N g Ry ‘/O ~.
i oo
O \\;fil\'g"’
o} | D\
[0090] ‘

45



WO 2016/029136 PCT/US2015/046328

[0091] 4-Methoxy~-3-pilro-N-{3 4 5-trimethoxyphenyDbenzamide  {4):  Prepared
according to the peneral procedure described in Step b using 4-methoxy-3-nitrobenzoyl
chloride 1a (1.5 g 696 nmmoh) 1o aftord  4-methoxy-3-nitro-N-{3.4.5-
trimethoxyphenylibenzaride 4 (2.24 g, §9%). MS (ESIE: mass caled. for NGOy, 362.33;

o'z found, 36330 [M+H}

NGy
- O . n.a”j’\\’\
I
NN N
[0092] e
[0093] N-(3,4-Dichlorophenyl)-d-methoxy-3-pitrobenzamide  (5) Prepared

according to the general procedure described m Step b using d-methoxy-3-niirobenzoyl
chioride Ta (2 g 9.28 mmol) to afford N-(3 4-dichlorophenyi -d-methoxy-3-nitrobenzanide 5
{2.85 g, 90%) as an off-white solid. MS (EST): mass caled. for CaHwCENOy, 3400 vz
found, 340.9 [M+HT+; "H NMR (500 MHz, acetone-ds} 8 4.08 (s, 3 H), 7.51 {d, /=8.85 Hz, 1
H), 752 (d, /=885 Hz, 1 H), 7.76 {dd, /=870, 230 Hz, 1 H), 818 (d, =244 Hz, 1 H), 8.31

{dd, /=883 244 Hz, 1 H), 847 {d, /=214 He, 1 H}, 9.90 (brs, 1 H}.
(00941 Step ¢: General procedure for the svothesis of amines 6-9
[0095] To a solution of the respective nitrobenzamide 2-8 (1.0 equiv) in ethanol (4

whmmol) was added tin{il) chlonde dihvdrate (8 equiv), The resulting suspension was
stirred at 80 *C for 2h. The reaction was cooled to 11 and diluted with EtOA¢. Ssturated
NaHCO; was added and the mixture was stirred at 1 for 15 min. The solids were filtered and
washed extensively with EtQAc. The filtrate was washed with satarated NaHCQ;, HxO and
brine, dried over anhydrous Nax80,, and evaporated to give a crude solid that was triturated

with diethyl ether to vield the respective amines.

[0096]
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[0097] 3-Amino-N-(benzo[d}{1.3]dioxol-3-yI}-d-methoxybenzamide (6): Prepared
according 1o general procedure described i Step ¢ using N-(benzofdif 1,3 1dioxol-5-y1)-4-
methoxy-3-trobenzanmide 2 o afford  3-amino-Ne(benzofd} 1 3]dwoxol-5-vh)-4-
methoxvbenzamide 6. (0.45 g, 66%). MS (ESI): mass caled. for CisHigN2Os, 28628, wiz

found, 28720 [M+H]+

[g 0 98] L8] Q\:ﬁ}‘\_a e
199981 3-Amino-4-methoxy-N-(d-methoxyphenyhbenzamide  (7):  Prepared

according to general procedure desertbed in Step ¢ usiog $-methoxy-N-{$-methoxyphenyi)-3-
nitrobenzamide 3 to afford 3-amino-d-methoxy-N-{4-methoxyphenyi henzamide 7. (0.58 ¢

Ra%). MS (EST): mass caled. for CisHgNa04, 272.30; mfz found, 27319 [M+H}+

=

Ny
JReNGE N
N iy
3 | H
‘\!‘\\ ;:>;\\ N N”\, - \\/"Q e
§
4] ’\\E;:;"‘\ 5 s
[00100] o
(00101} J-Amino-4-methoxyv-N-(3 4, 5-trimethoxyphenvhbenzamide (8): Prepared

according to general procedure deseribed tn Step ¢ using d-methoxy-3-nitro-MN-(3 4 5-
trimethoxvphenvlbenzamide 4 10 afford J-amino-d-methoxy-N-(3,4 5~
wimethoxyphenylibenzamide 8. {(0.65 g 47%). MS {ESI): mass caled. for CpaHaNLOs,

332.35; wmfz found, 333.24 [M+H}+

[00102]
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{00103] I-Amino-N-(3,4-dichlorophenyl)-4-methoxybenzamide (93 Prepared
according to general procedure described In Step ¢ using N~(3.4-dichlorophenyl)-4-methoxy-

-

Jemitrobenzanide § (2.8 g 821 mmoely w0 afford 3-amine-N-(3 d-dichlorophenyh-4-
methoxvbenzamide 9 (1.6 g, 62.6 %) as an offewhite solid. MS (ESI): mass caled. for
CraHCLNOs, 310.03; miz found, 311.20 [M+H} 'H NMR (300 MHz, acetone-ds) & 3.90
(s, 3 H), 690 (d, /=824 Mz, 1 H), 728 (dd, /=839, 220 Hz 1 H}, 733 {d, J=2.44 Hz, 1 H},
7.530(d, /=B85 Hz, 1 H), 776 (dd, /=885, 244 Hz, | H), 822 (d, /=275 Hz, 1 H}, 947 (bus,

1 H).

[00104] Step d: General procedure for the svathesis of substituted bisarvl amides
1346
{00105] TEA (1.1 equiv) was added to & solution of bisaryt aming R;-NHz (1.0 equiv)

m DCM (10 mL/1 mumol). The mixtare was cooled to 0 °C and the appropriate acid chloride
RACOCT (1.1 equavy was added to i gradually. The reaction mixture was stirred from 0 °C (o
it over a period of 2h. The sobvents were removed under reduced pressure and the resulting
residue was punified by flash colunm chromatography on silica gel to vield the respective

bisary] amides.

[00106]

{00107] N-(henzo{d}{1.3}dioxol-5-y)-3-isobutyramido-4-methoxybenzamide  (10):
Prepared according to general provedure described in Step d using 3-amino-N-
{benzold}{ 1,3 dioxol-3-y1)}-4-methoxybenzamide 6 to afford the title compound 19. 20.1 mg,
67%). MS (ESI): mass caled. for CusHaoNaOs, 356.37; m/z found, 357.30 [M+H]+; 'H NMR
{500 MHz, CDCHLIS 130 {d, 3 H), 261 - 263 {m, 1 H}, 398 (s, 3 H), 598 (5, 2 H), 6.78 (d,
J=8.20 Hz, 1H), 6.92 (dd, /=835, 2.05 Hz, 1 H), 7.00 (d, F8.51 He 1 H), 7.37 (4, J=1 89
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Hz, 1 H) 7.80 (dd, <8.67, 2.36 Hz, 1 H), 7.90 (hs, 1H). 7.93 (bs. 1 Hy, 8.90 (d, /=221 Hz, 1
H).

{00108}

{00109] N-(henzo{d}{1.3}dioxel-3-yD-3-{2-bromopropanamidoe -4~-methoxy
benzamide (11} Prepared according to general procedure described in Step d 3-amimno-N-
26%). TFENMR (500 MHz, CDCl) 8 2.00 (d, 3H, /=728 Hz), 4.01 {s, 3 H), 4.57 - 4.63 (m, 1
H), 898 {s, 2 H), 679 (d, I=R 20 Hz, 1 H), 6.92 {dd, I=8.35, 2.05 He, 1 H), 7.00 - 7.04 {m_ |
HY, 737 (d, I=1.89 He, T H), 7.83 (m, 1 HD, 8,74 {hs, TH), B.77 (bs, 1H), 882 ¢d, =189 Hz, |
H).

{benzo{d]{1 3jdioxol-3-yI-4-methoxvbenzamide & 1o afford the dile compound 11, (9.5 mg,

[00110]

f00111] 3-Isebutyramido-d-methoxy-N-(d~methoxyphenylibenxamide {12y
Prepared according to general procedure described in Step d using  3-amino-d-methoxy-N-{4-
methoxyphenylibenzamide 7 to afford the title compound 12, (45.1 mg, 53%). 'H NMR (500
MHz, CDCL) S 128 - 132 {(d, 3 H, /=663 Hz), 257 -2.65 {m, | H), 3.82 (s, 3 H}, 398 (s, 3
H), 6,90 (d, 914 He, 2 H), 700 (d, /=883 He, 1 H), 755(d, /=014 Hz, 2 H), 780 - 784
(o, T H}, 7.86, (bs, 1H}, 7.90 (bs, 1H), 8.93 (d, /=1.89 Hz, 1 H).

f’*O“

A
e
e

[00112]
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[00113] 3-{2-Bromoproepanamido)-4-methoxy-N-(4-methoxyphenyhbenzamide
{13): Prepared according to general procedure described in Step d using 3-ammo-4-methoxy-
N-{4-methoxyphenyDbenzamide 7 to afford the title corpound 13. 'H NMR (500 MHz,
CDCRY O 2,00 (d, 3 H, A695 Ha), 3.82 (5, 3 H), 4.01 (s, 3H}, 4.59 - 4.60 (m, 1 H), .92 {d,
J=9 148z, 2H) 7.02 (d, J=8.83 Hz, 1 H), 7.55 (d, /=0.14 Hz. 2 H), 7.80 — 7.82 (m, 1 H), §.74
{be, 1H), 8.77 (be, TH}, 3.84 (&, =189 Hx, T H).

Q
HN.A\E/
L0
i < =g
i H
b ol o N o A .

[00114] o,

[00118] 3-fsobhutyramido-d-methoxy-N-{3.4,5-trimethoxyphenyvhbenzamide  (14):
Prepared according to general procedure described in Step d using 3-amine-4-methoxy-N-
{34, 5-trimethoxvpheaylbenzamide 8 to afford the title conpound 14, 'HONMR (500 MHz,
CDCH) § 1.28 (my, 6 H), 2.57 - 2.66 (m, 1 H), 3.84 (s, 3 H), 3.88 - 3.90 (s, 6 H), 3.99 (s, 3 H},
701 (x, 2H), 7.84 {dd, /=851, 221 He, 1 H), 793 (s, 1 H), 801 (3, 1 H), 892 (d, /=221 Hax,
I H).

o
H
1“N’ T
-'O\ /’\S\
s Ry
Ry i
RS N . T U &

100116] o

{00117) 4-Methoxy-3-propionamide-N-(3.4.5-trimethoxyphenyhibenzamide  (15):
Prepared according to general procedure described in Step d using 3-amino~-4-methoxy-N-
{3.4,5-trimethosyphenyDbenzamide 8 to afford the title componnd 15, 'H NMR (300 MHz,
CRCEHIS 125 - 132 (0m, 3 HYL 246 - 253 {m, 2 H), 385 (s, 3 H). 3.90 (s, 6 H}, 3.99(s, 3 H)
FO0 (s, 2 M), 7.73 - 7.77 (m, 1 H), 807 (s, V HY 843 (s, T H), 891 {d, /=221 Hz, 1 H) 9.06

(s. 1 H).
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[00118]

{00119] 3-Acetamido-4-methoxy~N~(3,4,5-trimethoxyphenyhbenzamide {16):
Prepared according to general procedure described in Step d using 3-amino-d-methoxy-N-
(3.4, 3-rimethoxyphenylbenzamide 8 to afford the title compound 16, 'H NMR (300 MHz,
CDCE} 6228 (s, 3H)L 385 (5, 3 H 390 (5, 6 H), 398 (s, 3 H)L 701 {5, ZH), 7.73 - 7.77 (m,

PHY, S10 (s, T H), 843 {5, THD 886 (d, /=221 Hz, I H}, 003 (m, I H).

[00120]

[00121] 3-{2-Bromopropanamido)-4~-methoxy-N-(3,4 5-trimethoxy phenyl)
benzamide (17): Prepared according to general procedure described in Step d using 3-amino-
4-methoxy-N={3,4.5-trimethoxyphenylbenzamide 8 1o afford the title compound 17. 'H
NMR (300 MHz, CDCL)Y 8 2.01 (d, A=6.94 Hz, A H), 385 (s, 3 H), 3.90 (s, 6 H), 4.02 (s, 3 H},
445 - 462 (m, 1 HY, 699 (s, 2 H), 7.76 - 780 {m_ { H), B.0B (s, 1 H), 8.39 - 8§42 (m, 1 H),
8.72-8.76{m, 1 H}, 8.95-899 {m, I H).

[00122]

100123] 3-{2-Bromopropanamideo}-N-(3,d-dichlorophenyli-4-methoxy  benzamide

{18): Prepared according to general procedure described in Step d using 3-ammno-N-(3,4-
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dichlorophenyl)-d-methoxybenzamide 9 to afford the title compound 18, 'H NMR (500
MHz, CDCly) 6 2.00 (d, J=7.25Hz, 3H), 4.01 (5, 3 H), 4.56 - 463 {m, 1 H), 7.04 (4, /=883
Hz, 1 H), 740 - 743 (m, 1 H), 749 - 752 (m, 1 H), 783 (dd, /=831, 221 Hz, 1 H), 793 (d,
S22V Hz, LHLB.06 (s, T H)YL, 875 ¢thr. s, I H). 882 {d, /=221 Hz, I H}.

A
- - Un,
N, B N v Af

[060124] S

[00125] N-{3.4-dichlorophenvl}-3-isobutyramido-4-methoxvhenzamide {19n
Prepared according to the general procedure using J-anuno-N-{3 4-dichlorophenyl)~4-
methoxybenzantide $ {20 mg, 0.064 nunol) and punified by flash column chromatography on
silica gel (0-50% EiOAc m Hex) to afford N-(3 4-dichlorophenyl)-3-isobutyramido-4-
methoxybenzamide 19 {12 myg, 61%) as a white solid. MS (ESI) mass caled for
CigHiCLNGO, 380.07; iz found, 381,28 [M+H] TH NMR (500 MHz, CDClL) 8 1.28 (3, 3
H), 1.29 (s, 3 H}, 2.56 - 2.64 (m, 1 H), 3.97 (5. 3 H), 6.99 (d, /=8.54 Hz, 1 H), 738 {d, /=8.85
Hz, 1 H), 7.50 (dd, =870, 229 Hz, I H), 7.79 {(dd, /=870, 1 68 Hz 1 H), 7.88 {brs, 1 H),
793 (d, J=2.14 Hz, 1 H), 827 s, 1 H), 8.86 {d, /=183 Hz, | H); "C NMR {126 MHz,
CDCHY § 1960, 3700, 36,07, 11021, 11697 11946, 12190, 12519, 12673, 12715,
13034, 132,60, 13788, 150.63, 16509, 17585,

e
AT

N N

TR
I
SN, G

[00126) & R

(001271 3-{Cyclobutanecarboxamido)-N-(3,4-dichlorophenyi)-4-methoxy
benzamide {20): Prepared according to the general procedure described in Step d using 3-
amino-N-{ 3 4-dichlorophenyly-4-methoxvhenzamide 9 (20 mg, 0.064 mmol) and purified by

flash column chromatography on silica gel {0-50% EiOAc in Hex) to afford 3-

52



WO 2016/029136 PCT/US2015/046328

{cyclobutanecarboxamido)-N-{3 4-dichlorophenyli-4-methoxybenzamude 20 (17 mg, 67%) as
a white solidd. MS {ESI): mass caled. for CioHiCeNyO;y, 392,07, miz found, 39320 [M+H]+;
"M ONMR (300 MHz, CDCE)Y S 1.92 - 2.03 (m, 1 H), 203 -2.11 {m, 1 H), 223 - 2.34 (m, 2 H),
2.37-2.46 (m, 2 H), 3.25 1, .~839Hz, 1 H), 3.97 (3,3 H), 7.00 {d, /~8.54 Hz, 1 H), 7.41 {d,
J=8 85 Hz, 1 H), 7.53 (dd, /=870, 229 Hz, 1 H), 7.75 {brs, 1 H), 7.80 {dda J=854, 244 Hz, |
H), 7.95 {d, ./=2.44 Hz, 1 H), 8.28 {brs, 1 H), 8.88 (d, J=2.14 Hz, 1 H); PC NMR (126 MHz,
CDChHY 0 18,11, 2539, 41,15, 536.06, 11024, 116.75, 11945, 121.91, 12505, 126.70, 12730,
130,41, 137.76, 150.56, 165,05, 173.80.

o
HN
’JQ,\{_ /1\ ( Y
[00128]
{00129] 3-{Cyclopropanecarboxamido}-N-(34-dichlorophenyl-4-methoxy

benzamide (21): Prepared according to the general procedure using 3-anuno-N-{3.4~
dichlorophenyi-4-methoxvbenzamide 9 (20 mg, 0.064 mmol) and purified by flash column
chromatography on silica gel (0-50% EtOAc m Hex} to afford 3-{cyclopropanecarboxamdo)-

2, 33%) as a white solid. MS (ESI)
mass caled. for CaHChNoQs, 378.05; miz found, 37920 [M+H]+ 'H NMR (500 MHz,
CRCHIS 091 -096{m, 2H), 109 - LIS (o, 2 HY, 159106 (m, | H)Y, 399 (s, 3 H), 7.00
(d, /=854 Hz, 1 H), 7.38 (d, /=885 Hz, 1 H), 7.51 (dd, /=870, 259 Hz, I H), 7.79 {dd,
J=B 84 234 Hz, T H), 792 (d, =244 He, 1 H), 8§06 {bes, T HY, 31 (5, 1 H) 8.80 {(d, /=183
Hz, 1 HY O NMR (126 MHz, CDCL) 8 861, 1638 3630, 11050, 117.21, 119.71, 12213,
12527, 12699, 127.40, 127.57, 130.57, 13284, 138,10, 150,64, 165,38, 172.70.

