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TITLE OF THE INVENTION

Inhibitors of N-Linked Glyeosylation and Methods Using Same

CROSS-REFERENCE TO RELATED APPLICATIONS

(]

This application claims priority under 35 US.C. § 119(e) to U.S. Provisional
Application No. 62/196,744. filed July 24, 2015 and U S. Provisional Application No.
62/306,326, filed March 10, 2016, all of which are incorporated herein by reference in their

entireties.

10 STATEMENT REGARDING FEDERALLY SPONSORED RESEARCH OR
DEVELOPMENT
This invention was made with government support under DA0O33178,
HG005031 and HGO05032 awarded by National Institutes of Health. The government has
certain rights in the invention.
15
BACKGROUND OF THE INVENTION
Asparagine (N}-linked glvcosylation is a co- and post- translational
moditication common to proteins of the endoplasmic reticulum (ER) and secretory pathway.
This process requires the biosynthesis of a glycan precursor, or lipid binked cligosacchande

20 (LLO), and mvolves the coordinated function of at least 30 gene products and 17 enzymatic
activities. LLO synthesis is initiated 1n the cvioplasm through addition of N-acetyl
glucosamine to phosphoryiated dolichol hipids, an enzymatic step that s blocked by the
natural product tunicamycin {Tn). Sequential carbchydrate addition by glycosyltransferases
associated with the cvioplasmic ER membrane clongates the LLO, and the MansGlcNac;

25 mtermediate 1s then transferred into the lumen of the ER by an unknown mechanism
mvolving RFT1. Protemns that synthesize and transport carbohydrate precursors along with
glycosvitransferases of the ER lumen add mannoses or ghicose and form the
GlosMane(HeNac, LLO. This mature LLO 15 then transferred to NXT/S (where X cannot be
W) consensus sequences of nascent protemns by the ohigosaccharvitransferase (OST).

36 Although the biochemical basis for synthesis and transter of N-linked glyecans
to recipient proteins has been ehucidated, control of this process by mammalian cells 1s not
well understood. N-linked glveosylation was mitially considered to be constitutive without
sites of regulation. This belief was based on two fundamental observations: (1) many of the

N-linked glvcosylation genes are essential and (2} the prevalent use of tunicamycin that
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mduces cell death. This concept, however, was incongruent with discoverigs about the
cligosaccharyltransterase biclogy. Yeast genctics demonstrated that several of the OST
subuniis were n fact non-¢ssential, requiring synthetic lethal strategies for identification.

Furthermore in mammals the OST catalvtic subunit (8TT3 in veast) 1s encoded by two

(]

separate genes, STT3A and STT3B, suggesting a mechanism for genetic regulation of LLO
transfer. The seven subunits that compose the OST complex were also found to exist in at
least 4 combinations that vary with respect to inchusion of either STT3A or STT3B and cither
TUSC3 or MAGTT, Thus, the OST represents at least one enzymatic node for control of V-
linked givcosvlation and provides molecular evidence for a model where V-linked

10 glvcosvlation itself can be actively regulated.

However, attributing the consequences of abnormal N-linked glycosylation to
the altered function of specific glycoproteins 1s difficult. The evolving experience with
human congenital disorders of glvcosylation, and their disparate clinical presentations, has
made it difficult to dentity both the specific proteins and celiular contexts that are most

15 sensitive to disruption.

Receptor tyrosine kinase (RTK) glveoproteins such as EGFR and FGFR
family members are seusitive to perturbations in glveosviation, and RTKs may represent a
protein class that mediates the effects of abnormal N-linked glycosviation. RTK extracelluiar
domains are highly modified with M-linked glycans which contribute to stable conformations

20 that facilitate ligand binding and regulate downstream signal transduction. The EGFR and
FGFR1, for example, have cleven and eight consensus glveosylation sites respectively,
whereas the average mumber of N-linked sites per glveoprotein 1s estimated to be only 1.9.
However the interplay between N-linked glycosviation and RTK function has remained
voknown.

25 Thus, there 1s a need mn the art for novel compositions and methods that can be

used to treat diseases or disorders associated with N-linked glycosylation in a mammal. The

present tnvention addresses this unmet need.

BRIEF SUMMARY OF THE INVENTON

30 The mvention provides a compound of formula (I}, or a salt, solvate,
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enantiomer, diastercoisomer or tautomer thereof R {1}, wherein in (§):

R’ 1s selected from the group consisting of

m=1or2;

2. .
R71s selected from the group consisting of
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cach cecurrence of RY is independently selected from the group consisting of H, «(Cs-
Coralkyl, Cs-Coovcloalkyl, {C-Cothaloalkyl, (T -Colatkoxy, {Cs-Ciptheterocyelyl, -{Cy-
Codheteroalkyl, -F, -CL, -Br, -L, -CN, -NQ,. -OR’, -SR”, -S(=0R", -S(=0},R’, -C(=0)R’, -
OCEOIR’, -CEMORT, aryl, -CHy-arvl, and -(Cs-Ciodheteroaryl, wherein the alkyl,
heteroalkyl, cycloalkyl, heterocyclvl, aryl, or heteroaryl group is optionally substituted: and,

cach occurrence of R is independently sclected from the group consisting of H, ~(C -
Coyalkvl, (C-Codheteroalkyl, ~(C5-Coeveloalkyl, ~{(Cs-Crojheterocvelyl, arvl, and «Cs-
Ciopheteroaryl, wherein the alkyl, heteroalkyl, cycloalkyl, heterocyclyl, arvl, or heteroaryl
group is optionally substituted;

with the proviso that the compound is not sclected from the group consisting of 5-
(N N-Dimethyisulfamoyl}-N-(S-methyl-1,3-thiazol-2-y1}-2-(pvrrolidin- | -vD)benzamide, 5-
{dimethylsulfamoy-N-{4-methvl-1,3-thiazol-2-91}-2-pyrrolidin-1-vlbenzanude, 3-
{dimacthylsulfamovh)-2-pyvrrohidin-1-vi-N-(1,3-thiazol-2-yl}benzamide, 5-
(dimethylsulfamovl)-N-(S-methyi-1,3,4-thiadiazol-2-y[}-2-pyrrohidin- I -vibenzamide, 3-
(dimethylsulfamoyl}-N-(5-methyl-1H-1,2 4-triazol-3-v1}-Z-pyrrolidin-1-ylbenzamide, N-(1,
3-benzothiazol-2-vi)-5~(dimethylsulfamoyl}-2-pyrrolidin- I-vibenzamide, 5-
(dimethyisulfamoyl)-N-(4-methoxy-1,3-benzothiazol-2-vh)-2-pyrrolidin-1-vibenzamide, 5-

(dimethylsulfamoyl)-N-(5-methoxy-1,3-benzothiazol-2-yh-2-pyrrolidin- 1 -vibenzamide, 5-

PCT/US2016/043664
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{dimethylsulfamoyl}-N-{6-methoxy-1,3-benzothiazol-2-v1}-2-pyrrolidin- 1 -vlbenzamide, 5-
{dimethylsulfamovl)-N-pyndin-3-vi-Z-pyrrolidin-1-ylbenzamide, 5-(dimethvisulfamovi}-N-
pyrdin-4-yi-Z-pyrrolidin-1-ylbenzamide, 5-(dimethyisulfamoyl}-N-phenyi-2-pyrrolidin~1 -
vibenzamide, S-{dimethvisulfamovD}-N-(2-methylphenvy!}-2-pyrrolidin-1-ylbenzanude, 5-
{(dimethylsalfamovl}-N-{(4-methyiphenyly-2-pyrrolidin-1-ylbenzamide, 5-
(dimethyisulfamovl)-N~(Z-methoxyphenyi}-Z-pvrrolidin-1-ylbenzamide, 5-
{dimethylsulfamoyl}-N~(4-methoxypheny}-2-pyrrolidin- 1-ylbenzamide, 5-
{dimethylsulfamoyl}-N-(2-flucrophenyl}-2-pyrrolidin-1-vibenzamde, 5-(dimethylsulfamoyl)-
N-{3-fluorophenyl}-2-pyrrolidin-1-vibenzamide, 5~{dimethylsuifamoyl)-N-{2-chlorophenyi}-
2-pvrrolidin-1-yibenzamide, 5-{(dimethvisulfamoyl)-N-{4-bromophenyl}-2-pyrrolidin~1 -
vibenzamide, N, N-dimethyl-3-(morpholine-4-carbonvi)-4-pyrrolidin-1-
vibenzenesulfonamide, N-cvelohexyl-S-{dimethyilsalfamovl)-2-pyrrolidin-1-ylbenzamide, 5-
(dimethyisulfamovl)-N, N-dimethvi-2-pyvirolidin-1-ylbenzamide, 5-(disobutyvisuifamoyl}-N-
(5-methvi-1,3-thiazol-2-y1y-2-pyrrolidin- 1 -vlbenzamide, 5-(dicthvisulfamoyl}-N-(5-methyl-
1, 3<thiazol-2-yy-2-pyrrolidin- I -yvlbenzamide, N-{(S-methyl-1,3-thiazol-2-y1)-2-pyrrohidin-1-
yi-5-pyrrolidin-1-yisulfonyvl benzamide, N-{5-methyl-1,3-thiazol-2-vi)-5-piperidin-1-
visulfonyl-2-pyrrolidin-1-yvibenzamide, N-(5-methvi-1,3-thiazol-2-y1}-5-morpholin-4-
visulfonvil-2-pyrrolidin-1-vibenzamide, N-(S-methvi-1,3-thiazol-2-yH)-5-piperazin-1-
visutfonyl-2-pyrrolidin-1-ylbenzamide, 5-{methvl{phenvhsulfamoyl}-N-(S-methyl-1,3-
thiazol-2-y1}-2-pyrrolidin-1-ylbenzamide, 5-{benzylsulfamoyl}-N-{5-methyl-1,3-thiazol-2-
vi-2-pyrrolidin-1-yibenzamide, S-{dimethvisulfamovl)-N-(5-methyl-1,3-thiazol-2-vi}-2~
piperidin-1-yvibenzamide, 2-(azetidin-1-y1}-3-(dimethyisulfamoy-N-(S-methyl-1,3-thiazol-2-
vhbenzamide, 5-(dimethyisulfamovi}-N-(5-methyi-1,3-thiazol-2-v1}-2-piperazin-1-
vibenzanude, 2-(dimethyiamino}-5-(dimethyvisulfamov}-N-(3~methvl-1,3-thiazol-2-
vihbenzamide, 2-(dicthylamino)-3-(dimethyisulfamovl}-N-(S-methyi-1,3-thiazol-2-
vhbenzamide, 2-cyclopentyl-5-(dimethyisalfamov}-N-(S-methyi-1,3-thiazol-2-
vhbenzamide, and 3-{dimethyisulfamoy-N-(S-methyl-1 3-thiazol-2-yvi}benzamide.

In certain embodiments, the compound of formula (f) is a compound of

formula (I}, or a salt solvate enantiomer, diastereoisomer or tautomer thereof:

{an.

In certam embodiments of formula (1) or formula (11}, R! is selected from the
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., and

. In other embodiments of formula (1) or formula (I1), R is selected
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O
from the group consisting of l and 1 . In vet other embodiments of

“
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6
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embodiments of formula (I) or formula (11}, R'is

and R’ is I . In vet other embodiments of formula (I} or formula (I1), R’ is
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The mvention further provides a pharmaceutical composition comprising at

least one pharmaceutically acceptable carrier and at least one agent selected from the group

consisting of a compound of formula (1) (1), wherein in (1)

R’ is selected from the group consisting of

E‘yﬁ% Cj 1\ <& j

N N

0}?& O O)F‘i
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m=1or2
2. ..
R’ is selected from the group consisting of
R

4 R \
R m ,/07{\. [Nj
< e L
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o

g N , N , and  -N(R,

A

5 R’ is selected from the group consisting of
R4 R4 H WR-’@
S L
A AR O Ny
"\\;/
J\J;\a\l’ N . L\\— " 2 N/ b

i T i ;?W

R4

<>> and '/\:ng R*
NEY, | N .
g

cach occurrence of R? is independently sclected from the group consisting of H, ~(C-
Coyalkvl, (Cs-Coleveloatkyl, C-Colhaloatkyl, «(C-Colatkoxy, ~{(Cs-Cipiheterocyelvl, ~{(Cy-
Cetheteroalkyl, -F, -ClL, -Br, <L, -CN, NG, -OR’, -8R’ -§(=0)R’, -8(=0},R", -C(=0R°, -
10 OCEOR’, -C=0YOR?, aryl, -CHy-aryl and -{(Cs-Ciodheteroaryl, wherein the alkyl
heteroalkyl, cveloalkyl, heterocyelyl, aryl, or heteroaryl group is optionally substituted; and,

& .. .o
cach occurrence of R is independently selected from the group consisting of H, (-
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Coyalkyl, «{C-Copheteroalkyl, -(C5-Coieyvcloalkyl, «(T5-Codheterocyelyl, aryl, and «(Cs-
Ciosheteroaryl, wherein the alkyl, heteroalkyl, cycloalkyl, heterocyclyl aryl, or heteroaryl
group is optionally substituted:

3-benzyl-1-(3-{(dimethylamino)propyl)-1 -((Z-oxo-1,2-dihvdroguinolin-3-ylymethviurea:

53

1-(3~{dimethylammgpropyD-1-((Z-oxo-1,2-dihvdroguinolin-3-viymethyi}-3-phenviurea;

(]

3-benzyl-1-({7,8-dimethyl-2-ox0-1,2-dihydroquinolin-3-yhmethyi}-1-3-
{dimethylamino)propvl) urea; and

1-((7.8-dimethyl-2-ox0-1,2-dithvdroquinolin-3-yhmethyl}-1-(G3-{dumethylamino ypropvl}-3-
phenylurea.

10 In certain embodiments, the pharmaceutical composition further comprises at
least one additional therapeutic compound that treats or prevents cancer.

The mvention further provides a method of inhibiting or disrupting N-linked
glyvcosyvlation in a cell, the method comprising contacting the cell with an effective amount of
at least one agent contemplated within the invention.

15 The mvention further provides a method of preventing or treating a cancerin a
subject in need thereof, the method comprising administering to the subject a therapeutically
cffective amount of at least one agent contemplated within the nvention.

In certain embodiments, the at least one agent is selected from the group
consisting of 3-benzyl-1-(3-(dimethylamino)propyvl)-1-((2-ox0-1,2-dihydroquinolin-3-

20 vhmethyiurea: 1-(3-{dimethylaminspropyl)-1-{{2-oxo-1.2-dihvdroguinolin-3-viymethyi}-3-
phenviurea; 3-benzvl-1-((7 8-dimethvl-2-ox0-1.2-dthvdroquinolin-3-yymethyl}-1-(3-
{dimethylaminojpropyl) wrea; 1-((7,8-dimethyl-2-ox0-1,2-dihvdroquinolin-3-vlmethyl}-1-(3-

{dimethylamimeipropvl}-3-phenylurea and a compound of formula (i)

{I}, wheremn n (1)

N
(4

R' is selected from the group consisting of

1
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m=1or2
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R” is selected from the group consisting of
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R’ is selected from the group consisting of

il
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Rr* 4 H n4

)},4«24 ( o /N?f
~

o N EN LN

cach oecurrence of RY is independently selected from the group consisting of H, ~(Cy-
Coralkyl, {(Cs-Coleveloalkyl, {Ci~Cothaloalkyl, (C,-Celalkoxy, «(Cs3-Crgheterocyvelvl, «Cy-
Codheteroalkyl, -F, -ClL, -Br, -L, -CN, -NO,. -OR’, -SR”, -S(=0R’", -S(=0},R’, -C(=0)R’, -
OCE=OR, -C(=0I0R’, aryl, -CH,-arvl. and -(Cs-Ciolheteroaryl, wherein the alkyl,

(v

heteroalkyl, cvcloalkvl, heterocyclyl, arvl, or heteroaryl group is optionally substituted; and,
cach occurtence of R is independently selected from the group consisting of H, ~(C,-
Coalkyl, € C-Codheteroalkyl, -(C5-Coeyeloalkyl, «(Cs-Cptheterocyelyl, arvl, and «(Cs-
Ciopbeteroaryl, wherein the alkyl, heteroalkyl, cycloalkyl, heterocyelyl arvl, or heteroaryl
10 group is optionally substituted.

In certain embodiments, the agent inhibits or disrupts
cligosaccharyltransterase function in the cell. In other embodiments, the agent mhibits or
disrupts N-linked glvcosylation in a cell from the cancer. in vet other embodiments, the cell
is a receptor tyrosine kinase-dependent cancer cell. In vet other embodiments, the cancer is

15 receptor tyrosine kinase-dependent. In vet other embodiments, the agent blocks or mhubits
cell surface expression of the receptor tyrosing kinase. In yet other embodiments, the cell
comprises a cancer cell selected from the group consisting of non-small ccll lung cancer,
smali cell lung cancer, head and neck squamous cell carcinoma, breast cancer, gasiric cancer,
cervical cancer, colon cancer, and glioma. In vet other embodiments, the agent causes cell

20 cycle arrest and/or senescence o the cell. In yet other embodiments, the agent blocks or
mthibits proliferation of the cell. In vet other embodiments, the cell is in vivo n a manunal.
In yet other embodiments, the agent is administered to the mammal. In vet other
embodiments, the subject is a human,

In certain embodiments, the subject 1s further administered at least one

25 additional therapeutic compound that treats or prevents cancer. In other embodiments, the
agent and the at least one additional therapeutic compound are co-administered to the subject.
In yet other embodiments, the agent and the at least one additional therapeutic compound are

coformulated.
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In certain embodiments, the cancer s selected from the group consisting of
squamous cell cancer, small cell tung cancer, non-small cell lung cancer, vulval canger,
thyroid cancer, adenocarcinoma of the lung and squamous carcinoma of the lung, cancer of
the peritoneum, hepatoceilular cancer, gastric or stomach cancer, pancreatic cancer, ghioma,
ghioblastoma, cervical cancer, ovanan cancer, iver cancer, bladder cancer, hepatoma, breast
cancer, colon cancer, rectal cancer, colorectal cancer, endometrial or uterine carcinoma,
salivary gland carcinoma, kidnev cancer, renal cancer, prostaie cancer, hepatic carcinoma,
anal carcinoma, penile carcinoma, and head and neck cancer. In other embodiments, the
cancer comprises non-small cell lung cancer, small cell lung cancer, head and neck squamous
cell carcinoma, breast cancer, gastric cancer, cervical cancer, colon cancer, and glioma.

In certain embodiments, the agent 1s administered to the subject by at least one
route selected from the group consisting of nasal, inhalational, topical, oral, bueccal, rectal,
pleural, peritoneal, vaginal, intramuscular, subcutaneous, transdermal, epidural, ntrathecal

and intravenous routes.

BRIEF DESCRIPTION OF THE DRAWINGS

The tollowing detailed description of specific embodiments of the invention
will be better understood when read in conjunction with the appended drawings. For the
purpose of illustrating the invention, there are shown in the drawings specific embodiments.
It should be undersiood, however, that the invention is not limited to the precise arrangements
and instrumentalities of the embodiments shown in the drawings.

FiGs. 1A-1D provide a non-limiting overview for the high-throughput screen
for inhibitors of N-linked glvcosvlation. FIG. 1A is a flow diagram illustrating triage
strategies and screening resubts for compound trnage. Positive screens are indicated in blug,
negative screens are indicated in white, and virtual screens are indicated in light blue.
Thresholds for compound advancement are indicated on the right. SD=standard deviation,
ACS0= 50% activating concentration, SAR = structure activity relationships. FIG. 1B
tHustrates structural activity relationship (SAR) for the anuinobenzamidosulfonamide series.
The ACA40 for each analog 1s reported for comparison. FIG. 1C 1s a graph illustrating dose
response mhibition of NLG by 5-(N N-Dimethvlsulfamoyl}-N-(5-methyithiazol-2-y1)-2-
{pyrrolidin-1-v}benzamide (NGI-1} as measured by luminescent activity in D54 ERLucT
cells. Resuits are the average of 4 imdependent experiments. FIG. 1D 1s a western blot
tHustrating dose response mhibition of luctferase glycosylation. Glveoforms are identified as

(n-3n.

—
|3
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FiGs. 2A-21 llustrate the finding that NGI-1 blocks OST function. FIG. 2A
tHustrates the western blots of glveosylated luciferase (Luc) after treatment with T uM
tuicmayein (1o} and 10 uM NGi-1 10 CHO-Lecl5 and CHO-Loe35 cells with stable

expression of ER-LucT. FIG. 2B 1s a western blot llustrating FACE analvsis of lipid hinked

(]

chigosaccharides (LLOs). FIG. 2C 15 a senes of western blots illustrating the effects of NGI-

1 {5 uM) on free ohigosaccharnides (left panel) and M-linked glycans cleaved from peptides

with Peptide-N-Glveosidase F (right pancl). Carbohvdrate size is indicated with glucose

markers (G4-G7). FIG. 2D 15 a western blot tHustrating cell free inhibition of the OST using

a rabbit reticulocyte lysate translation system suppiemented with canine pancreas rough

10 microsomes (CRM). Saposin-DDEK-His6 mRNA was translated for 60 min in the presence of
**S methionine and the indicated concentration of NGI-1 or To. FIGs. 2E-2F illustrate 8
labehing of glveoproteins prosaposin (pSAP) and steroid hormone bindmg globulim (SHBG)
i Hela cells to demonstrate the effect of 10 uM NGI-1 on N-linked glycosylation. FIG. 2E
comprises a series of westem blots illustrating results from NGI-1 compared to siRNA

15 knockdown of STT3A or STT3B. Glycoforms are represented by 0-3n and 0-2n respectively
and average number of glvcans per sample 15 reported for each condition. NC= non-coding
siRNA, EH= endoglvcosidase H treated.  FIG. 2F comprises a series of westem blots
illustrating Hela cells treated with NGI-1 for 24 hrs prior to addition of the *°$ label, during
labehing, or both to demonstrate reversibility of the whibitor. FIGs. 2G-2H: Dose response

20 and quantitation of NGI-1 effect on pSAP {squares} and SHBG glycosvlation (circles). FIG
21 CETSA for subunits of the OST 10 2937 cells treated with and without 100 uM NGL-1
for 30 mumm. The ¢ denotes no thermal treatment. Each panel 1s representative of 2
mdependent experiments.

FiGs. 3A-3F dhustrate the finding that NGI-1 disrupts EGFR glycosylation

25 and cell surface expression. FIG. 3A illustrates EGFR western blots from H32585 treated with
or without 10uM NGI-1 for 24 h. Molecular weight size shifts are compared to PNGase
digestion and tunicamycin treatment alone. FIG. 3B illustrates EGFR localization in H3255
cells after 24 h 10uM NGI-1 treatment analyzed by western blot. Plasma membrane proteins
present on the surface of H3233 cells were biotinylated using a non- permeable form of

30 biotin, sulfo-NHS-8S-biotin, and precipitated by streptavidin agarose beads. Biotin-labeled

plasma membrane proteins and the fraction of non-biotinylated proteins were subjected to

SDS-PAGE and analvzed by western blot against EGFR. FIG. 3C illustrates EGFR

localization in H3255 cells after 24 h 10uM NGI-1 treatment analyzed by confocal

microscopy. H3255 cells were subjected to immunoflucrescence for EGEFR protein {red)

14



(]

10

]

20

WO 2017/019540 PCT/US2016/043664

counterstatned with (CRT: green) and colocalization was determined by confocal
microscopy. Nucicl were counterstained with ToPro3 {cvan). Representative confocal
central sections are displayed. Bar, 10 um. FIG. 3D illustrates quantification of
colocalization using Image J Colormap Software. Color scale displays either a positive (red
and vellow} or negative (blue and green) correlation. The bar graphs indicate the overlap
coefficient between EGFR and CRT for each condition and average results from three
mdependent experiments are presented. FTB1 localization after 10pM NGIE-1 for 48 h
analvzed by (FIG. 3E) surface biotinylation (FI(. 3F) confocal microscopy (green). Results
for cach panel are representative of at least three independent experiments. Asterisk indicates
a significant difference p < 0.05.

FIGs. 4A-4H illustrate the finding that NGI-1 blocks RTK driven
proliferation. FIG. 4A llustrates western blot analysis of EGFR phosphorylation (Y1173)
and gel mobility in PCY (EGFR-mutant) and A3549 (k-ras mutant) NSCLC cells afier 16uM
MNGI-1 treatment for 24h. The filled arrow indicate the fully glvecosviated EGFR while the
open arrow shows the deglveosylated form. Actin expression was used as a control for
protein loading. FIG. 4B illustrates MTT assays results of PCY following treatment with
10puM NGIE-1 or 1M mnicamycin for a total of 5d. Relative proliferation id reported m fold
merease from day 0. FIG. 4C ilustrates MTT assays results of A349 following treatment
with 10uM NGI-1 or 1pM tunicamyein for a total of 5d. Relative proliferation id reported in
fold mcrease from day §. FIG. 4D illustrates protein phosphoryiation profiles of PC9 cells
analyzed by phospho-protein array to assess the response of PCY to 10uM NGI-1 for 24 b,
FIG. 4F dlustrates protein phosphorylation profiles of A549 cells analyzed by phospho-
protein arrav to assess the response of A349 to 10uM NGI-1 for 24 h. FIG. 4F illustrates
western blot analysis of FGFR phosphoryiation (Y653/654) and gel mobility for H1581 (TK1
sensifive) and H2444 (TKI insensitive) NSCLC cell lines. The filled arrow indicate the fully
glycosylated FGFR while the open arrow shows the deglveosylated form. FIG. 4G illustrates
MTT assayvs for H1581 cells treated with 10uM NGI-1 for 5d. Asterisk (*%) indicates a
signiticant difference p < 0.001 for MTT. FIG. 4H dlustrates MTT assays for H2444 cells
treated with 10pM NGI-1 for 5d.

FIGs. SA-5G llustrate NGI-1 indoces G1 arrest and senescence in EGFR
addicted tumor cells. FIG. SA illustrates cell eycle distribution of PC9 cells after 24 b NGI-1
treatment for 24 h determined by flow cytometry. PC9 cells undergo G1 arrest m response 1o
NGI-1. FIG. 5B illustrates cell eycele distribution of A549 cells after 24 b NGI-1 treatment

for 24 h determined by flow cytometry. FIG. 5C dlustrates western blot time course of cyclin
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D1 expression in PCY and A349 cells after NGI-1 treatment. FIG. 3D illustrates quantitative
real-time PCR analysis of PCY and A549 ¢cclis. A time course of cyclin Bl expression fevels
relative to GAPDH is represented. FIG. 5E illustrates western blots of p21 induction over 24

b atier NGI-1 treatment in PCO and A549 cells. FIG. 5F dlustrates senescence of PCO cells

(]

gxplored by cell autofluorescence, measured by flow cvtometry using a detector for
PE/YFP; lipofuscin accumulation, detected by confocal laser scanning microscopy using an
excitation laser of 405 nm with acquired signals from spectrums of vellow 575-620 nm; and
morphology changes, enlarged va. flattened. Error bars represent standard deviation (58D).
Sigmificance was calculated using a T test (*p < 0.05, **p < 0.01}. FIG. 50 illustrates
10 scnescence of AS49 cells explored by: cell autofluorescence, measured by flow cytometry
using a detector for PE/YFP; hipofuscin accumulation, detected by confocal laser scanning
microscopy using an excitation laser of 405 mm with acquired signals from spectnims of
vellow 575-620 nm; and morphology changes, enlarged vs. flattened. Error bars represent
standard deviation (8D}, Significance was calculated using an ANOVA test (Fp <0.05, *¥p
15 <0.01.

FiIGs. 6A-6( itlustrate the finding that NGI-1 disrupts EGFR glvcosylation
and cell surface expression. FIG. 6A illustrates the finding that plasma membrane proteins
present on the surface of HCU827 cells were biotinylated using a non- permeable form of
biotin, sulfo-NHS-85-biotin, and precipitated by streptavidin agarose beads. Biotin-labeled

20 plasma membrane proteins and the fraction of non-bictinylated proteins were subjecied to
SDSPAGE and analvzed by WB against EGFR. FIG. 68 illustrates the finding that HCC827
cells were subjected to immunofluorescence for EGFR protein (red) counterstained with
{CRT; green} and co-localization was determined by confocal microscopy. Nuclei were
counterstained with ToPro3 {cvan). Representative confocal central sections are displayed.