N-(3,4-dichlorophenyi}-4-methoxybenzamide 21 {13 m

[060130)
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f00131] N-(3.4-dichlorophenyl)-4-methoxy-3-{3-methyibutanamido)benzamide

{22): Prepared according to the general procedure described in Step d using 3-amino-N-(3 4-
dichlorophenyl)-dwunethoxvbenzamide 9 (40 mg, 0.129 nmunol) and purified by flash cohuan
chromatography on sihea gel {0-30% EtOAe 0 Hex) to afford N-(3 d-dichlorophenyl)-4-
methoxv-3-(3-methyvibutanamidolbenzamide 22 (32 myg, 63%) as a white solid. MS (ESIy:
mass caled. for CialasChNLO5, 384.09; myviz found, 3930 [M+H]+ "H NMR (500 A,
CDCRYG 103 (5, 3 HL 105 (5, 3, 249227 (m, 1 H), 229~ 231 {m, 2 H), 3.96 {5, 3 H},
698 {d, SSBEBI Mz 1 H). 734 - 742 {m, P H), 747 - 7583 (m, [ H), 7.76 - 783 {m, 2 H), 7.92
(d, J=2.44 Hz, 1 H), 826 (s, 1 H), 885 (d. /=214 Hz, T H) “C NMR (126 MHz, CDCL) 8
2262 2640, 4746, 5620, 11036, 11711, 11964, 12208 12526 12686, 12733, 13051,
13278, 13794, 150,67, 16522, 171 .49,

[00132]

[00133] N-(34-dichlorophenyh-4-methoxy-3-2-methyibutanamidobenzamide
{23): Prepared according to the general procedure deseribed in Step d using 3-amino-N-{(3 4~
dichlorophenyl-4-methoxybenzamide 9 (40 mg, 0.129 mmol) and punfied by flash column
chromatography on silica gel {0-30% EtQAc in Hex) to afford N-(3 4-dichlorophenyl)-4-
methoxv-3-(2-methylbutapamidolbenzamide 23 (23 my, 0.058 mumcl, 453 % wvield) as a
white solid. MS (EST): mass caled. for CioHaoUENO;, 394.09; mix found, 395.0 [M+H]+; ‘H
NMR (300 MHz, CDCl) 0 0.94 - 1.01 {m, 3 H), 1.26{d, /=7.02 Hz, 3 H), 1.56 (ddd, J=13.73,
TAR 626 He, L H), D78 (dt, 1373, 748 He, 1 H), 231 - 239 (m, 1 H), 3.98 (s, 3 D, 7.00
(d, /=834 Hz, I H), 739 (d, /=885 Hz, | H), 7.51 {dd, /=885, 2.44 Hz, | H), 7.80 (dd,
J=8.54 214 He, LH), 7.86 (brs, T H), 7.93 (d, /=244 He, 1H), 823 (5, 1 H), 890 (d, /=2 .44
Hz, 1 HY YC NMR (126 MHz, CDChL) § 12.04, 17.66, 27.57, 44.66, 56.25, 110.39, 117,
11964, 122,09, 125,29, 126,84, 127,43, 130.54, 13283, 13792, 150,74, 165,19, 175.62.
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[00134] ° Sy

[00138] N-(3,4-dichiorophenyh)-3-(2,2-dimethyibutanamido)-4-methoxy

benzamide (24): Prepared according to the general procedure described in Step d using 3-
amino-N-(3 4-dichlorophenyl}-d-methoxybenzamide ¢ {40 myg, 0,129 mmol} and purified by
flash column chromatography on silica gel (0-50% EtOAc in Hex) to afford N-(3.4-
dichlorophenyl}-3-(2 2-dimethyibutanamido}-4-methox vbenzamide 24 (22 mg, 0.054 mmol,
41.8 % yield) as a white soltd. MS (ESI): mass caled. for CaHpCLNLQy, 408.10; vz found,
409,06 [M+H T TH NMR (300 MHz, CDCLY § 0.93 (1, /=748 Hz, 3 H), 1.30 (s, 6 H), 1.64 -
P70 e, 2 H), 398 (s, 3 Hy, 7.00 {d, /=854 Hz, 1 H}, 739 (d, /=854 Hz, | H), 7.50 (dd,
F=8 70, 239 Hz, T H), 780 (dd, F8.70, 229 Hez, T H), 793 (d, /=244 Hz, | H), 821 {5, 1
H), 8,90 {d, J=2.14 Hz, 1 H); VC NMR (126 MHz, CDCl;) 8 9.39, 25.00, 3419, 44.05, 36,38,
11032, 11683, 11967, 12211, 12524, 12683, 12741, 127.50 130352, 132.80, 13791,

150095, 16523, 176,88,

@
e
o AT

[00136]

[00137] N-(3,4-dichlorophenyl)-4-methoxy-3-pivalamidebenzamide {25): Prepared
according to the peneral procedure described i Step d  using  3-amino-N-(3,4-
dichlorophenyl-4-methoxybenzamide 9 (40 myg, 0.129 mmol} and purified by flash colomn
chromatography on silica gel (0-50% EiOAc m Hex) to afford N-{3 4-dichlorophenyl}-4~
methoxy-3-pivalaniudobenzamide 28 (28 mg, 551 %) MS (ESIH; mass caled. for
CraHagClNDy, 394.09; miz found, 395.0 [M+H; TH NMR (500 MHz, CDCly d ppm 133 -
138 {m, S HYISS (s, 3H)7.00(d, =854 Hz, | H)7.39{d, J=883 Hz,  H) 747 - 752 {(m, |
H) 7.80 (dd, 3=8.54, 244 Hz, 1 Y 793 (d, J=2.75 Hz, 1 H) 819 {br. s, 2 H) 8.89 (d, J=2 44
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Hz, 1 HY, PC NMR (126 MHz, CDCL) d ppm 27.71 (s, 1 €} 4031 (5.1 ©) 56.37 (s, 1 O)
11032 (s, 1 C) 116.83 (5, 1 €) 119.64 (5, 1 C) 122.09 (s, 1 €) 12527 (5, 1 C) 126,83 (5, 1 )
12751 {5, 1 C) 130,52 (5. 1 ©) 132.81 (5, 1 C) 137.90 (5, 1 €} 150.98 (5. 1 C) 165.21 {5, 1 )
17745 (s, 1 O).

18]
o .
HNT ey
N\
W

[060138)

(00139 N-(3,4-dichlorophenvl-4-methoxy-3-(2-methvicyclopropane
carboxamide)benzamide (26): Prepared according to the general procedure desceribed in
Step d using 3-amine-N-(3 4-dichlorophenyl-d-methoxybenzamide 9 (40 mg, 0.129 mmol}
and purified by flash column chromatography on silica gel {0-50% EtJAc m Hex) to aftord
N-(3 4-dichlorophenyli~4-methoxy-3-{ 2-methvicyclopropanecarboxamido) benzamide 26 {22
mg, 0.056 mmol, 43.5 % vield) ag a white solid. MY (ESI) mass caled. for € b pChNAD,,
392.07; mi'z found, 392.99 [M+H]+ 'H NMR (500 MHz, CDCl) d ppm 0.72 - 0.78 {m, | H)
PAS(d, I=6. 10 He, 3 HY 127 ~ 134 (m, 2 H) 146 - 1.54 (m, 1 H) 308 {5, 4 H) 7.00 {4,
J=8.54 Hz, 1 H) 738 {d, J=8354 Ha, | H} 748 (dd, =885, 2.44 He, 1 H) 7.77 {dd, }=8.54,
ZHMHZ Y79 =275 He, YISO {5, 1 Hp 801 (5,  HI S84 (d J=2.14 Hz, | HY;
HOONMR (126 MHz, CDCL) d ppm 1690 (s, 1 C17.34 (s, 1 O 1810 (s, 1 O) 24.91 {5, 1 O
SE21 (5, 1 OY HHOB8 5, L Oy 11673 (s, 1 C) 11961 (5, 1 CY 122,07 (5, 1 OY 12492 (5, 1 O}
12680, 1 Y 12745, T I8 (5. T OH 13084 (0, T OO 13284 (5, T CHI37 R4 (3. 1 )
165.194(s, 1 €Y 17230 (s, 1 ).

[00140] ~
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[00141] 3-{2-Cyclopropylacetamido}-N-(3 4-dichlorophenyl}-4-methoxy benzamide
{27} Prepared according to the general procedure described in Step d using 3-amino-N-(34-
dichlorophenyl)-dwunethoxvbenzamide 9 (40 mg, 0.129 nmunol) and purified by flash cohuan
chromatography on silica gel {0-30% EiOAc in Hex) to afford 3-{2-cyclopropylacetamido)-N-
{3.4-dichlorophenyl)-4-methoxybenzamide 27 (35 mg, 69%) as a white sohd. "H NMR (500
MHz, CDCL) d ppm 028 - 0.40 (m, 2 H) 0.69 - 081 (m, 2 ¥} 111 (ddd, J=7.71, 481, 2.75
Hz, 1 HY2.39(d, J=732 Hz, 2 H)3.98 {5, 3 H) 7.00 (d, =854 Hz, 1 ) 740 (d, J=8.83 Hz, |
HY 748 (dd, J=8.85, 244 Hz, 1 D 7.80 (dd, J=8.54, 244 He, 1 H} 793 (d, J=244 He, T H)
8.06 {s, 1 H) 842 (br.s., 1 H) 8.90¢d, J=2.94 Hz, 1 H) 7C NMR (126 MHz, CDCL) d ppm
486 7354204 5633 11037 11685 11960 122,08 12517 12684 12739 13057 13288
137.84 150.77 165.16 171,32,

HNT
/’0 T "1‘/%\
i ] H ~
S \E{ . ~ :’"\i'v*"b;

[00142] ¢ Sty

[00143] N-(3,4-dichiorophenyl)-3-(3 3-dimethylbutanamide)-d-methoxy

benzamide (28)  Prepared according to the general procedure desoribed m Step d using 3-
anyino-N-{ 3 4-dichlorophenyl)-4-methoxybenzanide 9 (40 mg, 0.129 mmol} and purified by
flash colsmn chromatography on silica gel (0-50% EiDAc m Hex) to afford N-{(34-
dichloropheny}-3-(3, 3 -dimethylbatanamido)-4-methoxybenzamide 28 (25 mg, 0.061 mmol,
47.5 % vield) as a white solid. MS {ESE): mass caled. for C20H22CIZNZ03, 408.10; miz
found, 409,10 [M+H]+; "H NMR (500 MHz, CDChi d ppm 113 (s, 9 H) 2.30 (s, 2 H) 3.97 (s,
IHY699(d, F=854 Ha, T HY 739 (d, J=8 84 Hz, T HY 747 - 7.53 {m, 1 H) 7.78 {dd, I=8.54,
244 Hz, 1 H) 7.92 (d, J=2.44 Hz, 1 H) 8.08 (5, 1 H) 888 (d, 1=2.44 Hz, 1 H); "C NMR (126
MHz, CDCIydppm 2996 (s, 1 O 3145 (5, 1 ) 8220 (5, 1 (N 5626 (5, 1 O 11036 (s, 1 )
11696 (s, L O 1009 (5, T OY 122455, T Y125 M {5, 1 Oy 12681 (5, T OY 12748 (5, 1 Q)
12751 (5, VO 13085 (5, 1 O 13284 (s, T CH I3TR3 (5, L CHISOT72 (5, 1 O 16518 (s, 1 ()
70075 (s5, 1 )
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[001 44] g e O
[00145] 3-(2-Cyclopentylacetamide)-N-(3,4-dichlorophenyl)-d4-methoxy benzamide

{29): Prepared according to the geseral procedure described in Step d using 3-amino-N-(3,4-
dichlorophenyl}-4-methoxyvbenzamide 9 (40 mg, 0.129 mmol) and purified by flash colummn
chromatography on silica gel (0-50% EtOAc in Hex) to afford 3-(2-cyelopentylacetamido)-N-
(3. 4-dichlorophenyl}-4-methoxybenzanide 29 (31 my, 57.2 %) as a white solid. MS {(ESIy;
mass caled. for C2TH22CIZNI03, 420.10; m'z found, 421,10 [M+HI+; 'H NMR {300 MHz,
CDCl)y dppm 1.24{td, =771, 304 Hz, 2H) 156 - 164 (m, 4 ) 187 - 195 (m, 2 H) 2.30 -
2390m, THYIA3 -248(m, T H} 397 (s, 3 H} 6.99{d, J=8.54 Hz, | H} 7.39 (d, =854 Hz 1
Hy 751 (dd, =870, 259 He, TN 777784 (m, 2H) 7.94 (d, =244 Hz, 1 H} 824 (5, | H)
.85 (d, 3=2.14 Hz, 1 Hy, "C NMR (126 MHz, CDCly d ppm 2504 (5, 1 13274 (5, 1 O)
3724 (3,1 Cr 4441 (5, 1O S621 (5,1 CHIL034 (6, 1O 1714 {s, ICH 11968 (5, 1 O)
12200 0, 1Y 12527 (5, TCOY 12087 (5, 1 O 12735 (5, LY 130490 (5, 1 O 13276 (5, 1 )
13797 (s, 1 Y 15067 (5, LY IGR 25 (5, 1 OY IT18L (5, 1 O),

[001486]

[00147] 3-{Cyclapentanecarboxamido)-N-(34-dichlorophenyl)-4-methoxy
benzamide (30): Prepared according to the general procedure described in Step d using 3-
anino-N-{3 d4-dichlorophenyl}-4-methoxvbenzamide 9 (40 mg, 0.129 mmol} and purified by
tlash column chromatography on silica gel (0-50% EiOAc i Hex) to afford 3-
{cvelopentanscarboxamido)}-N-(3 4-dichlorophenyl}-4-methoxybenzanmide 30 (28 myg, 33.5
%) as a white solid. MS (ESD): mass caled. for C20H20CIZNZO3, 406.09; nv'z found, 407.10
IMHTE THNMR (500 MHz, CDCL) d ppm 161 - 1.69 (m, 2 H) 177 - 1.87 (m, 2 H) 1.90
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(td, I=7 AR, .88 Hz, 2 H) 1.95 - 2.04 {m, 2 H) 278 (¢, J=8.09 Hz, 1 H) 3.97 {5, 3 H) 6.99 {d,
J=8.54 Hz, | H) 7.39 {d, }=8.54 Hz, 1 H) 7.50 (dd, J=8.85, 2.44 Hz, | H) 7.79 {dd, }=8.54,
2.44 Hz, 1 H) 7.88 (br. s, 1 H) 7.92 (d, J=2.44 Hz, 1 H) 820 (s, 1 H) 8.88 (d, }=2.44 Hz, |
Hy: PO NMR (126 MHz, CDChy d ppm 15,42 (5.1 ©) 2616 (5, 1 CY 3077 (5, 1 () 47.33 (8,
Cy56.20 (s, 1 CY66.01 {5, 1 C) 11033 (5. IO 11700 (5, T OY 11063 {5, 1 €1 12206 (5, 1 O)
12517 (5. 1O 126.83 (5, T O 12735 (5. 1 ) 127.52 (5, 1 €) 13040 (5, 1 ) 132.76 (5. 1 ©)
137.94 (s, 1 O) 150,67 (5. 1 C) 16323 (5, 1 O 17541 (5, 1 C.

B o
[00148] ¢ o

[00149] 3-(2-Cyclohexylacetamide)-N-(3d-dichlorophenyli-d-methexy  benzamide
{31): Prepared according 1o the general procedure described in Step d using 3-amino-N-(3 4-
dichlorophenyh-d-methoxybenzamde 9 (40 mg, 0.129 nmol) and punified by flash column
chromatographyv on silica gel (0-50% EtOAc i Hex} to afford 3-(2-cyclohexylacetamido)-N-
{3 4-dichlorophenyli-4-methoxybenzamide 31 (29 mg, S1.8 %) as a white solid. M§ {(ESIx
mass caled. for C22H24CIINZ03, 434.12; m/z found, 4350 [M+H]+ 'H NMR (500 MHz,
CDCIY dppm 1.04{dd J=11 00, 305 Hz 2HD 1 I7(d, =128 Hz, LI 123 - 138 (m, 3 Hy
172~ 077 (o, 2H) 182 (d, d=13. 12 Hz, 2HY 189 (5, 1 D230 (d, =702 Hz, 2H) 397 (3. 3
HY 6.9% (d, J=8.85 Hz, 1 H} 7.39 (d, J=8.85 Hz, 1 H) 748 - 7.51 (m, 1H) 7.79 {dd, I=8.54,
2.44 Fz 2 H) 7.93 (d, F=2.44 Hz, T H) 826 (3, 1 H) 8.86 {d, 1=2.14 Hz, 1 H), O NMR (126
MHz, COCIO)dppm 2604 (s, 1 C1 2614 {6, 1 OY33 12 5, 1 33389 (s, 1 Oy 4611 {5, 1 )
606 (3, 1 Cy 7674 (5, 1Y 7725 (5, 1Y H022 (5, T OY 1I6 85 (5, 1 CY 11948 (3. 1T )
121.94 (s, 1 €)Y 12509 (s, 1 ) 126,69 (s, 1 C) 12721 (s, 1 €Y 12725 (5. 1 €)Y 13037 (5, 1 O
132.65 (s, 1 ©) 137,78 {5, 1 ) 15048 (5.1 C) 165.05 (5, 1 C) 17131 (s, 1 Ch.
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[00150]

[00161] N-(3-{(3 4-dichlorophenyljcarbamoyi)-2-methoxyphenyijtetrabydro-2H-
pyran-d-carboxamide (32): Prepared according to the general procedure described i Step d
using 3-amine-N-(3 4-dichlorophenyh)-4-methoxybenzamide 9 (20 mg, 0.064 mmol) and
purified by flash column chivomatography on silica gel (0-50% E1OAc in Hex) to afford N-(5-
{{3,4-dichlorophenylicarbamovl)-2-methoxvphenviftetrahydro-2 H-pyran-d-carboxamide 32
{14 mg, 0033 mmol, 31.5 % vield). MS (ESI): mass caled. for C2OH20C12IN204, 422.08;
miz found, 423,24 [M+HF H NMR (300 MHz, CDCl) d ppm 1.89 - 199 (m, 4 H) 2.62 (11,
J=11.06 435 Hz, L H) 350 - 356 0m, 2 HY4.00 (s, 3 H14.09-4.15{m, 2 H) 7.04 {d, J=8.85
Hz 1 HY 743 (d, I=885 Hz, 1 H) 7.53 (dd, =885, 244 Hz, 1 H) 7.84 (dd, J=R.70,229 Hz, 1
H)7.01 - 798 (m, 2 H) 814 (s, 1 HY 890 (d, =244 Hz, } H); MO NMR (126 MHz, CDCL) d
ppm 2920 (s, T CY43.53 5, 1 O3 5613 (s, 1 Y67 12 (5, 1 D 11026 (5, 1 O 11692 (5, 1 )
1949 (0, 1 Y 12194 (5, T COY 12527 (5, 1 O 12677 {5, L Y 12707 (5, L CY 12735 (5, 1 )
13041 (5, 1 Y 15001 (5, 1 O) 16495 (5, 1 C).

[00152] e

[00153] N-(5-{(3,4-dichlorophenyl)carbamoyl)-2-methoxyphenyhadamantane-2-
carboxamide (33): Prepared according to the general procedure described Step d in using 3~
amino-N~{3 d-dichlorophenyl}-4-methoxvbenzamide 9 (40 mg, 0.129 mmol} and purified by
flash column chromatography on sihica gel (0-50% EtOAc in Hex) to afford N+5-{(3.4-
dichlorephenyl)carbamoyl}-2-methox yphenyhadamantane-2-carboxamide 33 (40 mg, 0.084
mmel, 65.7 % vield). MS (ESIy mass caled. for C2SH26CIZN203, 472.13; miz found,

47332 [MHH T TH NMR (500 Mz, CDCHYd ppo 177 - L85 (m, 6 HY 198 (d, J=2.44 Ha,
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GHIZ I3 (br s, 3 H) 399 (s, 3 HY 699 (d, J=8.85 Hz, 1 HY 738 (d, =885 He, I H) 7.30 (dd,
J=8.70, 2539 Hz, 1 H) 7.80 {dd, I=8.70, 229 Hz, 1 H} 793 (d, }=244 Hz, 1 H} &16 (s, 1 H)
821 {s, 1 HY 8.92 (d, J=2.44 Hz, 1 H), VC NMR (126 MHz, CDCL) d ppm 28.24 (s, 1 O)
3054 (5, TO3037 {5, 1 CY 4219 (5. 1 O 5630 {5, 1 O 11030 (s, 1 (Y 11695 (5, 1 OO
PIOO3 (5, 1 CYI22.07 (s, 1 CH 12523 (5, 1 ) 12680 (5, 1 O3 12736 {5, 1 C) 12748 (s, 1 ()
3051 {s, TOHIZR 79 (s, L O 13794 s, TOYISTO3 (5, 1 O 16323 3, T O IT695 (5. 1 O

O
e O
o\v‘,.l,\\}_ h.“_,\’
\ N N
[00154] g
[00155] N-(8-((3 d-dichlorophenylcarbamoyl)-2-methoxyphenyl) tetrahydrofuran-

Z-earboxamide {34): Prepared according 1o the general procedure described in Step d using
J-anune-N-(3, 4-dichlorophenyli-d-methoxybenzamide 9 {20 myg, 0.064 mmol} and puribed
by flash column chromatography on silica gel (0-30% EtOAc in Hex) to afford N-{(34{{3 4~
dichlorophenylicarbameovl)-2-methoxyphenyltitetrahydeofuran-2-carboxamide 34 (11 mg,
0.027 mmol, 418 % viclkd) as 8 white solid. MS (ESD: mass caled. for CoHpCiNO4,
408.06; miz found, 408.96 [M+H]+, "H NMR (500 MHz, CDCI3) d ppm 1.89 - 2.04 (m, 2 H)
218 {dd, I=13.43, 732 Hz, 1 ) 23R (dd, J=12.82, 793 Hz, 1 HY 398 (s, 3 H}Y 3.99 - 4.02 (m,
PHY .04 - 413 (m, 1 HY4.50 {dd, J=8.39, 565 He, | H) 7.00 {d, =854 Hz, I H) 739 {d,
J=8.85 Hz, 1 H} 7.50 (dd, J=8.70, 250 Hz, | H) 780 (dd, J=8.54, 2.44 Hz, 1 H) 7.92 {d,
J=2 4 Hz, VHY 830 (s, 1 H) 888 (d, J=2.34 Hz, LH)Y9.15 (b s T HY, PC NMR (126 MHz,
CDChydppm 2371 (5, 1 CY 3043 (5, 1 O) 5029 (5, 1 C) 6993 (5, 1 O) 7894 (5, 1 C) 110.50
(s, TCYI1696 (s, 1 CH 11060 (s, 1 CY 122,06 (s, L CHIRSAS (5, 1 O) 12673 {5, 1 () 128.70

TCYIR746 (s, 1O IR056 (s, 1 OH 13285 (5, F CY 13787 (5, T CYIS133 (s, 1 ) 165,14
(5, 1TQY172.15(s, 1 Q)
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o\/v_.l%‘ L g
LA g
YO
[001 581 © 0 Ny
[00157] N-{8-{{34-dichlorophenyljcarbameoyl)-2-methoxypheaylibenzo{d}{1,3]

dioxole-S-carboxamide (38): Prepaved according to the general procedure described m Step
d using 3-amino-N-(3,4-dichlorophenyvi}-4-methoxvbenzamide 9 (20 myg, 0.064 mmol) and
purified by flash column chivomatography on silica gel (0-50% E1OAc in Hex) to afford N-(5-
{{3,4-dichlorophenylicarbamovl-2-methoxvphenvibenzo[di] 1, 31dioxole-S-carboxamide 3%
(8 mg, 0.017 mmol, 27.1 % vield). MS (BSIY mass caled. for C22HISCIZNZOS, 458.04; miz
found, 439.20 [M+H]+ "H NMR (500 MHz, CDCL) d ppm 4.03 (5, 3 H) 6.10 (5, 2 H) 6.93
{d, =793 Hz, L B 705, =834 Hz, 1 H) 739 - 744 (m, 2 H} 746 (dd, J=8.09, 1 98 Hz |
Hy 7.54 (dd, J=8.85, 244 Hz, | H) 7.84 (dd, }=8.54, 244 Hz, 1 H} 797 {(d, J=2.44 Hz, I H)
830 s, 1 H) 8.49 (s, 1 H) 8953 {d. }=2.14 Hz, 1 H) VC NMR (126 MHz, CDCly) d ppm
36225, L Y1097 5, 1 CHIOTS9 (5, T OV 10831 {5, 1 CY 11030 (s, 1 ©) 11706 (s, 1 T}
949, 1 Oy 12193 (5, TOY 133 (R T CHI2688 (s, 1 Y 12723 (5, 1 () 127.28 45, 1 )
128,61 {5, LY 13036 {5, TOY 132,65 (5, T O 13785 {5, VY M8 33 (5, 1 Y 15090 (5, 1 OO
151.05¢s, 1 16402, 1 Y1654 (5, 1 Q).

[00158]

{00159] N-{3,4-dichiorophenyl)-d-methoxy-3-(2-phenviacetamidoibenzamide (36):
Prepared according to the general procedure using 3-amino-N-{3 4-dichlorophenyl)-4-
methoxybenzamide ¢ {20 mg, (.064 mmol) and purified by Hash colomn chromatography on

silica gel (0-30% EwQAc i Hex) to afford N-(3d-dichiorophenyl)-d-methoxy-3-(2~
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CI2HIBCIZN203, 428.07; wyz found, 42923 [M+HT+; Y1 NMR {500 MHz, CDCH) d ppm
3808, 2HI3IRA (s, 3H} 694 (d, J=B 83 Hz, 1 H) 736-73%(m, 3 H} 741 - 745 (m, 3 H)
748 (dd, J=8.85, 244 Hz, 1 H) 7.78 (dd, }=8.54, 2,14 Hz, | H) 7.88 {(br. 5., 1 H) 7.93 (d,
J=2.44 Hz, 1 HY .11 (s, 1 HY 883 (d, 1=2.44 He, 1 HY, C NMR (126 MHz, CDCL) d ppm
4530, 56.26 11047, 117.00, 11971, 122,18, 12559, 12693 12727, 127.97 12942, 129.79,
130,63, 132.92, 13428, 138.00, 150,95 16524 16981,

HN{\ Wy
o
POy

§ e N O

[00160] ¢ N

[00161] 3-Benzamido-N-(3,4-dichlorophenyli-d-methoxybenzamide (37): Prepared
according 1o the  general  procedure  wsing  3-anuno-N-(3 d-dichlorophenyi)-4-
methoxvbhenzamide 9 {20 myg, 0.064 mnwl) and purified by flash column chromatography on
silica gel {(-530% EtOAc in Hex) to afford 3-benzamido-N-{3 4-dichlorophenyl}-4-
methoxybenzamide 37 as a white solid (13 mg, 49%) MS (ESI); mass caled for
C2UHI6CIIN203, 414.05; miz found, 41520 [M+HT+; TH NMR (500 MHz, CDCL) d ppin
S04 (5, I Y707 {d, J=885 He, 1 H) 742 (d, =883 Hz, L H) 7.83 - 757 (m, 3 H) 759 «
762 (m L HY786(dd, J=854 244 He, 1 HH 791 - 795 (m, 2 HY 798 ¢(d, I=244 Hz 1 H)
R30 {s, 1 H) €63 {5, 1 H) 9.01 {d. J=2.44 Hz, 1 H). "C NMR (126 MHz, CDCL) d ppm
S6.51 (s, 1L QY 1060 (5, T Oy 11733 (5, L Y 11976 (s, T CY 12221 (5, 1 Y 12569 (5, 1 ©)
R71 G 1127306, 1T CHI2TS6 . 1O 12922 (3, 1 OY13066 (5, 1 CHI3231 (3, 1 O
132955, 1 Y 13478 (5, L Y 13806 (5, 1 CY 15123 (5, T O 1S322 (5, 1 CH 16508 (5, 1 O

[00162]
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[00163] N-(3-{(3,4-dichlorophenylycarbamoyl}-2-methoxyphenyl) isonicotinamide
{38): Prepared according 1o the general procedure deseribed in Step d using 3-amino-N-(34-
dichlorophenyl)-4dwnethoxvbenzamide @ (20 mg, 0.064 vanol) and punfied by flash colunm
chromatography  on sihea  gel (0-100%  FEiOAc in Hex} to  afford N334
dichlorophenylhcarbamoyi}-2-methoxyphenvlisonicotinamide 38 (9 my, ¢.022 mmol, 33.6 %
vield), MS (EST): mass caled. for CIOHISCEN3OS, 415.05; mfe found, 41623 [M+H}M-; H
NMR (500 MHz, DMSO-d6) d ppm 3.92 (5, 3 H)Y 728 (d, =885 Hz, 1 H} 7.61 {d, }=8.85 He,
PHY7.78{(dd, J=8.85, 244 Hz, 1 H) 788 {d, =580 Hz, 2 H} 793 {dd, I=8.70, 229 Hz 1 H)
B8.16{d, =244 Hz, ] H}B30{d. I=2 14 Hz, L H} 876 - 8.83 {m, 2 H} 10.03 {5, 1 HY 1040 (5,
Py, FCONMR (126 MHz, DMSO-G6) d ppm $6.01 {s, 1TCY 11108 (s, 1 €©) 12004 (5, 1 O
2123 (5 1O 2133 (s, 1 O 12470 (s, 1 OY 2515 (8, T OY 2873 (5, L O 12377 {5, 1 )
126,62 (5. 1 €)Y 13035 (s, 1 CY 13062 (5, 1 ©) 13927 (5, 1 O 141,04 (5, 1 €) 15020 (s, 1 O)
185.094(s, 1 C}) 164.68 {5, |

o

NN
SR

[00164]

{00165] N-{5-{{3 4-dichlorophenyl}carbamoyl)-2-methoxyphenyhnicotinamide
{39): Prepared according to the general procedure described i Step d using 3-amino-N-(3,4-
dichlorophenyl-d-methoxybenzamide 9 (20 myg, 0.004 amol) and purified by flash colunn
chromatography  on  sibea  gel (3:100%  EtDAc m Hex) to  aftord N(5{{3.4-
dichlorophenvhcarbamovl )-2-methoxyphenylinicotinamide 39 (7.5 my, 0.018 mmol, 280 %
yield). MS (ESI): mass caled. for C20HISCIZNGO3, 415.05; myz found, 416.20 {M+Hi+ "
NMR (500 MHz, DMSO-d6) d ppm 393 (5, 3 H) 7.27 (d, J=885 Hz, | H) 7.56 - 759 (m, |
H) 7.61 (d, I=R. 85 Hz, 1 H) 7.78 {dd, J=8.85, 244 Mz, 1 H) 7.92 (dd, J=8.54, 2.14 Hz, 1 H)
1o (d, =244 Hz, 1 HYS.30 - 835 (m, 2 H) 878 (dd, =473, 168 Hz, 1 H} 2,13 (d, =183
Hz, 1 H) 9.97 (s, 1 Hy 1040 (s, 1 Hy PC NMR (126 MHz, DMSO-d6) d ppm 56.16 (s, 1 O)
HEIBE 1012022 (5, 1Oy 12140 (s, O I23.87 (5, L CY 12480 (s, 1 C) 12523 (5,
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Cy125.94 (s, 1 C3 126,16 (5, 1 C) 12656 (s, 1 €) 129.89 (5, 1 C) 130.51 {5, 1 C) 130.79 (5. 1
CI3S4Y (s, 1 C) 13946 (s, 1 €) 148,68 (s, 1 C) 152.26 (s, 1 €) 155,19 (s, 1 C) 164.03 (s, ]
CY 164,92 (5,1 C).

[00166] T N

[00187] Methyl (5-((3,4-dichlorophenylcarbamoyl)-2-methoxyphenyl} carbamate
{40): Prepared according to the general procedure described 1o Step d using 3-amino-N-(3 4~
dichlorophenyl}-4-methoxybenzanside 9 (40 mg, 6.129 mmol) and punified by flash column
chromatography on silica gel {0-30% Et0Ac in Hex) to afford methyl (5-({(34-
dichlorophenyhearbamoyl}-2-methogyphenyljcarbamate 48 (23 myg, 48.5 %) as a white solid.
MS {ESI): mass caled. for CraHisChNQs, 368.03; nvz found, 369.0 [M+H+ "H NMR {500
MHz, CRCE d ppm 381 - 383 (m, 3 H) 39545, 3 H) 0,97 (d, 1854 Hz, Y 731 (br. s,
H) 7.40 {d, I=8.85 Hz, 1H) 7.50 {dd, }=8.70, 2.59 Hz, 1 H) 7.71 {dd. J=8.54, 2.14 Hz, 1 H)
792 (d, 152,44 Hz, 1 H) 8.01 (br s, 1 H) 854 (br. s, 1 H). MC NMR (126 MHz, CDClyy d
ppm 32725, 1 O 3019 (s, L CY L1036 (s, 1 C 11080 (5, 1 CHI22.04 €5, 1 Oy 12096 (5, 1
CYI2751 (s, VO 12763 (s, L O 13060 {s, 1 C 131,10 (s, 1 Oy 13289 (5, 1 O) 13784 (5, ]
CYy14743 5, 1Y 18056 (5, 1 C) 16524 (5, 1 G

2

H
I H
i i
Lo, N

125 M 5 M

o4

o T
TRy

it i H
‘:\x-,“z/‘;';"’\ .E{- N ~ _,/’t—“‘\—\(.w"c' ;

[00168] N

[00169] Isopropyl {5-{(3.4-dichlorophenyhicarbamoy-2-methexyphenyl)
carbamate (41) 1 Preparad according to the general procedure described in Step d using 3-
amino-N-{ 3 4-dichlorophenyly-4-methoxvhenzamide 9 (40 mg, 0.129 mmol} and purified by

flash columm chromatography on silica gel (0-30% EtOAc m Hex) o afford isopropyl (3«
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{(3 A-dichlorophenyhcarhamoyl)-2-methox yphenyDcarbamate 41 (17 mg 333 o) as & white
solid. MS (EST): mass caled. for CieHChNaQy,  396.06; nvz found, 397.0 {M+H} 'H
NMR (500 MHz, CDCly) dppro E31 - 137 {m, 6 3 3.95 (5, 3 Hy 499 - 510 (m, 1 H) 6.97
(d, =854 Hz, 1 H) 725 (bw. s, L ) 740 (d, =885 Hz, 1 H) 7.50 (dd, J=8.85, 244 Hz, | H)
771 (dd, J=8.54, 214 Hz, | H) 7.91 {(d, J=2.44 Hz, 1 H) 802 (br. 5., 1 HY 856 (s, 1 Hy. YO
NMR (126 MHz, CDCLY dppm 2224 (5, 1 O3 504 {5, 1 OY 6938 (5, 1 O 11031 {5, 1 ©)
11961 {5, 1 Oy 12205 (5, L OY 12395 (5, 1 O 12692 (5, L Y 12746 (5. 1 CY 12781 (5, 1 )
130.57(s, 1 CY 13286 (5, 1O 137 R (5, 1 CHIS05 (5, T CYIS3 44 (5, L CY 16831 {5, 1 O

[00170]

{00171] N-(34-dichlorophenyh-4-methoxy-3-(2-methoxyacetamido)benzamide
{42): Prepared according to the general procedure described in Step d using J-amino-N~(3 4~
dichlorophenyi}-4-methoxvbenzamide 9 (40 mg, 0.129 mmol) and purified by flash column
chromatography on silica gel (0-50% EtOAc in Hex) to afford N-(3 4-dichlorophenyiy-4-
methoxy-3-( 2-methoxyacetanudo benzamide 42 (33 mg, 67.0 %) as a white solid. MS (ESI):
mass caled. Yor CppHChNQs, 38205 nvz found, 3830 [MeH 'H NMR {500 MHz,
CRCLY dppm 3.54 (3, 3 H) 398 (5, 3 HY 4.05 (3, 2 HY 7.00 {d, =884 He, T H} 7.39 (d,
J=8.54 Hz, 1 H) 749 (dd, J=8.85, 244 Hz, | H) 7.80 (dd, =870, 2.29 Hz, 1 H) 7.93 {4,
F=2 75 He, VHI B9 (s, FHY B84(d, J=2. 14 Hz, L H} 884 (br. s, T H); HOONMR {126 MHz,
CDCHY dppm S629 (5, L O30S 6, 1 O 7240 (¢, 1 O MO 1Oy 173 (5, 1 O)
11962 (s, 1 CHIR2.08 (5, 1 O 12864 (5, T OY 12662 (s, L CHI26B3 (5, 1 O 12743 {5, 1 OO)
13055 (5, T O 13283 (5, LY 13792 (5, FOY 18127 (s, 1 ) 163,18 (s, 1 C3 16825 (s, 1 ().