25 Bar, 10 um. FIG. 6C iltustrates quantification of colocalization using Image J Colormap
Software; the color scale displays either a positive (red and vellow) or negative {(blue and
green) correlation. The bar graphs indicate the overlap coefficient between EGFR and CRT
for cach condition and average results from three independent experiments are presented p<
0.05.

30 Fi1Gs. TA-7D tHustrate EGEFR kinase domain mutant cell hines growth

mhibition and cell cvele arrest response to NGIE-1. FIG. 7A illustrates MTT assavs (o

determine the effects of NGI-1 on growth of H3255 cells. FIG. 7B illustrates MTT assays to
determine the effects of NGE-1 on growth of HCU827 cells. EGFR kinase domain mutant
cell tines H3255 and HCC827 cells were untreated or treated with 10puM NGE-1 for 54, NGI-
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1 treatment reduced proliferation of H3255 by >45% (p< 0.05) and HCCE27 by > 43% (p<
0.05). FIG. 7C dlustrates cell eycle distribution of H3255 after 24 h NGI-1 treatment for 24
b determined by flow cvtometry. FIG. 7D illustrates cell cycle distribution of HCCE27 afier
24 b NGI-1 treatment for 24 b determined by flow cytometry. Both cell lines undergo G
arrest in response to NGI-1, H3255 p <0.05 and HCCE27 p < 0.01.

FIG. 8 is 2 histogram illustrating protein phosphorylation profiles of A549 and
PCY cells analyzed to assess their response to 10uM NGIE-1 for 24 b using a phospho-proten
array. The levels of phosphorylated protein were assessed using phospho-specific antibodies
and chemiluminescent detection. Histogram profiles of normalized pixel deositics obtained
by the chemiluminescent detection for cach protein under the different condition assayed. A
dramatically decrease i phosphospecific signaling proteins was evident in PC9 treated cells
with respect to control cells and i comparison with A549.

FIG. 9A illusteaies the finding that NGI-1 does not induce apoptosis in PC9
cells. FIG. 98 illustrates the finding that NGi-1 does not induce apoptosis in AS49 cells.
Analvsis of apoptosis susceptibility in AS549 and PCY9 NSCLC cell lines followed treatment
with NGIE-1 10uM or Tn 1uM for 2 days was done by flow cyvtomgetry after staining the cells
with Annexin-VY {carly apoptosis) and 7-AAD (viability dye). Representative of fluorescence
data ot each condition are displayed as bar graphs using the Flojo software. 100% values
corrgspond to 50,000 cells and the data are the means of two independent expenments. FIG,
9C. Western blot of BIP protein for A549 and PCO cells after treatment with 10 uM NGI-1
for 6, 12 or 24h. The expression of GAPDH was used as a loading control.

FI1G. 10 llustrates cellular thermal shift assay (CETSA). CETSA of the five
core OST subunits and two catalytic 05T sobunits 1n 2937 cells after treatment with DMSO
{(PC) or 100 pM NGI-1 for 30 min. The ¥ denotes no thermal treatment.

DETAILED DESCRIPTION OF THE INVENTION

The present invention relates to the unexpected discovery of novel small-
molecule inhibitors of N-linked glycosviation and methods of using same.

In certain embodiments, the compounds of the present invention inhibit M-
knked glyvcosylation. In other embodiments, the compounds of the invention inhibit
cligosaccharvltransterase (OST). In yet other embodiments, the compounds of the present
mvention binds the multisubunit OST complex, reducing or inhibifing its activity. In vet
other embodiments, the compounds of the present invention induces G1 arrest and

senescence in RTK-~dependent celf lines. In vet other cmbodiments, the compounds of the
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present mvention mhibit N-linked glvcosviation of proteins synthesized in vitro and/or in cell
culture.

The present invention also relates to a method for treating or preventing a
disease associated with N-linked glycosviation 1n a mammal by administering to the manmmal
a therapeutically effective amount of a Nlinked glycosylation inhibitor. In cerfain
embodiments, the disease 1s a cancer. In other embodiments, the discases 1s non-small cell
hung cancer, small cell lung cancer, head and neck sguamous cell carcinoma, breast cancer,

gastric cancer, cervical cancer, colon cancer, and ghioma.

Befinitions

Unless defined otherwise, all technical and scientific terms used herein have
the same meaning as commonly understood by one of ordinary skill in the art to which this
mvention belongs. Although any methods and materials similar or equivalent to those
described herein can be used 1 the practice or testing of the present nvention, specific
methods and materials are described.

As used herein, each of the following terms has the meaning associated with it
in this section.

%9

The articles “a” and “an” are used herein fo refer to one or to more than one
(i.e., to at least one} of the grammatical object of the article. By way of example, “an
slement” means one element or more than one clement,

“About” as used herein when referring to a measurable value such as an
amount, atemporal duration, and the like, 1s meant 1o encompass vanations of +20% or
+10%, more preferably £5%, even more preferably +1%, and still more preferably £0.1%
from the specitied value, as such vanations are appropriate to perform the disclosed methods.

The term “abnormal”, when used in the context of organisms, tissues, cells or
components thereof, refers to those organisms, tissues, cells or components thereof that differ
i at least one cheervable or detectable characteristic {e. g, age, treatment, time of day, et}
from those organisms, tissucs, celis or components thercof that display the “normal”
{expected) respective charactenistic. Characteristics that are normal or expected for one celi
or tissue type might be abnormal for a different cell or tissue type.

A disease or disorder is “alleviated” if the severity of a symptom of the discase
or disorder, the frequency with which such a sviaptom 1s expernienced by a patient, or both, 1s
reduced.

The terms “cancer” refers to the physiclogical condition in a subject typically
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characterized by saregulated cell growth. Examples of cancer include, but are not limited to,
carcinoma, ivimphoma, blastoma, sarcoma, and leukemia or lymphoid malignancies. More
particular examples of such cancers include squamous cell cancer {e. 2., epithehial squamous
cell cancer), lung cancer including small cell lung cancer, non-small cell lung cancer
(NSCLC™), vulval cancer, thyroid cancer, adenocarcmoma of the lung and squamous
carcinoma of the lung, cancer of the peritoneum, hepatocellular cancer, gastric or stomach
cancer including gastrointestinal cancer, pancreatic cancer, glioblastoma, cervical cancer,
ovarian cancer, liver cancer, bladder cancer, hepatoma, breast cancer, colon cancer, rectal
cancer, colorectal cancer, endometrial or uferine carcinoma, salivary gland carcinoma, kidney
or renal cancer, prostate cancer, hepatic carcimoma, anal carcinoma, penile carcinoma, as well
as head and neck cancer.

As used herein, the term “composition” or “pharmaceutical composttion”
refers to a mixture of at least one compound useful within the invention with a
phammaceutically accepiable carrier. The pharmmaceutical composition facilitates
adnunistration of the compound to a patient or subject. Multiple techmigues of administening
a compound exist in the art including, but not limited to, intravenous, oral, aerosol,
parenteral, ophthalmic, pulmonary and topical administration.

A “disease” 15 a state ot health of an animal wheremn the animal cannot
maintain homeostasis, and wherein if the disease 1s not amehorated then the animal’s health
continues to deteriorate.

In contrast, a “disorder” in an animal is a state of health in which the animal is
able to maintain homeostasis, but in which the animal’s state of health is less favorable than it
would be in the absence of the disorder. Left untreated, a disorder does not necessarily cause
a further decrease in the animal’s state of health.

As used herein, the terms “effective amount”, “pharmaceutically effective
amount” and “therapeutically effective amount” refer to a nontoxic but sufficient amount of
an agent to provide the desired biclogical result. That result may be reduction and/or
alleviation of the signs, symptoms, or causes of a disease, or any other desired alteration of a
biological system. An approprniate therapeutic amount in any individual case may be
determined by one of ordinary skill in the art using routine experimentation.

As used herein, the term “efficacy” refers to the maximal effect (Epa)
achieved within an assay.

As used herein, the term “O8T” refers to oligosaccharvltransferase.

As used herein, the term “pharmmaceutically acceptable™ refers to a material,
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such as a carrier or diluent, which does not abrogate the biological activity or properties of
the compound, and is relatively non-toxic, i.e., the material may be administered to an
ndividual without causing undesirable biological effects or interacting in a deleterious
manner with any ot the components of the composttion in which 1t is contained.

As used herein, the language “phammaceutically acceptable salt” refers to a salt
of the administered compounds prepared from pharmaceutically acceptable non-toxic acids or
bases, including inorganic acids or bases, organic acids or bases, solvaies, hydrates, or
clathrates thereof.

Suitable pharmaceutically acceptable acid addition salts may be prepared from
an inorganic acid or from an organic acid. Examples of inorganic acids include hydrochloric,
hydrobromic, hydniodic, nitric, carbonic, sulfunic (including sulfate and hyvdrogen sulfate),
and phosphoric acids (inchuding hydrogen phosphate and dihydrogen phosphate).
Appropriate organic acids may be selected from aliphatic, cycloaliphatic, aromatic,
araliphatic, heterocyclic, carboxylic and sulfonic classes of organic acids, examples of which
melude formic, acetic, propionic, succinic, giveolic, gluconic, lactic, malic, tartaric, citric,
ascorbic, glucuronic, maleic, malonic, saccharin, fumaric, pyruvic, aspartic, glutamic,
benzoic, anthranilic, 4-hvdroxybenzoic, phenviacetic, mandchic, cmbonic (pamoic),
methanesulfonic, ethanesulfonic, benzenesulfomie, pantothenic, trifluoromethanesutfonic, 2-
hydroxyethancsulfonic, p-toluencsulfonic, sulfanilic, cyclohexyviammmosulfonic, stearic,
alginic, B-hydroxybutyrie, salicvlic, galactaric and galacturonic acid.

Suitable pharmaceutically acceptable base addition salts of compounds of the
mvention inchude, for example, metallic salts inclading alkali metal, alkaling earth metal and
transition metal salts such as, for example, calcium, magnesium, potassium, sodium and zine
salts. Pharmaceutically acceptable base addition salts also include organic salis made from
basic amimes such as, for example, NN ~-dibenzylethyviene-diamine, chloroprocaine, choline,
dicthanolamine, ethyvlenediamine, meglumine (N-methylglucamine} and procaine. All of
these salts may be prepared from the corresponding compound by reacting, for example, the
appropriate acid or base with the compound.

As used herein, the term “pharmaceutically acceptable carrier” means a
pharmaceutically acceptable material, composition or carrier, such as a hiquid or solid filler,
stabilizer, dispersing agent, suspending agent, diluent, excipient, thickening agent, solvent or
encapsulating matenal, mvolved in carryving or transporting a compound useful within the
mvention within or to the patient such that it may perform its intended function. Typically,

such constructs are carried or transported from one organ, or portion of the body, {o ancther
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organ, or portion of the body. Each carrier must be “acceptable”™ in the sense of being
compatible with the other ingredients of the formulation, including the compound useful
within the invention, and not injurious to the patient. Some examples of materials that may
serve as pharmaceutically acceptable camers include: sugars, such as Jactose, glucose and
sucrose; starches, such as comn starch and potato starch; cellulose, and its derivatives, such as
sodiom carboxymethyl celiulose, ethyl cellulose and cellulose acetate; powdered tragacanth;
malt; gelating tale; excipients, such as cocoa buticr and supposttory waxes; oils, such as
peanut o1l, cottonseed oil, safflower oil, sesame oil, ohive oil, corn o1l and soybean oil;
glveols, such as propylene glveol; polvols, such as glveerin, sorbitol, mannttol and
polvethylene glyveol; esters, such as ethyi oleate and cthyl laurate; agar; buffering agents, such
as magnesium hydroxide and aluminum hydroxide; surface active agents; alginic acid;
pyrogen-free water; isotonic saline; Ringer’s solution; ethyl alcohol; phosphate buffer
solutions; and other non-toxic compatible substances emploved in pharmaceutical
formulations. As used herem, “pharmaceutically acceptable carrier” also includes any and all
coatings, antibactenial and antifungal agents, and absorption delayving agents, and the like that
are compatible with the activity of the compound useful within the invention, and are
physiologically acceptable to the patient. Supplementary active compounds may also be
meorporated into the compositions. The “pharmaceutically acceptable carner” may further
mclade a pharmaceutically acceptable salt of the compound usefol within the invention.
Other additional ingredients that may be included in the pharmaceutical compositions used in
the practice of the invention are known i the art and described, for example in Renungton's
Pharmaceutical Sciences (Genaro, Ed., Mack Publishing Co., 1985, Easton, PA}, which is
imcorporated herein by reference.

The terms “patient”, “subject”, or “individual” are used interchangeably
heren, and refer to any amimal, or cells thereof whether in vifro or in sifu, amenable to the
methods described herein. In a non-linuting embodiment, the patient, subject or individual 1s
a human,

As used herein, the term “potency” refers to the dose needed to produce half
the maximal response (EDsp).

As used herein, the term “treatment” or “treating” 1s defined as the application
or administration of a therapeutic agent, i.¢., a compound of the invention {aloneg or in
corabination with another pharmaceutical agent), o a patient, or application or administration
of a therapeutic agent to an 1solated tissue or cell Hne from a patient (e.g., for diagnosis or ex

vivo applications), who has a condition contemplated herein, a symptom of a condition
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contemplated herein or the potential to develop a condition contemplated herein, with the
purpose to cure, heal, alleviate, relieve, alter, remedy, ameliorate, improve or affect a
condition conterplated herein, the symptoms of a condition conteraplated herein or the

potential to develop a condition conteraplated herein.  Such treatments may be specifically

(]

tatlored or modified, based on knowledge obtained from the field of pharmacogenomics.

A “therapeutic” treatment is a treatment administered 1o a subject who exhibits
signs of pathology, for the purpose of diminishing or eliminating those signs.

As ased herein, the term “alkyl”, by ttself or as part of another substituent
means, undess otherwise stated, a straight or branched chain hydrocarbon having the number
10 of carbon atoms designated (i.e. Ci-¢ means one to six carbon atoms) and including straight,

branched chain, or cyvclic substituent groups. Examples include methvl, ethvl, propvi,
isopropyl, butyl, isobutyl, tert-butyl, pentyl, neopentyl, hexyl, and cvelopropylimethyl. Most
preferred is {C-Cglalkyl particularly ethyl, methyl, isopropyl, iscbutyl, n-pentyl, n-hexyl and
cyclopropvimethyl.
5 As used herein, the term “substituted alkyl” means alkyl as defined above,
substituted by one, two or three substituents selected from the group consisting of halogen, -
OH, alkoxy, ~-NH,, -N{CHjs),, -C=0Y0OH, tnfluoromethyl, -C=N, -C(=0y0(C-Cylalkyl, -
C(=OWNH,, -SONH,, -C(ENH)NH,, and -NO;,, preferably containing one or two substituenis
selected from halogen, -OH, alkoxy, -NH;, triflusromethyl, -N{CH;}),, and -C{=0)0OH, more
20 preferably selected from halogen, alkoxy and ~-OH. Examples of substituted alkyls include,
but are not lnoited to, 2,2-difluoropropyl, 2-carboxyeyclopentyl and 3-chloropropyl.
As used herein, the term “haloalkyl” means alkyi as defimed above, substituted
by one, two or three substituents selected from the group consisting of F, (1, Br, and L
As used berein, the term “heteroatky!” by itself or in combination with another
25 term means, uniess otherwise stated, a stable straight or branched chain alkvl group
consisting of the stated number of carbon atoms and one or two hetercatoms selected from
the group consisting of O, N, and 8, and wherein the nitrogen and sulfur atoms may be
optionally oxidized and the nitrogen heteroatom may be optionally quaternized or substituted.
The heteroatom(s) mav be placed at any position of the heteroalkyl group, including between
30 the rest of the heteroalkyl group and the fragment to which it is attached, as well as attached
to the most distal carbon atom 1n the heteroalkyl group. Examples include:
-(-CH,-CH,-CH;, -CH,-CH-CH,-OH, -CH,-CH-NH-CH;, -CH,-S-CHL~-CH;, -NH-{CH -
OH (m = 1-6), -N{CH;3}-(CH }u-OH (= 1-6), -NH-(CHy)}~OCH; (m = 1-6), and

~CHRCH;-5(=03-CH;. Up to two heteroatoms may be consecutive, such as, for
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example, -CH,-NH-OCH;, or -CH,-CH,-5-5-CH;

As used herein, the term “alkoxy” employed alone or o combination with
other terms means, unless otherwise stated, an alkyl group having the designated number of
carbon atoms, as defined above, connected to the rest of the molecule via an oxygen atom,
such as, for example, methoxy, ethoxy, T-propoxy, 2-propoxy (isopropoxy) and the higher
homologs and isomers. Preferred are ({)-Cs) alkoxy, particularly ethoxy and methoxy.

As used herein, the term “halo” or “balogen” alonge or as part of another
substituent means, unless otherwise stated, a fluorine, chlorine, bronune, or 1odine atom,
preferably, fluorine, chlorme, or bromine, more preferably, fluorine or chlorine.

As used herein, the term “cveloalky!” refers to a mono cyelic or polveyclic
non-aromatic radical, wherein each of the atoms forming the rning (i.e. skeletal atoms)isa
carbon atom. In certain embodiments, the cvcloalkyl group is satorated or partially
unsaturated. In other embodiments, the cycloalkyl group 1s fused with an aromatic ring.
Cycloalkyl groups inchude groups having from 3 to 10 ring atoms. lustrative examples of

cycloalkvl groups include, but are not limited to, the following moicties:
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Monocvelic cveloalkyis mclude, but are not funited to, cyclopropvl,
cvclobutyl, cvclopentyl, cyclohexyl, cveloheptyl, and cyclooctyl. Dicyclic cycloalkyls
include, but are not limited to, tetrahvdronaphthyl, indanyl, and tetrahydropentalene.
Polveychic cyeloalkvis include adamantine and norbomane. The term cycloalky] includes
“unsaturated nonaromatic carbocyelyvl” or “nonaromatic unsaturated carbocyclyl” groups,
both of which refer to a nonaromatic carbocvcle as defined herein, which contains at least one
carbon carbon double bond or one carbon carbon triple bond.

As used herein, the term “heterocycloalkyl” or “heterocyelyl” refers to a
heteroalicvelic group containing one to four ring heteroatoms each selected from O, Sand N.
In certain embodiments, each heteroevcloalkyl group has from 4 to 10 atoms in its ring

system, with the proviso that the ring of said group does not contain two adjacent O or 5
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atoms. In other embodiments, the heterocycloalkyl group is fused with an aromatic ring. In
certain embodiments, the nitrogen and sulfur beteroatoms may be optionally oxidized, and
the nitrogen atom may be optionally quaternized. The heterocyclic system may be attached,

uniless otherwise stated, at any heteroatom or carbon atom that affords a stable structure. A

(]

heterocyvele may be aromatic or non-aromatic in nature. In certain embodiments, the
heterocycle is a heteroaryl

An example of a 3-membered heterocycloalkyl group includes, and is not
Iimited to, azindine. Examples of 4-membered heterocveloalkyl groups include, and are not
Emited to, azetidine and a beta lactam. Examples of 3-membered heterocycloalkyl groups
10 include, and are not limited to, pyrrolidine, oxazolidine and thiazohdinedione. Exarmples of
6-membered heterocycloalkyl groups mclude, and are not limuted to, pipendine, morpholine

and piperazine. Other non-himiting examples of heterocycloalkyl groups are:
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Examples of non-aromatic heterocycles include monocyclic groups such as
15 azinidine, oxirane, thitrane, azetidine, oxetane, thictane, pyrroliding, pyrroline, pyrazolidine,
tmidazoline, dioxolane, sulfolane, 2. 3-dihydroturan, 2,5-dihydrofuran, tetrahvdrofuran,
thiophane, pipendine, 1,2,3,6~tetrahvdropyridine, 1,4-dihydropyndine, piperazine,
morpholine, thiomorpholine, pyran, 2,3-dihydropyran, tetrahydropyran, 1,4-dioxane,
1,3-dioxane, homopiperazine, homopipendine, 1.3-dioxepane, 4,7-dihvdro-1,3-dioxepin, and
20 hexamethylencoxide.
As used herein, the term “aromatic” refers to a carbocvele or heterocyele with
one or more polyunsaturated rings and having aromatic character, 7.e. having (dn + 2)

delocalized = (pi) electrons, where n 1s an imteger.
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As used herein, the term “aryl”, emploved alone or in combination with other
terms, means, unless otherwise stated, a carbocyclic aromatic system confaining one of mMore
rings {(typicallv one, two or three rings}, whercin such rings mayv be attached together ina
pendent manner, such as a biphenyl, or may be fused, such as naphthalene. Examples of arvl
groups mclade phenyl, anthracyl, and naphthvl. Preferred examples are phenyl and naphthyi,
most preferred is phenyl.

As used herein, the term “aryl<(C,-Csalky]” means a functional group
wherein a one- to three-carbon alkylene chain is attached to an arvl group,

e.g, -CHyCHy-phenyl. Preferred is aryl-CH;- and arvi-CH{CH;)-. The term “substituted
arvi-(C-Clalkvl” means an arvl-{C,-Cs)alkyl functional group in which the arvl group is
substituted. Preferred is substituted arvi{CH)-. Similaddy, the term “heteroarvi-
(C;-Cslalkyl” means a functional group wherein a one to three carbon alkylene chain is
attached to a heteroaryi group, e.g., -CHCH-pyridyl. Preforred is heteroary-{CH;)- The
term “substituted hetercarvi~(Ci-Cslalky!l” means a heteroarvi-(C;~-Csjalkyl functional group
m which the heteroaryl group is substituted. Preferred is substituted heteroaryi-(CHy)-.

As used herein, the term “heteroaryl” or “heteroaromatic” refers to a
heterocycle having aromatic character. A polyeyclic heteroaryl may include one or more

rings that are partially saturated. Examples include the following moicties:
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Examples of heteroaryl groups also include pyndyl, pyrazmyl, pyrimidingd
{particularly 2- and 4-pyrimidioyl), pvridazinyl, thienyl, furyl, pyrrolyi (particularly
Z-pyrrolyl), mmdazolvl, thiazolyl, oxazolvl, pyrazolyl {(particularly 3- and S-pyrazolyl),
tsothiazolyl, 1,2 3-trtazolvl, 1,2 4-riazolyl, 1,3, 4-triazolvl, tetrazolyl, 1,2 3-thiadiazolyl,
1,2 .3-oxadiazolyl, 1,3 4-thiadiazolyl and 1,3 ,4-oxadiazolvl.

Examples of polyevelic heterocycles and beteroarvls include mdolyl
{particularly 3-, 4-, 5-, 6- and 7-indoly1), indolinvi, quinolvl, tetrahydroquinolyl, 1soguinolyl

{particularly 1- and S-isoquinolyl}, 1,23 4-tetrabvdroisoquinolyl, cinnolinyl, quinoxaliny}
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{particularly 2- and S-quinoxalinyl), quinazolinyl, phthalazinyl, 1,8-naphthyridinyl,
1.4-benzodioxanyl, coumarin, dihydrocoumarin, 1,5-naphthyndinvi, benzofuryl (particularty
3-, 4, 5-, 6~ and 7-benzofuryl), 2.3-dihydrobenzofuryl, 1,2-benzisoxazolyl, benzothicanyl

(particularly 3-, 4-, 5-, 6-, and 7-benzothienyl), benzoxazolvl, benzothiazolvl (particularly

(]

2-benzothiazolyl and 5-benzothiazolvl), purimy], benzimidazolyl (particularly
Z-benzimidazolyly, benzotriazolyl, thioxanthinyl, carbazolyl, carbolinyl, acridinyl,
pyvrrolizidinyl, and quinohizidinyl.

As used herein, the term “substituted™ means that an atom or group of atoms
has replaced hydrogen as the substituent attached to another group. The term “substituted”™
10 further refers to any level of substitution, namely mono-, di-, tri~, tetra-~, or penta-substitution,

where such substitution is permitted. The substituents are ndependently selected, and

substitution may be at any chemically accessible position. In certam embodiments, the

substituents vary in number between one and four. In other embodiments, the substituents

vary in number between one and three. In vet other embodiments, the substituents vary in
15 number between one and two.

As used herein, the term “optionally substituted” means that the referenced
group may be substituted or unsubstituted. o certain embodiments, the referenced group is
optionally substituted with zero substituents, .., the referenced group 1s unsubstituted. In
other embodiments, the referenced group is optionally substituted with one or more

20 additional group{s) individually and independently selected from groups descrnibed herein.

In certain embodiments, the substituents are independently selected from the
group consisting of oxo, halogen, -CN, -NH,, -OH, -NH{CH;), -N{CH:),, alkyl {including
straight chain, branched and/or unsaturated alkyl}, substituted or unsubstituted cvcloalkyl,
substituted or unsubstituted heterocycloalkyl, fluors alkyl, substituted or unsubstituted

25 heteroalkyl, substituied or unsubstituted alkoxy, fluoroalkoxy, -S-alkvi, S(=0halkyl, -
C(=0)NH[substituted or vnsubstituted alkyl, or substituted or unsubstituted phenyl], -
CEONTH or alkyl],, ~OC=0) N substituted or unsubstituted
alkyl],, ~NHC(=0)NH}substituted or unsubstituted alkyl, or substituted or unsubstituted
phenyi], -NHC(=0)alkyi, -N{substituted or unsubstituted alkvlC(=0){substituted or

30 unsubstituted alkyll, -NHC(=0){substitoted or unsubstituted atkyl], -C(OH) substituted or

pasubstituted alkyl]y, and -C(NH ) substituted or unsubstituted alkyll,. o other
embodiments, by way of example, an optional substituent is selected from oxo, fluorine,
chloring, bromine, todine, -CN, -NH,, -OH, -NH{CHj;), -N{CH:),, -CH;, -

CH,CH;, -CH(CH;Y,, -CF;, -CH,CF;, -OCH;, -OCH,(CH;, -OCH(CH;),, -OCF;, -
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OCH, CF-, -5(=0),-CH;, -C(=0)NH,, -C(=0)-NHCH;, -NHC{(=0}NHCH,, -C(=0)CH:,

and -C(=0)0H. In yet one embodiment, the substituents are mdependently selecied from the
group consisting of Cigalkyl, -OH, Cy.¢ alkoxy, halo, amino, acetamido. oxo and nitro. In
vet other embodiments, the substituents are independently selected from the group consisting
of Crsalkyl, Cre alkoxy, halo, acetanmudo, and nitro. As used herein, where a substituent is
an alkyl or alkoxy group, the carbon chain may be branched, straight or cyclic, with straight
being preferred.

Ranges: throughout this disclosure, various aspects of the invention can be
presented m a range format. [t should be understood that the description in range format is
merely for convenience and brevity and should not be construed as an mflexible imitation on
the scope of the mvention. Accordingly, the description of a range should be considered to
have specifically disclosed all the possible sub-ranges as well as individual numerical values
within that range. For example, description of g range such as from 1 to 6 should be
considered to have specifically disclosed sub-ranges such as from 1 t0 3, from 1 to 4, from |
to 5, from 2 to 4, from 2 to 6, from 3 to 6 etc., as well as individual numbers within that
range, for example, 1,2, 2.7, 3,4, 5, 5.3, and 6. This applics regardless of the breadth of the

Fange.

Compounds

The compounds of the present invention may be synthesized using technigues
well-known in the art of organic synthesis. The starting materials and intermediates required
for the aynthesis may be obtamed from commercial sources or synthesized according to
methods known to those skilled in the art.

In one aspect, the compound of the invention is a compound of formula (I), or

a salt, solvate or N-oxide thereof: {1, wherein i {I):

R’ is selected from the group consisting of



WO 2017/019540 PCT/US2016/043664

m=1orZ;

2. ..
R 1s selected from the group consisting of
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each occarrence of R is independently selected from the group consisting of H, ~(C;-
Coyalkyvl, {Cs-Cojeyeloalkyl, «C-Coihaloalkyl, (Ci-Colalkoxy, (Cy-Cipiheterocyelyl, ~(Cy-
Codheteroalkyl, -F, -CL, -Br, -1, -CN, -NG,, -OR’, -SR’, -§(=0)R’, -8(=0},R’, -C(=0)R°, -
OCEOIR’, -CE=0YOR?, arvl, -CHg-aryl, and <(Cs-Ciptheteroaryl, wherein the alkyl,
heteroalkyl, cyveloalkyl, heterocyelyl, arvl, or heteroaryl group is optionally substitoted; and,

cach occurrence of R is independently selested from the group consisting of H, (C;-
Coalkyl, «{(C-Copheteroalkvi, -(Cs-Coleveloalkyl, «(Cs-Cghheterocyelvl, aryl, and ~(Cs-
Cipdheteroaryl, wheremn the alkyl, heteroalkyl, cycloalkyl, heterocyclyl, aryl, or heteroaryl
group is optionally substituted.

In certain embodiments, the compound of the invention 15 5-(N_N-
Dimethylsulfamoy)-N-(S-methyl-1,3-thiazol-2-y1}-2-(pyrrolidin-1-yD}benzamide, or a salt,
solvate or N-oxide thereof. In other embodiments, the compound of the invention is 5-
(dimethylsulfamoyl)-N-(4-methvi-1,3-thiazol-2-y1}-2-pyrrolidin-1-vibenzamide, or a salt,
solvate or N-oxide thereof. In yet other embodiments, the compound of the invention is 5-
{dimethylsulfamoyl}-2-pyrrohidin- 1-vI-N-(1,3-thiazol-2-y}benzamide, or a salt, solvate or V-
oxide thercof. In yet other embodiments, the compound of the invention is 5-
{dimethylsulfamovh)-N-(5-methyi-1,3 4-thiadiazol-2-v}-2-pyvrrolidin- I-ylbenzamide, or a
salt, solvate or A-oxade thereof. In vet other embodiments, the compound of the invention 1s
S-{dimethvisutfamoy}-N-(5-methyi-1H- 1,2 4-triazol-3-y1}-2-pyrrolidin-1-yibenzamide, ora
salt, solvate or N-oxide thereof. In vet other embodiments, the compound of the mvention is
N-(1, 3-benzothiazol-2-y1)-5-(dimethyvisulfamov!)-2-pyrolidin- 1 -vibenzanude, or a salt,
solvate or N-oxide thereof. In yet other embodiments, the compound of the invention is 3-
{dimethylsulfamoyl)-N-{4-methoxy-1,3-benzothiazol-2-v[}-2-pyrrolidin-1-vlbenzamide, or a

salt, solvate or N-oxide thercof. In vet other embodiments, the compound of the invention s

Y



(]

10

]

20

WO 2017/019540 PCT/US2016/043664

5-{dimethvisulfamovl}-N-(S-methoxy-1,3-benzothiazol-2-y1-2-pyrrolidin-1-yibenzamide, or
a salt, solvate or N-oxide thereof In vet other embodiments, the compound of the invention
is S-(dimethyvisulfamovi)-N-{6-methoxy-1,3~benzothiazol-2-vi}-2-pyrrolidin-1-vlbenzamide,
ot a salt, solvate or N-oxade thereof. In vet other embodiments, the compound of the
mvention 1s S-(dimethylsalfamovl-N-pyridin-3-y1-2-pyrrolidin- 1 -ylbenzamide, or a salt,
solvate or N-oxide thereof. In yet other embodiments, the compound of the invention is 5-
(dimethylsulfamoyl)-N-pyridin-4-vi-2-pvrrolidin- 1-yibenzamide, or a salt, solvate or ¥-oxide
thereof. In yet other embodiments, the compound of the nvention is S-(dimethyisulfamoyly-
N-phenyi-2-pyrrolidin-i-ylbenzamide, or a salt, solvate or MN-oxide thereof. In vet other
embodiments, the compound of the mvention is 5~{dimethylsuifamovl)-N~(2-methyiphenvi)-
2-pyrrolidin-1-vibenzamide, or a salt, solvate or N-oxide thereof. In vet other embodiments,
the compound of the mvention is 3-(dimethylsulfamoy -N-{4-methviphenyl}-2-pyrrolidin-1-
vibenzamide, or a salt, solvate or N-oxide thereof. In vet other embodiments, the compound
of the invention is S~(dimethvlsuifamoyl}-N-(2-methoxvphenvl)-2-pyrrolidin-1-ylbenzamide,
or a salt, solvate or N-oxide thercof. In vet other embodiments, the compound of the
mvention is S-{dimethylsulfamoy-N-{(4-methoxypheny}-2-pyrrolidin-1-vlbenzamide, or a
salt, solvate or N-oxide thercof. In vet other embodiments, the compound of the invention s
S-(dimethylsulfamov-N-(2-fluoropheny!)-2-pyrrolidin- 1 -ylbenzamide, or a salt, solvate or
N-oxide thereof. In vet other embodiments, the compound of the invention 13 5-
{dimethylsulfamoyl}-N-3-flucrophenyly-2-pyrrolidin-1-ylbenzamide, or a salt, solvate or M-
oxide thereof. in vet other erabodiments, the compound of the mvention is 5-
{dimethylsulfamoyl}-N-{2-chlorophenyl}-2-pyrrolidin-1-ylbenzamide, or a salt, solvate or M-
oxide thercof. In yet other embodiments, the compound of the invention is 5-
{dimethylsulfamoy)-N-{(4-bromophenvl)-2-pvrrolidin-1-yibenzamide, or a salt, solvate or N-
oxide thereof. In vet other embodiments, the compound of the invention is N, N-dimethyl-3-
{morpholine-4-carbonyl}-4-pyrrolidin-1 -ylbenzenesulfonamide, or a salt, solvate or N-oxide
thereof. In vet other embodiments, the compound of the invention is N-cyclohexyl-5-
{dimethylsulfamoy)-2-pyrrolidin- 1-yibenzamide, or a salt, solvate or N-oxide thercof. In yet
other embodiments, the compound of the invention 1s S-(dimethylsulfamoyt)-N, N-dimethyi-
2-pyrrolidin-1-vibenzamide, or a salt, solvate or N-oxide thercof. In yet other embodiments,
the compound of the invention is S-(diisobutylsulfamoyl}-N-(5-methvi-1,3-thiazol-2-y1}-2-
pvrrolidin-I-vibenzamide, or a salt, solvate or N-oxide thereof. In vet other embodiments,
the compound of the mvention is 3-(diethylsulfamoyl}-N-(5-methyl-1 3-thiazol-2-y1}-2-

pvrrolidin-1-ylbenzamide, or a salt, solvate or N-oxide thereof. In vet other embodiments,
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the compound of the invention ts N-{S-methyl-1,3-thiazol-2-y1}-2-pyrrolidin-1-v1-5-
pyrrolidio--yvisulfonyl benzamide, or a salt, solvate or N-oxide thereof In vet other
cmbodiments, the compound of the invention is N~(5~-methyi-1,3-thiazol-2-v1}-5-piperidm-1-
visulfonyl-2-pyrrolidin-1-yvibenzamide, or a salt, solvate or N-oxide thereof. In vet other
embodiments, the compoand of the invention is N-{5-methyi-1,3-thiazol-2-y1}-5-morpholin-
4-visalfonyl-2-pyrrolidin-1-yibenzamide, or a salt, solvate or N-oxide thereof. In vet other
embodiments, the compound of the invention is N-(5-methyi-1,3~thiazol-2-v1)-5-piperazin-1-
visutfonyl-2-pyrrolidin-1-vibenzamide, or a salt, solvate or N-oxide thereof. In yet other
embodiments, the compound of the invention is 5-{methyi{phenylsulfamoyl]-N-(5-methyi-
1.3-thiazol-2-y1-2-pyrrolidin-1-vibenzamide, or a salt, solvate or V-oxide thereof. In yot
other embodiments, the compound of the invention is 3-(benzylsulfamoyl}-N-(S-methyi-1,3-
thiazol-2-91}-2-pyrrolidin-1-vibenzamide, or a salt, solvate or N-oxide thereof. In yet other
embodiments, the compound of the invention is 3-{dimethylsulfamovi}-N-(S-methyi-1,3-
thiazol-2-v1)-2-pipendin-1-vlbenzamide, or a salt, solvate or N-oxide thereof. In vet other
embodiments, the compound of the invention is 2-(azetidin-1-v)-3-(dimethyisulfamoyi)-N-
{5-methyl-1 3-thiarol-2-vi}benzamide, or a salt, solvate or N-oxide thereof. In vet other
embodiments, the compound of the mvention is 5~{dimethylsuifamovl)-N~(S-methyl-1,3-
thiazol-2-y1)-2-piperazin-1-ylbenzamide, or a salt, solvate or MN-oxide thereof. In vet other
embodiments, the compound of the mvention is 2-{dimethylaming}-5-{(dimethylsulfamovi)-
Ne{5-methyi-1 3-thiazol-2-yibenzamide, or a salt, solvate or M-oxide thereof. In vet other
embodiments, the compound of the invention is 2-{dicthylamino}-5-{dimethyisulfamoyl)-N-
{S-methyl-1 3-thiazol-2-yDbenzamide, or a salt, solvate or N-oxide thereof. I vet other
embodiments, the compound of the mvention is Z-cyclopentyl-5-{dimethyvisulfamoyi}-N-(5-
methyi-1,3-thiazol-2-ylibenzanude, or a salt, solvate or N-oxide thereof. fn vet other
embodiments, the compound of the mvention is 3-{dimethyisulfamovi}-N~{§-methyl-1,3-
thiazol-2-ybenzamide, or a salt, solvate or N-oxide thereof. In vet other embodiments, the
compound of the invention is 4-methvi-N-(5-{morpholinosalfonyl)-2-{pyrrolidin-1-
viphenyiibenzanude, or a salt, solvate or N-oxide thercof. In yet other embodiments, the
compound of the invention is 3-methyl-N-(5-(morpholinosulfonyl}-2-(pyrrolidin-1-
vhphenybbenzamide, or a salt, solvate or N-oxide thercof. In yet other embodiments, the
compound of the invention is 5~(N,N-dimethvisulfamovi)-N-(3-(N.N-dimethyisulfamoyi)-4-
methylphenyl}-2-{pyrrolidin-1-vbenzamide, or a salt, solvate or N-oxide thereof. In yet
other embodiments, the compound of the mvention is 5-(N N-dimethylsulfamoyl}-N-(3-

fluorc-4-methylphenvl}-2-{pyrrolidin-T-vi}benzamide, or a salt, sclvate or N-oxide thereof.
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In certain embodiments, the compound of the invention 1s not S-(N,N-
Bimethylsulfamovl}-N-{5-methvi-1 3-thiazol-2-v1}-2-{pyrolidin-1-vhbenzamide, or a salt,
solvate or N-oxide thereof. fu other embodiments, the compound of the invention s not 3~

(dimethylsulfamovl)-N-(4-methyl-1,3-thiazol-2-vl)-2-pyrrolidin-1-ylbenzamide, or a salt,

(]

solvate or N-oxide thereof. In yet other embodiments, the compoand of the invention is not

S-{dimethylsutfamoyl}-2-pyrrolidin-1-vI-N-{1.3-thiazol-2-vl}benzamide, or a salt, solvate or

N-oxide thereot. In vet other embodiments, the compound of the invention is not 5-

{dimethylsulfamoyl}-N-(S-methyi-1.3 4-thiadiazol-2-v1}-2-pyrrolidin-T-yibenzamide, or a

salt, solvate or N-oxide thereof. In vet other embodiments, the compound of the invention is

10 not 3~(dimethyisulfamoyl-N-(5-methvl-1H-1.2 4-tnazol-3-v1}-2-pyrrolidin- 1 -vibenzamide,
ot a salt, solvate or N-oxade thereof. In vet other embodiments, the compound of the
mvention 1s not N-(1,3-benzothiazol-2-v1}-5-(dimethyisulfamovh-2-pyrrolidin-1-
vibenzamide, or a salt, solvate or N-oxide thereof. In vet other embodiments, the compound
of the invention is not S-(dimethvisulfamoy!)-N-(4-methoxy-1,3-benzothiazol-2-y13-2-

15 pyrrolidin-t-vibenzamide, or a salt, solvate or N-oxade thereof. In vet other embodiments,
the compound of the invention 1s not S-{(dimethylsulfamoyl}-N-(5-methoxy-1,3-benzothiazol-
2-v)-2-pyrrolidin-1-yibenzamide, or a salt, solvate or ¥-oxide thereof. In vet other
embodiments, the compound of the invention is not S-(dimethyisulfamov)-N-(6-methoxy-
1,3-benzothiazol-2-y1}-2-pyvrrolidin-1-ylbenzamide, or a salt, solvate or N-oxide thereof. In

20 vet other embodiments, the compound of the invention is not S-{dimethylsulfamoyi)-N-
pyridin-3-yvi-2-pyrrolidin~-1-vibenzamide, or a salt, solvate or N-oxide thercof. In vet other
embodiments, the compound of the invention is not 3-{dimethylsulfamovl)-N-pyndm-4-y1-2-
pyrrolidin-1-yibenzamide, or a salt. solvate or N-oxide thereof In vet other embodiments,
the compound of the invention 1s not S-{dimethvlsuifamovl}-N-pheny!-2-pyrrolidin-1-

25 vibenzamude, or a salt, solvate or N-oxide thereof. In vet other embodiments, the compound
of the mvention is not 5-{dimethylsulfamoy}-N-(2-methylphenyl)-2-pyrrolidin-1-
vibenzamide, or a salt, solvate or N-oxide thereof. In vet other embodiments, the compound
of the invention is not S-(dimethylisulfamoy-N-{(4-methviphenyl)-2-pyrrolidin-1-
vibenzamide, or a salt, solvate or N-oxide thereof. In vet other embodiments, the compound

30 of the invention 18 not S-(dimethyisulfamoy}-N-(2-methoxyphenvh-2-pyrrolidin-1-

vibenzamide, or a salt, solvate or N-oxide thereof. In vet other embodiments, the compound

of the invention is not 5~{dimethylsulfamoyvh-N-{4-methoxyphenyh-2-pyrrohidin- 1 -
vibenzamide, or a salt, solvate or N-oxide thereof. In yet other embodiments, the compound

of the invention is not 5-{dimethyisulfamoyvh)-N-{2-fluorophenvi)-2-pvrrolidin-1-

jo8]
e



WO 2017/019540 PCT/US2016/043664

yvibenzamide, or a salt, solvate or N-oxide thersof. In vet other embodiments, the compound
of the nvention is not S-(dimethyisalfamoyl}-N-(3-flucrophenyly-Z-pyrrolidin-1-
vibenzanude, or a salt, solvate or N-oxide thereof. in vet other cmbodiments, the compound

of the invention is not 5~{dimethylsulfamoyvh-N-(2-chlorophenyl}-2-pyrrolidin-1-

(]

vibenzamide, or a salt, solvate or N-oxide thereof. In yet other embodiments, the compound
of the invention is not 5-{dimethyisulfamoyh)-N-{4-bromophenvi)-2-pyvrrolidin-1-
vibenzamide, or a salt, solvate or N-oxide thercof. In vet other embodiments, the compound
of the invention is not N N-dimethyl-3-(morpholine-4-carbonyl}-4-pyrrolidim-1-
vibenzenesulfonamide, or a salt, solvate or N-oxide thereof. In vet other embodiments, the
10 compound of the invention is not N-cyclohexvl-5-(dimethylsulfamovi)-2-pyvrrolidin-1-
vibenzamide, or a salt, solvate or N-oxide thereof. In vet other embodiments, the compound
of the mvention is not 3-{dimethyisulfamovi}-N, N-dimethyl-2-pyrrolidin-1-yvibenzamde, or
a salt, solvate or N-oxide thereof. In vet other embodiments, the compound of the invention
18 not S-{diisobutylsultamovi}-N-(5~-methyi-1,3-thiazol-2-vh-2-pyrrolidin- 1 -ythenzamide, or
15 asalt, solvate or N-oxide thereof. In vet other embodiments, the compound of the invention
i3 not S-{dicthvlsulfamoyl}-N-{3-methyl-1,3-thiazol-2-y1}-2-pyrrolidin-1-yvlbenzamide, or a
salt, solvate or N-oxide thercof. In vet other embodiments, the compound of the invention s
not N-(3-methyl-1, 3-thiazol-2-v1}-2-pyrrolidin- 1 -vI-5-pyrrolidin- I-visulfony! benzamde, ora
salt, solvate or N-oxide thereof. In vet other embodiments, the compound of the tnvention 1s
20 not N-(3-methyi-1,3-thiazol-2-y1)-5-pipenidin-1-viselfonyl-2 -pyrrohidin-1-vibenzamide, or a
salt, solvate or N-oxide thereof. In vet other embodiments, the compound of the mvention is
not N-(S-methyl-1,3-thiazol-2-v1}-S-morpholin-4-visutfonyl-2-pyrrolidin- 1-vibenzamide, or a
salt, solvate or M-oxide thereof In vet other embodiments, the compound of the invention is
not N-(5-methyl-1,3-thiazol-2-v1}-5-piperazin- 1 -visulfonyi-2-pyrrolidin- 1 -vibenzamide, ora
25 salt, solvate or N-oxade thercof. In vet other embodiments, the compound of the invention 1s
not 3-fmethyl{phenyDsulfamovl}-N-{S-methyl-1,3-thiazol-2-y1)-2-pyrrohdin-1-vibenzamide,
or a salt, sclvate or N-oxide thereof. In yet other embodiments, the compound of the
mvention 18 not -(benzylsulfamov)-N-{5-methyl-1 3-thiazol-2-vi}-2-pyrrofidin-1 -
vibenzamide, or a salt, solvate or N-oxide thereof. In vet other embodiments, the compound
30 of the invention 18 not S-(dimethyisulfamoy}-N-(5-methyl-1,3-thiazol-2-v1}-2-piperidin-1-
vibenzamide, or a salt, solvate or N-oxide thereof. In vet other embodiments, the compound
of the invention is not 2-(azetidin-1-yH-5-(dimethylsulfamovl)-N-(S-methyl-1,3-thiazol-2-
vitbenzamde, or a salt, solvate or N-oxade thereof. In yet other embodiments, the compound

of the invention is not S-{dimethylsulfamovi}-N-{S-methyl-1,3-thiazol-2-vH-2-piperazin-1-
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yvibenzamide, or a salt, solvate or N-oxide thersof. In vet other embodiments, the compound
of the invention 15 not 2-{dimethyiamino}-3-(dimethylsulfamoyl}-N~{5-methyi-1 3-thiazol-2-
viybenzamide, or a salt, solvate or N-oxide thereof. In yet other embodiments, the compound
of the invention is not 2-{diethylanino}-S-(dimethylsulfamovi)-N-(53-methyl-1,3-thiazol-2-
vibenzamde, or a salt, solvate or N-oxade thereof. In yet other embodiments, the compound
of the invention is not 2-cvelopentyl-S-(dimethylsulfamoyl)-N-(5-methyi-1,3-thiazol-2-
viybenzamide, or a salt, solvate or N-oxide thereof. In yet other embodiments, the compound
of the invention is not 3-{dimethyisulfamoy}-N-(5-methyvl-1,3-thiazol-2-vl}benzamide, ora
salt, solvate or N-oxide thereof. In vet other embodiments, the compound of the wvention is
not 4-methvl-N-(5-(morpholinosulfonyl}-2-(pvrrolidin-1-viiphenybenzamide, or a salt,
solvate or N-oxade thereof. In vet other embodiments, the compound of the invention is not 3-
methyl-N-{3-{morpholinosulfonyl}-2-(pyrrolidin- I-ylipheny)benzamide, or a salt, solvate or
N-oxide thereof. In vet other embodiments, the compound of the invention is not 5-(N_N-
dimethyisulfamoyh-N-(3-(N N-dimethyisultamovi}-4-methyiphenyl}-2-{(pyrrolidin-1-
vhbenzamide, or a salt, solvate or N-oxide thereof. In yet other embodiments, the compound
of the invention is not S-(N N-dimethylsulfamoyl}-N-(3-flooro-4-methylphenyiy-2-
{(pyrrolidin-1-vl}benzamide, or a salt, solvate or N-oxide thercof.

In certain embodiments, the compound 1s selected from the group consisting
of S-(NN-Dimethylsulfamoyl}-N-(5-methvl-1,3-thiazol-2-y[}-2{pyrrolidin-1-vDbenzamde,
S-{dimethvisutfamoyl}-N-(4-methyli-1,3-thiazol-2-y1}-2-pyrrolidin- 1 -vibenzamide. 5-
{(dimethylsulfamovl}-Z-pyrrolidin-1-y1-N-{1,3-thiazol-2-v1}benzanide, 5-
{dimethylsulfamoyl}-N-{5-methyl-13 4-thiadiazol-2-v1)-2-pyrrolidin-1T-vibenzamide, 5-
{dimethylsulfamovl)}-N-{5-methvi-1H-1,2 4-triazol-3-y1}-2 -pyrrolidin- i-ylbenzamide, N-(1,
3-benzothiazol-2-vl)-5-(dimethyisulfamoy!y-2-pyrrolidin- 1 -vibenzamide, 5-
(dimethylsulfamovl)-N-(4-methoxy-1,3-benzothiazol-2-v1)-2-pyrrolidin-1-ylbenzanide, 3-
(dimethylsulfamoyl}-N-(5-methoxy-1,3-benzothiazol-2-y1)-2-py rrolidin- 1 -yvibenzamide, 5-
{dimethylsulfamoyl}-N-{6-methoxy-1,3-benzothiazol-2-y1)-2-pyrrolidin- 1 -vibenzamide, 5-
(dimethyisulfamoyl)-N-pyridin-3-vi-2-pvrrolidin-1-ylbenzamide, 5~(dimethvisuifamoyl}-N-
pyridin-4-vi-2-pyrrolidin-1-ylbenzamide, 5-(dimethyisulfamoyl)-N-phenyl-2-pyrrolidin-1-
vibenzamide, 5-{dimethvisulfamoyl}-N-(2-methyiphenyl}-2-pyrrolidin-1-vlbenzamide, 3-
{dimethylsulfamovl)-N-{4-methyiphenv-2-pyvrrolidin-1-vibenzamide, 5-
(dimethvlsulfamovl)-N-(2-methoxyphenvl}-2-pyvrrolidin-1-ylbenzamide, 5-
{(dimethylsalfamovl}-N-{(4-methoxyphenyl}-2-pyrrolidin- 1-ylbenzamide, 5-

(dimethvisulfamovl)-N~(Z-flucrophenvi}-2-pyrrolidin-1-ylbenzamide, 5~-{(dimethvisulfamovi}-
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N-(3-fluorophenyl}-2-pyrrolidin-1-yvibenzamide, S-(dimethylsulfamoy)-N-{2-chlorophenyl}-
2-pvrrolidin-1-yibenzamide, S-(dimethylsulfamoyi)-N-{4-bromophenyl}-2-pyrrolidin-1-
vibenzande, N, N-dimethyl-3-(morpholine-4-carbonvi}-4-pyrrohdin-1-
vibenzenesulfonamide, N-cyclohexyl-5-(dimethylsulfamovl)-2-pyrrolidin-1-vibenzanude, 5-
{(dimethylsalfamovl}-N, N-dimethyl-2-pyrrolidin-1-ylbenzamide, 5-(duisobutyvisulfamoyl}-N-
(5-methyi-1,3-thiazol-2-yi}-2-pyrrolidin- 1 -yibenzamide, 5-(diethylsulfamoyl}-N~{5-methyl-
1,3-thiazol-2-vh-2-pyrrolidin- 1 -vibenzamide, N-(5-methyi-1,3-thiazol-2-y1}-Z-pyrrolidin-1-
vi-5-pyrrolidin- 1-ylsulfonyl benzamide, N-{S-methyl-1,3-thiazol-2-y1}-5-piperidin-1-
visutfonyl-2-pyrrolidin-1-yibenzamide, N-(5-methyl-1.3-thiazol-2-vi}-5-morpholin-4-
visulfonyl-2-pyrrolidin-1-vibenzamide, N-(5-methvi-1.3-thiazol-2-yi-5-piperazin-1-
visulfonvil-2-pyrrolidin-1-vibenzamide, 3-{methvi(phenysulfamoyi}-N-(S-methyl-1,3-
thiazol-2-y1}-2-pyrrolidin-1-vibenzamide, 5-{benzyisulfamoyl}-N-(S-methyl-1 3-thiazol-2-
vi-2-pyrrolidin-1-vibenzamide, 3-{dimethyisulfamovl)-N-(5-methyl-1,3-thiazol-2-yi)-2~
piperidin-1-ylbenzamide, 2-(azetidin-1-v1}-5-(dimethyisulfamoy}-N-(5-methvi-1,3-thiazol-2-
viybenzamide, 5-(dimethylsulfamoy}-N-(S-methyl-1,3-thiazol-2-y}-2-piperazin-1-
vibenzamide, 2-{(dimethyvlaming)-5-(dimethyisulfamoyhy-N-{S-methyl-1,3-thiazol-2-
viybenzanide, 2-(dicthylamino}-3-(dimethyisulfamovl}-N~(5-methvi-1,3-thiazol-2-
vihbenzamide, 2-cyclopentvl-5-(dimethyisulfamovl)-N-(S-methyi-1,3-thiazol-2-
vhbenzamide, 3-(dimethylsulfamoy}-N-(5-methyl-1,3-thiazol-2-vhbenzamide, 4-methyl-N-
(S-{morpholinosulfonyl}-2-{pyrrolidin- I-vhphenylybenzamide, 3-methyl-N-(5-
{morpholinosulfony!}-2~(pyrrolidin-1-vlphenvibenzamide, 5-(N N-dimethvisulfamovyi}-N-
(3-(N N-dimethylsulfamoy-4-methylpheny)-2-(pyrrolidin-1-vibenzamide, and 5-(N.N-
dimethylsulfamoyl}-N-{3-fluoro-4-methylphenv}-2-(pyrrolidin-1-vl}bhenzamide,

In certain embodiments, the compound is not selected from the group
consisting of 3-(N, N-Dimethylsulfamoyl-N-(5-methvi-1,3-thiazol-2-y}-2-(pyrrolidin-1-
vhbenzamide, S-(dimethylsulfamoyl}-N-(4-methyl-1,3-thiazol-2-y1}-2-pyrrolidin-1-
vibenzamide, S-{dimethylsulfamoyl}-2-pyrrolidio- 1-vI-N-{1.3-thiazol-2-yljbenzamide, 3-
(dimethylsulfamoyl)-N~(5-methyi-1,3 4-thiadiazol-2-vD-2-pyrrolidin-t-vlbenzanude, 5-
{(dimethylsulfamoyl)-N-{5-methvi-1H- 1,2 4-tnazol-3-y1}-2-pyrrolidin- T -ylbenzamude, N-(1,
3-benzothiazol-2-y1)-5-(dimethyisulfamovl}-2-pyrrolidin-T-ylbenzamide, 5-
{dimethylsulfamovl)-N-{4-methoxy-1,3-benzothiazol-2-v-2-pyrrolidin-1-ylbenzamide, 5-
(dimethylsulfamovl)-N-(5-methoxy-1,3-benzothiazol-2-v1)-2-pyrrolidin-1-ylbenzanmide, 8-
(dimethylsulfamoyl}-N-(6-methoxy-1,3-benzothiazol-2-y1)-2-pyrrolidin- 1 -yvibenzamide, 5-

(dimethvisulfamovh)-N-pyviidin-3-yvi-2-pvrrolidin-1-vlbenzamide, 5~{dimethylsulfamoyi}-N-
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pyridin-4-vi-2-pyrrolidin-1-ylbenzamide, 5-{dimethyiselfamoyvl}-N-phenyl-2-pyrrolidin-1-
vibenzamide, 5-{dimethyvisulfamov-N-{2-methyiphenvi}-Z-pyrrolidin-1-vibenzamide, 3-
{dimethylsulfamovl)-N-(4-methyiphenyh-2-pyvrrolidin-1-yibenzanide, 3-
(dimethvlsulfamovl)-N-(2-methoxyphenvl}-2-pyvrrolidin-1-ylbenzamide, 5-
{(dimethylsalfamovl}-N-{(4-methoxyphenyl}-2-pyrrolidin-1-ylbenzamide, 5-
(dimethvisulfamovl)-N-(Z-flucrophenvi}-2-pyrrolidin-1-ylbenzamide, 5-{(dimethvisulfamovi}-
MN-(3-fluoropheny!}-Z-pyrrolidin- 1 -ylbenzamide, S-(dimethyisulfamoyi)-N~(2-chlorophenvi}-
2-pyrrolidin-1-vibenzamide, S-(dimethylsulfamoy)-N-{(4-bromophenyl}-2-pyrrolidin-1-
vibenzamide, N, N-dimethyl-3-{morpholine-4-carbonvi)-4-pyvrrolidin-1-
vibenzenesulfonamide, N-cyclchexyl-5-(dimethvisulfamovi)-2-pyrrolidin-1-vibenzanude, 5-
(dimethvlsulfamovl)-N, N-dimethyl-2-pyrolidin-1-vibenzamide, 5-(dusobutyvisulfamoy!}-N-
(5-methyl-1,3-thiazol-2-y13-2-pyrrolidin- 1-ylbenzamide, S-(dicthylsulfamoyl}-N-(5-methyl-
1,3-thiazol-2-yh-2-pyrrolidin- 1-vibenzamide, N-{(3-methvi-1.3-thiazol-2-vi}-Z-pvrrolidin-1-
vi-S-pyrrolidin- 1-ylsulfonyl benzamide, N-{5-methvi-1,3-thiazol-2-v1)-5-piperidin-1-
visultfonyl-2-pyrrolidin- I-vlbenzamide, N-(S-methyl-1,3-thiazol-2-v1}-5-morpholin-4-
visutfonyl-2-pyrrolidin-1-vibenzamide, N~{5-methyl-1,3-thiazol-2-vi)-5-piperazin-1-
visulfonyl-2-pyrrolidin-1-vibenzamide, 5-{methvi{phenylsuifamoyl}-N-(5-methyl-1,3-
thiazol-2-y1)-2-pyrrolidin-1-ylbenzamide, S-(benzylsulfamoyl}-N-{S-methyl-1,3-thiazol-2-
vh-2-pyrrohidin-1-vibenzamide, 5-{dimethylsulfamovl}-N-(S-methyl-1,3-thiazol-2-y1)-2-
piperidin-1-vibenzamide, 2-(azetidin-1-y1}-5-(dmethylsulfamoyl}-N-{5-methvi-1 3-thiazol-2-
vhbenzamide, 5-(dimethvisulfamovl}-N-{5-methyl-1,3-thiazol-2-v1}-2-piperazin-1-
yibenzamide, 2-(dimethylammoe)-5-{dimethylsulfamoyl}-N-{S-methyl-1,3-thiazol-2-
vhbenzamide, 2-{(dicthylamino}-S-(dimethylsulfamoyy-N-(5-methyi-1 3-thiazol-2-
vihbenzamide, 2-cyclopentvl-5-(dimaethylsulfamovh)-N-{5-methyi~1,3-thiazol-2-
vihbenzamide, 3-(dimethyvisulfamov!}-N-(5-methyl-1 3-thiazol-2-vhbenzamide, 4-methyvl-N-
(5-¢morpholinosulfonyl}-2-{pyrrohdin-1-vhphenylibenzamide, 3-methyl-N-(5-
{morpholinosulfonvi}-2-(pyrrolidin-1-yUphenvibenzamide, 5-(N, N-dimethvisulfamovi}-N-
(3-(N,N-dimethyisulfamovi}-4-methylphenyiy-2-(pyrrolidin-1-yDbenzamide, and 5-(N,N-
dimethylsulfamovD-N-(3-fluoro-4-methyiphenvl}-2-(pyrrolidin-1-vi}benzamide.