[00172]
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[00173] N-(3.4-dichlorophenyl)-4-methoxy-3-{2-methexyacetamido)benzamide
{43): Prepared according 1o the general procedure deseribed in Step d using 3-amino-N-(34-
dichlorophenyl)-dwuethoxvbenzamide 9 (20 mg, 0.064 nmunol) and purified by flash cohuan
chromatography on sihea gel {0-30% EtOA¢ 1 Hex) to afford N-(34-dichlorophenyl)-4-
methoxy-3-(3-methoxypropanamidoYbenzamide 43 (8 myg, 313 %) as a white sohd. MS
{ESTY mass caled. for CieHxChN-Oy,  396.06; wvx found, 397.0 [M+H]+; HONMR {560
MHz, CDCl)dppm 263 - 271 i, 2H) 347 5, 3 HY 370 - 376 (m, 2 H) 396 {5, 3 H) .97
(d, =883 Hz, | H) 738 (d, 3=8.85 Hz, | H) 748 {dd, I=8.70, 2.59 Hz, 1 H) 7.77 ¢dd, }=8.70,
229Hz, 1 HY792(d, =244 Hz, T HY B IS (5, T HY 887 {d, =214 Hz, 1 H) 891 {tw. 5, 1
F); PO NMR (126 MBz, CDCELY d ppm 3837 (s, 1 €) 56,23 (5, 1 € 59.09 (5, 1 Y 68.49 (5.1
OyHNeR 1O U7 E O 939 (51 O 12205 (s, 1 CY 12509 (s, 1 OY 12877 (5, 1
CYyI2737 (s, T OY 12771 (s, 1O 13082 (5, 1 Y 132,80 (5, 1 CY 137,92 (5, 1 C) 15090 (5, 1
CHI6S27 {5, TOY 17043 {5, 1 C).

?‘
BN N
SN
::\\:;;'\/\ N
&
{00174]
[001785) N-(3.4-dichiorophenyl}-3-(33-dimethviureido)-d-methoxybenzamide (44}

Prepared according to the general procedure described in Step d usimg 3-amino-N-(3.4-
dichlorophenyl-d-methoxybenzamide 9 (30 myg, 0.096 mmol) and purified by flash colunn
chromatography on sibea gel {0-100% EtDAC 1w Hex) to afford N-(3.4-dichlorophenylj-3-
(3, 3-dimethviureido)-4-methoxybenzamide 44 (21 mg, 57%) as a white solid. MS (ESI) mass
caled. for CpHpUENLOL, 381.06; miz found, 382.01 {M+H]+, "HNMR {500 MHz, DMSO-
d6y d ppm 2.94 (5, 6 HY 390 {5, 3 H) 7.14 {d, I=8.54 Hz, T H)} 7.53 {5, 1 H) 7.539 (d, }=8.85
Hz, L Hy7.68 (dd J=854 244 He L H) 7. ?6{(1{1 J=8.85 244 Hz,  H) 8§14 (d, I=2.44 Hz 1
H) 832 (d, J=2.44 Hz, 1 HY 1032 (5, 1 H) PO NMR (126 MHz, DMSO-d6) d ppm 36.03 (s,
TOISO M IO U022 6, T CYI2014 G, LOY 1213 (s, PO I2EA2 (65, 1 Y 12326 (5,
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Cy 124.70 {a PO 12612 (s, 1 CY128.67 (5, 1 C) 13048 (s, 1 €)Y 130.76 (s, 1 C) 139.57 (s, 1
CY152.75 (5, 1 C) 15528 (5. 1 C) 16545 (5, 1 ()

{00176}

{00177] N-(3 d-dichlorophenyl)-3-2-(dimethylaminejacetamido)-4-methoxy
benzamide (43): Prepared according to the general mrocedure describad in Step d using 3-
amino-N-{3 4-dichloropbenyl)~d-methoxybenzamide 9 (40 myg, 0.129 nunol} and porified by
flash colwmn chromatography on silica gel (0-10% MeOH in DOM) to afford N-(3.4~
dichlorophenyi)}-3-2-{dimethviaminojacetanmido }-4-methoxybenzamide 45 (25 mg, 49%) as a
pale vellow sohid. MS (ESIY mass caled. for CppHpsChN2QOs, 39508, nvz found, 396.01
[MH+H}+ TH NMR (500 MHz, CDCly d ppm 2.44 (s, 6 H) 3.16 (5, 2 H) 4.01 (s, 3 HY 7.04 (d,
F=RS54 Hz, 1 H) 743 (d, I=3.54 Hz, | H) 7.52 {dd, =854, 2.44 Hz, 1 H) 7.83 (dd, J=8.54,
244 Hz, T H) 7.97 {d. J=2.44 Hz, { H) 808 (s, 1 H) 8.89 (d, J=2.44 Hz. 1 H) 9.72 (br. 5., |
HY YCONMR (126 MEz, CDCI) d ppm 4623 (5, 1 €1 56,30 (s, 1 C) 6412 (5, 1 €) 110.54 (5,
TOYIITR2 6, PO IIO88 (5, T O I22.07 (5, YO 12833 (5, 1 O 12873 (s, 1 ) 127.20 (s,
TCHIBDSO (s, 1O I3289 (s, T O IRTRS8 {5, 1 OY165 18, 1 CH 16962 (5, 1 O

[00178] & Ly

[00179] N-{5-({3 4-dichlorophenylicarbamaoyl)-2-methoxyphenylipiperidine-1-
carbosamide {$6): Prepared according to the general procedure desortbed 1 Step d using 3-
amino-N-(3 4-dichlorophenyl}-4-methoxyvbenzamide 9 (30 my, 0.096 nunol} and purified by
flash colunm chromatography on silica gel (0-30% EiQAc m Hex) to afford N-{(54{(3 4~

dichlorophenyl} carbamoyi}-2-methoxyphenylipiperidine-1-carboxamide 46 (25 mg, 0.059
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mmel, 614 % vield). MS (ESI): muass caled. for C20H2ICIZN3O3, 421,10 mfy found,

3 [MF T HONMR (500 MHz, CDChy d ppm 1.63 - 1.66 (m, 2 H) 1.67 (br. 5., 4 H)
43-353{m 4 H)396 (s, 3 H)6.96(d, =854 Hz, T N 717 {5, L H) 7.38 (d, /=854 Hz, |
Hy 750 {dd, /=885, 244 Hz, 1 H) 7.70 (dd, /=8.534, 244 Hz, 1 H} 793 {d, A2 44 Hz, 1 H)
€20 (5. 1 H) 863 {d, ./=2.14 Hz, 1 H); PC NMR (126 MHz, CDCh) d ppm 24.49 {5, 1 O)
2584 (5. 1 Oy 4534 (5, 1 OYS625 (5, 1 O 11014 (5, 1 O) 11618 (s, 1 OO 11961 (5,1 O
12200 (s, PCHIZ351 (5, L OY 12700 (5, T CY 12883 (5, L CH 13050 5, L OY 13277 (5, 1 )
138.06 (s, 1 CY 13051 (5, 1 Q) 15466 (5, 1 Oy 16561 (5, 1 C)

L

f00180) Step_e:  General  procedure  for  the  synthesis  of  substituted

arvisulfonamides 47-30

[00181] A solution of 3-amino-N-(3 4-dichiorophenyl)-d-methoxybenzamide 9 (1
equiv) in pyridine (10 mE'mmol} was cooled to ¢ °C and the appropriate sulfony! chlonde (1.5
equavy) was added to it dropwiase. The reaction was allowed to warm to 1t and stivved at that
temperature for 12h. DCM and IN HCl were added and the lavers separated. The organic
faver was sequentially washed with IN HCOL water, brine, dried over anhydrous Na2S04 and
evaporated under reduced pressure to give a crude solid that was pwified by flash column

chromatography on stlica gel to yield the respective arylsulfonamides.

1 H
~ ;ﬁ\\; N oS <
iR

{00182] B Sy

{00183] 47 N-(3,4-dichierophenyi)-4-methoxy-3-(methvisulfonamide)benzamide
{24 myg, 0.062 wmmol, 48.0 % vield): Prepared according to the general procedore using 3-
amino-N-(3 4-dichlorophenylj-d-methoxybenzanude (40 mg, 0.129 mmel) and purified by
flash column chromatography on silica gel (0-50% EtOAc in Hex) to afford N-(34-
dichlorophenyl}-d~methoxy-3-(methvisutfonamido)benzamide (24 myg, 0.062 mmol, 48.0 %

vield} as a white sohd, MS (E&i} mass caled, for CpsHCLENGOSS, 388.01; miz found, 388,90
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[M+HT+ TH NMR (500 MHz, Acetone~-d6) d ppm 2.99 - 3.03 (m, 3 H) 4.00 (s, 3 H) 7.22 (d,
J=8.54 Hz, 1 H} 7.53 (d, =8.54 Hz, 1 H)} 7.77 {dd, J=8.85, 2.75 Hz,1 H} 7.88 {(dd, =870,
2A9Hz, T Y795 (5, T HDROT(d, F=2 14 He, 1 3 B22(d, J=2.44 He, T H) 974 (br. s
Hy YO NMR (126 MHz, f\wmne}dppm 4030 (s, TCYS685 (s, 1 OY 11202 (5, 1 0 12095
(.1 CYI22.59 (s, 1 C) 12348 (5, 1 C) 126,73 (5, 1 CY 126.84 {5, 1 €) 127.78 (s, 1 C) 12823
(5, TCYI3L 44 (s, 1 CY 13263 {5, 1 CY H4062 (s, TOYISS IS {5, VO 16582 (5, 1 Oy

[00184]

[00185] N-(3 4-dichlorophenyh-d-methoxy-3-(I-methylethylseHonamido)
benzamide (48): Prepared according to the general procedure described in Step e using 3-
ammno-N-(3 4-dichlorophenyli-4-methoxybenzamide 9 (40 myg, 0,129 nunoly and puritied by
flash cohumn chromatography on silica gel (0-73% FtOAc¢ in Hex) to N-(3 d-dichlorophenyl)-
4-methoxy-3-(1-methvlethylsulfonamido)benzamide 48 (0 mg, 0.014 mmol, 11,18 % vield) as
a white solid {6 mg. 11%). MS {ESI}: mass caled. for CirHieChNGOGS, 416.04; nve found,

S17.0 [MHH] 'H NMR (300 MHz, Acetone-d6) d ppm 1.32 (s, 3 FI) 1.34 (5, 3 F) 3.19 -
334 (m P HYA 0 (s, 3 HY720(d, J=8 534 Hz, 1 H) 753 ¢(d, J=R8S Hz, 1 B} 7.77 {d.{L J=8 85,
284 Hz, 1 H)Y 784 {dd, 1=8.70, 2290 He, 2 H} 813 {d, =214 Hz, THD &1 - 829 (m, T HD)
.73 (br. s, 1 Hy V'C NMR (126 MHz, Acetone) d ppm 1691 (s, 1 C) 53.68 (s, 1 C) 56.83 (s,
POYIHLET (5, 1O 12096 (s, T CHIRA0 (3, 1 OY 12273 {6, 1 O 12620 (5, 1 O} 120673
FTOHIBRO (5, 1 O 1315 (5, 1 O 132,65 {5, 1 O) 14065 {5, 1 O) 16393 (5, 1 ().

9.0
HN’S‘\
N
E\ f'\ E “u &
YUY
[00188] © N
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[00187] 3-{eyclopropanesulfonamido)-N-(3 4-dichlorophenyl)-d-methoxy
benzamide {(49): Prepared according to the general provedure described in Step e using 3-
amino-N-{3 4-dichlorophenyl)-4-methoxvhenzamide 9 (40 mg, 0.129 mmol) and puyrtfied by
flash column chromatography on silica gel {0-30% EiOAc in Hex) to afford 3-
{cvelopropanesnlfonamido)-N-(3 4-dichlorophenvi)-4-methoxybenzamide 49 {8 mg, 0019
mmol, 14.99 % vield) as a white solid. MS (ESID: mass caled. for CleUhENLOSS, 414.02;
miz found, 414.90 IMHI 'H NMR (500 MHz, Acetone-de) d ppm 0.93 - 1.04 {(m, 4 H)
259266 0m, 1 H)400 (s, 3 H) 720 (d, J=834 Hz, 1 My 753 (d, =854 Hz, 1 Y 7.70 -
782 (m, 1 HY 788 {dd, J=854, 214 Hz, 2 H) 810 (&, =2 14 Hz, 1 H} 818 - 827 (m, | H)
Q.73 (br. s, 1 H) YO NMR (126 MHz, Acetone) d ppm 574 (5, 1 C) 579 (s, 1 C1 3081 (s,
Y5680 (s, LOY HIT8S {5, 1 CH 12096 (5, 1 O3 12260 €5, 1 CYI2383 (5, 1 O) 12673 (s, 1
Cy12678 (s, 1 OYI27.92 (5, 1 CY 12809 (5, 1 Oy 13144 (5, 1 O 132,65 (5, 1 C) 14065 (5. 1
CHISS49 {5, TOY 16383 {5, 1 C).

[00188]

{00189] 3-(eyelobutanesufonamido)-N-(34-dichlorophenyh-d-methoxy benzamide
{50): Prepared according to the general procedure described in Step e using 3-amino-N-(3,4-
dichlorophenyl-d-methoxybenzamide 9 (40 myg, 0.129 amol) and purified by flash colunn
chromatography on silica gel (0-30% EtOAc m Hex) to afford 3-{cyclobutanesulfonamido)-
N-{3 4-dichlorophenvl}-4-methoxybenzamide 50 (10 myg, 0.023 mumol, 1812 % vield) as a
white solid. MS (ESI} mass caled. for O pChLNGOLS, 428.04; mée found, 429.0 [MAH}P
"H NMR {500 MHz, Acetone~-d0) dppm 1.89 - 198 {m 2 H) 2.I8-2206 {m, 2 H} 236 - 248
{m, 2 H)3.93 (g, J=8 24 Hz L H) 399 (s, 3 H) 718 {d, J=8 85 He, 1 HY 7.53 {d, J=8.85 Hz, |
HY775-779(m, L H)7.81 (br.s., L H) 7.80 (dd, =854, 244 Hz, | H) 807 (d, I=244 Hz 1
HY 818 - 825 (m, 1 H)9.72 (br. 5., T HY: PO NMR (126 MHz, Acetone) d ppm 17.54 (5, 1 O)
2475 6.1 OS82 5, 1O SOBT s, Oy 1HL70 (s, T Y 12005 (5, T Y I2 80 (s, 1 O
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s
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FOY126.72 (s, 1 C) 12780 (s, 1 C) 128,10 (s, 1 €) 131.44 (s, 1 ) 132,64 (5, 1 ©)
1 CYIS5.17 (s, 1 C) 165.83 (5, 1 O
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{00190] Scheme 2. Reagents and conditions: {d) Isobutyryl chloride, TEA, DCM, € °C
to rt, 2h (f) LiOH, THF, H2O, v, 12h {g) EDCL HOBt, RyNH;, DMEF, 24h, ot () Nal, CHil,
THE, 0°C 1o rt, 4h (i) NaOH, MeOH, 60 °C, 2h.

[00191] Step d: Svathesis of methyl 3-isobutyramido-d4-methoxvbenzoate 52
O
A
AN
,.—'O\. A’:R\
¢ N
[00192] Q
[00183] A solution of methyl 3-amino-4-methoxybenzoste ST (1.5 g 828 mmol) n

DOM (40 mi) was cooled to 0 °C. Isobutyryl chlovide (0.962 mi, 911 mmuol) was added 1o the

solution gradually and the resulting suspension was warmed 1o 11 and stired at that

temiperature for Th upon which it became a clear solution. IN HCU was added to the nuxture

and the lavers separated. The organic layver was segquentially washed with IN HCL water,

hrine, then dried over anhvdrons Na28Q4 and evaporated to give a crude sohd which was
73

triturated with diethyl ether to yield methyl 3-isobutyranudo-d-methoxvbenzoate 82 (1.75 g,

84%) as g white solid. MS (ESI) mass caled. for CuHppNQy, 25112 wiz found, 252.03
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[NEHTH TH NMR (500 MHz, CDCl) d ppm 1.26 (s, 3 1) 1.28 (s, 3 H) 2.57 (¢, J=7.02 Hz 1
H) 3.87 {5, 3 H) 3.95 (s, 3 H) 6.91 (d, }=8.54 Hz, 1H) 7.73 - 7.85 {m, 2 H) 9.06 (d, J=1.§3 Hz,
1 H).