In certain embodiments, the compound 18 not selected from the group
consisting of. 5-(N.N-Dimethvisulfamovi)-N-(5-methvi-1,.3-thiazol-2-v1)-2-{pyrrolidin-1-
vihbenzamide, S-(dimethvisulfamoyv!)-2-pyrrolidin- 1 -v1-N-(1 3-thiazol-2-vy1}benzamide, 5-
{(dimethylsalfamovl}-N-(S-methyl-1,3,4-thiadiazol-2-yD-2-pyrrolidin-1-vlbenzamide, N-(1, 3-

benzothiazol-2-vi)-5-(dimethylsulfamovlt)-2-pyrrohidin-1-vibenzamide, 5-
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{dimethylsulfamoy-N-pyridin-3-vl-2-pyrrolidin-1-ylbenzamide, 5-(dimethyisulfamoyvl}-N-
pyridin-4-vi-2-pyrrolidin-1-ylbenzamide, 5-(dimethyisulfamoyl}-N-phenyl-2-pyrrolidin-1-
vibenzanude, S-{dimethyisulfamovi}-N-(2-methyiphenvi}-2-pyrrolidin-1-vibenzamide, 5-
(dimethvlsulfamovl)}-N-(4-methyiphenvl)-2-pyirolidin-1-ylbenzamide, 5-
{(dimethylsalfamovl}-N-{(4-methoxyphenyl}-2-pyrrolidin-1-ylbenzamide, 5-
(dimethvisulfamovl)-N-(Z-flucrophenvi}-2-pyrrolidin-1-ylbenzamide, 5-{(dimethvisulfamovi}-
MN-(3-fluoropheny!}-Z-pyrrolidin- 1 -ylbenzamide, S-(dimethyisulfamoyi)-N~(2-chlorophenvi}-
2-pyrrolidin-1-vibenzamide, S-(dimethylsulfamoy)-N-{(4-bromophenyl}-2-pyrrolidin-1-
vibenzamide, N, N-dimethyl-3-{morpholine-4-carbonvi)-4-pyvrrolidin-1-
vibenzenesulfonamide, N-cyclchexyl-5-(dimethvisulfamovi)-2-pyrrolidin-1-vibenzanude, 5-
(dicthylsulfamoyl-N-(5-methvl-1,3-thiazol-2-yD)-2-pyrrohidin- I-vibenzamide, N-(5-methyl-
1.3-thiazol-2-yD)-5-pipendn-1-vlsulfonyl-2-pyrrolidin- T -ylbenzamide, N-(5-methyl-1,3-
thiazol-2-vi)-5-morpholin-4-visulfonyl-2-pyrrolidin- 1 -vibenzamide, or 5-
{(dimethylsulfamoy)-N~(5-methvi-1,3-thiazol-2-v1}-2-piperidin- 1 -vibenzamide.

In certain embodiments, the compound of the invention is selected from the
group consisting of. S-(dimethyisulfamoyl)-N-(4-methvi-1.3-thiazol-2-v1)-2-pyrrolidin-1-
vibenzanude, S-{(dimethyisulfamovi}-N-(5-methyl-1H-1.2 4-triazol-3-vD-2-pyvrrolidim-1-
vibenzamide, S-(dimethyisulfamoy}-N-(4-methoxy-1,3-benzothiazol-2-y1}-2-pyrrolidin-1-
vibenzamide, 5-{(dimethylsulfamoyl}-N-(5-methoxy-1.3-benzothiazol-2-y1}-2-pyrrolidin-1-
vibenzamide, 5-{(dimethylsulfamoyl}-N~(6-methoxy-1.3-benzothiazol-2-y1}-2-pyrrolidin-1-
vibenzamide, 5-(dimethylsuifamovl}-N~(Z-methoxyphenyl)-2-pvrrohdin- 1-vibenzamide, 5-
{dimethylsulfamoyl}-N, N-dimethyl-2-pymrolidin-1-yibenzamide, S-(dusobutyisulfamoyl}-N-
{5-methyl-1,3-thiazol-2-y1)-2-pyrrolidin- 1 -vibenzamide, N-(5-methyi-i.3-thiazol-2-vi}-2-
pvrrolidin-1-vi-5-pyvrrohidin-1-yisulfonyl benzamide, N-(5-methvi-1,3-thiazol-Z-y1}-5-
piperazin--visulfonvi-2-pyvrrolidin-1-ylbenzamide, 5-[methvi{phenylsulfamovij-N-(5-
methyl-1,3-thiazol-2-yh-2-pyrrolidin-1-vibenzamide, S-(benzylsulfamovl)-N-(S-methyl-1,3-
thiazol-2-y1}-2-pyrrolidin-1-vibenzamide, 2-(azetidin-1-y1}-3-{dimethyisulfamoyl}-N-{5-
methvi-1,3-thiazol-2-vhbenzamide, 5-(dimethylsuifamovi}-N-(5-methyl-1,3-thiazol-2-v1}-2-
piperazin- [ -vibenzamide, 2-(dmethyviamino)-3-(dmethyisulfamovi}-N-(S-methyi-1,3-
thiazol-2-vl}benzamide, 2-(diethylamino}-5-(dimethyvisutfamovi3-N-(S-methyl-1,3-thiazol-2-
vlbenzamide, 2-cyclopentyl-5-{dimethylsulfamoyl)-N-{5-methvl-1,3-thiazol-2-
viybenzamide, and 3-{dimethyisulfamovl}-N-(S-methyi-1,3-thiazol-2-vi}benzanude.

In certain embodiments, the compound of the invention is a compound of

formula {11y
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In certain embodiments, in (1) or ({1}, R' is sclected from the group consisting

of

O Inother

O O
N /M}{ p )g )
R/*E §>—NH \>—NH
S Lo 5 cand

5 embodiments, in {I) or (II), R? is selected from the group consisting of: | and

N

i . In vet other embodiments, in (1) or (II), R’ is selected from the group

N
consisting of I . . ~N(R4)z, and M In vet other embodiments, in
]

@_)&

{I) or (I}, R' is selected from the group consisting of S

O "
% .
\>—NH }ﬁ{
~ O and R’ is selected from the group

Bl

, and

33



WO 2017/019540 PCT/US2016/043664

R
O
[ i i/}’f
N N
consisting of I and ! . In yet other embodiments, in {I) or (II), R is
O
N )lf«
>—NH
S
R4
I
,and O ;and R is selected from the group consisting of ] ,
N
L -N(R*),, and . In vet other embodiments, in (I} or (If), R’ is selected
R
O
C ; &3
~
N N
5 from the group consisting of and g ;and R is selected from the group

R4

R4 )
XSS
M

consisting of . -N(RY,, and . In vet other embodiments, in

ng
yw)%\ E <

N
!is cand R is J\+M o yet

(Hor (L R'is

39



WO 2017/019540 PCT/US2016/043664

R4
[Oj
N
other embodiments, in () or (IN. R’ is is J\{Mp ; and
{3
R
N
N }{4E N
is i . In vet other embodiments, 1 (B) or (1), R'is S R?
R4

A
4

SERC
o

N
cand R is I . Tn vet other embodiments, in (D) or (IT), R is

-
¥

3
R
18

- 4
R“E N N
S (R s “+W

;and R is . In yet other embodiments, in
O
Ak o
R4*H- \>*NH N
5 {Dor(l), R'is g SR s -N(RY, and R is e .

In another aspect, the compound of the invention, or a salt, solvate or N-oxide
thereof, 1s sclected from the group consisting of:

3-benzyl-1-(3-(dmethylamino)propyi)-1 -{{Z-oxo-1,2-dihvdroguinolin-3-ylymethviurea

or

10 1-(3~-{dimethylaminolpropyl}-1-((Z-oxo-1,2-dibydroguinolin-3-viymethyl)-3-phenviurea
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N
H
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MN [
H

3-benzyl-1-((7 8-dimethvl-2-ox0-1,2-dibydroguimolin-3-yUmethyi}-1-(3-

{(dimethylamino)propy!) urca

1-((7 8-dimethvl-2-oxo-~1,2~dibvdroguineln-3-yhmethy - 1-(3-(dimethylaminojpropvi}-3-

phenviurea

In certain embodiments, the compound of the invention, or a salt, solvate or N-
oxide thereof, 15 selected trom the group consisting of! 3-benzyl-1-(3-(dimethvlamino)
propy-1-((2-0x0-1,2-dihydroguinolin-3-ylmethyDurea and 1-(3-(dimethyvlammo)propyl)-1-
{{2-ox0-1,2-dihvdroquinolin-3~yBmethvi}-3-phenvlurea. o other embodiments, the
corapound of the invention, or a salt, solvate or N-oxide thereof, 1s not selected from the
group consisting of: 3-benzyl-1-((7.8-dimethvi-2-oxo-~1,2-dihvdrogumohn-3-yhmethyi)-1-
(G-{dimethylamino)propyl) urea and 1-((7,8-dimethyl-2-ox0-1,2-dihydroguinolin-3-

yvhmethyi}-1-(3-{dimethylaming) propyl-3-phenviurca.

Preparation of Compounds of the Invention

Compounds of formulas (I)-(F) may be prepared by the general schemes
described herein, using the svnthetic method known by those skilled in the art. The following
examples illustrate non-limiting crubodiments of the invention.

The compounds of the invention may possess one or more stercocenters, and

cach stereccenter may exist independently in either the (R} or {5} configuration. In certain
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embodiments, compounds described herein are present 1n optically active or racemic forms.
It is to be understood that the compounds described herein encompass racemic, optically-
active, regioisomeric and stereoisomeric forms, or combinations thercof that possess the
therapeutically useful properties deseribed herein. Preparation of optically active forms is
achieved in any suitable manner, including by way of non-limuting example, by resolution of
the racemis form with recrystallization techniques, synthesis from optically-active starting
matcrials, chiral svathesis, or chromatographic scparation using a chiral stationary phase. In
certain embodiments, a mixture of one or more 1somer 15 utilized as the therapeutic
compound described herein. In other embodiments, compounds described herein contain one
or more chiral centers. These compounds are prepared by any means, including
stereoselective synthesis, enantioselective synthesis and/or separation of a maxture of
enantiomers and/ or diastercomers. Resolution of compounds and isomers thereof 1s
achieved by any means including, by way of non-limiting example, chemical processes,
enzymatic processes, fractional erystatlization, distillation, and chromatography.

The methods and formulations described herein include the use of N-oxades (of
appropriate}, crystalline forms (also known as polymorphs}, solvates, amorphous phases,
and/or pharmaceutically acceptable salts of compounds having the structure of any compound
of the mvention, as well as metabolites and active metabolites of these compounds having the
same type of activity. Solvates include water, ether {e. 2., tetrahvdroturan, methyl tert-butyl
ether) or alcohol {e.g., ethanol) solvates, acetates and the like. In certain embodiments, the
compounds described hercin exist m solvated forms with phammaceutically acceptable
solvents such as water, and ethanol. In other embodiments, the compounds described herein
exist in unsolvated form.

In certain embodiments, the compounds of the invention may cxist as
tautomers. Al tantomers are mcluded within the scope of the compounds presented herein.

In certain embodiments, compounds described herein are prepared as
prodrags. A “prodrug” refers to an agent that is converted into the parent drug i vivo. In
certain embodiments, upon i1 vivo administration, a prodrug is chemically converted to the
biologically, pharmaceutically or therapeuntically active form of the compound. In other
embodiments, a prodrag s enzymatically metabolized by one or more steps or processes to
the biclogically, pharmaceutically or therapeutically active form of the compound.

In certain embodiments, sites on, for example, the aromatic ring portion of
compounds of the invention are susceptible to various metabolic reactions. Incorporation of

appropriate substituents on the aromatic ring structures may reduce, minimize or climinate
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this metabolic pathway. In certain embodiments, the appropriate substituent to decrease or
chiminate the susceptibility of the aromatic ring to metabolic reactions is, by way of example
only, a deuterium, a halogen, or an alkvl group.

Compounds described herein also mclude isotopically-labeled compounds
wherein ong or more atoms is replaced by an atom having the same atomic number, but an
atomic mass or mass number different from the atomic mass or mass number usually found in
nature. Examples of isotopes suitable for inclusion in the compounds described herein
include and are not limited to “H, “H, 'C, ¢, M, ooy, BE, L P YN, PN, B0, T, Ho,
p_and °S. In certain embodiments, isotopicallv-labeled compounds are usefual in drug
and/or substrate tissue distribution studics. In other embodiments, substitution with heavier
isotopes such as deuterium affords greater metabolic stability (for example, increased in vivo
half-life or reduced dosage requirements). In yet other embodiments, substitution with
positron emitting isotopes, such as V'C. *F, PO and PN, is useful in Positron Emission
Topography (PET) studies for examining substrate receptor occupancy. Isotopically-labeled
compounds are prepared by any suitable method or by processes using an appropriate
wsotopically-labeled reagent in place of the non-labeled reagent otherwise emploved.

In certain embodiments, the compounds described herein are labeled by other
means, including, but not limited to, the use of chromophores or fluorescent moieties,
bioluminescent labels, or chemiluminescent labels.

The compounds described herein, and other related compounds having
different substituents are synthesized using technigues and materials described herein and as
described, for example, in Fieser & Fieser's Reagents for (rganic Synthesis, Vohumes 1-17
{John Wiley and Song, 1991} Rodd's Chenustry of Carbon Compounds, Volumes 1-5 and
sSupplementals (Elsevier Science Publishers, 1989); Organic Reactions, Volumes 1-40 (John
Wiley and Sons, 1991}, Larock’s Comprehensive Organic Transformations (VCH Publishers
Inc., 1989), March, Advanced Organic Chemistry 4B g (Wiley 1992}, Carey & Sundberg,
Advanced Organic Chemustry 4th Ed., Vols. A and B (Plenum 2000,2001), and Green &
Wuts, Protective Groups in Organic Synthesis 3rd Ed ., (Wiley 1999} {all of which are
meorporated by reference for such disclosure). General methods for the preparation of
compound as described herein are modified by the use of appropriate reagents and conditions,
for the introduction of the various moicties found in the formula as provided hercin.

Compounds described herein are synthesized using any suitable procedures
starting from compounds that are available from commercial sources, or are prepared using

procedures described herein.
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In certain embodiments, reactive functional groups, such as hydroxyl, amino,
iming, thio or carboxy groups, are protected in order to avoid their unwanted participation in
reactions. Protecting groups are used to block some or all of the reactive moicties and
prevent such groups from parficipating 1o chemical reactions until the protective group is
removed. In other embodiments, each protective group is removable by a different means.
Protective groups that are cleaved under totally disparate reaction conditions fulfill the
requirement of differcntial removal.

In certain embodiments, protective groups are removed by acid, base, reducing
conditions {such as, for example, hydrogenolysis), and/or oxadative conditions. Groups such
as trityl, dimethoxytrityl, acetal and t-butvidimethylsivl are acid labile and are used to
protect carboxy and hydroxy reactive moieties in the presence of amino groups protected
with Cbz groups, which are removable by hyvdrogenolysis, and Fmoc groups, which are base
labile. Carboxylic acid and hydroxy reactive moietics are blocked with base labile groups
such as, but not himited to, methvl, ethyl, and acetyl, in the presence of amines that are
blocked with acid labile groups, such as t-butyl carbamate, or with carbamates that are both
acid and bage stable but hydrolytically removable.

In certain embodiments, carboxvlic acid and hydroxy reactive moictics are
blocked with hydrolvtically removable protective groups such as the benzyi group, while
amine groups capable of hydrogen bonding with acids are blocked with base labile groups
such as Fmoc. Carboxylic acid reactive moicties are protected by conversion to simple ester
compounds as exemplified herein, which include conversion to alkyl esters, or are blocked
with gxadatively-removable protective groups such as 2 4-dimethoxybenzyl, while co-
existing aming groups arg blocked with fluoride labile silyl carbamates.

Allvl blocking groups are useful in the presence of acid- and base- profecting
groups since the former are stable and are subsequently removed by metal or pi-acid
catalvsts. For example, an allyl-blocked carboxylic acid is deprotected with a palladium-
catalyzed reaction in the presence of acid labile t-butyl carbamate or base-labile acetate
amine protecting groups. Y et another form of protecting group is a resin to which a
compound or intermediate 1s attached. As long as the residue is attached to the resin, that
functional group is blocked and does not react. Once released from the resin, the fimctional
group is available to react.

Typically blocking/protecting groups mav be selected from:
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(ther protecting groups, plus a detailed description of techmgues applicable to
the creation of protecting groups and their removal are described in Greene & Wats,

Protective Groups in Organic Synthesis, 3rd Ed., John Wiley & Sons, New York, NY, 1999,

(]

and Kocienski, Protective Groups, Thieme Verlag, New York, NY, 1994, which are

meorporated herein by reference for such disclosure.

Compositions
The mvention includes a pharmaceutical composition comprising at least one
10 compound of the invention and at least one pharmaceutically acceptable carrier. In certain
cmbodiments, the composition is formulated for an adounistration route such as oral or
parenteral, for example, transdermal, transmucosal {e.g., sublingual, tingual, (trans)buccal,
(transjurethral, vaginal (e g, trans- and perivaginally), (intrajnasal and (transirectal},
mitravesical, intrapulmonary, intraduodenal, intragastrical, intrathecal, subcutancous,
15 intramuscular, intradermal, intra-arterial, intravenous, intrabronchial, inhalation, and topical

administrafion.

Methods
The mvention includes a method of treating or preventing a disease associated
20 with N-linked glycosylation in a subject in need thereof. In certain embodiments, the disease
COMPIISCSs a cancer.
As demonstrated herein, the compounds of the present invention inhibit V-
Iinked glvcosylation. In certain embodiments, such mhibition comprises OST mhibition. In

other embodiments, the compounds of the present invention inhibit growth and/or kill cancer
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cells that are dependent on RTKs for proliferation.

Examples of cancers that can be treated or prevented by the present invention
mclude but are not lunited to: squamous ccll cancer, lung cancer mcluding small ccll lung
cancer, non-small cell lung cancer, vulval cancer, thyroid cancer, adenocarcinoma of the lung
and squamous carcinoma of the lung, cancer of the peritoneam, hepatocellular cancer, gastric
or stomach cancer including gastrointestinal cancer, pancreatic cancer, glioblastoma, cervical
cancer, ovarian cancer, liver cancer, bladder cancer, hepatoma, breast cancer, colon cancer,
rectal cancer, colorectal cancer, endometrial or utering carcinoma, saltvary gland carcinoma,
kidney or renal cancer, prostate cancer, hepatic carcinoma, anal carcinoma, peantle carcinoma,
and head and neck cancer. in certain embodiments, the cancer comprises small cell lung
cancer, non-small cell lung cancer, head and neck squamous cell carcinoma, breast cancer,
gastric cancer, cervical cancer, colon cancer, and glioma,

The methods of the invention comprise administering to the subject a
therapeutically cffective amount of at least one compound of the jnvention, which is
optionally formulated in a pharmaceutical composition. In certain embodiments, the method
further comprnises adoministening 1o the subject an additional therapeutic agent that treats or
prevents cancer.

In certain embodiments, administering the compound of the invention to the
subject allows for administering a lower dose of the additional therapeutic agent as compared
to the dose of the additional therapeutic agent alone that is required to achieve similar results
m treating or preventing a cancer in the subject. For example, in certain crobodiments, the
compound of the invention enhances the anti-cancer activity of the additional therapeutic
compound, thereby allowing for a lower dose of the additional therapeutic compound to
provide the same effect.

In certain embodiments, the compound of the invention and the therapeutic
agent are co-administered to the subject. In other embodiments, the compound of the
mvention and the therapewtic agent are coformulated and co-administered to the subject.

In certain embodiments, the subject 15 a mammal. In other embodiments, the

mammal is a human.

Combination Therapies
The compounds useful within the methods of the invention may be used in
combination with one or more additional therapeutic agents useful for treating a cancer.

These additional therapeutic agents may comprise compounds that are commercially

46



(]

10

]

20

WO 2017/019540 PCT/US2016/043664

available or synthetically accessible to those skilled 1 the art. These additional therapeutic
agents are known to treat, prevent, or reduce the symptoms, of g cancer.

In non-limiting exaraples, the compounds usefid within the mvention may be
used in combination with one or more of the following therapeutic agents: Erlotinib
{TARCEVA®, Genentech/OSI Pharm. ), docetaxel (TAXOTERE®, Sanofi-Aventis), 5-FU
(fluorouracil, 3-Hucrouraci, CAS No. 51-21-8), gemcitabine (GEMZAR®, Lilly}, PD-
0325901 (CAS No. 391210-10-9, Pfizer), cisplatin (cis-diamine, dichloroplatinum(ily, CAS
No. 15663-27-1), carboplatin {CAS No. 41375-04-43, pachitaxel (TAXQOL®, Bristol-Myers
Squibb Oncology, Princeton, N1}, pemetrexed {ALIMTA®, Eli Lilly), trastuzumab
{(HERCEPTIN®, Genentech), temozolomide {(4-methyl-5-0x0-2,3.4,6,8-
pentazabicyclo{4.3 Onona-2,7, 9-triene-9-carboxamide, CAS No. 85622-93-1, TEMODAR®,
TEMODAL®, Schering Plough), tamoxafen {((Z2)-2-]4-(1, 2-diphenylbut-1-enyDphenoxy -

N N-dimethvlethanamine, NOLVADEX®, ISTUBAL®, VALODEX®)}, and doxorubicin
{ADRIAMY CIN®), Aku-1/2, HPPD, rapamyein, oxaliplatin (ELOXATIN®, Sanofi),
bortezonub (VELCADE®, Millenmuwm Pharm ), sutent (SUNITINIB®, SU11248, Pfizer),
letrozole (FEMARA®, Novartis), imatinib mesvlate (GLEEVEC®, Novartisy, XE-318 (Mek
mthibitor, Exclixis, WO 2007/044515), ARRY -886 (Mck inhibitor, AZD6244, Array
BioPharma, Astra Zencea), SF-1126 (PI3K mhibutor, Semafore Pharmaceuticals), BEZ-235
(PI3K inhibitor, Novartis), X1~147 (PI3K inhibitor, Exelixis), PTKT787/ZK 222584
{Novartis), fulvestrant (FASLODEX®, AstraZeneca), leucovorin (folinic acid), rapamycin
{sirolimus, RAPAMUNE®, Wyeth), lapatinib (TYKERB®, GSK572016, Glaxo Smith
Kline), lonatamib (SARASAR™ SCH 66336, Schering Plough), sorafenib (NEXAVAR®,
BAY43-9006, Bayer Labs), gefitinib (IRESSA®, AstraZeneca), innotecan

(CAMPTOSAR®, CPT-11, Pfizer), tipifarnib (ZARNESTRA™, Johnson & Johnson),
ABRAXANE™ (Cremophor-free), albumin-engineered nanoparticle formulations of
paclitaxel (American Pharmaceutical Partners, Schaumberg, 1), vandetanib (rINN, ZD6474,
ZACTIMA®, AstraZeneca), chloranmbucil, AG1478, AGI571 {SU 5271; Sugen),
temsirolimus (TORISEL®, Wyeth), pazopanib {GlaxoSmiuthKlhine), canfosfanude
(TELCYTA®, Telik), thiotepa and cvclosphosphamide (CYTOXAN®, NEOSARE), ALK
TKI inhibitors, antibodies such as avastin and cetuxamab that target VEGFR and EGFR
respectively, sther RTK TKIs for PDGFR or RET, mmmunctherapies such as iptliumimab and
nmivolumab, and radiation therapy.

In certain embodiments, the compounds of the present invention are used in

combination with radiation therapy. In other embodiments, the combination of
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administration of the compounds of the present invention and application of radiation therapy
is more effective in treating or preventing cancer than application of radiation therapy by
itself. In vet other embodiments, the combination of administration of the compounds of the
present invention and application of radiation therapy allows for use of lower amount of
radiation therapy in treating the subject.

A svnergistic effect may be calculated, for example, using suitable methods
such as, for example, the Sigmoid-Ena equation (Holford & Scheimer, 1981, Chin.
Pharmacokinet. 6:429-453), the equation of Loewe additivity (Logwe & Muischnek, 1926,
Arch. Exp. Pathol Pharmacol. 114:313-326) and the median-effect equation (Chou & Talalay,
1984, Adv. Enzvme Regul. 22:27-55). Each equation referred to above mayv be applied to
experimental data to generate a corresponding graph to aid in assessing the effects of the drug
combination. The corresponding graphs associated with the equations referred to above are

the concentration-cffect curve, ischologram curve and combination index curve, respectively.

Administration/BDosage/Formulations

The regimen of administration may affect what coustitutes an effective
amount. The therapeutic forraulations may be adnunistered to the subject either prior fo or
after the onset of a cancer. Further, several divided dosages, as well as staggered dosages
may be adounistered daily or sequentially, or the dose may be continuously infused, or may
be a bolus mjection. Further, the dosages of the therapeutic formulations may be
proportionally increased or decreased as indicated by the exigencics of the therapeutic or
prophylactic situation.

Administration of the compositions of the present invention {0 a patient,
preferably a mammal, more preferably a human, may be carried out using known procedures,
at dosages and tor periods of time effective 1o treat a cancer in the patient. An effective
amount of the therapeutic compound necessary to achieve a therapeutic effect may vary
according to factors such as the state of the disease or disorder in the patient; the age, sex, and
weight of the patient; and the ability of the therapeutic compound to treat a cancer i the
patient. Dosage regimens may be adjusted to provide the optimum therapeutic response. For
example, several divided doses may be administered datly or the dose may be proportionally
reduced as indicated by the exigencies of the therapeutic situation. A non-limiting example
of an effective dose range for a therapeutic compound of the mvention is from about 1 and
5,000 mg/kg of body weight/per day. One of ordinary skill 1o the art would be able to study

the relevant factors and make the determination regarding the ¢ffective amount of the
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therapeutic compound without undue experimentation.