[00194]
I
HN’;\
oA !
\i s &\K O
i
{00195] 0
[00196] A solution of methyl 3-isobutyramido-d-methoxybenzoate 52 (1.3 g, 517

mmol) was dissolved 1w THE (10 ml). Water (10 ml) and LiOH (1.239 g, 51.7 mmol) were
added and the reaction stuved at i for {2h The organics were removed under reduced
pressure and the remaining aqueous solution was washed with EtQAc. The aqueous exoact
was goidified with IN HCI and the resulting solid was filtered and dried under high vacoum 1o
afford 3-isobutyramido-4-methoxybenzoic acid §2a {0.82 g, 66.8 % yield) as a white solid.
MS {ESI) mass caled. for ColsNQs 237100 iz found, 238.00 [M+Hl+; "H NMR (500
MHz, METHANOL-d) dppm 121 {6, 3 ) 122 (s, 3 HI 266 - 283 (m, T HY 3.96 (s, 3 M)
7.09(d, =885 Hz, L H) 7.83 (dd, =854, 2.14 He, t HY S.62 {d, J=2.14 Hz, 1 H)

{00197] Step g: General procedure for the svnthesis of bisaryl amides $3-63 and
[00198] EDCL (1.1 equivy and HOBT (1.1 equiv) were added w0 a solution of 3-

isobutyramido~4-methoxybenzoie acid 82a (1.0 equavy m DMF (10 mL/immol). The reaction
mixture was stirved for 30 mimn at vt and thea the appropriate amine RINH2 (1.1 equiv) and
DIPEA (2.0 cquiv) were added to . The resuliing vwuxture was then stirred at 1t for 24h afier
which it was diluted with water and EtOAc. The lavers were separated and the aquenos laver

was further extracted with EtOAc (23}, The combined organic layer was dried using
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anhydrous Na2SO4 and evaporated under reduced pressure to give a residue which was

subjected to flash columa chromatography using silica gel to yield the respective products,

[00199]

{00200] N-{4-fluorophenyl)-3-isobutyramido-4-methexybenzamide (533 Prepared
according to the general procedure described in Step g using 3-iscbutvramido-4-
methoxybenzoie acid 52a (G033 g 0148 mmol) and pwified by flash cohwoun
chromatographv on silica gel (0-30% EtQAc i Hex) to afford N-(d-fluorophenyl)-3-
isobutyramido~4t-methoxybenzamide 33 (33 mg, 0.100 mmol, 67.7 % vield) as a white solid.
MS {ESI) mass ealed. for CraHisFNaOy, 33014 miz found, 3311 [M+HT THONMR (500
MHe CDClhydppm 128 (s, SHY 130 (s, 3 H) 254 - 267 (m, | H) 397 (s, 3 H} 6.99 (4,
J=8 34 He, T H}7.02 - 707 {m, 2 H} 758 - 7.63 (m, 2 H} 7.80 (dd, J=8.54, 214 Hz 1 HI 7.89
{br. s, 1 HYB05{br. s, 1 H) 891 (d, }=2.14 Hz, 1| H), B NMR (126 MHz, CDCL)Y d ppm
1076 (s, TCY3716 (5, 1 O 3622 G T CYHIO27 (5. 1 OY 11563 {6, 1 CY 1158 (s, 1 OO
FIOO2 (5, 1OV 12230 (s, T Y 12241 (5, 1 OY 12504 (5, 1 CY 12731 (s, 1 ) 12750 (5. 1 ©)
13425 (s, 1 OY 13427 ¢, T Y 13082 (5. T OISR (s, 1 Y 16052 (s, 1 CH 18321 (5, 1 )
17590 (s, 1 C)

[00201]

[00202] N-+(3,4-diflusrophenyl)-3-isebutyramido-4-methoxybenzamide {34y

Prepaved according to the general procedure described in Step g using 3-isobutyramido-4-

methoxybenzoie acid 82a (0035 ¢, 0148 mwol) and punfied by flash column

chromatography on silica gel {(0-530% EtOAc i Hex) o afford N-(3 4-difluorophenyl)-3-
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wsobutvramdo-d-methoxvbenzamide 54 (25 mg, 48.6 % vield) as a white solid. M5 (ESI:
mass caled. for CigHpFN20:, 348.13; miz found, 34920 [M+H}+ 'HONMR {50 MHz,
CDC) d ppm 128 (s, 3 H) 130 s, 3 H) 2.57 - 2.66 (m, 1 H) 3.98 (s, 3 H) 7.00 {d, J=§ .54
Hz, TH}Y7.07 - 716 (m, L ED 719 -7.23 (m, 1 HD 7.74 - 783 (m, 2 H) 7.8% {(br. s, 1 H} B.08
(br. s, 1 H) §.90 {d. J=2.14 Hz, 1 H), “C NMR (126 MHz, CDCl) d ppm 19.76, 3717,
3624, 110019, 11034, 11036, 11o04, 11008, 1o tl, 11eR7, 11717, 117.31, 12514,
126.94, 127.54, 134,85, 150.67, 165,18, 17596,

Q
M
N
A."m\v-‘L&\, E
Ton
\\'\,,/-3“-"\,?;‘}. N \\:: /'§§:\:
; ) ] 2 :\:\,/.’/‘E\. =
{00203] <o
{00204) J-isobutyramido-d-methoxy-N-(4d-methoxyphenylbenzamide {55y
Prepared according to the general procedure described in Step g using 3-isobutyramdo-4-

methoxvhenzoic acid 32a (0035 g 0148 mmol) and pwified by flash column
chromatography on sihca gel (0-30% EtOAc in Hex) o afford 3-isobutyramido-4~-methogy-
N-(d-methoxyphenythenzamide 885 (32 mg, 0.093 mmol, 63.4 % yield) as a white sohd. MS
(ESI) mass caled. for CroHzaNaOa, 342.16; miz found, 34310 [M+H]+ 'H NMR (500 MHz,
CDCIRYdppm 1290, 3130, I Y257 - 266 (i, VHD 3BT (3, 3D 397 (5, 3 HH 686 -
692 {m, 2H) 699 {d, /=854 Hz, 1 H}7.52 - 7.56 (m, 2 H) 7.81 {dd, /=854, 244 Hz, | H}

7.89 (br. s, 2 H) §.91 {d, /=2.14 Hz, 1 H);, "C NMR (126 MHz, CDCly) d ppm 19.78 (5, 1 O)
3707 (8, O 3364 (5, 1O 3609 (s, 1 Oy HO22 (5, 1 O) 11428 (s, 1 C) HEBS (5,1 O)
12243 (5, 1O 12494 (5, 1 C) 127,50 (5. 1 C) 127.63 (s, 1 €) 131.33 (s, 1 C) 150.36 (5, 1 ©)
156.61 {s, 1 CY 16509 (s, 1 C) 17385 (s, |

[00205]
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f002086] N-(3.4-dimethoxyphenyl)-3-ischutyramido-4-methoxybenzamide {361
Prepared according to the general procedure described in Step g using 3-isobutyramido-4-
methoxybenzoic acid 82a (0035 ¢, 0148 nmuwol) and punified by flash columm
chromatography on sihica gel {0-50% EtDAc i Hex) to afford N-(3 4-dimethoxyphenyl)-3-
isobutyramido-d-methoxybenzamude 56 (34 my, 0.091 mmod, 61.9 % vield) as a light pink
solid. MS {(ESI): mass caled. for C20H24N2035, 372.17; e found, 373.20 [M+H]+ H NMR
(SCOMHz, CDCl dppm 1290, SH)Y 130 (s, 3 H) 2.58 - 2,65 {m, 1 HY3.88{s, 3 H)3.92 (s,
IHIIOR (s, I H 6.8 (854 He, 1 N 7.00(d, /854 Hz, T H) 7.06 (dd, /=854, 244 Hz,
THY 743 (d, =204 He, 1 HY 782 {dd, /=870, 229 Hz, L H) 7.86 (s, 1 H) 790 {bw. s, } H)
R.93 (d, J=2.14 Hz, 1 H); ¥C NMR (126 MHz, CDCly d ppm 1978 {s, 1 ) 37.17 (s, 1 O)
5610 {s, LY 5620 (s, 1O S625 (5, T Oy 10842 (s, 1 Oy 11027 {5, 1 CY 1114Y (s, 1 OO
11257 (5, 1 ) 116,76 (s, 1 C) 12498 (s, 1 ©) 12748 (5, 1 ) 127.53 (s, 1 C) 131.86 (s, 1 )
MO0 {s, 1 CHIAR I3 (5, T CY IS0 {5, 1 CH 16306 (3. 1 (Y 17389 (5, 1 ().

f*}
{00207) Sl
[00208] 3-Isobutyramido-4-methoxy-N-(pyridin-d-yl)benzamide (57}  Prepared

according to the general procedwe described in Step g uwsmg 3-sobutyramido-4-
methoxybenzoic acid 52a (0,035 ¢ 0148 numel) and purified by flash  column
chromatography on silica gel {0-100% EtOAc in Hex) to afford 3-iscbutvramido-4-
methoxvbenzoic acid 57 (0.035 g, 0.148 numol} as a white solid. MS {ESIE mass caled. for
CoaHaN505, 313014 mivz found, 314,10 IMHT 'H NMR (500 MMz, CDCL) d ppm 1.29 (s,
I 1303256268 (m, FHI3OV (3 3 M) 702 (d, =834 Hz, | H) 7.73 {d, #5380
Hz, 2 H) 7.82 {dd, /=854, 2.44 Hz, 1 H) 7.90 (br. 5., | H) 8.54 (d, /=641 3 H) 8.90 (4,
J=204 He, 1 HY PCNMR (126 MHz, CDC) d ppm 19,75 (5, 1 O 3717 (5. 1 {_I.;) 5631 (s, 1
CYHIO4B (5, POy 1425 G, T OY 1732 (5, T OY 12559 {5, 1 ) 12646 (5, 1 Y 127 46 (3, 1
CHISLI3 (s, 1 Y 10377 (5, 1 CY 170,08 (s, 1 ().
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{00209] 5
[00210] N-benzyl-3-isobetyramido-d-methoxvbenzamide (588} Prepared according

to the general procedure described i Step g using 3-isobutyramido~d-methoxybenzoic acid
524 (0.035 g, 0.148 numol) and purified by flash columm chromatography on silica gel (0-50%
EwdAc in Hex) to afford N-benzyl-3-isobutyramido-d-methoxvbenzamide 38 {33 mg, 0.107
mmol, 72.7 % vield) as a white solid. M3 (ESI): mass caled. for CplpaNyGs, 326,16, mvz
found, 327.10 [M+H]+ "H NMR (300 MHz, CDCh) d ppm 125 (s, 3 H} 1.27 {5, 3 H} 2.57
(dt, I=13.73, 6.87 Hz, | H}3.95 (s, 3 H) 4.62 (d, J=5.80 Hz, 2 H) 6.55 {br. 5., 1 H) 6.95 {d.
J=B 85 Hae, T HYT730-737 (m 4 M) 7.78 (dd, 3=854, 214 Hz, 1 Y 7.84 (be s, T H}B.79 (d,
J=2.14 Hz, 1 H); PC NMR (126 MHz, CDCl) d ppm 19,75 (s, 1 O) 371245, 1 C) 4422 (5, 1
S dGION00G TIORGOS EICHIITO 5, 1Oy R7T4A7 (5,1 OO
12758 ¢s, P CY 12810 (s, T O 12883 {5, L OY 13851 (5, 1 CY 150,22 (5, 1 Oy 10678 {5, | ()
178725, 1 Cx.

@
AL
i
L !
i : N
, ‘ h
[00211] o
[00212] N-{¢-fluprobenzyl}-3I-isobutyramido-{-methoxvbenzamide (89): Prepared
according to the general procedure described in Step g using 3-isobutyramido-4-

b

methoxybenzoie acid 52a (0035 ¢, D148 mumol) and punfied by flash  columm
chromatography on silica gel {0-530% EtOAc i Hex) to afford N-{4-fluorobenzyl)-3-
isobutyramido-4-methoxybenzamide 39 (25 mg, 0.073 munol, 49.2 % vield). MS (ESI): mass
cated. for CroHnFNOs, 34415, miz found, 34510 [MHH]+ TH NMR (500 MHz, CDCLy d
ppam 125 {s, 3 H) 1.27 (5, 3 H) 257 {quin, =087 Hz, | H}3.95 {5, 3 H}458(d, =580 Hz, 2
HY6.60 (br. s, T H) 693 (d, =884 He, T HI 698 - 7.03 {m, 2 H) 7.29 - 734 {m, 2 H} 7.77
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(dd, F=8.54, 2,14 Hz, 1 F) 785 (br s, 1 HY §.79 (d, 1=2.14 Hz, 1 H); VC NMR {126 MHz,
COCh) d ppm 1975 (5, 1 €3 37.02°(5, 1 € 4344 (5,1 () 36.16.(5, 1 ) 11004 (5, 1 )
554 (s TOY HETH {51 O 116,76 {5, 1 C) 124.80 (5, L O) 12685 (5, 1 ) 12747 {5, 1 O)
12971 (s, 1 CY 12978 {5, 1 O 13438 (s, 1 O 1S0.28 (5, 1 ) 16134 (5, 1 ON6329 (5. 1 O)
166.78 (s, 1 ) 175.79 (5, 1 ).

O
A
HN Y
PEENIELN
E H
\,,’f*;j' "\\{’N
{00213] o
[00214] J-isobutyramido-4-methoxy-N-{(4-methoxvbenzylibenzamide (60}
Prepared according to the geveral procedure described in Step g using 3-isobutyramido-4-

methoxybenzoic acid §2a (0.035 g 0148 nmumol) and punfied by flash column
chrowatography on silica gel (0-530% EtOAc in Hex) o afford 3~.isab‘;_rtyramid(j«e‘i«met}mxyw
N-{(4 methoxybenzylbenzamide 60 (33 mg, 0.093 mmol, 62.8 % vield) as g white solid. MS
{ESH nmass caled. for CZOHZAN204, 35617, w/z found, 35710 [M+H]+; 'HONMR (500
MHz, CDClyd ppmy 125 (5, 3 H) 1.26 {8, 3N 283 - 263 (m, T H)3.79 {5, 3 H) 3.94 (s, 3 H}
55, =S40 He, 2H) 045 by s, TH) 684 - 688 (m, 2 H) o604 (d, =854 Hz 1 HH 7.2
728 {m, 1 H) 7.76 (dd, J=8.70, 2.29 Hz, 1 H) 7.84 {br. s, | ) 877 {d, /=244 Hz, T H), '
NMR (126 MHz, CDCly dppm 1975 {6, T O 3701 (s, T O 4371 (5, L O 55846 (5, 1 O
SO, 1TCHIOOR (5, T Y1424 {5, 1 O 11680 (s, 1 CH 12471 6, 1 Oy 12711 (5, 1 O
27456, T CYI2948 (5, 1 CY 13063 (5, 1 COY 15048 (5, T CY 13913 {5, 1 ) 16669 (s, 1 ()
1737045, 1 C).

2
SN ’1§\ \E‘ Pans
\ \E Hol ]
ety «E il
[00215] o
[00216] 3-isobutyramido-4-methoxy-N-(pyridin-4-vlmethyljbenzamide {61}

Prepared according to the general procedure described m Step g using 3-isobutvramido-4-

78



WO 2016/029136 PCT/US2015/046328

methoxybenzoie aad 82a (0035 g, D148 mmol) and punfied by flash  columm
chromatography on silica gel {0-100% EtOAc in Hex) to afford 3-isobutyramido-4-methoxy-
N-{pyridin-4-ylmethyDbenzamide 61 (30 mg, 0.092 mmol, 62.1 %% vield) as a white solid. MS
(ESIY mass caled. for CaHyNaOx, 327.16; nyvz found, 32815 [M+HT 'H NMR (500 MHz,
CDRCIY dppm 126 (s, 3 HY 1.28 (5, 3 H) 2.59 {quin, =687 Hz, | H) 3.96 (s, 3 H}) 4.63 {d,
F=6 10 He, 2 H) 6.69 <678 (m, 1 F) 6.97 (d, J=834 Hz, 1 H) 7.23 - 7.26 {m, 2 H) 7.79 {dd,
J=R.70, 229 Hz, 1 H) 7.87 (br. 5., 1 H) 849 - 861 (m, 2 H) 886 (d, J=2.14 Hz, | H), °C
NMR (126 MHz, CDClY d ppm 1875 {s, 1 CI 3713 {5, 1 C1 4292 (5, 1 () 5619 (3, 1 )
T736 (s, F Oy 1IQI3 €8, 1 CY 11674 (s, 1CY 12249 (5, 1 O) 12400 (s, 1 €) 12638 (5, 1 €)
P27584(s, 1 O 4768 (s, 1O 15018 {s, TOY 15046 {5, 1 OY 16703 {5, 1 OY 17387 (5, 1 C).

[060217) 5

{00218] N-(2~-methoxy-3-(1,2,3,4-tetrahydroisequinoline-2-carbonyliphenyl}
wobutvramide (62): Prepared according to the general procedure describad in Step g using
I-sobutyranudo-d-methoxybenzoic acid 82a (0.035 g, 0148 mmol) and purified by flash
colwmn chromatography on silica gel {0-30% EOAc m Hex) to afford N-(Z-methoxy-5-
{1.2,3 d-tetrabivdroisoquinoline-2-carbonyhphenylisobutyramide 62 (22 myg, 0.062 mmol,
42.3 % vield) as a white solid. MS (ESI): mass caled. for C21H24N203, 352 18; mfz found,
704.90 [2M+H] TH NMR (500 MHz, CDCH) d ppm 1.26 (s, 3 H) 1.28 (s, 3 H) 2.58 {quin,
FO 8T Hy, THY 295 {t, =S 80 Hy, 2HI 368 -301 {m, 2H) 393 (s, 3 Y 4.7 (bros, 1 1)
484 (br. o, THY6.93(d, =824 Hz, HIT12-722 {0, s H} 781 {(br. s, L H) 856 (br. 5, 1
Hy; BCNMR (126 MHz, CDChyd ppm 1079 (5, 1 QY3713 (5. 1 ©) $6.00 {5, 1 €) 110.05 (s,
POYLTIERO (s, T O 12366 (5, 1 Y 12660 (s, L CY 12732 (s, T Oy 12886 (5, 1 0) 13337 (s,
FOYI49.06 (s, 1 Y 17332 (5, 1 C).
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[00219] O

1002201 N-cyclohexyl-3-isobutyramido-d-methoxybenzamide  (63): Prepared
according to the general procedure using described in Step g using 3-isobutyramido-4-
methoxybenzoic acid 52a (0.035 g 0148 numel) and purified by flash column
chromatography on silica gel (0-50% EiDAc wm Hex) to afford N-cyclohexyi-3-
isobutyramido-4-methoxybenzamide 63 (3¢ mg, 0.094 mumol, 83.9 % vield) as a white solid.
MS (ESD: mass caled. for CiHayN2Osy, 31819 o'z found, 318.26 [M+H]+; 'H NMR (500
MHz, COCLydppm 120124 (m, 2H) 127 5.3 H) 129, 3HD 136 - 144 {m, 2 H) 1.62
- 1.68 (m, 2 H} 175 (dt, J=13.89, 3.43 Hz, 2 H) 1.9€ - 2.03 (m, 2 H) 2.58 {quin, J=6.87 Hz, 1
Hy394 (s, 3 HY 395 -390 (m, | H) 6.04 (d, =703 Hz, | H) 6.93 (d, J=885 Hz, 1 H} 7.72
(dd, =854, 2.14 Hz, T H) 7.86 (b, s, 1 H) 873 {d, J=2.44 Hz, 1 H) ""C NMR {126 MHz,
CDCHdppm 1978 (5, 1O 2526 (s, VO 2576 (5, 1 O 3342 (5, 1 QY3715 (s, 1 €)Y 48,95
(s, TCY3012 (5, 1 O 10994 (5, 1 C) 11665 {s, 1 Oy 12462 (5, T CH 12737 (5, 1 C) 127.73
(s, 1 CHIS000 (s, 1 C3 16004 (5, 1O 17570 (5, 1 €1

’_-4

[00221] Step h: Svnthesis of methyl d-methoxy-3-{N-

methyvlisobutyramido}bengzoate 64;

‘m
0 V./i.,\ ?
\\::-{‘}\/V N
002221 G
{00223] To a cooled (0 °C) solution of methy! 3-isobutyramido-d-methoxybenzoate 52

{1128 ¢, 449 mmol) and CH31 {0421 mi, 6.73 mmol) in THF {20 ml} was added NaH (0.269
g, 6.73 mmol} cautionsly. The mixture was warmed to 1t and with stivred at for 12h The

reaction mixture was then diluted with EtQAc followed by the addition of water. The organic
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solvents were evaporated under redoced pressue and the residue was partitioped between
EtQAc and water. The organic faver was washed with brine, dried over anhydrous Na2804
and  evaporated to give  the  destred  product methyl  $-methoxy-3-(N-
methvlisobutvramidoibenzoate 64 (MS (ESI): mass caled. for CigHpNQy, 26513 miz found,
266,33 [M+HI+) along with a small amount of the corresponding acid 64a. The mixture was

taken to the pext step directly withouot further purification.