Actual dosage levels of the active ingredients in the pharmaceutical
corapositions of this invention may be varied so as to obtain an amownt of the active
mgredient that s effective to achieve the desired therapeutic response for a particular patient,
composition, and mode of admintstration, without being toxic to the patient.

In particular, the selected dosage level depends upon a variety of factors
mchuding the activity of the particular compound emploved, the time of administration, the
rate of excretion of the compound, the duration of the treatment, other drugs, compounds or
materials used in combination with the compound, the age, sex, weight, condition, gencral
health and prior medical history of the patient being treated, and like factors well, known in
the medical arts.

A medical doctor, e.g., physician or veterinarian, having ordinary skill in the
art may readily determine and prescribe the effective amount of the pharmaceutical
composition required. For example, the physician or veterinarian could start doses of the
compounds of the invention employed n the pharmaceutical composition at levels lower than
that required m order to achieve the desired therapeutic effect and gradoally inerease the
dosage until the desired effect is achieved.

In particular embodiments, it 1s especially advantageous to formulate the
compound in dosage unit form for ease of adnunistration and vmiformity of dosage. Dosage
wnit form as used herein refeors to physically discrete units suited as unitary dosages for the
paticnts to be treated; cach unit containing a predetermined quaniity of therapeutic compound
calculated to produce the desired therapeutic effect in association with the required
pharmaceutical vehicle. The dosage unit forms of the invention are dictated by and directly
dependent on {a} the unigque characteristics of the therapeutic compound and the particular
therapeutic effect to be achieved, and (b} the himitations mherent in the art of
compoanding/formuilating such a therapeutic compound for the treatment of a cancerin a
patient,

In certain embodiments, the compositions of the invention are formulated
using one or more phammaceutically acceptable excipients or carriers. In certain
embodiments, the pharmaceutical compositions of the mvention comprise a therapeutically
cffective amount of a compound of the invention and a pharmaceutically acceptable carrier.

The carrier mayv be a solvent or dispersion medium containing, for example,
water, cthanol, polvol (for example, glyeerol, propyvlene glyeol, and hiquid polyethylene

glvcol, and the like), suitable mixtures thergof, and vegetable cils. The proper fluidity may
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be maintained, for example, by the use of a coating such as lecithin, by the maintenance of
the required particle size in the case of dispersion and by the use of surfactants. Prevention of
the action of microorganisms may be achicved by various antibacterial and antifungal agents,

for example, parabens, chlorobutanol, phenol, ascorbic acid, thimerosal, and the hke. In

(]

many cases, i is preferable to inchude 1sotonic agents, for example, sugars, sodium chioride,

or polyalcohols such as mannito] and sorbitol, i the composition. Prolonged absorption of

the mjectable compositions may be brought about by including in the composition an agent
which delays absorption, for example, aluminum mongstearate or gelatin.
In certain embodiments, the compositions of the invention are administered to

10 the patient in dosages that range from one to five times per day or more. In other
embodiments, the compositions of the mvention are administered to the patient in range of
dosages that mchude, but are not limited {o, once every day, every two, days, every three davs
to once a week, and once every two weeks, It is readily apparent to one skilled in the art that
the frequency of adnunistration of the various combination compositions of the invention

15 varies from mdividual to imndividual depending on many factors including, but not limited to,
age, disease or disorder to be treated, gender, overall health, and other factors. Thus, the
mvention should not be construed to be limited {o anv particular dosage regime and the
precise dosage and composition to be administered to any patient is determined by the
attending physical taking all other factors about the patient into account.

20 Compounds of the invention for administration may be in the range of from
about 1 pg to about 10,000 mg, about 20 ug to about 9,500 mg, about 40 pg to about 9,000
mg, about 75 ug to about 8,500 mg, about 150 ug o about 7,500 mg, about 200 ug to about
7.000 mg, about 350 pg to about 6,000 mg, about 500 ug io about 5,000 mg, about 750 pg to
about 4,000 mg, about 1 mg to about 3,000 mg, about 10 mg to about 2,500 mg, about 20 mg

25 to about 2,000 mg, about 25 mg to about 1,500 mg, about 30 mg to about 1,000 mg, about 40
mg to about 900 mg, about 50 mg to about 800 mg, about 60 mg to about 750 mg, about 70
mg to about 600 mg, about 80 mg to about 500 mg, and any and all whole or partial
merements therehetween.

In some embodiments, the dose of a compound of the invention is from about

30 1 mg and aboat 2,500 mg. In some embodiments, a dose of a compound of the invention

used in compositions described herein is kess than about 10,000 mg, or less than about 8,000

mg, or less than about 6,000 mg, or less than about 3,000 mg, or less than about 3,000 mg, or

less than about 2,000 mg, or less than about 1,000 mg, or less than about 500 mg, or less than

about 200 mg, or less than about 50 mg. Smularly, in some embodiments, a dose of a second
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compound as described herein is less than about 1,000 mg, or less than about 800 mg, or less
than about 600 mg, or less than about 500 myg, or less than about 400 mg, or less than about
300 mg, or less than about 200 mg, or less than about 100 mg, or less than about 50 mg, or
less than about 40 mg, or less than about 30 mg, or less than about 25 mg, or less than about
20 mg, or less than about 15 mg, or less than about 10 mg, or less than about 5 mg, or less
than about 2 mg, or fess than about 1 mg, or less than about 0.5 mg, and any and all whole or
partial increments thereof,

In certain embodiments, the present mvention is directed to a packaged
pharmaceutical composition comprising a container holding a therapeutically effective
amount of a compound of the invention, alone or in combination with a second
pharmaceutical agent: and mstructions for using the compound to treat, prevent, or reduce
one or more symptoms of a cancer in a patient,

Formulations may be employed in admixtures with conventional excipients,
i.e., pharmaceutically acceptable organic or inorganic carricr substances suitable for oral,
parenteral, nasal, intravenous, subcutaneous, enteral, or any other suitable mode of
administration, known to the art. The pharmaceutical preparations may be sterilized and if
desired mixed with auxihiary agents, e.¢., lubricants, preservatives, stabilizers, wetling agents,
emulsifiers, salis for mfluencing osmotic pressure bufters, coloring, flavoring and/or aromatic
substances and the like. They may also be combined where desired with other active agents,
e.g., other analgesic agents.

Routes of administration of any of the compostitions of the mvention include
oral, nasal, rectal, intravaginal, parenteral, buccal, sublingual or topical. The compounds for
use in the invention may be formulated for administration by any suttable route, such as for
oral or parenteral, for example, transdermal, transmucosal {e.g., sublingual, lingual,
{trans)buccal, (transjurcthral, vaginal {e.g., trans- and perivaginally), (intrajnasal and
(transjrectal}, intravesical, mtrapulmonary, intraduodenal, ntragastrical, intrathecal,
suboutancous, mtramuscular, intradermal, indra-arterial, intravenous, intrabronchial,
mhbalation, and topical administration.

Suitable compositions and dosage forms include, for example, tablets,
capsules, caplets, pills, gel caps, troches, dispersions, suspensions, solutions, syrups,
granules, beads, transdermal patches, gels, powders, pellets, magmas, lozenges, creams,
pastes, plasters, lotions, discs, suppositories, liquid sprays for nasal or oral adounistration, dry
powder or acrosolized formulations for inhalation, compositions and formulations for

ntravesical admimistration and the like. It should be understood that the formulations and
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compositions that would be useful in the present invention are not limited to the particular
formulations and compositions that are described herein.
Cral ddministration

For oral application, particularly smitable are tablets, dragees, liquids, drops,
supposttories, or capsules, caplets and gelcaps. The compositions intended for oral use may
be prepared according to any method known in the art and such compositions may contain
one or more agents selected from the group consisting of mert, non-toxic pharmaceutically
excipients that are suitable for the manufacture of tablets. Such excipients include, for
example an inert diluent such as lactose; granulating and disintegrating agents such as
cornstarch; binding agents such as starch; and lubricating agents such as magnesium stcarate.
The tablets may be uncoated or they may be coated by known techniques for elegance orto
delay the release of the active mmgredients. Formulations for oral use may also be presented
as hard gelatin capsules wherein the active togredient is mixed with an inert diluent.

For oral adounistration, the compounds of the invention may be i the form of
tablets or capsules prepared by conventional means with pharmaceutically acceptable
exeipients such ag binding agents {e.g.. polyvinylpyrrolidone, hydroxypropyleellulose or
bydroxypropyl methylcellulose); fillers (e.g., comstarch, lactose, microcrystalline cellulose or
calcium phosphate); lubricants (¢.2., magnesium stearate, talc, or silica); disintegrates {e.g.,
sodiam starch glveollate): or wetting agents (e.g., sodium laury] sulphate). If desired, the
tablets may be coated using suitable methods and coating materials such as OPADRY ™ film
coating systems available from Colorcon, West Point, Pa. (e.g., OPADRY™ OY Type, OYC
Type, Crganic Enteric OY-P Type, Aqueous Enteric O0Y-A Type, OY-PM Type and
OPADRY™ White, 32K18400). Liquid preparation for oral administration may be in the
form of solutions, syrups or suspensions. The liquid preparations may be prepared by
conventional means with pharmaceutically acceptable additives such as suspending agents
{e.g., sorbitol syrup, methyl celhulose or hvdrogenated edible fats); emulsifving agent (e.g.,

ecithin or acacia), non-agquecus vehicles {e.g | almond oil, oily esters or ethyl alcohol); and
preservatives {e.g., methvl or propyl p-hvdroxy benzoates or sorbic acid).

Granudating techniques are well known m the pharmaceutical art for
modifying starting powders or other particulate materials of an active ingredient. The
powders are typically mixed with a binder material into larger permanent free-flowing
agglomerates or granules referred to as a “granulation.” For example, solvent-using “wet”
gramuation processes are generally characterized in that the powders are combined with a

binder material and moistened with water or an organic solvent under conditions resulting in
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the formation of a wet granulated mass from which the solvent must then be evaporated.

Melt granulation generally congists in the use of materials that are solid or
semi~-solid at room temperature {(i.e. having a relatively low sofiening or melting point range)
to promote granulation of powdered or other materials, essentially in the absence of added
water or other hquid solvents. The low melting solids, when heated to a temperature in the
melting point range, liguety to act as a binder or granulating medivm. The hquefied solid
spreads itself over the surface of powdered materials with which it is contacted, and on
cooling, forms a solid granulated mass in which the initial materials are bound together. The
resulting melt granulation may then be provided to a tablet press or be encapsulated for
preparing the oral dosage form. Melt granulation improves the dissolution rate and
bioavailability of an active (i.e. drug) by forming a solid dispersion or sohd solution.

.S, Patent No. 3,169,645 discloses dirgctly compressible wax-containing
granules having improved fiow properties. The granules are obtained when waxes are
adnuxed in the melt with certain flow improving additives, followed by cooling and
granulation of the admixture. In certain embodiments, only the wax itself melts in the melt
combination of the wax{es) and additives(s), and in other cases both the wax{es} and the
additives(s) melt.

The present invention also mcludes a multi-laver tablet comprising a layer
providing for the delayved release of one or more compounds of the wnvention, and a further
laver providing for the immediate release of a medication for treatment of G-protein receptor-
related discases or disorders. Using a wax/pH-seusttive polymer mix, a gastric insoluble
composition may be obtained in which the active ingredient 15 entrapped, ensuring its delaved
release.

Parenteral Administration

For parenteral administration, the compounds of the invention may be
formudated for ijection or infusion, for example, mtravenous, intramuoscular or subcutangous
mjection or infusion, or for administration in a bolus dose and/or continuous infusion.
Suspensions, solutions or eraulsions 1o an oily or agucous vehicle, optionally containing other
formulatory agents such as suspending, stabilizing and/or dispersing agents may be used.
Additional Administration Forms

Additional dosage forms of this invention include dosage forms as described
m U.S. Patents Nos. 6,340,475, 6,488,962; 6,451,808, 5,972,389, 5,582,837 and 5,007,790,
Additional dosage forms of this invention also mclude dosage forms as deseribed m U.S.

Patent Applications Nos. 20030147952; 20030104062; 20030104053 200300444696,

>
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20030039688, and 20020051820, Additional dosage forms of this invention also include
dosage forms as described in PCT Applications Nos. WO (3/35041; WO 03/35040; WO
03/35029; WO 03/35177;, WO 03/35039; WO 02/96404, WO 02/32416;, WO 01/97783, WO
(1/56544; W 01/32217, WO 98/55107, WO 98/11879;, W 97/47285, WQ 83/18755; and
WO 90/11757.

Controlled Release Formulations and Drug Delivery Svstems

In certain embodiments, the formulations of the present invention may be, but
are not limited to, short-term, rapid-offset, as well as controlied, for example, sustained
release, delayed release and pulsatile release formulations.

The term sustained release 15 used in its conventional sense to refer to a drug
formulation that provides for gradual release of a drug over an extended period of time, and
that mav, although not necessarily, result in substantially constant blood levels of a drug over
an extended time period. The period of time may be as long as a month or more and should
be a release which is longer that the samce amount of agent administered 1o bolus forn.

For sustained release, the compounds may be formulated with a switable
polymer or hvdrophobic material which provides sustained release propertics to the
corapounds. As such, the compounds for use the method of the mvention may be
administered n the form of microparticies, for example, by mjection or in the form of wafers
or dises by implantation.

In one embodiment of the invention, the compounds of the invention are
administered to a patient, alone or in combination with another pharmaceutical agent, using a
sustatned release formulation.

The term delayed release is used herein in its conventional sense to referto a
drug fornulation that provides for an initial release of the drug after some delay following
drug admimistration and that mat, although not necessanly, includes a delay of from about 10
minutes up to about 12 hours.

The term pulsatile release is used herein in its conventional sense to referto a
drug formulation that provides release of the drug 1 such a way as to produce pulsed plasma
profiles of the drug after drug admimistration.

The term immediate release is used n its conventional sense to refer o a drug
formulation that provides for release of the drug immediately after drug adnunistration.

As used herein, short-term refers to any period of time up to and mncluding
about 8 hours, about 7 hours, about 6 hours, about 5 hours, about 4 howurs, about 3 howurs,

about 2 hours, about 1 hour, about 40 minutes, about 20 nunutes, or about 10 minutes and
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any or all whole or partial increments thereof after drug administration after drug
administration.

As used herein, rapid-otfset reters to anv period of time up to and including
about 8 hours, about 7 hours, abowut 6 hours, about 5 hours, about 4 hours, about 3 hours,
about 2 hours, about 1 hour, about 40 mimutes, about 20 minutes, or about 10 minutes, and
any and all whole or partial increments thercof after drug administration.

Dosing

The therapeutically effective amount or dose of a compound of the present
mvention depends on the age, sex and weight of the patient, the current medical condition of
the patient and the progression of a cancer in the patient being treated. The skilled artisan is
able to determine appropriate dosages depending on these and other factors.

A suitable dose of a compound of the present invention may be in the range of
from about 0.01 mg to about 5,000 mg per day, such as from about 0.1 mg to about 1,000 mg,
for example, from abowt 1 mg to about 500 mg, such as about 5 mg to about 250 mg per day.
The dose may be administered in a single dosage or in multiple dosages, for example from 1
to 4 or more times per dav. When maultiple dosages are used, the amount of each dosage may
be the same or different. For example, a dose of 1 mg per day may be administered as two
0.5 mg doses, with about a 12-hour interval between doses.

It 1s understood that the amount of compound dosed per day may be
administered, in non-limiting examples, every day. every other day, every 2 days, every 3
davs, every 4 days, or every 5 days. For example, with every other day administration, a 5
mg per day dose may be mitiated on Monday with a first subsequent 5 mg per day dose
administered on Wednesday, a second subsequent 5 mg per day dose administered on Friday,
and so on.

In the case wherein the patient's status does improve, upon the doctor's
discretion the administration of the inhibitor of the invention s optionally given
continuousty; alternatively, the dose of drug being administered is temporarily reduced or
temporartly suspended for a cortain length of time (7 e., a “drug holiday™). The length of the
drug holiday optionally varies between 2 days and 1 year, mcluding by way of example only,
2 days, 3 davs, 4 days, 5 days, 6 days, 7 days, 10 days, 12 days, 15 days, 20 days, 28 days, 35
days, 50 davs, 70 davs, 100 days, 120 days, 150 days, 180 days, 200 days, 250 days, 280
days, 300 days, 320 days, 350 days, or 365 days. The dose reduction during a drug hohday
mcludes from 109-100%, including, by way of example only, 10%, 15%, 20%, 25%, 30%,

35%, 40%, 45%. 50%, 55%, 60%, 65%, 70%, 75%, 801%, 85%, 90%, 95%, or 100%.

L
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{Omce improvement of the patient’s conditions has occurred, a maintenance
dose is administered if necessary. Subsequently, the dosage or the frequency of
administration, or both, is reduced, as a function of the viral load, to a level at which the
mmproved disease is retamed. In certain embodiments, patients require infermittent treatment
on a long-term basis upon any recurrence of symptoms and/or infection.

The compounds for use in the method of the invention may be formulated in
unit dosage form. The term “unit dosage form” refers to physically discrete units suitable as
anitary dosage for patients undergoing treatment, with each unit containing a predetermined
quantity of active material calculated to produce the desired therapeutic effect, optionally in
association with a suitable pharmaceutical carrier. The unit dosage form may be for a single
daily dose or one of multiple dailv doses {¢.g., about 1 {0 4 or more fimes per day). When
multiple daily doses are used, the anit dosage form may be the same or different for each
dose.

Toxicity and therapeutic ctficacy of such therapeutic regimens are optionally
determuned i celf cultures or experimental animals, mncluding, but not limited to, the
determination of the LDy (the dose lethal to 50% of the population} and the EDsg (the dose
therapeutically cffective in 50% of the population). The dose ratio between the toxic and
therapeutic effects is the therapeutic mdex, which 1s expressed as the ratio between LDsg and
EDsg. The data obtained from cell culture assays and animal studies are optionally used in
formulating a range of dosage for use in human. The dosage of such compounds lies
preferably within a range of circulating concentrations that include the EDse with minimal
toxicity. The dosage optionally varies within this range depending upon the dosage form
cemploved and the route of admimistration utilized.

Those skilled in the art will recognize. or be able to ascertain using no more
than routine experimentation, numerous equivalents to the specific procedures, embodiments,
claims, and examples described herein. Such equivalents were considered to be within the
scope of this invention and covered by the claims appended hereto. For example. 1t should be
understood, that modifications in reaction conditions, inchuding but not limited to reaction
tmes, reaction size/volume, and experimental reagents, such as solvents, catalvsts, pressures,
atmospheric conditions, e.g., nitrogen atmosphere, and reducing/oxidizing agents, with art-
recognized altematives and using no more than routine experimentation, are within the scope
of the present application.

It is to be understood that wherever values and ranges are provided herein, all

values and ranges encompassed by these values and ranges, are meant to be encompassed
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within the scope of the present invention. Moreover, all values that fall within these ranges,
as well as the vpper or lower lumits of a range of values, are also contemplated by the present
application.

The following examples further illustrate aspects of the present invention.

(]

However, they are in no way a hmmtation of the teachings or disclosure of the present

wvention as set forth herein.

EXAMPLES
The invention is now described with reference to the following Examples.
10 These Examples are provided for the purpose of illustration onlv and the invention should in
no way be construed as being limited to these Examples, but rather should be construed to
encompass any and all variations which become evident as a result of the teaching provided

herein.

15 Methods and Materials

Cell lines and culture conditions:
The H3255, HI581, H4222, HEK293T, and Hep(G2 cell lines were purchased
from the ATCC (Rockville, MD). The PCO cell hne was a gift from Katie Politi (Yale
20 University, New Haven ), the A549 and H1975 cell Hnes were gifts from Abhi Patel (Yale
University, New Haven CT), and the HCCE27 line was a gift from Jeff Engelman (MGH,
Boston Mass). Cells werg maintained in RPMI media supplemented with 10% FBS and

penvstrep at 37 °C o a humudified incubator with 5% CO,.

25 High Throughput Screening:
The HTS approach using the biolumingscent N-linked glycosylation reporter

(CCR 2011y in D34-ERLucT and D534-LucT cells has been previously described (Bennett, ef
al., Trans! Oncol 2013, 6, 382-391}. Briefly, the primary ccli-based screen detects site
occupancy of NLG sequons using a modified luciferase protein translated mto the ER.

30 Inhibition of NLG n D45-ERPucT increases luciferase activity whereas it does not increase
activity in the D34-LucT cell line. The methodology for the primary (D34-ERkucT),
secondary (D34-LucT), and tertiary (fuciferase inhibition) screens as well and toxicity assays

with CelltitreGlo are deposited in Pubchem (AID 588693).
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LLO, Protein, and RNA Detection:

Floorophore assisted carbohydrate electrophoresis (FACE) was performed as
previously described {Gao, ef af., Glycobiclogy 2002, 12, 353-360; Gao, er o/, J Biol Chem
2003, 280, 17901-17909). Control (Ac-Gln-Tyr-Thr-CONH,) and acceptor {Ac-Asn-Tyr-
The-CONH;) peptides were used for permeabilized cell expeniments. Metabolic labeling of
Hela cells, transfoction of prosaposin {(pSAP) and steroid hormone binding globulin (SHBG)
vectors, and knockdown of STT3A and STT38B to monitor NV-linked glveosylation
knockdown were performed as described (Shrimal, er o/, J Cell Biol 2013, 201, 81-95).
Western blot analysis was performed as previously described (Bennett, ef @/, Trans! Oncol
2013, 6, 382-391). The followmg primary antibodics were used: rabbit anti-EGFR {(sc-03;
Santa Cruz Biotechnology; 1:1000}, rabbit anti-phospho (Tyri 173) EGF Receptor (Cell
Signaling: 1:1000), rabbit anti-p21 Watl/Cipl (12D1; Cell Signaling; 1:1000), rabbit anti-
Cyclin Bl (Cell Signaling; 1:1000), mouse anti-B-Actin (SHI0D10; Cell Signaling: 1:1000).
For phospho-protein array analysis, PC9 and A549 cells were cultured in 6-well plates in
serum-containing mediom and treated with or without 10uM NGI-1 for 24 hours. The homan
Phospho-protein array kit (R&D Systems) was used to simultancously detect the relative site-
specific phosphorviation of 43 kinases and 2 related total proteins according to the
manufacturer's protocol.

Biotinvlation and recovery of cell surface proteins were performed on intact
H3255 cell monolavers using EZ-link Sulfo-NHS-58 Biotin {Picrce) and 1solated using
streptavidin-agarose beads {Sigma-Aldrich). Control or colls treated with 10um NGI-1 for
24h were placed on ice and washed three times with PBS. The celis were mmcubated with EZ-
hink Sulfo-NHS-55-Biotin at a final concentration of 0.5 mg/m! in PBS for 60 min at 4 °C,
followed by 100 ;M glvcine/ PBS wash, and two washes with PBS. Biotinvlated cells were
scraped mito lysis butter (25 mM Tris-HCI pH 74, 10 mM EDTA, 15% glveerol, 0.1% Triton
X-100, protease inhibitor tablet (Roche Thagnostics; Indianapolis, IN, USA) and phosphatase
mhibitor cocktatls 2 and 3 (Sigma-Aldnch)) and agitated on a shaker for 60 min at 4 °C. The
cell tysate was cendrifuged for 10 min at 14,000 g, and the resulting supematant was
meubated with streptavidin-agarose beads, suspended in lysis buffer, and muxed at 4 °C
overnight. The beads were recovered by centrifugation (5,000 xg for 15 s} and aliquots of
supernatants were taken to represent the unbound, intracelbular pool of proteins. Biotinylated
proteins were cluted from the beads by heating 1o 100 °C for § min in SDS-PAGE sample
buffer before loading onto a 7.5% SDS-PAGE gel for WEB analysis against EGFR.

For PNGase digestion 10 pg lysate were digested with peptide N-glycosidase

5%
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F (PNGase-F, New England Biolabs, Beverlv, MA), Specifically, samples were incubated
denaturing buffer (0.5% S5D§ and 1% B-mercaptoethanct) for 10 min at 100 °C and brought
to 50 mM sodium phosphate (pH 7.5) with 1% Nomidet P-40. Then, I pl (500 units) of
PNGase-F was added and incubated 1 hat 37 °C. Afier glveosidase digestion, SDS-PAGE

(]

sample boffer was added and incubated at 100 °C for 5 min. Egual amounts of non-digested

and digested PNGase-F proteins were subjected to SDS-PAGE and WB analysis for EGFR.
For Quantitative RT-PCR A549 and PC-9 cells were sceded in 6 cm” dishes,

after NGI-1 treatment total mRNA punfication was performed using the RNeasy Mini Kit

{QIAGEN} and reverse transcribed nto cDNA using ISCRIPT® cDNA Synthesis Kit (BIO-

10 RAD) according to the manufacturer’s protocol. The newly synthesized cPDNA was
amplified using {Q® SYBR® Green QPCR Master Mix Supermix (Agilent Technologies)
and expression levels of human Cyclin Bl and human GAPDH mRBNA were determined
using these specific primers: Cyclin D1 forward: (SEQ 1D NG:13 57
ACCTGAGGAGCCCCAACAA-S  reverse: (SEQ 1D NG:2)y 5°-

15 TCTGCTCCTGGCAGGCC-3". GAPDH forward: (SEQ ID NO:3) 5°-
GUTCTCTGCTCCTCCTGTTC-3 7, reverse: (SEQ ID NO:4) 5°-
ACGACCAAATCCGTTGACTC-3”. The ncubation conditions were as follows: 1 cycle at
95°C for 10 mn, followed by 40 cycles of 30 sec at 95°C, anncaling for 15 sec at 55°C, and
gxtension for 30 sec at 72°C. PCRs for cach sample were done in triplicate for all the genes.

20
Microscopy:

For immunofluorescence, H3255 cell lines were grown on glass coverslips to
60% confluence. Cell cultures were washed with PBS and fixed with 4% (w/v)
formaldechvde in PBS for 30 nun at 37°C. After washing with PBS, cclls were permeabilized

25 with 1% viv Triton X-100 in PBS for 10 min, rinsed three times m PBS and treated with
5% w/iv bovine serum albumin for T h. Cells were then mcubated overmight at 4°C with
cither Rabbit anti-EGFR pAb (1:2.000) or mouse anti-CRT mAb (1:1000) primary antibodies
and for 1 h at room temperature with the cither Alexa Fluor 343-conjugated goat anti-rabbit
IgG (1:1,000) or Alexa Fluor 488-comjugated goat anti-mouse IgG (1:1,000) secondary

30 antibodies. Al antibodies were diluted in PBS containing 5% w/v bovine serom albumin,

Nuclei was stained using ToPro3 {lavitrogen). Confocal cellular images were captured with

an inverted Zeiss L8M 510 Pascal laser confocal microscope {Carl Zeiss, Jenna, Germany),

using a 63/1 .4 Plan-Apochromat objective.
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Glycomics:
Cells were surface biotinylated as described elsewhere herein, and the vsate
was rotxed with 2x sample Joading buffer containing 50 mM of DTT and boiled for 5 min.

The botled samples were separated by SDS-PAGE (BioRad TGX MiniProtean) for 10 min at

(]

200 V. Each lane of the gel was cut and denatured by incubating with 10 mM of BTT at
56°C for an hour, alkviated by 55 mM of iodoacetamide for 45 minutes in the dark, and then
digested with trypsin at 37 °C overnight. The resulting peptides were extracted, dued and
deglycosviated by PNGasF (ProZyme) at 37 °C overnight in the presence of H2'°0
{Cambridge Isotope Laboratones, Inc ). The deglycosylated peptides were then dried and
10 reconstituted in 0.1% formic acid. The peptides were separated ona 75 um (1D )y x 15 o
CI18 capillary column (packed in house, YMC GEL ODS-AQI120AS8-5, Waters) and 703
chited mito the nano-electrospray ton source of an Orbitrap Fusion™ Tribrid™ mass
spectrometer (Thermo Fisher Scientific) with a 180-nuin linear gradient consisting of 0.5-
100% solvent B over 130 mun at a flow rate of 200 nl/min. The spray voltage was set to 2.2
15 kV and the temperature of the heated capillary was set to 280 °C. Full MS scans were
acquired from m/z 300 to 2000 at 120k resclution, and MS2 scans following collision
mduced fragmentation were collected in the 1on trap for the most mtense ions in the Top-
Speed mode within a 3-sec cvele using Fusion instrument software (v1.1, Thermo Fisher
Scientific). The raw spectra were searched against the human protein database (UniProt, Oct.
20 2014} using SEQUEST (Proteome Discoverer 1.4, Thermo Fisher Scientific) with full MS
peptide tolerance of 20 ppm and MS2 peptide fragment tolerance of 0.5 Da, and filtercd using
Proteol(} (v2.7, Premier Biosoft) to gencrate a false discovery rate of 1% at protein level and

5% at peptide level for any protem/peptide assignments.