{00224] Step i: General procedure for the svnthesis of substituted benzoic acids

o4a. 66a, 673 and 68a:

[00225] To a mixture of the substituted methylbenzoate (1.0 eguiv) in MeOH
{3mLAmmeol) was added a solution of 2M NaOH (1 mb/mmol). The resulting mixtare was
heated to 60 °C and stizved at that temperature for 1h. The reaction was then cooled and
MeQOH was evaporated under reduced pressure. The agueous layer was washed with digthvl
ether and acidified to pH~5-6 using IN HCL The resolting precipiate was filtered and dried

under high vacoum to give the corresponding acids.

[00226]

{00227 4-Methoxy-3-(N-methylisobutyramidobenzoic  acid  (64a);  Prepared
according to the general procedwre described in Step i using a mixture of methyl damethoxy-
I-(N-methyvlisobutyramidojbenzoate 64 {0750 g 2.83 mmol} and d-methoxy-3-(N-
methylisobutyramidoibenzoie acid 64a (0.213 g, 0.848 mmol) to afford d-methoxy-3-(N-~
methylisobutyramidoibenzoic acid 64a {0.54 g, 76%) as a white solid. MS (ES1): mass caled.
for CHeNQy, 25112 w/z found, 251,99 MM, 'H NMR {500 MHz, CDCH) d ppmn 1.00
{d, =071 Hz, 3SHY 103 (d, J=6.7] Hz, 3 H) 228 - 241 {m, 1 H) 38 (s, 3 H) 392 (s, 3 H)
T04(d, =885 He, T ) 793 (d, J=2 14 Hz, L H) 812 (dd, J=8.85, 2. 14 Hz, 1 H).
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o
[00228] ¢ e
[00229] N-(34-dichlorophenyl)}-4-methoxy-3-(N-methylisobutyramide) benzamide

{65): Prepared according to the general procedure described in Step g using 4-methoxy-3-(N-
methylisobutyramidobenzoic acid 64a {520 myg, 2.069 mmol) and purified by flash column
chromatography on sihca gel {(0-30% EtQAc i Hex) fo afford N-(3 4-dichloropheoyl)-4-
methoxy-3-{ N-methyvlisobutyramidolbenzanide 68 (400 myg, 489 % yield) as a white solid.
MS (ESIY: mass caled. for CranyCNaGx, 39409, nyvz fooand, 39540 [M+HH T NMR {300
M’Hz, Acetone} d ppm 0.91 {d, J=6.71 Hz, 3H) 0.93 {d, J=6.71 Hz, 3 H} 230 - 2.41 (m, 1 H)

30 {s, IHY 398 (5, 3 W) 7.30 {d, =8 54 Hz, 1 H) 7.533 (4, I=8.85 Hz, 1 H) 7.74 (dd, J=8.85,
244 He, 1 D799 (d, }=2.14 He, | H) 808 {dd, I=8.70, 2.29 Hz, T H} 818 (d, J=2.44 Hz, 1
H) 9.66 (br.s_ 1 H). PO NMR (126 MHz, Acetone) d ppm 1975 (5.1 ) 2042 (5, 1 ) 31.82
(5. 1CY1236.24 (s, 1 ) 56,72 (s, 1 € 11313 (5, 1 CY 12086 (s, 1 €) 12094 (s, 1 ) 12251 (s,
O 122,60 (s, 1O 12978 {5, 1 Cy 13022 (5, 1 CY 13149 (5, 1 ) 13268 (5, 1 € 133.85 (s,
PO M048 G, T O 18982 (5, 1 QY HO5.2B (5, 1 (3 177,44 (5, 1 C).

NO; NG, NO, NH,
HQ«\ ;"L\t}q ] i R4 ,D\c,_."i{} S Rg /.O“\?,i_\\}‘ - Rl ,.~Q-.\(_/ &}
; ! i v +
i\;:.u\ﬂ..,o\ RO ‘\I,,;A\T,.OH U l\va,\(, Ot
& 5 5 6 L,
58 87, 68, 69 72, 692, 69 70.72 c
e d
Q
HNT Rg
RN
Ry *ﬁ" i
AN ¢l

M 2T {t/ S "-3\'%‘_,*‘

S
7378
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{00230} Scheme 3. Reagents and conditions: {j) Ry-CHR4-Br, KI, K CO;, DMF, 80 °C,
12k {1) NaOH, MeOH, 60 °C, 2h; {g) EDCL, HOBt, 3 4-dichlorcaniline, DCM, 12k, 1t (&)
SaCh 2H20, EtOH, 78 °C, 2h; (d) R,COCL TEA, DOM, 0°C o tt, 2h.

{00231} Step i: General procedure for the synthesis of 4-alkyvl-3-nitrobenzoates 67-
{00232] A mixture of methvl 4-hydrogy-3-nitrobenzoate (1.0 equiv), KCO (1.5 equivy

and alkyl halide Ra-1 or Re-Clor Re-Br, (1.3 equiv) in DMF (1.3 mL/mmol) was stirred at 73
SC for 12h (catalytic amount of KI was added when wsing R4-Ci as the alkylating agent). The
reaction was cooled and H:0O was added to the mixture. The precipitated solid was filtered
and washed with cold H;O then dried to give the respective 4-alkyl-3-nitrobenzoates.

NO,
O b

T TN

5, .;}\W,O-\,

I

[00233] &

{00234] Methyl d-ethoxy-3-nitrobenzoate (67): Prepared according to the general
procedure deseribed in Step § using methyl d-hydroxy-3-nitrobenzoate 66 (0300 g, 1.522
mmel) and ethyl iodide (0.184 ml, 2.283 mmeol) 1o afford methyl 4-ethoxy-3-nitrobenzoate 67
(220 mg. 0977 mmol, 64.2 % vield) as a pale vellow solid. MS (ESI): mass caled. for
CoHuNOs, 225.06; mvz found, 267.0 [M+ACN+H]+; 'H NMR (500 MHz, CDCL) d ppm
PAO (L AT02 He, SHY 303 (s, SHY 425 (. /=702 Hz, 2H) 710 (d, /885 Hz  t H) 818

{dd =870, 2.29 Hz, 1 H) 848 (d, /~2.14 Hz, 1 H}.

N
{4 oo
O
[00235] o
[002386] Methyl 4-butoxy-3-nitrobenzoate {68): Prepared according to the general

procedure described tn Step § using methyl 4-hydroxy-3-mirobenzoate 66 (0.300 g, 1,522

mmol) and L-bromobutase (8.245 mi, 2.283 mmol) to atford methyl $-butoxy-3-nitrobenzoate
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68 (260 mg, 1.027 mmol, 675 %% wvield) as a white sehid. MS (ESI): mass caled for
CaHsNQs, 253107 mv/z found, 205.02 [M+ACN+H]+ 'H NMR (300 MHz, CDCL) d ppm
Q98 (¢, =732 Hz, 3 H) 147 - 156 (m, 2 H) 1.80 - 188 {m, 2 HD 392 (5, 3 H 417 {1, J=6.41
Hz, 2H) 7.104d, /=885 Hz, 1 HY 818 (dd, /=885, 2. 14 He, 1 H) B48(d, /=214 Hz. 1 H).

[00237]

[00238] Methyl 4-(2-methoxyethoxy)-3-nitrobenzoate (69): Prepared according to
the general procedure described in Step j using methyl 4-hvdroxy-3-nitrobenzoate 66 (0.300
g, 1.5322 mmel) and l-chloro-2-methoxyethane {0.208 ml, 2.283 mmeol) to alford methyl 4-(2-
methoxyvethoxyi-3-nitrobenzogte 69 (280 myg, 1.097 mmol, 72.1 % vield) as a white solid. MS
{ESTY. mass caled. for O HpNOg, 25507, mdz found, 25598 [MaHMH; 'H NMR {S00 MHz,
CDCRYdppm 345 (5, 3 H) 378 - 384 (m, 2 H}) 3.92 (5, 3 H) 4.28 - 435 {m, 2 HY 7.15 {d,
J=8 85 Hz, L H) 819 {(dd, /=870, 229 Hz, L H} B9 (d. /=214 He, L H).

[00238] 8

{00240] 4-Ethoxy-3-nitrobenzoic acid (67a): Prepared according to the genersl
procedure described i Step t using methyl d-ethoxy-3-mitrobenzoate 67 (220 mg, 0977
auned) 1o afford d-ethoxy-3-mtrobenzote acid 67a (106 mg, 0.786 mmol, 80 % vield) as a
white solid. MY (ESI): mass caled. for COHONOS, 211.05; wyz found, 212.20 [MeH 'H
NMR (500 MHz, METHANOL-d34) d ppm 1.46 (t, J=7.02 Hz, 3 H) 430 (g, I=7.02 Hz, 2 H)
734 {d, =885 Hz, 1 H) 821 (dd, I=R.70, 2290 Hz, 1 HY 837 (d, J=2.14 Hz, 1 H).

;
~ ;
S ~ l}\ ‘_'.z§:§\
EE S OH

[00241] :
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{00242] 4-Butoxy-3-nitrobenzoic acid (68a): Prepared sccording to the general
procedure described in using methyl 4-butoxy-3-nirobenzoate 68 {200 mg, 0.790 mmel) to
attord 4-butoxy-3-nitrobenzoic acid 68a {100 mg, 0.418 mmol, 52.9 % yield) as 8 white solid,
MS (ESD): mass caled. for T HaNOs, 23908, ov'z found, 24020 [MeH] "HONMR (500
MHz, METHANOL-d) dppm 100 (1, =T 32 Hz, 3 H 149 - 161 {m 2 H)Y 178 - LR7 {my, 2
Hy4.24 {t, F=6.260 Hz, 2 H) 735 (d, J=8.85 He, 1 H)Y 821 (dd, J=8.85 2. 14 Hxz, 1 H) 8.38 (4,
J=2.14 Hz, 1 H).

[00243] o

{00244] 4-(2-Methoxyethoxy)-3-nitrobenzoic acid {(69a): Prepared according to the
general procedure described in Step 1 using methel 4-(Z-methoxyethoxy)-3-mitrobenzoate 69
{280 myg, 1.097 nunol} to afford 4-(2-methoxvethoxy)-3-nmitrobenzoic acid 69a (180 my, 0.746
mmol, 68.0 % vield) as a white solid. MS (ESI): mass caled. for CoHyNQy, 241.06; myz
found, 242.23 [M+H}+ 'H NMR (300 MHz, METHANOL-d4) d ppm 343 (5, 3 H) 3.77 -
385 (m, 2 HYA31 - 440 (m, 2 H) 7.39 (d, =885 Hz, I H) 822 {dd, J=RE85, 2,14 He, 1 H)
839 (d, =214 He, L HY.

P}-}Qg
e \Ul\j;\}\\i\,, e ~
[00245] ©
{00246] N-(3,4-dichlorephenyl)-d-ethoxy-3-nitrobenzamide {70): Prepared

according to the general procedure described in Step g using d-ethoxy-3-nitrobenzoie acid
68a (160 myg, 0.758 nunol) to afford N-(3 4-dichlorophenyi-4-ethoxy-3-nitrobenzamide 76
{126 myg, 03535 mmol, 46.8 % vield) as a white solid. MS (ESI: mass caled. for
CisHCENOy, 354.02; myz found, 355.20 [M+HT TH NMR (500 MHz, CDCL) d ppm 1.51
184 {m, 3 Y428 {q. I=T02 Hz, 2 HY 710 {d, J=883 Hy, 1 H) 741 - 748 {m, 2 H)Y 778
(s,1 H)7.90 (d, J=2.14 Hz, 1 H) 8.11 (dd, J=8.85, 2.44 Hz, | H) 832 (d, }=2.14 Hz, | H).
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{00247] N
[00248] 4-hutoxy-N~(3,4-dichlorophenyl)-3-nitrobenzamide (71): Prepared
according to the general procedure described in Step g using 4-butoxy-3-nitrobenzoic acid

68a (95 myg, 0.397 mmol} to afford 4-botoxy-N-(3 d-dichlorophenyl}-3-nitrobenzamnde 71 (78
mg, 0.204 mmol, 1.3 % vield) as a white solid. MS (ESI): mass caled. for CoHChNOy,

382.05; miz found, 383,14 [M+H]+, "H NMR (500 MHz, CDCL) d ppm 1.00 {1, J=7 48 Hz, 3
HY 1.52 - 185 {m, 2 H) 1.86 (dd, J=8.39, 6.87 Hz, 2 H)Y 420 {1, }=641 Hz, 2H) 719 {d,
J=§.85 Hz, | H} 7.41 - 7.50 (m, 2 H) 7.83 (5, | H) 7.90 (d, I=2.14 Hz, | H) 8.10 {dd, J=8.85,
244 He, Y HY 832 (d, =2 44 Hz 1 H).

Iy
e O»’ \V,O/\?;‘. ‘_\\\:
- ,f’\ N. Xy, e e
O i ,f:,'-[\ .
[00249] S
[00250] N-(3 4-dichlorophenyh-4-(2-methoxyethoxy)-3-nitrobenzamide {72

Prepared according to the general procedure described in Step g using 4-(2-methoxyethoxy)~
3-nitrobenzoic actd 6%a (153 mg, 0.634 mmeol} to afford N-(34-dichlorophenyl}-4-(2-
methoxyethoxy}-3-nitrobenzamide 72 {120 mg, 8312 mmol, 42.1 % yield) as a white solid.
MS (ESI): mass caled. for CHaChNOs, 384.03; vz found, 38530 [M+H}+; 'H NMR {500
MHz CDClL) dppm 340 (s, 3 HI3T9- 388 (m, 2 H) 430 - 442 (m, 2 HY 724 {5, 1 H3 7.39
-5 (m, 2 HY 780 (br s, 1HY 790 (d, J=2.14 Hz, 1 HY 8,11 {dd, J=8.85, 244 Hz, I H) 834
{d, I=2.44 Hz, 1 H).

NH,
SO by
T, ~3
iod
e \\.—:’"N\ e &
& H

[00251)]
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{00252 J-amino-N-{3.4-dichlorophenyhi-d-cthoxybenzamide  (78a):  Prepared
according to the general procedure described m Step ¢ using N-(3.4-dichlorophenyl)-4-

cthoxy-3-nitrobenzamide 78 (120 mg, 0338 mmol) to  afford 3-amino-N-(3 4-
dichlorophenyl)-4-ethoxvbenzamide 702 (60 my, 0,185 mmel, 34.6 % vield) as an offwhite
solid. MS (ESI: mass caled. for CisHaChiNa(O;, 324 047 miz ound, 36596 [M+ACN+H+,
MHONMR (500 MHz, CDCIY d ppm 147 - 150 (m, 3 H) 3,98 ¢br. s 1 HI 414 (g, I=7.12 Ha,
SHIOSI (4, =824 He, LH) 717 (d, =824 He, T H} 724 (s, 1 H) 7.38 - 742 (m, 1 H} 743
- 747 {m, T H) 7.68{br. s L HY 787 (5. L H).

Wity

[00253] °
{00254] J-amino-d-butoxy-N-(34-dichlorephenylbenzamide  (Tlak  Prepared
according to the general procedure described i Step ¢ wsing  4-butoxy-N-(3.4-

dichlorophenyi)-3-nitrobenzamide 71 (75 myg, 0.196 nuvol) 1o afford 3-amino-4-butoxy-N-
{3 d-dichlorophenylbenzamide 7ia (453 mg, 0.127 nmmol, 65.1 % yield} as an hght brown
solid. MS {ESI} mass caled. for CiHpChiNoOs, 352,07 miz found, 394.00 [M+ACUN+H}
THONMR (500 MHz, CDCH) d ppm 100 (6 =748 He, 3 H) 148 - 1.54 (m, 2 H) 1.79 - 1.88
(m, 2H) 397 (br. 5, 2 HY4.07 (1, J=06.41 Hz, 2H} 681 (d, /=854 Hz, 1 H) 7.17 (dd, J=8.54,
T4 He, T HY 724 (d, /=183 He, 1 HY 740 {d, /=854 Hz, 1 H) 745 (dd, /=854, 2.44 Hz, |
HY 7.68 (s, 1 H) 7.87{d, /=244 Hz, 1 H).