25 Proliferation assays:
Growth rates were determined by CellTiter 96 NonRadicactive Cell
Proliferation Assay (Promega; Madison, Wi, USA) according to the manufacturer's
directions. Briefly, NSCLC cells (2+107) untreated or treated with 10pM NGI-1 or [puM T,
were sceded in triplicates in 96-wells plates and grown in culture medium containing 10%.
30 Cell numbers were estimated after 0, 3, and 5 days by adding MTT [(3-(4,5-Dimethylthiazol-
2-913-2,5-diphenyhetrazolium bromide] reagent to the wells 4 hours before taking the

spectrophotometric reading {absorbance at 570 nm).

Cell cycle distribution:
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For the assessment of cell cycle distribution, 1+ 10° cells were collected,
washed once with ice-cold PBS and fixed inx ice-cold 70% ethano! overnight at -20°C.
Thereafteor, cells were washed twice with PBS and incubated for 30 min at room temperature
m 200 pl of Guava Cell Cycle Reagent (Guava Technologies). Cytotluorometric
acquisitions were performed on a LSRIT ¢ytometer (BD Biosciences). First-line analysis was
performed with Flow Jo software, upon gating on the events characterized by normal forward
and side scatter parameters and discrimination of doublets in a FSC-A vs. FSC-H bivanate
plot. Approsimately 30,000 cells were analyzed per experiment, and the mean value was

obtained from 3 mdependent assays.

Assessment of senescence:

Auto-fluorescence of PCY and AS49 cells untreated or treated with 10uM
NGIE-1 for 24hrs was characterized by flow cytometry after fixing the cells with 70% ethanol,
staining with 4,6-diamino-2-phenyl indole (DAPI) for 30 min. Acquisition was done on a
LRSI flow cytometer (BD Biosciences) equipped with green (488 nM) and UV (350 nM)
lasers and measured using a detector for PE after gating with DAPL. Lipofuscin
accumulation was detected by confocal laser scanning microscopy using an excitation laser of
403nm with acquired signals from spectrums of vellow 575-620 nm. Morphology changes
were explored by differential interference contrast (DIC). Fluorescence and DIC images

were captured with a Leica SP3 confocal microscope.

Staristios:

Data points are reported as experimental averages and error bars represent
standard desviation or standard error as indicated. Statistical significance was determined
using a two-sided Student’s 7 test. A p value <.05 was considered to be statistically

significant.

Example 1: Synthesis of NGI-1



(]

10

]

20

WO 2017/019540 PCT/US2016/043664

Meihvl 5-(chiorosulfonvi}-2-hydroxybenzoate:

To a round-bottom flask was added the chlorosulfonic acid (30 md., 450
mmol}). The flask was cooled to 0 °C and the methyl 2-hvdroxvbenzoate (6.4 mL, 50.0
mmol} was added dropwise over 30 min. The reaction was allowed to warm to 1t and was
then heated to 40 °C. After 2 b the reaction was cooled to 1t and poured mto ice water (200
mL}. The sokd precipitate was filtered to produce methyl 5-(chlorosuifonyi}-2-
hydroxybenzoate (11.2 g, 44.7 mumol, 90% yicld) as a white solid. "H NMR (400 MHz,
CDCL) S 1155 (s, 1H), 857(d, J =26 Hz 1H), 809 (dd, J=9.0,2.6 Hz, 1H), 7.18(d, I =
0.0 Hz, 1H), 4.04 (s, 3H).

Methiyl 5-(N N-dimethylsulfamoyl)-2-hvdroxvbenzoate:

To a vial was added dimethylamine hydrochloride (1.46 g, 18.0 mmol} and
DIPEA (42 mb, 23 9 mmol} m acetonitrile (4 mL)} and the reaction stirred at 1t for 30 min.
Methvl 5-(chlorosulfonyl)-2-bvdroxybenzoate (1.50 g, 6.0 mmol} was then added
portionwise over 10 minutes and afier addition the reaction stirred at i for 2 h. At this time
the reaction was concentrated and the residue was diluted with saturated NaHCO5 (20 mL)
and extracted with EtOAc (3 x 20 mL}). The organic layers were combined and dred over
MgS0,, filtered and concentrated. The crude product was dissolved in 50% EtOAc hexanes
(20 mL) and filtered through a silica plug. The eluent was collected and concentrated to
provide methyl 5~V V-dimethvisulfamovl}-2-hydroxybenzoate (1.36 g, 5.25 mmol, 38%
vicld) as a white solid. "H NMR (400 MHz, CDCl:) 8 11.24 (s, 1H), $.30(d, ] = 2.3 Hz. 1H),
784(dd, F=838,24Hz 1H). 7.12(d. I=8.8 Hz, 1H), 4.00 (s, 3H), 2.71 {5, 6H}.

Methyl 5-(N N-dimethylsulfamoyl)-2-((ttrifluoromethyl)sulfonyljoxvibenzoate:

To a vial was added methyl 5«(N N-dimethyisulfamoyl}-2-hvdroxybenzoate
(036 g, 1.40 mmoly and CHRCL (4 mL) followed by pyridine (0.23 mL, 2.79 mmol). The
reaction was then cooled to § °C and the 1.0 M solution of triffucromethanesutfonic
anhydride in CH;CL (1.68 mL, 1.68 mumol) was added dropwise over 10 minutes. The
reaction was then allowed to warm to rt and stirred for 3 h at which point 1t was washed with
saturated NaHCGO; (10 mL) and the CH,(l, was extracted. The remaining agueous layer was
extracted further with CHLCh (2 x 10 mbL). The organic layers were combined and dried over
MgS0O,, filtered and concentrated to produce methyl 5-(¥.N-dumethvisulfamoyh)-2-
(((trifluoromethyDsulfonyviioxy)benzoate {0.50 ¢, 1.28 mmol, 929 vicld) as a white solid. 'H

NMR {400 MHz, CDCL3) 8 8.47 (4, ] = 2.4 Hz, 1H), 8.03(dd, J = 8.6, 2.4 Hz, 1H). 7.49 (4. J
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=8 6 Hz, 1H), 4.01 (s, 3H), 2.80 (s, 6H).

Methyl 5-(N N-dimethylsulfamoyl)-2-(pyrrolidin-i-vi)benzoate:

To a vial was added methyl 5-(N N-dimethyisulfamoy-2-{{{trifluoromethyi)
sulfonyloxybenzoate (0.96 g, 2 46 mmol), pyrrolidine (0.61 mL, 738 mmol) and
acetonitrile. The reaction was bheated to &0 °C and stirred for 1 b, at which point the reaction
was removed from heat and aliowed to cool to 1t. The reaction was then concentrated and the
residue was re-dissclved i EtOAc (15 mL) and washed with saturated NaHCG; (15 mL),
dried over MgSQ,, filtered and concentrated to produce methyl 3-(N N-dimethyisulfamoyl}-
2-(pyrrolidin-1-ylybenzoate (0.73 g, 2.34 mumol, 93% vicld) as a light yellow solid. 'H NMR
(400 MHz, CDC1) 6797(d,J =24 Hz, 1H), 764(dd, 1 =90, 24 Hz, [H), 6.80(d, =90
Hz, 1H), 3.90 (s, 3H), 3.34 — 3.25 {m, 4H), 2.68 (s, 6H), 2.03 - 1.97 (m, 4H).

SN, N-Dimethylsulfamoyi)-2-(pyrrolidin-1-yl)benzoic acid:

To a vial was added methy! S-(V.N-dimethvisulfamovh-2-(pyrrolidin-1-
yhbenzoate (0.73 g, 2.34 mmol}, MeOH (4 mL) and 5.0 M NaOH in water (4.69 mL, 23 .4
mimol) and the reaction stirred at 90 °C for 1.5 h. The reaction was then allowed to cool to 1t
and the methanol was evaporated in vacuo. The remaining aqueous layver was acidified with
6.0 M HCl to pH 2 - 3 and extracted with CHRCL (4 x 10 mL). The organic layers were
combined and dried over MgS0,, filtered and concentrated to produce 5-(N,N-

/

dimethylsulfamoyh-2-(pyvrrolidin-1-yDhbenzoic acid {0.61 g, 2.05 mmol, 87% vicld) as a
white solid. 'H NMR (400 MHz, CDCl:) 8 $.38 (4, J =24 Hz, 1H), 7.82 (dd, 1 =88, 22 Hz,
1H), 717¢d, 3 =87 Hz, 1H), 3.37 - 327 {m, 4H), 2.73 (d, I = 0.5 Hz, 6H), 2.13 - 2.03 (m,

4H).

5-(N N-Dimethvisulfamoyl)-N-(S-methylthiazoi-2-vI}-2-(pyrrolidin-1-ylibenzamide NGI-i:

To a vial was added 5-(N N-dimethvisuifamovi)-2-(pyrrolidin-1-yhbenzoic
acid (0.20 g, 0.66 mmol), HBTU (0.37 g, 0.99 mmol), DIPEA (0.29 mb, 1.65 mmol)} and
DMF (1.0 mL) and the reaction stirred at RT for 15 munutes. Then S-methy] thiazol-2-amine
{0.11 g, 0.99 mmol} was added to the reaction and 1t was heated to 100 °C and stirred for 3.5
h. The this time the reaction was allowed to cool to rt and diluted with water (15 mL) then
extracted with CHyCh (2 x 15 mbL). The organic layers were combined and washed with
water (4 x 30 mL), dried over Mgh0,, filtered and adsorbed to Celite then purified by

reverse-phase flash chromatography (10 - 100% McCN:water}. The fractions containing the
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product were then concentrated and adsorbed to silica and parified by flash chromatography
{0 - 5% MeOH:CH,CL) to produce 3-{N N-dimethylsulfamoy)-N-(5-methylhiazol-2-y1}-2-
(pymrolidin- L -yDbenzamide (0.091 g, 0.23 mmol, 35% vield). "H NMR (400 MHz, CDCly) §
1277 (s, 1H), 795(d,J=23Hz 1H), 7.73¢dd, J=9.0, 23 Hz, 1H), 689 (d, F=9.0 Hz,
1H), 6.77 (5, 1H), 340 - 328 (m, 4H), 2.71 {s, 6H}, 240 (d, J = 1.3 Hz, 3H), 2.05 - 1.95 {m,
4H). UC NMR (125 MHz, CDCLy) § 166.30, 157.62, 149.11, 133.89, 130.95, 130.40, 127 40,
121.27, 11930, 114.16, 50.53, 3800, 25.75, 11.55. LCMS-UV Purity at 214 nm: 100 %,
HRMS (EST): m/z caled for Ci7HRNGG;5, (M +H} 3951211, found 3951211,

The following chemical analogs were propared according to procedures

outlined elsewhere herein, unless otherwise noted.

N-{S-methvithiazol-2-y(}-5-(morpholinosulfonyl)-2-ipyrrofidin- I -yijbenzamide.

Synthesized analogously to NGI-1, (0.031 g, 0.080 mmol, 22% yield). 'H
NMR (400 MHz, CDCI3 § 13.09 (5. 1H). 7.80(d. J=23 Hz, 1H). 767 (dd. J = 9.0, 2.3 Hz,
1H), 6.83(d,J=90Hz, 1H),627({d,/=13Hz, 1H),370(dd, ./=58,37Hz 4H), 334 (q.
J=4.9,33 Hz, 4H), 2.98 - 2.89 (m, 4H), 2.31(d, J = 1.3 Hz, 3H), 2.00 - 1.92 (m, 4H). €
NMR (125 MHz, CDCI3 § 166,45, 157.95, 145,10, 133.63, 130.88, 130.62, 127.47, 120.29,
11926, 114.03, 66.03, 50.36.
45.97,25.76, 11.50. LCMS Punity at 214 nm: 100 %. HRMS: m/z caled for
CI9H24N40482 (M + H+}) 437 1310, found 437.1321.

N-(5-methylthiazol-2-yi)-3-(piperidin-1 -yisulfonyl}-2-(pyrrolidin-i-vi)benzamide.
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Svnthesized analogousty to NGI-1, {0.006 g, 0.014 mmol, 11% vield). 1H
NMR (400 MHz, CDC13 8784 (d, J =24 Hz, 1H),769(dd, =86 Hz, 24 Hz, 1H), 6.84
(d,J=86Hz 1H), 648 (d, /= 1.6 Hz, 1H), 3.36 - 331 (m, 4H}, 295 {t, /=54 Hz, 4H),
234(d, J=12Hz 3H). 2.00- 1.95 (m, 4H), 1.66 - 1.59 (m, 4H), 142 - 1 36 (m, ZH). 13C
NMR {125 MHz, CDCI3 8 166.3, 1577, 1490, 133.5, 131.0, 130.3, 1274, 122.1, 1192,
114.1,50.6,47.0,258,252, 235, 11.6. LCMS Purity at 214 nm: 95.2 %. HRMS: m/z caled
for CZ0H26N40382 (M + H+) 435.1516, found 4351517,

N-{3-methyiihiazol-2-vi}-5-{pyrrolidin-1-yisulfonyli-2-(pvrrolidin-i -vl) benzamide

Svnthesized analogousty to NGI-1, (0.078 g, 0.19 mmel, 41% vield) as a light
vellow solid. 1TH NMR (400 MHz, CDCLY 8794 (d, J=23 Hz, 1H), 7.77(dd, /=89, 23
Hz, 1H), 685(d, /=9.0Hz 1H),647(d, J=13Hz, 1H)}, 340-329{m, 4H}, 3.26-3.15
(m, 4H3, 2.34 (d, /= 1.3 Hz, 3H), 2.03 - 1.93 (m, 4H), 1 81 — 1.69 (m, 4H). 13C NMR {125
MHz, CDCly) 6 16632, 158,14, 149 10, 132.62, 130.88, 130,33, 127,34, 123 14, 119.08,
11428, 50.69, 4793, 2576, 2516, 11.58. LCMS Purity at 214 nm: 98.7 %. HRMS: m/z
caled for C19H24N40382 (M + Fi+) 421.1336, found 421.1357.

N-{S-methylthiazol-2-v1}-5-(N-methyl-N-phenyisuliamoyl)-2-(pyrrolidin- i -vi}henzamide
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Svuthesized analogousty to NGI-1, (0.016 g, 0.035 mumol, 35% vicld) asa
heht yvellow sohid. 1H NMR (400 MHz, CDCl5} 8§ 767 {(d, =24 Hz, 1H), 7.35(dd, J=8.6,
24 Hz 1H),731-720{(m, 3H), 715 -7 11 (m, 2H), 6.71 (d, J =86 Hz, 1H}, 630 (d, J=
L6 Hz 1H),334-329(m, 4H), 3.12 (s, 3H), 2.30(d, .J= 1.2 Hz, 3H), 1 98 - 1.93 (m, 4H).
I3C NMR {125 MHz, CDClL3) 6 166.4, 157.8, 1489, 141 8, 133.8, 130.9, 130.5, 128.8, 1272,
126.7,122.0, 1189, 1138, 504, 38.0, 258, 11.5. LCMS Purity at 214 nm: 92.4 %. HRMS.:
m/z caled for C22H24N40382 (M + H+) 4571356, found 457 1358,

N-{3-methyiihiazol-2-vi}-5-(N N-dimethylsulfamoyi)-2-(azetidin-1 -yl benzamide
\;\;5/
0=5=0

Synthesized analogoushy to NGI-1, {0.039 g, 0.10 mmol, 31% vicld}as a
white solid. THNMR (400 MHz, CDCL) 5 12.05 (5, 1H), 7.84(d, J =22 Hz, 1H), 7.71 (dd, }
=88 22 Hz 1H), 637, J=88 Hz, 1H), 650(d, I=15Hz, 1H), 403 {, ] =7.5 Hz, 4H).
2.67 (s, 6H). 2.42 - 2.33 (m, 5H). 13C NMR (125 MHz, CDCl:) & 164.96, 157 28, 151 .49,
134.05, 130.96, 12986, 128.95, 127.59, 12525, 122,16, 12031, 117.74, 112.81, 109.30,
53.43,38.00, 1638, 11,55, LCMS Purity at 214 nm: 100%. HRMS: m/z caled for
CrsHpoNGs8, (M + H+) 381.1053, found 381.1053.

Certain analogs were prepared using an alfernative coupling method m the last
step of the synthetic sequence for NGI-1. In these examples, a PvBOP coupling was

employed (Scheme 1},
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5-methyithiazol-2-amine,
PyBOP, TEA, DMF

80°C, 4h, 47%

Scheme 1.

N-{5-methylthiczol-2-vi}-5-(N N-dimethylsulfamoyl)-2-{piperidin-1-vijbenzamide.
The requisite 53-{N Ndimethylsulfamoyi)-2-{(pipendin-1-y¥benzoic acid was
prepared analogously to NGI-1, although the following modification was used for the last

coupling step (Scheme 1)

Method B. To a vial was added the 5-(¥ N-dimcthvisulfamovi)-2-(piperidin-
I-ylbenzoic acid 7 {0.10 g, 0.32 mmol} and PyBOP (0.25 g, .49 mmol) with DMF (3 mL).
The reaction stirred at rt for 1h after which the triethylamine {0.090 mb, 0.65 mmol) and 5-
methylthiazol-2-amine (0.11 g, 6.97 mmol) were added and the reaction heated to 80 °C and
stirred for 4 h. The reaction was then diluted with saturated NaHCO (5 mL) and extracted
with CHoCly €2 x 6 mL). The CHLCh was then washed with water (4 x 10 mL} and collected
then concentrated and purified by RP MPLC (10 - 100% MeCN:watery. The isolated peak
was repurified by MPLC (0 - 50% EtOAc hex) to produce N-(S-methyithiazol-2-vi}-5-(N N-
dimethylsulfamovl}-2-(piperidin-1-vl}-benzamide CH324448707 (0.062 g, 0.152 mmol, 47%
vield} as a white solid. 1H NMR (400 MHz, CDCL) 8 13.23 (s, 1H), 862 {(d, ] = 2.3 Hz, 1H),
791{(dd, J=83,24Hz IH) 742{d. J=84Hz 1H), 716(d. J=14Hz 1H),3.11-298
(o, 4H), 2.75 (s, 6H), 243 (d. J=12Hz, 3H), 1 93 (p,J =37 Hz, 4H), 169 (g, J =59, 4.3
Hz, 2H). 13C NMR (125 MHz, CDCL) 5 161,76, 156,17, 15587, 13523, 132.27, 131.28,
126,22, 12150, 35,12, 37.92, 25,93, 23.52, 11.63. LUCMS Purity at 214 nm: 96.7%. HRMS:
myz caled for CigHpaN4Os S, (M + H+) 4091363, found 4091365,

N-fp-tolyl}-3-(N N-dimethylsulfamoyl}-2-(pyrrolidin- i -vi)bernzamide.
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Preparcd analogously to NGI-1, although Method B was used for the last
coupling step (Scheme 2), (0.048 g, 0.12 nwuunol, 82% vield) as a white solid. 1H NMR (400
MHz, CDCL) 88,12 (s, 1H), 7.75(d, J =23 Hz, 1H), 7.59 - 746 (m, 3H), 7.16 (dd, I =8 4,
09 Hz 2H), 6.75(d, F = 9.0 Hz, 1H), 346 -3.31 (m, 4H), 2.64 (s, 6H), 2.34 (s, 3H), 1.99 -
187 (m, 4H). 13C NMR (125 MHz, CBCl3) 5 16710, 14887, 135.39, 134,16, 130.22,
12957, 12956, 122,05, 120.65, 119.71, 114.07, 50.32, 38.01, 25 68, 20.87. LCMS Purity at
214 v 100%. HERMS: m/z caled for CrolHosN3 G5, (M + H) 388.1702, found 388.1703.

N-{thiczol-2-yi1-5-(N N-dimethylsulfamovij-2-(pyrrolidin- 1 -y{)benizamide.
HsCo\ CHs
|
0=8=0

Prepared analogously to NGI-1, although Method B was used for the last
coupling step {(Scheme 2}, (0.016 g, 0.42 mmol, 22% vield) as a white solid. 1TH NMR (400
MHz, CDCL) 6 1318 (brs, 1H), 7.86(d, J=24 Hz, 1H), 7.71 {dd, /=8 8 Hz, 2.4 Hz, 1H),
688(d,/J=36Hz 1H),684(d,/J=88Hz, 1H), 671 (d, J=36Hz 1H}, 3.35-330 (m,
4H), 2.65 (s, 6H), 1.97 - 1.93 {m, 4H). 13C NMR (125 MHz, CDClL) § 166.8, 159.6, 149.0,
1399, 131.0, 1304, 121.0, 1191, 114.1, 113.4, 50.4,40.9, 38.0, 25.7. LCMS Purity at 214
nnu 97.8%. HRMS: m/z caled for CigHpeNa0:8, (M + H+) 3811052, found 381.1052.

N-cvclohexyi-5-(N,N-dimethylsulfamovi)-2-(pyrrolidin- 1 -yl}benzamide.

638
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Preparcd analogously to NGI-1, although Method B was used for the last
coupling step (Scheme 1), (0.051 g, 0.13 nuwol, 89% vield) as a white solid. 1H NMR (400
MHz, CDCL) 8758 (d, J=23Hz 1H), 751 (dd, J=8.9,23 Hz, 1H), 6.68(d, ] =89 Hz,
1H), 5.98(d, J =82 Hz, 1H), 3.98 -3.81 (m, 1H), 3.42 - 3.31 (m, 4H), 2.62 (s, 6H}, 2.06 -
1.88 (m, 6H), 1.82 - 168 (m, 2H}, 1.68 - 157 (m, 1H), 1.49 - 131 {m, 2ZH), 1.30 - 1.09 {m,
3H). 1I3CNMR (1235 MHz, CDCly) 168,78, 148 .47, 12995, 12937, 122.03, 120.24, 113.71L,
4984, 48 .84, 37.97, 32.84, 25,63, 25.40, 24.84. LCMS Punity at 214 nm: 99.2%. HRMS: m/z
caled for €1oHpeN3G58 (M + H+) 380.201 1, found 380.2012.

N-(5-methylthiazol-2-y}-3-(N, N-dimethylsulfamoyi)-2-tdimetnylamino ) benzamide.

HaCn, .CHs
3 N 3

Hal

Prepared analogously to NGI-1, although Method B was used for the last
coupling step {(Scheme 1), (0.032 g, 0.087 mmol, 25% vield} as a white solid. 1H NMR (400
MHz, CDCL) 8234 (s, 1H), 8.53{d. J =23 Hz, 1H), 790(dd, J =83, 2.4 Hz, 1H), 738 (d,
J=85Hz 1H), 711 (d, J =13 Hz, 1H), 292 (s, 6H). 2.75 (s, 6H), 2.44 {d. § = 1. 3 Hz, 3H).
I3CNMR (125 MHz, CDCl) 6 162,31, 15627, 155,69, 134.71, 132.26, 13143, 13119,
128.22,125.33, 120,08, 33.42,45.03,37.95,29.71, 11.66. LCMS Purity at 214 nm: 100%.
HRMS: m/z calcd for CosHaaN4G:8, (M + H+) 479.2149, found 479.2150.

N N-Dimethyi-3-(morpholine-4-carbonyi}-4-(pyrrolidin-1-yi)benzenesulfonamide.
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Prepared analogously to NGI-1, although Method B was used for the last coupling step
{Scheme 1}, (0.048 g, 0.13 mumol, 93% vicld) as a white sohid. 1H NMR (400 MHz, CD{Cl;) §
757(dd, ¥=8923Hz, 1H).747(. J=23Hz IH),670(d, J=89Hz 1H), 396-3386
{m, 1H), 3.79 - 3.72 {(m, 2H), 3.69 - 3.38 (m, 3H), 3.50 - 3.43 (m, 2H), 3.43 - 3.35 (m, 1H},
334-326(m, 1H), 3.25-3.15 (m, ZH), 2.65 (5, 6H). 2.05 - 1.91 (m, 4H). 13C NMR {125
MHz, CDCI;) 6 16971, 148,14, 129.81, 129,15, 120.89, 119,11, 113.64, 66.56, 66,19, 49.65,
47.79,42.06, 38.02, 25.74. LCMS Purity at 214 oo 95.9%. HRMS: m/z caled for
Ci7HosN3048 (M + H+) 3681641, found 368.1642.
N-(Benzo/djthiazol-2-yl)- 3-(N . N-dimethylsulfamoyl)-2-(pyrrofidin-] -vi}henzamide.

HsC. CHa

b
0=$=0

H
M N

é\s}/’
SERP

Synthesized analogously to NGI-1, (0.056 g, 0.13 mmol, 26% yield) as a white solid. 1H
NMR (400 MHz, CDCI; 81157 (5, 1H)Y, 794 (4, 1=23Hz, {H), 788 -7.79 (m, IH), 7.62
(dd, J=9.0,23Hz, 1H), 735-727 {m, 3H}, 6.76(d, T = 0.0 Hz, 1H), 3.36 - 3.24 (m, 4H),
2.33 (s, 6H), 2.03 - 1.94 (m, 4H). 13C NMR (125 MHz, CDCL) 8 166 47, 15867, 149.71,
147 86, 13180, 131.34, 130,52, 12634, 124 14_122.37, 121 34, 120,46, 118.97, 114.64,
51.14,37.77, 2579, LCMS Purity at 214 nm: 96.7%. HRMS: 77 caled for CopHpn N0, (M
+H+) 4311209, found 431.1209.

N-{4-Methylthiczol-2-v1}-5-(N. N-dimethylsullamoyi}-2-(pyrrolidin- 1 -yl henzamide.
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CHy
Synthesized analogously to NGI-1, (0.059 g, 0.15 mmol, 29% vicld) as a white solid. 1H
NMR (400 MHz, CDC1) 0798 ¢4, 1=25Hz 1H), 7.72(dd, 1 =90, 23 Hz, 1H), 690(d. J
=90 Hz I1H),658(d,J=15Hz 1H), 3.38-3.23 (m, 4H), 2.70 (d, } = 1 4 Hz, 6H), 2.30 (s,

5 3H), 2.09-1.96{m, 4H). 13C NMR (125 MHz, CBCL) 8 166.12, 158.69, 149 .46, 146 54,
13111, 130,50, 12141, 119.02, 114.07, 10822 50.75, 40.84, 3783, 2574, 16.25. LCMS
Purity at 214 nov 99.7%. HRMS: m/z caled for Cy7HN,G35, (M + H+) 3951209, found
395.1210.

10 Syathesis of certain analogs bearing alkyl derivatives in place of the
pvrroliding moiety required an alternative protocol. As such, a zinc-mediated cross-coupling

method was emploved (Scheme 2).

H C o H3C\ ,CH3 H3C\ /CH;} H&C\ ,—\zi“q
i3l /\4‘ L]

&

GSO OSO

—S—
; OMe O
OTf OMe

Scheme 2,
Synthetic protocol for analogs bearing non-amine derived pyrrolidone replacements.
Reagents and conditions: a) lithium chlonde, Pd(dppH2C12, cyclopentylzine bromide, DMF,
20 0 °Crtort, 18 h, 38%; by NaOH, McOH/H20, 90 °C, 1.5 h, 83%; ¢j HBTU, DIPEA, 5-
methylthiazol-2-aming, DMF, rt - 100 °C, 4 h, 46%.