[00255]

[00256] J-amine-N-(3,4-dichlorophenyl)-4-(2-methoxyethoxybenzamide  {72a):
Prepared according to the general procedure descoribed in Step ¢ wsing N-{3.4-

dichlorophenvi-4-C-methoxyethoxy)-3-uitrobenzamide 72 (116 mg, 0301 mmol} to aftord
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Feamine-N-(3 4-dichlorophenyl -4~ 2-methoxyethox yvibenzamide T2a (65 myg, 0183 nunol,
6.8 % vield) as an off-white solid. MS (ESH mass caled. for CisHUhNaGs, 354.05; av'z
found, 355.00 IM+H ]+, 'H NMR (500 MHz, CDCL) d ppm 344 - 347 (m, 3 HY 376 - 3.82
(m, 2H14.02¢br. s, 2H}4.19-424 {m, 2 H)6.34 {d, }=824 Hz, | H) 716 (dd, }=824, 1.53
Hz, THY 723 (s, F H) 740 (d, =854 Hz, L H) 745 (dd, J=8.54, I 83 Hz, T H) 7.70 (s, 1 H)
TE7T(d, F=1 83 Hz, 1 H).

o
N
AT
. )
g \}:.x iy ~ Ny Re]
[00257] °
[00258] I-{eyclobutanecarboxamide)-N-(3 4-dichlorophenylj-4-ethoxy benzamide

{73): Prepared according to the general procedure deseribed in Step d waing 3-amino-N-(3 4-
dichlorophenyh-4-ethoxybenzamide 70a (20 mg, 0.062 mumol} and purified by flash column
chromatography on silica gel (9-50% EtOAc in Hex) to afford 3-(cyclobutanecarboxamido)-
N-(3 4-dichlorophenyhi-d-ethoxvbenzamide 73 (10 mg, 0.025 mmol, 39.9 % yield) as a white
solid. MS (ESI): mass caled. for C20H20CI2N203, 406.09; miz found, 407.0 [M+H}+, 'H
NMR (500 MHz, CDCL) d ppm 1.50 {1, I=7.02 Hz, 3 HY 1.91 - 198 (m, 1 H} 2.02 - 2.09 (m,
PHIZ223-232{m, 2 H) 234 - 244 {m, 2 H) 3.24 {quin, J=8.54 Hz, 1 HY 418 {q, =702 Hz,
2HY695(d, =854 He, T HY 738 (d, =885 Hz, | H) 7.49 {(dd, I=885, 244 Hz, | )

782 (m, 2 HY 791 (d, }=2.44 Hz, 1 H} 819 (s, 1 H) 889 {d, }=2.14 Hz, | H): "C NMR (126
MHz, CDCH) d ppm 1484 (s, T OHIB22 (s, 1 Y855 5, 1 Oy 131 (5, 1 Y 0476 (s, 1 O)
PHEOO (5, L O LI696 (5, 1Oy TIOST (5, 1Oy 122,00 (3, T OY 12514 (5, 1 O) 12659 (3, 1 ©)
12733 (5, 1 O 12739 (s, T CY 13050 (5, L CY 13278 (5, 1 O 13795 (5, T CH 18008 (5, 1 )
165,23 (5, 1 CY 17390 (s, 1 C).

100259] °
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[00260] 3-{2-cyclopropylacetamido)-N-(34-dichlorophenyl)-4-ethoxyhenzamide
{74): Prepared according 1o the general procedure deseribed in Step d using 3-amino-N-(34-
dichlorophenyl)-d-cthoxybenzamide 70a (20 mg, 0.062 mmol) and purified by flash colunm
chromatography on silica gel {0-30% EiOAc in Hex) to afford 3-{2-cyclopropylacetamido)-N-
{3.4-dichlorophenyl}-d-ethoxybenzamide 74 (8 mg, 0.020 mmol, 31.9 % vield) as a white
solid. MS (ESI): mass caled. for C20H20CIINZO3, 406.09; w/iz found, 407.0 [M+H}+ ‘H
NMR (5300 MHz, CDCly) dppm 032 -037 (m, 2 HY0.72- 079 (m, 2 H 105 - 114 (m, | H)
V32 {0, =702 He, 3 HY2.30(d, =732 He, 2 HD 4.19 (g, J=6.92 Hz, 2 H) 6.97 (d, }=8.54 Hz,
FHY738(d, J=883 Hz, 1 H) 748 {dd, J=8.70, 259 Hz, 1 H) 7.77 {dd, }=8.54, 214 Hz, 1 H)
792 (d, F=2A4 He, 1 HY 816 {s, 1 H) 8.61 {s, 1 H) 8.80 (d, J=2.44 Hz_ 1 H) "C NMR (126
MHz COClydppm 494 (5, T O 731 (5, 1 Oy 1493 (s, 1 Oy 4289 (5, 1 Y 6474 (5, 1 )
IO G IO RS, TOY SS9 G, 1 Oy I2205 (5, 1 OY 12538 (5, 1 OY 12662 (5. 1 O
12737, 1O 12746 (5, TCY 13052 (5, T O 13280 {5, T OO 13792 (5, 1 €3 15020 (3, 1 )
165,23 (s, 1 CY 17120 (s, 1 C}.

[00261]

[00262] 4-butoxy-3-{cyclobutanecarboxamido)-N-(3 4-dichlorophenyl) benzamide
{75): Prepared according to the general procedure described in Step d using 3-amino-4-
butoxy-N-(3 4-dichlorophenyhbenzamide 7ia (20 mg, 0.057 mmel) and purified by flash
colurmn chromatography on sihica gel {0-30% EBEtOAc in Hex) fo afford d-butoxy-3-
{eyclobutanecarboxamido}N-(3 d-dichlorophenvhbenzamide 75 (6 mg, 0.014 mmol, 2434 %
vield} as a white solid. MS (EST): mass caled. for C22H24CI2N203, 434.12; miz found,
43516 {MHHT+ TH ONMR (500 MHz, CDCh) d ppm 1.02 (1, J=7.48 Hz, 3 H) 1.53 (dd,
J=15 11, 748 Hz, 2 Hy 183 - 189 (m, 2 H) 1.94 - 2,00 {m, 1 B) 206 (dt, I=11.14, 877 Hz, 1

Hy227-233 {(m 2H)235- 244 (m, 2 ) 320 - 330 G, V D 412 (0 J=6.56 Hz, 2 H} 6.98

(d, =834 Hz, I H} 741 (s, T HD 749 - 75 fm, L H) 7.75 - 7.81 (m, 2 H) 7.93 (d, I=2.44 Hz,
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LH)RO7 (s, 1 HY B.89 (4, 1=2.14 Hz, 1 H): PC NMR (126 Mz, CDCl) d ppm 13.99 (s, 1
CY 1820 (s, 1 C) 1942 (5, 1 C) 2556 (s, 1 C) 3118 (s, 1 €1 41.30 (s, 1 C) 68.89 (s, 1)
111.20 (s, 1(“311@ 74 (5.1 C) 11958 (s, 1 ) 122,05 (s, 1 C) 12511 (5. 1 ©) 12654 (5, 1 ©)
127.60 (s, 1 C) 130.58 (5, 1 CH132.88 (s, 1 ) 134.80 (5, 1 C)Y 13786 {5, 1 ) 165.17 (5, 1 O)
173.87 (s, L O,

o
100263] ol
[00264] 4-hutoxy-3-(2-cyclopropylacetamido)}-N-(34-dichlorophenyl)  benzamide

J-aming-4-

{76): Prepared according to the general procedure described m Step d using
butoxy-N-(3 d-dichlorophenyl}benzamide 7ia (20 mg. 0037 mmol) and purified by flash
column chromatography on silica gel (0-30% EtOAc in Hex) to afford 4-butoxy-3-(2-
cvelopropyviacetamido)-N-(3 d-dichlorophenyllbenzamide 76 (6 mg, 1014 nmmol, 24 34 9%
vield) as a white sohd. MS (ESI): mass caled. for C22H24CI2N203, 434.12; m'z found,
43516 [M+H ] TH NMR (500 MHz, CDCL)Y d ppm 0.34 (g, J=4.88 Hz, 2 H) 0.71 - 0.78 (m,
SHILO2(1, =748 Hz, 3H 109, J=T763 Hz, 1 HY 1.49- 158 {(m, 2 H) 182192 (m, 2 H)
240(d, F=732 He, 2 H) 413 {1, F=6.50 Hz, 2 H) 6.99 (4, F=R.54 Hz, 1 H) 7.40 (d, }=&35 Hz,
T H) 749 (dd, 3=8.85, 244 Hz, 1 H} 7.78 {(dd, J=854, 214 Hz, 1 H}7.93 {d, }=244 Hz, 1 H)
RO7 (5. 1 H)8.59 (s, 1 HYR90 (d, I=2.14 Hz, 1 H), "C NMR {126 Mz, CDCly) d ppm«l%
TOY7284s, TOYI3S4 5, 1Oy 1930 5, 1 O 3134 (5, T O 4297 (s, 1 ) 0884 (5, |
HEOS (5,1 O 11682 {6, T CY 11950 (s, 1 Y 12207 (5, 1 Y 12519 (5. L O 12055 (5, 1 C_'}
12745 (5, 1 O 127385 (s, TCOY 13087 (5, L CY 13286 (5, 1 (Y 13789 (s, T CH 18034 (5, 1 Oy
16521 (5, 1 Y1719 (s, 1 C).

[00265] o
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[00266] 3-{eyclobutanecarboxamido)-N-{34-dichlorophenyl)-4-(2-
methoxyethoxyjbenzamide (77): Prepared according to the general procedure described in
Step d using 3-amino-N-(3 4-dichlorophenyl-4-(2-methoxyethox yibenzamide 72a {20 mg,
(L0536 mumol) and purified by fash column chromatography on silica gel {(-530% EiOAc
Hex) o afford 3-{eyclobutanecarboxamido - N-(3 d-dichlorophenyly-4-(2-
methoxyvethoxyibenzamde 77 (10 myg, 0.023 mmol, 30.6 % vield) as a white solid. MS (ESI:
mass caled. for C2IH22CIZNIO4, 436.10; m/z found, 436.96 [M+H]+ "H NMR (500 MHz,
CDClRYdppm 192199 (m, TH}192 -2 1000, T HY 223 - 23 {(m, 2 H) 234 - 245 (m. 2
HY3.23(dd, I=8 85824 Hz, 1 H) 346 (5, 3 H) 375 - 380 {m, 2 H}y 422 -4.27 (m, 2 H) 7.0
{d, J=834 He, 1 H) 739 (d, J=8.54 Hz, 1 H) 749 (dd, J=870, 2.59 Hz, 1H) 7.75 {dd, I=8.54,
A4 Hz, THY 793 (d d=044 Hay, L Y 797 {s,  H} 818 (br. s, 1 H) 800 (d, I=2.44 Hz, 1
H): MONMR (126 MHz, CDCLY d ppm 1823 (5, 1 O) 2551 (s, T 14127 (s, 1 €) 59.30 (s, |
Cye920¢s, 1 OYT7078 (5, T CHHI299 (5, 1Oy 11722 {5, VOO 11959 (5, 1 C3 122,05 (3, 1 )
12499 (5, 1 C) 12744 (5, 1 CY 12704 (5, 1 C) 12848 {5, 1 €) 13054 (5, 1 () 13283 {5, 1
CHITEE (s, O I50.02 (5, T 16518 (5, 1Y 17401 (5, 1 ).

8 A
fu\ z’*“ﬁ
HNT
o -/\*""O\ﬁ‘." =,
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[00267] o Nt

{00268) 3-(2-cyclopropylacetamido)-N-{3 4-dichlorophenyly-4-(2-
methoxvethoxy)benzamide (78} Prepared according to the general procedure described in
Step d using 3-anuno-N-(3 4-dichlorophenyD-4-(-rethoxyethoxyibenzamide 72a (20 mg,
0.056 mmol} and purtfied by flash column clromatography on sibea gel (3-30% EtDAC in
Hex) to afford 3-{2-cveloprepylacetamido}-N-(3 4-dichiorophenyl)-4-(2-
methoxyethoxyybenzamide 78 (12 mg, 0.027 mmol, 48.7 % yield) as a white sobid. MS (ESI):
mass caled. for C2TH22CIIN204, 436.10; miz found, 436.90 [M+H+, 'H NMR (300 MHz,
CDCLYydppm 034 (g, =488 Hz, 2072 - 079 (m, 2 H) 1.05 - 114 Gm, 1 HY 238 (d,
J=T32Hz, 2H) 344 53 HI 374 - 383 (m, 2 HY422 - 432 (m, 2 H 7.01 {d, =854 Hz, |
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M) 7.39 (d, J=8.54 Hz, 1 1) 748 (dd, }=8.54. 244 Hz, | H) 7.77 (dd. J=8.54, 2.14 Hz, 1 H)
793 (d, 3=2.44 Hz, 1 H) 8.12 ¢s, 1 H) 8.68 (s, 1 H) 890 (d, F=2.14 Hz, 1 H); “C NMR (126
MHz, CDCL) d ppm 4.86 (5. 1 CY 732 (s, 1 €) 4289 (s, 1 €) 59.16 (5, 1 ) 68.62 (5. 1 O)
70.81 (5, 1 € 11207 (5, TOMITAS {8, 1 O 11961 (5, 1 C) 12207 (5, 1 € 12501 (5, 1 ©)
12737 (5.1 € 12742 (s, 1 €1 128.06 (s, 1 €) 130,54 (s, 1 C) 132.82 (s, 1 C) 137.92 (5. 1 ©)
150.07 {5, 1 €Y 165.21 (s, 1 ) 17136 (s, 1 O,

[00269] Example 2 — Biological Activity of Svnthesized Compounds
{00270] Intreduction
[00271] A3G is among the most strongly selected of human genes (11}, likely because

it blocks retrotransposition of endogenous retroslements. Chronically infected HIV patients
have increased levels of cellular LINE-1 and HERV-K (HML-2) rewroelements (12-17). In g
rare congental disorder {(Ascardi-Goutieres’ Syndrome) and a subset of lupus cases,
cvioplasmic sensors recognize excess retroelement nycleic acid to induce a pathologic cellular
interferon stimulated gene (ISG) response that causes pathologic systemic inflammation {18}
A role for abortive HIV reverse transcripts in “bystander”™ CD4+ T cell depletion {(19)

suggests that similar mechamsms may also contribate to HIV pathogenesis.

{00272] A3G is upregulated by interferons {20-323. Several separate Hnes of evidence
indicate that A3G activity acutely increases after HIV infection starts inducing an interferon
response. However, evidence suggests A3G decreases at some point after HIV is acquired,
despite an ongoing interferon response. Two studies have each reported A3G-mediated G-to-
A hypermutation in about half the transnutted/founder viruses sequenced from: plasma HIV
RNA from acutely infected subjects {33, 34}, In contrast, three independent reports did not
find any evidence of A3G-mediated hypernutation in plasma virus RNA sequenced from 35
chromcally mmfected subjects (4, 35, 36). Taken together, the data suggest A3G activity

decreases at some soon after HIV acquisition in most HIV infected subjects.
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f00273] The concept that A3 activity decreases after HIV infection is also supported by
recent work showing HIV Vif adaptation {0 A3H, closely related to A3G, m acutely infected
subjects and in cell cultwre (37). HIV Wit adaptation to A3G was alse found m the Vif
protemns of all SiVimac strains, relative to the Vif of SIVem, and thought to cause cross-

species transmission of ${Vsm to rhesus macaques in the 1970s (38),

{00274] There are increasing datg indicating that higher levels of APOBEC3s in the
physiological range contribuie the unusual phenotype of control of Vif-positive HIV in vive in
the absence of antiretroviral treatment seen in many infected persons with certamn HLA types
{including HLA BS7 and B27). Plasma HIV-1 RNA levels fa vwive were inversely associated
with the A3 signature hypermutation index above a certain level in proviruses in peripheral
blood wmononuciear cells (PBMC) from HLA BAT27 controllers {4), indicating that A3G
activity above a threshold level was needed to decrease Vif-positive virus replication in vive.
This work compared untreated non-controllers to untreated HLA BS7/27 controllers with the
latter having nmuch lower levels of viremia. In a sobsequent paper, untreated HLA BS7/27
controflers were compared to ART-suppressed non-controllers {5). The associations of both
increased A3G and decreased provirus level with control were again seen; thus, @ is not
simply a by-product of better viremia suppression as both groups m (5) had suppressed
viremia. HLA-linked HIV control was associated with less provirus and more A3G protem in
resting CD4+ T central memory (Tom) and effector memory (Temy) lvmuphocyvtes (Figure 1,
frovy 5). Resting memwory T cells with the bighest A3G protein fevels (= 0.5 RLU per wut of
actin} had the lowest levels of HIV provirus in vivo {p= 0.03, Fisher’s exact test) (22). Vif-
positive viruses with more virion A3G were found 1o have decreased vinon infectivity ex vive
{5). Thas, increased cellular A3G that can be packaged mto Vif-positive virions appears o
add a “second line of defense”™ o previously described imymune mechanisms for HLA-
restiicted HIV control. While controllers” HLA-vestricted CDR+ c}’mmxic T }ymphm‘:yt‘e
control of viremia, HIV often escapes this within months by selection of mutations n targeteﬁ

epitopes. This, and the fact that some controllers lack these HLA alleles, indicates that
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additional mechanisms contribute to durable control. It 15 hypothesized that lugher A3G
protein levels in controllers’ cells are a “back-up” defense mechanism not able to be evaded
by antigenic epitope escape that contributes to durable control (5). Further, it is hypothesized
that cellular A3G dogs not decrease after infection m controllers, as some evidence suggests

happens in non-controllers.

[00275] Experiments and Results
{00276] This background led to constroction of cell lines to use in a search for

compounds that might boost levels of A3s in the HIV target cells of the majonty of HIV-
infected persons who are non-controllers. The goal is to test a strategy of using such a booster
in acute’early infection to prevent the hypothesized decrease of A3G and related A3 in an
effort to increase “control” in persons lacking HLA B37/27-associated control. Adherent
monolayer HEK293T (hereafier called 2937T) cells that do not express any endogenous A3G
{or other A3} were chosen to assess increases in exogenous A3G from either antagonism of is
Vif-mediated degradation or Vif-independent boosting of cellular expression /stability. 2937
and TZM-bl cells were mamiained 1 DMEM {contammng 4.5 g/hter glucose, L-glutamine,
and sodium pyruvate} medivm plas 10% fetal bovine serum, 30 Ui penteillin, and 50
pgral streptomyemn at 37 °C and 5% CO; throughout the expertments. An A3G-lociferase
{A3G-Lue) fusion was cloned mnto either pCDNA behind a CMY promoter or mto a simple
retrovival vector, pMSCV-FParo, 2937 cells were co-transfected with pMSCV-IPuro-A3G-
Lue and pCL-Ampho as well as pOCMV-VEVAG plasmads to generate mfectious viral particles.
After collecting viral supematat, 2937 cells were infected with viral particles harboring the

o~y
;
K

A3G-Luc expressing vector and selected with puwromyem (075 pg/ml) for three days. Ten
single cell clones of stable cells were solated and tested for expression of A3G-Luc protein
by both mmmmobloting using antibody against A3G and measuring lociferase activity.
Expressions in cell lines used for subsequent experiments are depicted in Figure 2, upper
panel. The AZG-Luc fusion protein was sensitive o Viftmediated degradation (Figwee 3},
Similar cells lnes stably expressing A3F were constructed with the same methods (not

shown).
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[00277] To generate a stable cell Hine expressing both A3G-Luc and Vif proteins, stable
cell lines expressing A3G-Luc were infected with viral particle generated by co-transfecting
2037 cells with Vif expression lentiviral vector, FM-1-Vif, and delia 3.9 as well as pOMV-
VSV-G. Smee the FM-1-Vif vector also encodes a GFP reporter gene, the infected cells were
sorted for GFP positive cells using FACS analysis. After sorting, expression of both A3G-Luc
and Vif was confirmed by mmmunoblotting using antibody agamst both A3G and Vif

Expressions in cell lines used for subsequent expeniments are shown in Figure 2, lower panel.

[00278] The A3G-Luc fusion protein has anti-HIV activity (Figure 4). This allowed

testing of compounds that increased cellular levels of A3G-Luc for anti-HIV activity.

{00279] Qthers described the bis-amide compound IMB-26 {Figure 5) to divectly bind
to A3G and prevent s degradation by Vifl {39). IMB-26 was svathesized and found to be
toxic to 2937 cells. Interestingly, this series of compounds has been developed for anti-cancer
applications due to the cytotoxicity of its analogs  (40-43}. It was found that the type of
halogen determined the in wrro ovtotoxicity with 1odo being the most toxic and fluore being
approximately 1000-fold less toxie, with the bromo asalog being intermediate. The large
variation between fluore and iode suppests that this compound is acting as an alkylating
agent, making it mappropriate as an ant-HIV therapeutic. Becanse of the toxic nature of
IMB-26, we synthesized analogs and screened them for reduced cviotoxicity and retained

A3G boosting activity.

[00280] To screen compounds that can boost A3G levels, 2937 cells {25,000 cells per
well m 96-well plate) stably expressing A3G-Luc protein or A3G-Loo/Vif proteins were
plated. Afier 24 hrs post plating culture medion was replaced with 100 gl of new medium
containmg either DMSO as a control or various compounds {10 uM concentration). After 48

3

hrs of incubation with compounds culture mediom was removed from each wall and replaced

with 100 ul of Britchite Plug luciforase assay substrate (PerkinBlmer). Following § min of

incubsiton at wom temperature, 75 gl of each cell bysate was transfered 1o 8 %0-well
OptiPlate 96 (PorkinBhnery gnd honinescence was measwred in g VICTOR X2 Mulilabel

95



WO 2016/029136 PCT/US2015/046328

Reader (PethinBimer). Relative sotivity of compounds for their boosting capatitity A3G-Lae
activity was calvulated by plotting DMS Mreated A3G-Luc or AMG-Lug/Vil eells as 100%.

{ineubation with

..,;.
)f‘
otvey
ey
ey
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Celtular oytotoxicity was moegsured by counting number of cells &

comapoaids compared o DMEQO trepted cells.

[00281] To test the effect of compounds shown to boost A3G-Luc levels in owr
screening svsterms on inhibition of wild-type HIV-1 replication by A3G or A3F, 2937 cell
lines stably expressing A3G or A3F were plated (730,000 cells per well in 6-well plate}. At 24
hies post plating, 1.5 ug of a wild-type (Vif-positive) HIV-1 proviral vector, NL4.3, was
transfected into the 2937 stable cell lines expressing either A3G or ARF. At 4 hrs post
transfection, either DMSO as a control or an individual compound from series described
below was added nto the culiure medivm at a 10 gM concentration. At 1 day post
transfection, supernatant fhuds cmniaining viral particies were filtered through 0.45 uM filter
to remove cellular debris. To test the effect of compound on HIV-1 rephication, TEM-h
indicatey cally were plated at a density of 10,000 cellsfwedl i a 96 wedl culture plade 24 s
priog o infection. TZAM-bl indicstor cells express luoiforase gene undder the control of HIV
LTR promoter and are routinely used toomeasure HIVA1 replication capatality. On the day of
imfection, the culture medivm was removed and the vells woculated with squed amownt of

H

HIV-1 particles in tniphicate with 180 @l of vival supernatants w onlture medium contanung 20

ugdodl DEAE-dextran, After 24 s of meunbation, culture medim was romoved from each

f’ %
(5]

woll and replaced with 100 @ of Beitelite Plus luctiorgse assay substrate. Following S mun, of
imcubation at room temperature, 78 gl of each cell by way transferred 10 8 86-well

OptiPlate %6 and hommescencs was measured v a VICTOR X2 Maolitlabel Reader as

desoribed sbove. Relative mfectivity was calcolated by p y huerferase acthvity from viral

particle from DMSO teated A3 or ASF ¢e ¢ only tested effect A3F- or

AZG mediated restriction of HIV-1 rephicgtion by compounds boosting luoiforase aotivity by

pet

more than 160 %o compared to DMSO control sample.

[00282] To test the effect of the compounds deseribed below on cancer cell death, cell

lines derived from different types of cancer were studied in vitro, MCFI0A, MCF7, T47D,
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MDA-MB-137 and MDA-MB-231 are breast cancer cell lnes. NHPE, BHPrE, RWPEL,
DUTYS, and PC3 cells are prostate cell lines. Hela is cervical cancer cell line. HEK293 is
cancer cell lines in p33 expression (44-46). MCFI10A, MOF7, NHPE, BHPE and HEK293
cells have wild-type and functional p33. RWPE! and Hela cells have wild-tvpe pS53 but the
p33 protewn in these cell line i3 not functional becanse of effects of human papitioma virus E6
proteinn, T47TD, MDA-MB-231, and DU145 cell ines have mutamt p53, while MDA-MB-157
and PC3 cells have no pS3 expression. 25,000 cells per well were plated in 6 well plates. In
the case of HEK 293 cells. 500,000 cells per well in 6-well plates were nsed mstead. After 24
hrs, culture medipm was replaced with new mediten containing either DMSU as control or
one of the compounds described below (6 M per well concentration). After 8 days
incubation with compounds, cell numbers were counted from each well and plotted with
number of cells from DMSO treated sample as 100%. We performed the experiments at least
twice. HEK293, MCF7 and T47D cells they were maintained for 16 days with compounds

instead of 8§ days.

[00283] Lead compounds that increase A3G at concentrations lacking effects on cell
death or proliferation were discovered. NU-32 increases A3G m 2937 cell lines stably
expressing AMG-Lue, with or without Vif, about 3-fold {(Figure 6). This is simular in
magnitude to the difference m A3G between HLA BY7/27 controller and non-controlier cells
{22} and wore than nduced by some other compounds reported earlier i the hiterature {called
RN-18} {47, 48). In 2937 cells that were transtently transfected with A3 vectors, NU-32 more
markedly mcreased expresston of wild tvpe A3G, mutant YI124A A3G and wild type A3F
{Figure 7). NU-52 also decreased infectivity of virions produced after co~transfection of 2937

cells with HIV NL4-3 (encoding a functional Vif) and either A3G or A3F {Figure §)

Experiments using multiple compounds are suramarized m Tables -3
[00284] Table 1. Increase in Cellular A3G Levels by Compounds
Compound No. | Councentration A3G-Luc Activity VifA3G-Luc Activity
{aM) (%0 of Relattve Light Units (% of RLUs compared fo
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compared ¢ DMISQ DMSO weated control)
freated control)
NU-49 10
NU-30 14} 115 143
NU-51 10 57 a5
NUI-32 10 178 135
NU-53 10 172 142
NU-54 36 157 116
NL-SS 5 36 T4
NU-36 36 114 a3
NULST a0 87 74
NU-38 30 123 Q3
W1i-59 2 44 75
NU-60 30 70 o
Nik-61 30 77 68
NL-3G2 10 196 167
MNU-383 10 50 71
NU-304 1¢ 124 138
NU-3035 10 121 109
NU-306 14} 86 84
NU307 10 102 a1
NU-308 14 g2 113
N300 10 100 94
NU-452 14 140 116
NEI-453 10 169 95
NU-454 16 86 84
Nii-455 10 188 131
NU-456 10 148 113
NU-457 10 120 93
NU-458 16 189 123
NU-439 143 106 Y
Wi-460 10 254 119
Nii-46] 10 124 70
NU-462 10 282 170
NU-463 10 287 178
NU464 16 288 170
NU-46S5 10 193 106
NiI-466 1G 318 202
NU-467 16 184 146
NU-468 16 213 147
MNU69 10 100 82
NU-470 16 100 o)
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NU-471 10 238 175
NU-472 Lo 238 146
NU-473 10 110 84
NU-474 10 103 71
NU-564 10 162 102
NU-565 10 66 35
NU-366 10 106 R0
NU-567 10 91 76
NU-568 10 96 87
NU-S6Y 10 88 85
NULRT0 10 o6 §7
NU-571 14 116 104
NLLAT2 16 a8 G
NU-873 10 117 R0
NU-611 10 67 73
NU-612 10 202 178
NU-613 1} 186 158
NU-614 10 86 8949
NU-BES 10 102 103
Nik-6t6 10 171 152
NU-617 10 194 182
NU-124 10 25
NUL12S 10 23
NUL126 10 4.8
NU-127 10 68
NU-128 10 141
{00285] Table 2. Cytotoxicity of Compounds
Compound No, Cyiotosicity
NU-44 Cell Death at 10 uM
NU-51 Cell Death at 25 uM
NU-52 Cell Death at 30 pM
NU-53 Cell Death at 20 uM
NU-38 Cell Death at 25 pM
NU-59 Cell Death at 5 gM
NU-124 Cell Proliferation Blocked at 10 uM
NU-125 Cell Proliferation Blocked at 10 gM
NU-126 Cell Proliferation Blocked at 10 uM
NU-127 Cell Prolifergtion Blocked at 10 pM

99



WO 2016/029136

[00286]

PCT/US2015/046328

Table 3, A3G- and A3F-Mediated Restriction by Compounds

Compound | Concentration | A3U-mediated Resiriction | A3F-mediated Restriction by
No. {11M) by Compounds on Wild- Compounds on Wild-type
type HIV-1 (% of HIV HIV-1 (% of HIV replication
replication relative to relative to DMSO treated
DMSO tregted Control) Control)
NU-52 10 57 57
NU-302 10 60 58
NU-4S58 10 54 45
NU-460 10 34 34
NU-462 10 62 33
NU-463 10 64 67
NU-464 16 77 77
NUL46S 10 47 53
NU-466 10 72 59
NU-467 10 79 64
NU-468 10 38 48
NU-471 10 66 63
NU-472 14} 61 49
NU-364 10 72 ND
NU-612 14} 81 96
NU-613 10 98 85
NU-616 10 95 ND
NU-617 10 74 ND
NU-128 10 62 ND

[00287]

Selected lead compounds (NUS2

. NU302, NU46e6) were also Bound to kil

some breast cancer cell lines tested (TY7D, MDAMB-1S7 and MDA-MB-231), some

prostate cancer cell lines tested (RWPE!L, DUL4S, and PCR), and the one cervical cancer tell

hine tested {Hela). Some of the cell hoes tested were not killed (MCFI0A, MCF7, NHPE,

BHPrE, HEK293) (See Figures 9A and 9b)

All the cancer cell lines killed by the

compounds had a non-functional, nall, or mutant pS3 phenotype. Compoands NU 32, NU

302, NU 466, and NU 611 also were observed to inhibit BC-1 cell proliferation. {See Figure

10).
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{00288] Sammary: Datg shows that NUCC-54032 (aka NU 32, Figure 1) increased
levels of A3G in the A3G-luciferase screening assay (Figure 2}, and in cells transiently
transfected with A3G {as well as increasing Y124A A3G and APOBECHF) (Figore 3). HIV-L
virions made from cells with NU-82-hoosted A3s had decreased infectivity (Figure 4). Soxall
benzamide molecules (see Figwre 5 for core structore) were observed to increase levels of
A3G m cells (Figure 6). NUS2 was observed to increase levels of A3G, A3G mutant Y1244,
and A3F in cells (Figure 7). NUSZ was observed to decrease infectivity of HIV-1. In
addition, several of the compounds disclosed heremn (52, 302, 466) killed or nhibited

profiferation of cancer cells lacking functional p33 (Figures 94, 9B, and 10}
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[00338] ft will be readily apparent to one skilled in the art that varying substitutions
and modifications may be made to the invention disclosed herein without departing from the
scope and spirit of the wvention. The mvention Hustratively described herein suitably may be
practiced 1 the absence of any element or elements, limitation or imtiations which 15 not
specifically disclosed herein, The torms and expressions which have been emploved are used
as terms of deseniption and not of limiation, and there 1s no mtention in the use of such terms
and expressions of excluding any equivalents of the features shown and described or portions
thereof, but it is recognized that various modifications are possible within the scope of the
wvention. Thus, #t should be understood that although the present invention has been
iltustrated by specific embodiments and optional features, modification andfor variation of the
concepts herein disclosed may be resorted to by those skilled in the art, and that such

modifications and variations are considered to be within the scope of this invention.

100339] Citations to a number of patent and non-patent references may be made herein.
Any cited references arg weorporated by reference herein in thewr entireties. In the event that
there is an inconsistency between a definition of a term in the specification as compared to a
defintiion of the tenn in a cited reforence, the ferm shoold be interpreted based on the

definition in the specification.
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CLAIMS
We claing:
1. A compound having a formula:
3
R
1 1
NH_ {l\ o
{« HE-’&’T Y
0 : .
.. 4 =X 3
R TR
6
wherein:
awsQorl;
XisCorN;
R—0
R’ is hydroxyl, Cl1-Cé-atkexy, or O—% wherein
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\
R is C1-Céalkyl, e : o
H‘
PN e,
: 5
/ /

L\-NH

R”is H, or C1-Ch-atkyl;

RY is H, C1-Co-atkyl optionally substituted with C1-Cé-atkoxy, hydroxyl, C1-Cé-

alkviamine, CH-Co-dialkyl amino, phenyl, benzyl, benzoll, 3 diox-8-yl, pyridin-2-yl,

pyridin-3-vl, pynidin-deyl, C3-Ch-cyeloatkyvl optionally substituted with methyl, O

‘ 12
>\T‘R
g 13
g R

Cé-alkoxy, Nepiperidinvl, tetrabvdrofuran-2-yl, adamantan-7-yl, or

wherein

R™ and R” are independently selected from H, C1-Cé-alkyl optionally substituted
with C1-Cé-alkoxy, C1-Cé-atkoxy, C1-C6 cycloalkyl, phenyl, CI-Cé-alkylamineg, C1-
Co-dially] amine, or R and RY topether form a €3-C6 homocycle or a €3-C6

heterocyele, which optionally is onsaturated at one or more bonds;

R' is H or C1-C-alkvl and
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RYRY R R and R are independently selected from H, C1-Cé-alkoxy, halo, phenyl, or R?
and R together form a CS5-C7 homocyele or U507 heterocyele, which optionally is

unsaturated at one or more bonds,

2. The compound of claim {, wherein n is 0.

3. The compound of clamm 1, wherein X 1s C.

4, The compound of claim 1, wherein R' is methaxy.
5. The compound of claim 1, having a formula:

6. The compound of ¢laim §, wherein R’ is C1-Cé-atkoxy.
. s = . 1% . i e .
7. The compound of claim 5, wherein R w H, C1-Cé-alkyl optionally

substituied with C1-CUt-alkoxy, hydroxyl, C1-Cé-alkylanno, C1-C6 dialkylamino, phenyl,
benzyl, benzo[l3ldiox-8-vl, pyndin-2-vl, pyridin-3-yl, pyridined-vl, C3-Ch-cyeloalkyl

optionally substituted with methyl, C1-Cé-alkoxy, N-piperidinyd, and tetrabydroforan-2-vl.

: C e . 3 ot pd ph 7
3. The compound of claim 3§, wherein R, RY R", R*, and R’ are

independently selected from H, C1-Cé-alkoxy, and halo.

, b ot , Cppd gy G
9. The compound of claim 5, wherein one or more of R', R”, are R” are

methoxy.

110



WO 2016/029136

10,

chiora.

The

Bilo

HoMo

I
Sha,

x /

gt

compownd of claim 9, wherein one or more of R and R

EPZN
Xy < b
G e

H,Cu_ OHHC

O,
k)

z/

T

s
o:(\>~ p—
=4 M;>‘C’

LH HP\

\L J

)
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The compound of claim 1 having a formula selected from:

are
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%«

A pharmaceutical composition comprising the compound of claim

and a pharmaceutical carrier.

13

The pharmaceutical composition of claim 12 comprising an effective

amount of the compound for creasing levels of A3G andfor other members of the A3 family

of proteins after the composition s administersing (0 a patient in need thereof,

14,

A method for treating HIV-1 infection in a patient in need thereof, the

method comprising administering th armaceutical composition of claim 13 to the patient.
method comprising administering the pharmaceutical composition of clamm 13 to the patient

1§

A method for treating cancer in a patient in need thereof, the method

comptising administering the pharmaceutical composition of claim 13 to the patient.
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