Preparation of N-{5-methylthiazol-2-yl)-5-(N N-dimethvisulfamoyl)-2-

{cveloperiyllbenzamide
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Step 1: Meihyl 2-cyclopentvi-3-(N, Ndimethyisulfamoyl} benzoate.
To an oven dried vial was added the methvl 5-(N, Ndunethvisulfamoyh)-2-
{{{triflyoromethvlsulfonyDoxybenzoate (0.12 g, 0.32 mmol), hithsum chlonde (0.081 g, 1.90
5 mmol) and 1, 1-bis{diphenylphosphino} ferrocenepalladiom(ll) dichloride complex with
toluene (0.014 g, 0.016 mmol} along with activated molecular seives. The vial was evacuated
with argon 3 times and then anhydrous DMF (1.5 mL) was added. The reaction was cooled to
0 °C for 10 min and then the 0.5 M cyclopentylzine bromide (2.85 ml, 1.43 mmol) n toluene
was added. The reaction then warmed to 1t and stirved for 18 h then was quenched with
10 saturated ammonium chloride (5 mL) and extracted with EtOAc (3 x 6 mL}. The EtQAc
lavers were combined, dried, filtered and adsorbed to Celite then purified by reverse-phase
flash chromatography (10 - 100% MeUN:water) to produce methyl 2-cvclopentyl-5-
{N.Ndimethylsulfamovl) benzoate (0.037 g, 0.12 mmol, 38% vicld) as a clear oil. 1H NMR
(400 MHz, CDCl) 8810 (d, J =20 Hz, 1H), 783 -7.77 (m, 1H), 757 (d. = 8.3 Hz, 1H),
15 393(s,3H),3.79(ddd, J=17.2,94, 76 Hz, 1H), 2.73 (s, 6H), 2.18 - 2.07 {1, 2H), 1 .91 -
1.68 {m, 6H).

Step 20 S-(N N-Dimethyisulfamoyl)-2-(cvclopeniyi)benzoic acid.
To a vial was added methyl 2-cyclopentyl-3-(N N-dimethylsulfamoyDbenzoate {0.054 g, 0.17
20 mmol}, MeOH (4 mL) and 5.0 M NaQOH {0.17 mL, 1.73 mmol) and the reaction stirred at 90
°C for 1.5 h. The reaction was then allowed to cool to 1t and the methanol was evaporated in
vacuo. The remaining aqueous laver was aciditied with 6.0 M HCl to pH 2 - 3 and extracted
with CHL,CL, (4 . 10 mb). The organic lavers were combined and dried over MgSO4, filtered
and concentrated to produce 2-cyclopentvl-5-(N Ndimethylsulfamoyl) benzoic acid {(0.043 g,
25 0.15 nunol, 83% vicld) as a white solid. 1TH NMR (400 MHz, CDCE:) 38.28 (d, J=2.1 Hz,
1H), 7.87(dd, J =83, 2.1 Hz, 1H), 7.62 (d, F =83 Hz, 1H), 4.01 - 3.85 (m, 1H), 2.75 (s, 6H),
223213 ¢m, 2H), 1.94 - 1.68 (m, 4H), 1.68 - 1.51 (m, 2H}.
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Syathesized analogously to NGI-1, except the eyclopentyl unit was mtroduced
via an alternative coupling protocol (Scheme 2), {(0.026 g, 0.066 mmol, 46% vicld) as a white
solid. 1H NMR (400 MHz, CDCI;) 8 13.27 (s, 1H), 7.90(dd, ] =83, 2.0 Hz, 1H), 7.82(d, ]
=20Hz IH), 765 J=83Hz IH).566{d, J=13Hz IH},L345-327(m, 1H), 271 (s,
O6H3, 227(d F=13Hz 3H), 2.17-2.05 (m, 2H}, 1.81 (m, =63, 1.9 Hz, ZH), 1.74 - 1 50
{m, 4H) 13C NMR (125 MHz, CDCl) 8 166 .40, 157.74, 150.73, 13618, 133.56, 132 .94,

29,49, 12774, 127,63, 12633, 4222, 37 84,3519, 25 88, 11.46, LCMS Purity at 214 nm:
65.6%. HRMS: m/z caled for CigHpaNa(s8, (M + H+) 3941240, found 394.1241.

Example 2: High Throughput Screens for Inhibitors of N-linked Glycosylation

A high throughput screen of 358,301 compounds from the National Institutes
of Health Molecular Librartes Small Molecule Repository (MLSMR) was performed using a
gain of function, cell-based agsay for N-hnked glycan site occupancy (Contessa, ef of, Clin
Cancer Res 2010, 16, 3205-3214; Bennett, er /., Transl Oncol 2013, 6, 382-391).

The primary screen was developed in the D54 ghioma cell line using a
modified £, pyralis luciferase gene (ER-LucT) that is ER translated and glycosylated at three
N-linked glvcosylation consensus sequences. Glveosvylation of the reporter inactivates
tuciferase enzymatic activity providing a robust methodology to detect mhibition of this
process. D54 cells expressing a non-ER translated lueiferase (LucT} insensitive to mhibition
of N-linked glvcoysation were used as a secondary screen for false positives. An overview of
the HTS strategy including primary, sccondary, and tertiary screening is presented in FIG.
1A, The primary screen was performed in duplicate and values were normalized to the
average of positive control wells {Tunicamycin) minus averaged neutral vehicle treated wells
per run. Compounds with replicate activity greater than three standard deviations above the
mean average of control wells were selected tor further study. A subset of 1,845 compounds
met this criterion, and werg advanced to simuitanecus retesting in both the primary screen
and a secondary {false positive) cell-based screen. A subset of 730 compounds were further
advanced after demonstration of a 50% activating concentration {ACsg) less than 10 uM and
no activity in the secondary screen. Compounds were further triaged from consideration by
consulting the Pubchem bioassay database and deprioritizing compounds showing a
promiscuity rate higher than 5% across assays or by removing PAINS scaffolds (Baell, er a/.,
J Med Chem 2010, 53, 2719-2740). Remaining compounds were assessed by medicinal
chemistry review to score synthetic tractability and known issues with instability, poor

solubility, or toxicity. This analysis vielded 39 compounds that were tested in a cell-free
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assay to detect luciferase inhibitors (Auld, ef o/, Proc Natl Acad Sci U S A 2010, 107, 4878-
4883} and by western blot analysis to detect gel mobility changes of the luciferase reporter,
consistent with inhubition of N-linked glvcosylation. This approach identified one
ammobenzamidosulfonamide compound that blocked N-linked glycosviation.

To better understand the connection between structure and activity, analogs
were prepared and tested in the D54-ERLucT cell based assay for inhibition of N-linked
glvcosylation (FIG. 18B). The assay was used to estimate and compare ACe values among
analogs and to guide the design of improved compounds that inhibited N-linked
glveosylation. Ths effort generated 36 unique compounds with modifications to the amine
coraponent of the sulfonamide functionality (red), the pyrrolidine moiety (blue) or the
methylammothiazole group (green). Generally, incorporation of larger sulfonamides (e,
larger secondary amines appended to the sulphone) was not well tolerated, resulting in
erosion of potency (7 analogs). However, steric interactions could be mitigated by the
mtroduction of a hvdrogen bond accepting oxygen in a larger cyclic amine. Thus,
morpholing was determined to be an acceptable surrogate for the dimethylamine component
of the sulfonamide (FIGs 1A-1D}. The pyrrolidine group (blue} was replaced with varicus
alkvl, cycloalkyl, and amine groups {7 compounds). The aminothiazole moiety was
derivatized most extensively of all three regions (green highlighted area, 22 analogs).
Elaboration or simphification of the thiazole itself was permitted, though any attempt to
replace the thiazole with another heterocycle or substituted phenyl ring was inferior to the
parent compound in terms of potency. The activity for all analogs is reported in Table 1, and
thewr corresponding IUPAC names are listed m Table 2. Analogs were also tested for toxicity
i Hep(G2 and HEK 293 cells using the Celltiter Glo viability assay after 72 b of compound
exposure, and all analogs showed no cell toxicity hability (ECsp >30 pM; Table 1), Analogs
with the highest potency m the luciferase assav were retested with western blot analvsis to
msure that measurements of luciferase activation corresponded to loss of N-linked
glycosvlation.

These efforts revealed a small molecule chemical probe, 5-(N N-Dimethy!
sulfamovl}-N-(S-methylthiazol-2-vI}-2-(pymrohidin-1 -y hbenzamide designated as NV-linked
Glycosylation Inhibitor-1 (NGI-1), with N-linked glycosvlation inhibitory activity that lacked
cell toxicity. The ICso of NGI-1 in intact D54 ER-LucT cells in colture was estimated to be
106 pM (FIG. 1C). Western blot analysis of NGi-1 treated cell cultures also demonstrated
dose response loss of luciferase M-linked glycosvlation that directly corresponds to the ~1uM

i vitro 1Cse (FIG. 1D}, Notably, unlike tunicamycin, NGI-1 did not completely abolish all
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N-linked glycoyslation even at doses that were 25 times the estimated ICso. This distinctive
imhibitory pattern suggested that NGI-1 has a different mechanism of action and likely a
different cellular target from that of tunicamycin.

In summary, this HTS effort has identified a potent and cell permeable

(]

chemical probe that inhibits M-limked glveosylation and whose supporting data suggests a

distinct mechanism of action than that of tunicamycin.

Example 3: NGI-1 Disrupts Oligosaccharyitransferase Function
Efficient N-linked glveosylation requires a series of coordinated enzymes and

10 accessory proteins because more than 30 gene products involved in N-linked glycosylation.
Any of the 30 gene product 1s a potential candidate for the biclogic target of NGI-1. To
delinut the potential targets of NGI-1, glycosylation defective CHO Lect5 and Lec35 cells
were used. These cells have loss of DPM?2 and MPDBU1 function, respectively, and
synthesize truncated MansGleNac, LLOs. Stable cell lines expressing the ER-LucT were

15 generated in both LeclS and Lec33 to test the effect of NGI-1 and tunicamycin on N-hinked
glveosylation. DPAGTI, the target of tunicamyein, is present and active i both cell lines
and tunicamycin treatment was found to cause marked instability of the luciferase protein
(F1G. 2A). Results with NGI-1 freatment were similar, indicating that the target of NGI-1 18
also present and active i both cell hines. This data suggested that the biclogic target of NGI-

20 1 is required for either synthesis of the MansGlcNac, LLO species or for its transfer to the
target protein. To differentiate between these possibilities FACE analvsis was performed to
determine the effect of NGI-1 on LLO synthesis (FIG. 2B). In these experiments
tmicamyein blocked all LLO production, consistent with inhibition of the enzyme that
catalyzes the first committed step in LLO synthesis (DPAGT). In contrast NGI-1

25 significantly mncreased levels of the GlesManoGlenac; LLO by 31% (p<.01}, indicating that
NGIE-1 does not abrogate LLO synthesis but instead reduces consumption of LLOs. The
observed increase in mature LLO substrate coupled with decreased protein glveosylation thus
suggests that NGI-1 blocks the transfer of LL.Os to recipient glveoproteins.

The O8T is an ER resident multi-subunit compiex that cleaves LLOs and

30 transfers the cligosaccharide to a protein encoded N-linked glycosylation consensus sequence
{(NXT/8). The OST also cleaves LLOs and releases oligosaccharides as free glycans in the
ER lumen. Both enzymatic products ot the OST, free glveans and protein glycans, were
therefore determined with and withoot NGI-1 treatment using optiniized conditions i

streptolysin-0 permeabilized CHO cells (FIG. 2C). Addition of a control peptide without the

~J
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N-linked glycosylation consensus sequence (QY'T) led to readily detectable levels of free
glveans (left pancl), while addition of an acceptor peptide containing the consensus sequence
{NYT) followed by PNGase treatment led to detection of cleaved peptide glveans {right
panel). NGIE-1 substantially reduced the production of both free and cleaved glvcans under
the respective experimental conditions providing further evidence that O8T 1s the target of
NGIE-1. To isolate the activity of the O5T, canine pancreas microsomes were used with in
vitro translation of prosaposin (pSAP) mRNA to provide high concentrations of LLO
substrate, OST enzyme, and a glvcoprotein acceptor in a cell free system. NGI-1 showed a
dose dependent inhibition of pSAP N-linked glycosylation (FIG. 2D), demonstrating
mdependence from de novo synthesis of LLOs, proteins, or other cellular factors. Without
wishing to be himited by any theory, this work provides strong evidence that NGI-1 targets
the OST to block M-linked glvcosylation.

Mammalian cells encode two isoforms of the catalvtic subunit of the 88T,
STT3A and STT3B. Knockdown of cach subunit has differcntial effects on specific protein
N-linked glvcosylation sites. For exampie pSAP has five sites that are blocked by STT3A
knockdown alone, and steroid hormone binding globulin {SHBG) has one site that is blocked
by STT3B knockdown alone. Because of the incomplete ctfect of NGI-1 on blocking &~
hinked glycosylation, it was investigated whether the inhibitor was 1sotorm specific (F1G.
2EH3. NGI-1 treatment for 24k did not phenocopy knockdown of STT3A or STT3B and
mstead reduced glveosviation of all sttes on pSAP and SHBG. These resulis suggest that
MNGI-1 15 a not an STT3 isoform specific inhibitor of the OST.

Pulse labeling of pSAP and SHBG in Hela cclls was also used to imvestigate
the temporal relationships for OST mmhibition. Cells were treated with NGI-1 cither 24 h
prior to metabolic labeling, during 20 min of labeling only, or for both tines. NGI-1 blocked
N-linked glvcosylation of pSAP and SHBG when introduced during the metabolic labeling
pulse alone; however, omission of NGI-1 during this time was sufficient to restore N-linked

glycosvlation. This result provides direct evidence that NGI-1 is a reversibie 08T inhibitor.

Example 4: NGI-1 Blocks Glycosylation and Cell Surface Espression of EGFR
The EGFR 18 a highly glyeosylated transmembrane RTK protein with eleven
consensus V-linked glveosylation sites in the extraceliular domain. This cell surface growth
factor receptor 1s a key driver of proliferation and survival signaling in malignant tumors.
The effects of OST inlubition with NGI-1 on EGFR function were

myestigated. NGI-1 blocked EGFR NM-hnked glycosviation i lung adenocarcinoma cells as

~J
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assessed by decreased molecular weight on SDS-PAGE (F1G 3A). However, a residual
amount of glycosvlation was also indicated by gel mobility differences from that of PNGase
treated controls or from samples where LLO svnthesis was blocked with tunicamvem. This

mobility difference was abolished by digestion of NGi-1 treated samples with PNGase,

(]

confirming that NGI-1 treatment blocks the transfer of most, but not all, N-limked glyeans to
the EGFR.
N-hinked glycosylation is a critical step for the quality control and tratticking
of transmembrane glyveoproteins like the EGFR. To determine the effect of NGI-1 on EGFR
distribution within the cell, membrane impermeable bictin labeling of mtact cells followed by
10 streptavidin precipitation was performed (FIG. 3B). In control samples EGFR was
biotinylated, consistent with its plasma membrane expression, however, in NGi-1 treated
cells the EGFR was predominantly found in the non-biotinylated intracellular fraction
suggesting a change in cellular localization. Confocal microscopy of EGFR (red} and the
ER-resident protein calreticulin (CRT; green) was then undertaken m H3255 lung

15 adenocarcinoma cells to define the effect of NGI-1 on EGFR localization (F1G. 3C). In
control sarples EGFR immunofluorescence was discretely localized to the plasma
membrane, bowever, 24h of NGI-1 treatment caused a dramatic shift of the EGFR to an
miracellnlar compartment without altering the cellular localization of CRT. Colocalization of
EGFR and CRT was then quantified using Image § Colormap Software (FIG. 3D} and

20 showed a significantly increased of positive correlation (p<<.05) for signal association.

Identical results were observed for the HCC827 NSCLC line (FIG. 7B). Without wishing to

be limited by any theory, these results suggest that OST mhibition with NGIE-1 blocks EGFR

trafficking to the cell surface and that misglyvcosylated receptors are retained in the ER and

secretory pathway,

Example 5: NGI-1 Blocks Proliferation of EGFR Kinase Domain Mutant NSCLC
Mutation of the EGFR kinase domain (KD} is present in approximately 10%

of lung adenocarcinomas in western populations, and these tumors are dependent on EGFR
RTK signaling for proliferation. Becaunse NGI-1 affects EGER glycosviation and

30 localization, the effects of this inhibitor on EGFR-dependent signaling were also examined.
NGI-1 blocked phosphorviation of KD mutant EGFR in PC9 cells after treatment for 1 day
(FIG. 4A), and after 3 days reduced subsequent cell proliferation by more than 90% m MTT
assays {p <001; FIGG. 4B). In contrast, the A549 cell hine, which harbors a downstream

activating KRAS mutation (G125}, continued to proliferate after NGI-1 exposure (FIG. 4C)

~J
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despite effective blockade of EGFR glycosylation. H3255 and HCC827, two additional cell
hines with EGFR KD mutations, were also found to be sensitive to NGI-1 treatment (FIG. 8),
demonstrating the sensitivity of this genotype to NGI-1 treatment. The results with NGI-1

arc in contrast to those obtained with tunicamycin which immediately blocks proliferation in

both celi ines (F1Gs. 4B-4C).

(]

To assess the effects of NGI-1 on cellular signaling, phospho-protein levels of
43 signaling proteins were deternined on arrays (FiGs. 403-4F). Inhibition of EGFR
activation by NGI-1 globallv redaced phosphorylation of both kinases and effectors of
dowunstream prohiferative signaling in PC9 cells, however, only subtle quantitative effects on

10 these phospho-proteins were observed in A549 cells (FIGs. 9A-9B). Significant reductions in
phosphorylation of EGFR (Y 1068; B2), Akt (T308; B6), p70 86K (T421/424; D6), Sre
(Y419; D), and CREB (§133; C2) suggests that NGI-1 effectively blocks oncogenic
signaling from this transmembrane glycoprotein, but has only a minor effect on oncogenic
signaling in other cell contexts such as the A549 cells.

5 The effects of NGI-1 were then compared m two additional fung cancer cell
hines; H1581 and H2444 . Both of these cell lines arg charactenized by FGFR amplification,
but only H1581 are dependent on FGEFR1 signaling and are sensitive to inhibition with FGFR
specitic tyrosine kinase inhibitors. NGI-1 treatment enhanced FGFR mobility on PAGE,
consistent with inhibition of N-linked glveosylation, and also blocked FGFR1

20 phosphorylation {FIG. 4F). Consistent with dependence on FGFR signaling, NGI-1 blocked
proliferation of the HI1581 cell line but not that of H2444 celis (F1Gs. 4G-4H). Together,
these results show that NGI-1 has potent inhibitory effects on cell types where proliferative

signaling s driven by RTK glyvcoproteins.

25 Example 6: NGIE-1 Induces G1 Arrest and Senescence in RTK Dependent Lung Cancer
To determine the underlying mechanism for the proliferative changes m RTK

driven fung cancer cells after inhibition of N-linked glycosvlation with NGi-1, cell cycle and
apoptosis werc assessed in the PCY and AS49 cell ines. Treatment of both NSCLC cell lines
with NGI-1 for 2 or 5 days did not induce apoptosis, though apoptosis was activated by

30 tumicamvein treatment in both cell hines (FIG. 9A-9B). Analysis of cell cycle distribution by
flow cvtometry demonstrated a significant increase in G1 for NGI-1 treated PCO cells after 24
b (65% vs 90% p<.01), but did not significantly change the cell cycle distribution of AS49
cells (FIGs, 5A-5B). Additionally a sub-G1 peak, which can be observed with mduction of

apoptosis, was not present in NGI-1 treated PCO cells, providing further evidence that these
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cells do not undergo apoptosis. Consistent with the observed G1 cell cycle arrest in PC9
cells, cyclin D1 was significantly reduced at both the mRNA (40% £ 15%, p<.01) and protein
levels {(40%;) 1n PCY cells, but not significantly affected in A549 cells (FIGs. 5C-5D),

Protein levels of p21 were also analvsed in PCY cells and found to mcerease
within 24h after NGI-1 treatment (FIG. SE). This protein is a cell eycle regulator and marker
for sencscence, raising the possibility that inhibition of N-linked glvcosylation with NGI-1
could preferentially induce senescence. it was therefore assessed for additional hallmarks of
senescence in PCY and AS49 NSCLC cells followimng control or NGI-1 treatment for 5 days
{Fl(zs. 3F-4G). PCY cells were found to increase autofluorescence by flow cytometry
{<60%;), fluorcscent aggregates consistent with hipofuscin accumulation by nucroscopy, and
cell morphology changes characterized by enlarged and flatiened cells (FIG. 5F). In
comparison none of these changes were detected in A549 cells (FIG. 3G). Together these
results provide strong evidence that inhibition of M-linked glvcosyvlation induces cell cycle

arrest and senescence in tumor cells with RTK driven oncogenic signalling.

Example 7:

The screen was successful in identifyving a novel compound that inhibits V-
hinked glycan site occupancy, and subsequent SAR studies define an
aminobenzamidosalfonamide chemical serics that blocks M-linked glycosylation in
mammalian cells. NGI-1, the lead compound from this series, does not dismupt synthesis of
lipid linked oligosaccharides. Instcad NG-1 alters the enzymatic reaction of glveosvlation
per se, and causes both accumulation of mature LLOs and a marked redoction of N-linked
glveosylated proteins. Without wishing to be limited to anv theory, these findings strongly
suggest that the binlogic target of NGI-1 is the 08T, a hypothesis that is further supported by
mhibition of glycosylation m microsomes. NGI-1 umiformly reduces receptor glveosylation,
and function and alters receptor trafficking in NSCLC cell lines that express RTK
glvcoproteins (EGFR and FGFR), but 1 selective for nducing G1 arrest and senescence in
only those cell lines that are RTK dependent.

NGI-1 15 a cell permeable small molecule inhibitor of N-hinked glveosylation
and joins tumicamycin, a nucleoside antibiotic isolated from Strepfomyces bacteria. NGI-1
has a distinctive biclogical effect on tumor cells in comparison to tunicamycin; it selectively
mduces senescence while tunicamycin mdiscriminately causes apoptosis and cell death.
Without wishing to be himited to any theory, this difference can be explained by the

mechanisms of action for cach inhibitor. First, tunicamvein eliminates the svnthesis of all N-
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hnked glycan precursors and indirectly blocks N-linked glycosylation. In contrast NGI-1
directly blocks the transfer of glyvcan precursors and has no effect on LLO biosynthesis.
Sccond, while tumicamycin completely blocks the activity of a singlc enzymatic protein

{(DPAGT). NGI-1 targets the multisubunit OST complex and incompletely blocks its

(]

activity. In mammalian cells the OST exists in multiple 1soforms and contains one of two
encoded catalytic subunits (STT3A or STT3B}. Catalytic subunit dependent glycosylation of
specific protein consensus sequences has been defined; however, NGE-1 treatment does not
reproduce this specificity, suggesting that NGI-1 s not specific for one catalytic subunit. The
meomplete inhibition of LLO transfer is therefore most likely to be caused by partial
10 mhibttion of a sitc common to OST holoenzyme isoforms mstead of discrete inhibition of a
specitic catalytic subunit. Considering NGIE-17s novel mechanism of action as well as the
cell-based sereening approach, which itself selects for cell viability, if ts not surprising that
this mhibitor blocks V-linked glveosylation with reduced cellular toxicity.
RTK extracellular domains are highly modified with M-linked glveans which
15 contribute to stable conformations that facilitate ligand binding and regulate downstream
signal transduction. The EGFR and FGFR1, for example, bave eleven and eight consensug
glvcosvlation sites respectively, whereas the average number of N-linked sites per
glycoprotein is estimated to be only 1.9, Without being limited to any theory, it 1s therefore
hypothesized that RTKs represent a protein class that is particularly sensitive to inhibition of
20 N-linked glveosylation. Morcover, with the discovery of NGi-1, small molecule inhibition of
the O8T would have greater offects on cell types that are dependent on RTKs for
proliferation. To this end, it was evaluated that the consequences of OST inhibition in
NSCLC cell lines where proliferative signaling is driven by either EGFR kinase domain
mutation or FGFR1 amplification. It was found that proliferation was blocked in NSCLC
25 tumor celis that are dependent on RTRs (PC-9, HCC-827, H3255, HI581), but that other
NSCLC cells (A549, H2444) are insensitive to NGI-1. It was also found that although RTK
glycosvlation was altered in all cell lines, effects on downstream signaling proteins that
regulate proliferation were observed only m RTK dependent tines. NGI-1 treatment also
mduced a Gl arrest in only the RTR dependent cell lines, however, this arrest did not lead to
30 apoptosis. Instead, markers of G1 arrest such as loss of eychin D1 expression were
accompanied by hallmarks of senescence; induction of p21, increased autofluorescence
consistent with hipofuscin accumudation, and changes in celtular morphology.
Together this data provides both a molecular and cellular rationale for the

selective effects of NGI-1 on RTK dependent NSCLC cell proliferation, and further suggestis
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that strategics to target N-linked glycosylation could prove useful as therapeutic approaches
for treating RTK driven malignancies.

In certain embodiments, NGI-1 has a unique biologic activity: it blocks the
transfer of mature givean precursors to recipient proteing; and displays reduced toxicity

compared to tunicamycin.

Table 1: SAR Summary

NLG Inhibition | Cyiotoxicity Assay
CHz | Assay Potency Mean
N . . )
! CHs Mean (uhi) {udM) Selectivity
Entry . \
. Al . ECs
R n act, | n | cell line
uM ) uM
%
7 . . 6 | HEPG2 | >30 > 172
i 5-CHis-ammnothiazole 204 017 13214
6 | HEK293 | >30 > 172
, , . & | HEPGZ | >30 >52.6
2 4-CHs-anunothaizole 114 057 | 30608
6 | HEK293 | >30 >5826
6 | HEPG2 | >30 > 157
3 Z-aminothaizole i1 1.9 | 2389
6 | HEK293 | >30 > 157
7 2 | HEPG2 | >30 > 6.6
4 5-CHi~anunothiadiazole | 4 4.6 84.5 i
2 { HEK293 | >30 >66
o 2 | HEPG2 | >30 NA
5 S-CHs-aminotriazole 4 1 NA | 228
2 | HEK293 | >30 NA
‘ 6 | HEPG2 | =>30 > 638
6 2-aminobenzothiazole | 111 047 | 3102
6 | HEK293 | >30 > 638
, - 4 | HEPG2 | >30 NA
7 4-CH-O-benzothiazole | 7 | NA | 235
4 | HEK293 | >30 NA
. 4 | HEPGZ | >30 NA
3 5-CH;G-benzothiazele | 7 1 ND | 313
4 | HEK293 | >30 NA
, 6 | HEPG2 | >30 >23
G 6-CH;0-benzothiazole 71 13.1 | 857 :
6 | HEK293 | >30 >273
10 3-aminopyridyl 4 1 NA | 484 | 2 | HEPG2 | >30 NA
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2 | HEK293 | >30 NA
) ) 2 | HEPGZ >30 NA
I 4-aminopvridyl 4 i NA 23
2 | HEK293 | >30 NA
6 | HEPG2 | >30 >2738
12 aniline 1Ty L1 1830
6 | HEK293 | >30 >278
2 | HEPG2 >30 NA
i3 2-CHz-aniline 4 1 NA | 107
2 | HERK293 | >30 NA
6 | HEPG2 >30 > 250
14 4-CHz-aniline 117 1.2 3050
6 | HEK293 | »>30 >25.0
2 | HEPG2 | >30 NA
15 2-MeQ-aniline 4+ NA | 301 —
2 | HEK293 | >30 NA
B 2 | HEPGZ | >30 >2.9
16 4-MeQG-antline 4 1163 | 799
2 { HEK293 | >30 >2.9
N B | 2 | HEPG2 | >30 NA
17 2-F-aniline 4 1 NA | NA
2 | HEK293 | >30 NA
N 6 | HEPG2 | >30 >115
I8 3-F-aniline 81 26 | 1077
6 | HEK293 | >30 > 115
2 | HEPG2 >30
1G 2-Cl-amlbine 41 NA | 247 Na
2 | HEK203 | >30 NA
2 | HEPG2 >30
20 4-Br-antline 4 | NA 32 NA
2 | HEK293 | >30 NA
, 2 | HEPGZ >30 NA
21 N-morpholine 4§ NA | 236
2 | HEK293 | >30 NA
‘ 2 | HEPG2 | >30 NA
22 cyclohexylamine 4 1 NA | NA
2 | HEK293 | =30 NA
. - N 2 | HEPG2 | >30 NA
23 dimentviamine 4 1 NA | 321
2 | HEK293 | >30 NA
S“ 0 v, e - 0
N <\ | NLG Inhibition Cytotoxicity Assay . o
Entr N Selectivity
o Assay Poteacy Mean
¥ (ECso/AC )
Mean (M)} {(uh)
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max
5 Al , ECso
R 3] act, n cell ing
M wM
%
2 6 | HEK293 | >30 >172
i N{CH;), 1017 13214
9 6 | HEPG2 |>30 >172
2 HEK293 | >30 >2.5
2 N{CH,CH;), 41 119 | 802
2 HEPG2 | >30 >2.5
7 1 6 | HEK293 | »30 >323
3 N-pyrrolidine 093 {2103
t 6 HEPG2 | >30 >323
L I 6 | HEK293 | >30 >4.72
4 N-piperidine 7.1 6%.8
1 ) HEPG2 | >30 >4.2
! 6 | HEK293 | >30 >06.8
5 N-morpholine 031 13020
1 6 HEPG2 | >30 >96.8
7 - ‘ N 2 | HEK293 | >30 >32
) N-piperazine 41 NA {741
2 HEPG2 | >30 >32
2 HEK293 | >30 NA
7 CH;Ph 4 1 NA | 109
2 | HEK293 | »30 NA
- 2 HEPG2 | >30 >1.5
8 NHCH,Ph 41 195§ 816
2 HEK?293 | >30 >1.5
NL{ Inhibition Cytotoxicity
Assay Potency Assay Mean
Mean {(ubi) (1M} selectivity
Entry
(ECso/ACy0)
max
5 ACy ‘ ECs
R n Ny act, | n | cell line M
Y
B o, H
6 | HEK293 | >30 > 172
I N-pyrrolidine 291 0.17 {3214
6| HEPGZ | >30 > 172
2 | HEK293 | >30 >2.2
2 N-pipenidine 41119 529
2 | HEPG2 | >30 >22
3 N-azetidine f1] 093 {3401 | 6 | HEK293 | >30 > 833
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6| HEPG2 | >30 > 833
o 2 | HEK293 | >30 NA
4 N-piperazine It 7.8 | 291
2| HEPG2 | »30 NA
& | HEX293 | »30 >58
5 WN(CH:)z PU 031 13
6 | HEPG2 | »30 >58
6 | HEK293 | >30 >94
) N{Eth 4 | NA | 1268
6| HEPGZ | >30 >94
6 | HEK293 | >30 > 136
7 cyclopentyl 4 1 NA | 1372
6 | HEK293 | >30 >13.6
7 7 2| HEPG2 | >30 NA
8 H 4 11951 169
2 | HEK293 | >30 NA

Table 2: TUPAC Names of Compound Listed in Table 1

O CHy
N
O CHs

IUPAC Name

5-CHz-aminothiazole

5-(NN-Dimethylsulfamoyh-N-(5-methylthiazol-2-vi)-2-

(pyrrolidin- I-yl)benzamide

4-CHz-aminothaizole

S5~{dumcthyisulfamoyl)-N-{4-methyi-1,3-thiazol-2-v1}-2-

pyrrolidin- I-yvibenzamide

2-amincthaizole

S-(dimethylsutfamoyl)-2-pyrrohidin- 1-v1-N-(1,3-thiazol-2-

vhbenzamide

5-CHs-aminothiadiazole

S-{dimethylsulfamoyl)-N-(5-methvi-1.3 4-thiadiazoi-2-v1)-2-

pyrrolidin- I-yvibenzamide

5-CHs-aminotrazole

S~(dimethylsulfamovl)-N-(5-methyl-1H-1,2, 4-trazol-3-v1}-2-

pyrrolidin- I-yvibenzamide

Z-aminobenzothiazole

N-(1,3-benzothiazol-2-v1}-S-(dimethyisalfamoyiy-2-pyrrolidin-1-

vibenzamide

4-CHxO-benzothigzole

S5-{dimethylsulfamoyl}-N-(4-methoxy-1,3-benzothiazol-2-vi-2-

pyrrolidin- 1-yibenzamide

S-CH;O-benzothiazole

S5-{dimethvisulfamov]}-N-(5-methoxy-1,3-benzothiazol-2-v1)-2-
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6-CH:O-benzothiazole

pyrrolidin- 1-ylbenzamide

3-ammopyridy]

5-{dimethyiseHfamoyl-N-(6-methoxy-1,3-benzothiazol-2-vi)-2-

pyrrolidin- 1-ylbenzamide

4-aminopyridyi

aniline

S-(dimethyisulfamoyl)-N-pyndin-3-vi-2-pyrrolidin-1-vibenzamide

S-(dimethyisulfamovl)-N-pyridin-4-vi-2-pyrrolidin-1-vibenzamide

2-CHs-aniline

S-(dimethylsulfamovl)-N-phenyl-2-pyrrolidin- 1 -vibenzamide

4-CHs-aniline

S~(dmethyisulfamoy-N-(Z-methviphenyl-2-pvrrolidin-1-

vibenzamide

2-Me(r-aniline

S-{dimethyilsulfamoy-N-{(4-methviphenvly-2-pyvrrolidin-1-

vibenzamide

S-{dimethyisulfamov}-N-(2-methosyphenyl}-2-pyrrohidin-1-

vibenzamide

o S-{dimethyisulfamov}-N-{(4-methosyphenyl}-2-pyrrohidin-1-

4-Me(-aniline
vibenzamide
» 3-{dimethylsulfamov}-N-{2-flucrophenvi)-2-pvrrohdin-1-
2-F-aniline
vibenzamide
» 3-{dimethyisulfamov}-N-{3-flucrophenvi)-2-pvrrohdin-1-

3-F-aniline

2-Cl-aniline

vibenzamide

4-Br-antline

S-(dimethyisulfamovl)-N~(Z-chlorophenyl}-2 -pyrrolidin-1-

vibenzamide

S-{dimethvisulfamovi)-N-{(4-bromophenyl)-Z-pyrrolidin-1-

vibenzamide
] ~ N, N-dimethyl-3-(morpholine-4-carbonyi}-4-pyrrolidin-1-
N-morpholine .
vibenzenesulfonamide
cyclobexylamine N-cyciohexyl-3-{dimethvisulfamovl)-2-pyrrolidin-1-yibenzamide
dimentylamine S-{dimethyisulfamovi)-N N-dimethvi-2-pyrrolidin- 1vibenzamide

9T

N(CH:)

[UPAC Name

S-(dimethvisulfamov!}-N-(3-methyl-1,3-thiazol-2-v1}-2-pyrrolidin-
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I-vibenzanide
- , S-{diethvisulfamoyi}-N-(5-methyi-1,3-thiazol-2-vi}-Z-pyvrrolidin-1-
N({CH,CH:); , .
vibenzamide
N N-(5-maethyi-1,3-thiazol-2-v1}-2-pyrrolidin-1-vI-5-pvrrolidin-1-
N-pyrrolidine .
visuifonyibenzamide
o MN-(5-methvi-1,.3-thiazol-2-v1}-2-pipernidine-1-vi-5-pyreolidin-1-
N-piperidine )
visuifonyibenzamide
) N-(5-methyl-1,3-thiazol-2-v}-2-morpholin-1-yi-5-pyrrolidin-1-
N-morpholine .
visuifonyibenzamide
. . MN-(5-methvi-1,3-thiazol-2-yD)-2-piperazin-1-y1-5-pyrrohdin- 1-
N-piperazine )
visulfonylbenzamide
CHPH 5-[methvi(phenyhsulfamovi]-N-(S-methyl-1,3-thiazo}-2-v1}-2-
o pyrrolidin-1-ylbenzamide
S-(benzyvisulfamoyl)- N-(S-methyl-1,3-thiazol-2-v1)-2-pvrrolidin-1-
NHCH,Ph
vibenzamide
S
HN—G, \ij/
C N~
- Q [Lhs IUPAC Name
O CHs
R3

N-pvrrolidine

5-{imethyiseHamoyl}-N-{S-methyl-1,3-thiazol-2-vH-2-pyrrolidin-

f~yibenzamide

N-pipendine

5-{dimethyisulfamovh-N-{5-methyl-1,3-thiazol-2-vi}-Z-pipernidin-

f~yibenzamide

N-azetidine

2~{azetidin-1-y1}-3-{dimethyisulfamovi}-N-{ 5-methyl-1,3-thiazol-

2-yibenzamide

N-piperazine

S-(dimethyisulfamoyl)-N-(5-methyi-1,3-thiazol-2-v1}-2-piperazin-

I-ylbenzamide

2-{dimethvlamino}-5~(dimethylsulfamovl)-N-{(S-methyl-1,3~

N{CH:z)2
thiazol-2-yl)benzamide
NCED, 2-{dicthylamino}-5-{dimethylsulfamovl}-N~(5-methyl-1,3-thiazol-
2-vYbenzamide
cyclopentyl Z-cvelopentyl-S~{dimethylsulfamovl}-N-(5-methyl-1,3-thiazol-2-
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vibenzamide

H 3-{dimethylselfamoy]}-N-(5-methyi-1 3-thiazol-2-ylibenzamide

The disclosures of cach and every patent, patent application, and publication
cited herein are hereby mcorporated herein by reference n their entirety. While this
mvention has been disclosed with reference to specific embodiments, it is apparent that other
embodiments and vanations of this invention may be devised by others skilled in the agt
without departing from the true spirit and scope of the mvention. The appended claims are

miended to be construed to include all such embodiments and equivalent vanations.
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CLAIMS

What is claimed is:

i A compound of formula (1), or a salt, solvaie, enantiomer, diastereoisomer or

tautomer thereof, {1}, wherem m (I):
R’ is selected from the group consisting of

Rt , Rt

Q
o
- B

m=1or2;

3. C . N
R’ is selected from the group counsisting of
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R* 4 4
R H R
N

R4 /\;Z\ O /
GO OO,
e

} > J‘%Nv

MR, .
R’ is selected from the group consisting of

p4

- 4 R
Y 0. 0C

oo

R* .
A @ and Q/ R
-N{R"), , N s ;
e o

cach cecurrence of RY is independently selected from the group consisting of H, «(Cs-
Coralkyl, Cs-Coovcloalkyl, {C-Cothaloalkyl, (T -Colatkoxy, {Cs-Ciptheterocyelyl, -{Cy-
Codheteroalkyl, -F, -CL, -Br, -L, -CN, -NQ,. -OR’, -SR”, -S(=0R", -S(=0},R’, -C(=0)R’, -
OCEOIR’, -CEMORT, aryl, -CHy-arvl, and -(Cs-Ciodheteroaryl, wherein the alkyl,
heteroalkyl, cycloalkyl, heterocyclvl, aryl, or heteroaryl group is optionally substituted: and,

cach occurrence of R is independently sclected from the group consisting of H, ~(C -
Coyalkvl, (C-Codheteroalkyl, ~(C5-Coeveloalkyl, ~{(Cs-Crojheterocvelyl, arvl, and «Cs-
Ciopheteroaryl, wherem the alkyvl, heteroalkyl, cycloalkyl, heterocyelyl, arvl, or heteroaryl
group is optionally substituted;

with the proviso that the compound is not sclected from the group consisting of 5-
(N N-Dimethyisulfamoyl}-N-(S-methyl-1,3-thiazol-2-y1}-2-(pvrrolidin- | -vD)benzamide, 5-
{dimethylsulfamoy-N-{4-methvl-1,3-thiazol-2-91}-2-pyrrolidin-1-vlbenzanude, 3-
{dimacthylsulfamovh)-2-pyvrrohidin-1-vi-N-(1,3-thiazol-2-yl}benzamide, 5-
(dimethylsulfamovl)-N-(S-methyi-1,3,4-thiadiazol-2-y[}-2-pyrrohidin- I -vibenzamide, 3-
(dimethylsulfamoyl}-N-(5-methyl-1H-1,2 4-triazol-3-v1}-Z-pyrrolidin-1-ylbenzamide, N-(1,
3-benzothiazol-2-vi)-5~(dimethylsulfamoyl}-2-pyrrolidin- I-vibenzamide, 5-
(dimethyisulfamoyl)-N-(4-methoxy-1,3-benzothiazol-2-vh)-2-pyrrolidin-1-vibenzamide, 5-

(dimethylsulfamoyl)-N-(5-methoxy-1,3-benzothiazol-2-yh-2-pyrrolidin- 1 -vibenzamide, 5-
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{dimethylsulfamoyl}-N-{6-methoxy-1,3-benzothiazol-2-v1}-2-pyrrolidin- 1 -vlbenzamide, 5-
{dimethylsulfamovl)-N-pyndin-3-vi-Z-pyrrolidin-1-ylbenzamide, 5-(dimethvisulfamovi}-N-
pyrdin-4-yi-Z-pyrrolidin-1-ylbenzamide, 5-(dimethyisulfamoyl}-N-phenyi-2-pyrrolidin~1 -
vibenzamide, S-{dimethvisulfamovD}-N-(2-methylphenvy!}-2-pyrrolidin-1-ylbenzanude, 5-
{(dimethylsalfamovl}-N-{(4-methyiphenyly-2-pyrrolidin-1-ylbenzamide, 5-
(dimethyisulfamovl)-N~(Z-methoxyphenyi}-Z-pvrrolidin-1-ylbenzamide, 5-
{dimethylsulfamoyl}-N~(4-methoxypheny}-2-pyrrolidin- 1-ylbenzamide, 5-
{dimethylsulfamoyl}-N-(2-flucrophenyl}-2-pyrrolidin-1-vibenzamde, 5-(dimethylsulfamoyl)-
N-{3-fluorophenyl}-2-pyrrolidin-1-vibenzamide, 5~{dimethylsuifamoyl)-N-{2-chlorophenyi}-
2-pvrrolidin-1-yibenzamide, 5-{(dimethvisulfamoyl)-N-{4-bromophenyl}-2-pyrrolidin~1 -
vibenzamide, N, N-dimethyl-3-(morpholine-4-carbonvi)-4-pyrrolidm-1-
vibenzenesulfonamide, N-cvelohexyl-S-{dimethyilsalfamovl)-2-pyrrolidin-1-ylbenzamide, 5-
(dimethyisulfamovl)-N, N-dimethvi-2-pyvirolidin-1-ylbenzamide, 5-(disobutyvisuifamoyl}-N-
(5-methvi-1,3-thiazol-2-y1y-2-pyrrolidin- 1 -vlbenzamide, 5-(dicthvisulfamoyl}-N-(5-methyl-

1, 3<thiazol-2-yy-2-pyrrolidin- I -yvlbenzamide, N-{(S-methyl-1,3-thiazol-2-y1)-2-pyrrohidin-1-
yi-5-pyrrolidin-1-yisulfonyvl benzamide, N-{5-methyl-1,3-thiazol-2-vI)-5-piperidin-1-
visulfonyl-2-pyrrolidin-1-yvibenzamide, N-(5-methvi-1,3-thiazol-2-y1}-5-morpholin-4-
visulfonvil-2-pyrrolidin-1-vibenzamide, N-(S-methvi-1,3-thiazol-2-y)-5-piperazin-1-
visutfonyl-2-pyrrolidin-1-ylbenzamide, 5-{methvl{phenvhsulfamoyl}-N-(S-methyl-1,3-
thiazol-2-y1}-2-pyrrolidin-1-ylbenzamide, 5-{benzylsulfamoyl}-N-{5-methyl-1,3-thiazol-2-
vi-2-pyrrolidin-1-yibenzamide, S-{dimethvisulfamovl)-N-(5-methyl-1,3-thiazol-2-vi}-2~
piperidin-1-yvibenzamide, 2-(azetidin-1-y1}-3-(dimethyisulfamoy-N-(S-methyl-1,3-thiazol-2-
vhbenzamide, 5-(dimethyisulfamovi}-N-(5-methyi-1,3-thiazol-2-v1}-2-piperazin-1-
vibenzanude, 2-(dimethyiamino}-5-(dimethyvisulfamov}-N-(3~methvl-1,3-thiazol-2-
vihbenzamide, 2-(dicthylamino)-3-(dimethyisulfamovl}-N-(S-methyi-1,3-thiazol-2-
vhbenzamide, 2-cyclopentvl-5-(dimethyisalfamovl}-N-(5-methvi-1 3-thiazol-2-

yvhbenzamide, and 3-{dimethyisulfamoy-N-(S-methyl-1, 3-thiazol-2-yvi}benzamide.

2. The compound of claim 1, wherein the compound of formula (I) 1s the

compound of formula (11}, or a salt, solvate, enantiomer, diastereoisomer or tautomer thergof:
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3. The compound of claim 1 or 2, wherein R is selected from the group

')
Y 3 N,
R4E>—NH

Rr* . H

4 The compound of claim 1 or 2, wherein R” is selected from the group
R4
G
(5"
N N

5 The compound of claim 1 or 2, wherein R’ is selected from the group

N
consisiing of’ I , , -N(RY),, and f

- i ~ . p P . p . .
6. The compound of claim 1 or 2, wherein R is selected from the group

0
R4E >—N?i
8 X

consisting of

consisting of and

O

, and

([
e

consisting of

ZT

O :and R® is selected from the group consisting of and
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:“"ERzL
N

.n;?w

7. The compound of claim 1 or 2, wherein R is selected from the group

Q O

\ )& B~ N\ )J?‘\
4 NT N
R ES>—NH Ny ; >—NH

congisting of,

3. . . o Jvi\i\!‘
;and R is selected from the group consisting of

R

R4
R
N
, -N(R*),. and l

8. The compound of claim 1 or 2, wherein R” is selected from the group

H R*
Nw}g </>>

O j
i

consisting of I and l - and R” is sclected from the group consisting of

N

N
N%Wﬂ , ,—N(R4)'3,, and J+Vw

R4

9. The compound of claim | or 2, wherein R’ is

Rl
(o]
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¥
¥
i

O
\>—~NH
s cand R s Niw‘

R4
074\! R4
() &
e |

(RYis
O

PR,
RES%NH |

10, The compound of claim I or 2, wherein R is

{ R? 4
SR
o |

h
i

cand R is "\)IWA

R is

)

A
R‘ES}—NH |

11.  The compound of claim I or 2, wherein R is
i ? R4
N
2 Ty 4 3.
R7is -N{R"),; and R is i
12, A pharmaceutical composition comprising at least ong

phamaceutically aceeptable carrier and at feast one agent selected from the group consisting
of:

a compound of formuia (1)

{1}, wherein i {I):

R’ is selected from the group congsisting of

O
[3]
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N i N

O <>> : N R?
R‘*E\J%NZ—% ,ﬁ D C j

m=1orZ;

R’ is selected from the group ccnsisﬁng of

/3R4 m [ﬁ and  -N(RY,

3. o
R 1s selected from the group consisting of
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cach oecurrence of RY is independently selected from the group consisting of H, ~(Cy-
Co alkyl, {C5-Cy) cveloalkyl, ~(C,-Cy) haloalkyi, (C1-Co) alkoxy, -{(Cs-Cip)
heterocvelyl, (C1-Co) heteroalkyl, -F, -C1, -Br, -L -CN, -NO,, -OR’, -SR’, -
SEOIR, -8(=04LR°, -CE=OIR’, -0CEOIR’, -CE=0YOR, aryl, -CHs-arvl, and
-(Cs-Coheteroaryl, wherein the alkvl, heteroalkyl, cyvcloalkyl, heterocyelvl,
arvi, or heteroaryvl group is optionally substituted; and,
cach cecurrence of R is independently selected from the group consisting of H, «(Cy-
Csy alkyl, {C-Cg) heteroalkyl, {C5-Co) cycloalkyl, -({5-Cip) heterocyelyl,
aryl, and ~(Cs-Cyo) heteroary!, wherem the alkyl, heteroalkyl, cycloalkyl,
heterocyelvl, aryl, or heteroaryl group is optionally substituted.
3-benzyvl-1-(3-{(dimethylaminopropyi)-1-((2-oxo-1,2-dihvdroquinolin-3-yhmethvijurea;
1-(3-(dimethylaminopropyl -1 -({2-oxo-1,2-dihvdroguinolin-3-vymethvi)-3-phenyiurca;
3-benzvi-1-((7 8-dimethyl-2-ox0- 1,2 -dihydroquimolin-3-vhmethy}- [ -(3-(dimethylamino)
propyl) urea; and
1-({7.8-dimethyl-2-oxo-1,2~dihydrogquinolin-3-vhmethyl}- 1-(3-{dimethviaminojpropvi}-3-

phenviurea.

13, "Fhe composition of claim 12, further comprising at least one additional

therapeutic compound that treats or prevents cancer.

4. A method of inhibiting or disrupting N-linked glycosvlation in a eell,
the method comprising contacting the cell with an effective amount of an agent selected from
the group consisting of 3-benzyl~1-(3-{dimethylaminopropyl)-1-{((2-ox0-1,2-
dibydroquinohin-3-yDmethyvlhurea; 1-(3-{(dimethylamino)propyl}-1-{(2-oxo0-1,2-
dihydroquinolin-3-yDmethyl}-3-phenviorea; 3-benzyl-1-((7,8-dimethyl-2-ox0-1,2-
dihydroquinolin-3-vhmethvi}-1-(3-{dimethylaminojpropyl) urea; 1-({7,8-dimethyl-2-ox0-1,2-

dihydroquinolin-3-vhimethyi}-1-(3-{dimethylaninopropvl)-3-phenvlurea and a compound of
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formola (1)

(1), wheremn w (I);

R is selected from the group consisting of

e e e)

’ N

O)}{ O/?si O
A}‘fLMR‘* t )\ ”%i‘ )\ )\‘i

G
(Rzi)m H ( j
N

R4 H
N
i O and
S )

m=1or2;

3 . o .
R is selected from the group consisting of
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, b :@N

3. o
R 1s selected from the group consisting of

*

i R* R H g
[ 5™ AL
N |
N N . oand  -NER%p
st ;

— R4 4 H R4

43’&4 m ol N

.z\‘iv'.." , N > Nf s \N"/ >
& ot

and
N(RH, N ,

cach occurrence of R? is independently sclected from the group consisting of H, ~(C-
Coyalkvl, (Cs-Coleveloatkyl, C-Colhaloatkyl, «(C-Colatkoxy, ~{(Cs-Cipiheterocyelvl, ~{(Cy-
Cetheteroalkyl, -F, -ClL, -Br, <L, -CN, NG, -OR’, -8R’ -§(=0)R’, -8(=0},R", -C(=0R°, -
OCE=OR’, -C(=0YOR’, aryl, -CHy-aryl and -{(Cs-Ciodheteroaryl, wherein the alkyl
heteroalkyl, cveloalkyl, heterocyelyl, aryl, or heteroaryl group is optionally substituted; and,

cach occurrence of R is independently selected from the group consisting of H, ~(C-
Cey alkyl, «(C1-Cy) heteroalkyl, «(Cs-Co) oveloalkyl, -(Cs-Chod heterocyclyl, aryl, and <(Cs-
Cio) beteroaryl, wherein the alkyl, heteroalkvl, cycloalkyl, heterocvelyl, aryl, or heteroarvi

group is optionally substituted.

15, The method of claim 14, wherein the agent inhibtis or disrupts at least
one cell process selected from the group consisting of. oligosaccharyltransferase function

and receptor tyrosine kimase cell surface expression.

16.  Fhe method of claim 14, wherein the cell is a receptor tyrosine kinase-

dependent cancer cell.

17, The method of claim 16, wherein the cancer is selected from the group

consisting of non-small ccll fung cancer, small celi lung cancer, head and neck squamous cell

carcinoma, breast cancer, gastric cancer, cervical cancer, colon cancer, and glioma.
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18. The method of claim 14, wherein the agent causes at least one cellular
effect selected from the group consisting of. cell cycle arrest and/or senescence, and cell

proliferation blockage or inhibition.

19. The method of claim 14, wherein the celi is in vivo in a mammal.

20, The method of claim 19, wherein the agent is administered to the
mammal.

21, A method of preventing or treating a cancer in a subject s need

thereof, the method comprising administering to the subject a therapeutically effective
amount of at least one agent selected from the group consisting of 3-benzyl-1-(3-
(dimethylamino)propvi}-1-{({Z-oxo-1,2~dihydroguinolin-3-vimethyhurea; 1-(3-
{dimethylamino)propyl}-1-{(Z-oxo-~1,2~dihydroguinolin-3-yUmethyl}-3-phenvlurea; 3-benzyl-
1-((7,8-dimethvi-2-ox0-1,2-dihvdroguinolin-3-yhmethyl}- 1-(3-(dimethylamino)propyl) urea;
1-((7.8-dimethvi-Z-oxo-1,2-dihvdroquinolin-3~-yhmethv - 1-(3-{dimethylaminojpropvi}-3-

phenviurea and a compound of formula (i)

{1}, wheremn in (1)

R’ is selected from the group consisting of

@%@ ¢ Eﬁ

R4Nm§ ﬁ\\g R/‘meT{ S}i
Q\N(w)% ts}\g ’ \Q}\;} 5
H
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m=1or2
2. ..
R’ is selected from the group consisting of
R

") “ﬁﬁfﬁ,m

“ , N ,
LA

W

R’ is selected from the group consisting of

H R4

*“Cﬁ Eﬁ (.

R

NRY, N

PCT/US2016/043664

N{RY;,

each occurrence of RY is independently selected from the group consisting of H, (Cs-
Ceyalkyl, «(Cs-Coleveloatkyl, (Ci-Cothaloatkyl, {Ci-Colalkoxy, «(C3-Crotheterocyelyl, (-
Corheteroalkyl, -F, -CL -Br, - -CN, -NG,, -OR’, -SR’, -8(=0)R’, -8(=0},R’, -C(=0)R°, -
OCE=0R’, -C=00R’, aryl, -CHy-arvl, and -(Cs-Cipdheteroaryl, wherein the alkyl,

heteroalkyl, cycloatkyl, heterocyelyl, aryl, or heteroarvl group is optionally substitated; and,

each occurrence of R’ is independently selected from the group consisting of H, -(C;-
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Coy alkvl, «(C1-Cy) heteroalkyl, «(Cs-Co) cveloalkyl, -(C5-Cio) heterocyclyl, aryl, and <(Cs-
Cio) heteroaryl, wherein the alkyl, heteroalkyl, cycloalkyl, heterocyelyl arvl, or heteroaryl

group is optionally substituted.

22, The method of claim 21, wherein the agent inhibits or disrapts in a cell
from the cancer at least one process selected from the group consisting of. N-linked
glveosylation and oligosacchary! transferase function.

23, tThe method of ¢laim 21, wherein the cancer &5 receptor tyrosing

kinasc-dependent.

24, The method of claim 23, wherein the agent blocks or inhubits cell
surface expression of the receptor tyrosine kinase in a cell from the cancer.

25. The method of claim 23, wherein the agent causes at least one cellular
effect selected from the group consisting of ¢ cell cyele arrest and/or senescence, and cell

proliferation blockage or inhibition.

26. The method of claim 21, further comprising administering to the

subject at least one additional therapeutic compound that treats or prevents cangcer.

27 The method of claim 26, wherein the agent and the at least one

additional therapeutic compound are co-admunistered 1o the subject.

28.  The method of claim 27, wherein the agent and the at least one

additional therapeutic compound are coformulated.

29. The method of claim 21, wherein the subject is human.
30.  The method of claim 21, wherein the cancer 1s selected from the group

consisting of squamous cell cancer, small cell lung cancer, non-small cell hing cancer, vulval
cancer, thyroid cancer, adenocarcinoma of the long and squamous carcinoma of the hung,
cancer of the perttoneum, hepatoceliular cancer, gastric or stomach cancer, pancreatic cancer,

ghioma, glioblastoma, cervical cancer, ovarian cancer, liver cancer, bladder cancer, hepatoma,
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breast cancer, colon cancer, rectal cancer, colorectal cancer, endometrial or utering
carcinoma, salivary gland carcinoma, kidney cancer, renal cancer, prostate cancer, hepatic

carcinoma, anal carcinoma, penile carcinoma, and head and neck cancer.

31, The method of claim 21, wherein the cancer comprises non-small cell
tung cancer, small cell lung cancer, head and neck squamous cell carcinoma, breast cancer,

gastric cancer, cervical cancer, colon cancer, and glioma.

32, Fhe method of claim 21, whergin the agent is administered to the
subject by at least one route selected from the group consisting of nasal, inhalational, topical,
oral, buccal, rectal, pleural, peritoneal, vaginal, intramuscular, subcutaneous, fransdermal,

epidural, intrathecal and intravenous routes.
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FIG. 2C
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