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Induction of 15-PGDH-luciferase fusion construct
Luceiferase activity in compound treated cell lines
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In Vitro activity assay of recombinant 15-PGDH when treated with compounds (04/28/2011)
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Increased PGDH activity in pellets of SW124531 treated cells
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Hematopoietic Stem Cell Homing Assay-
16 hrs Post Transplant
{N=9 mice per group)

BMT

indomethacin Bl
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Hematopoletic Stem Cell Homing Assay with
ER Receptor Antagonists
16 hrs Post Transplant
{N=Q mice per group)
EPF Receptor Antagonist Homing Assay - 18 hours post BT
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Gene Expression from Sorted SKL Cells after SW033291 Treatment

~Determine whether drug treatment in vivo directly effects gene expression of several
genaes implicated in hematopoiesis and survival.

3 mice- 10maikg {2x duily} SW033291, Sucrifice 2 hrs post tregtment,
3 mice- vehicle {2x duily}

+L045 {-] cells 1o represent the total stroma
*SKi cells to represent the HSC population

Genes Examined:
»{REM

«CXCRE

*{XCLIZ
Lyclinl

*§5G1

*3CF

«Survivin

Fig. 91
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UCB Samples #1-3

Hematopoietic Stem Cell Homing Assay

16 hrs Post Transplant

{3 mice used for each of 3 human UCB samples}

UCE Samples #1-3 Homing Assay- 18 hours post BMT

P=.0334

Fig. 94
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Enzyme Inhibition {1C50): SW033291 analogs

A ] [C50=40.80nM
804
=
=~ 60
e |
§ iﬁ-
g 2
0
2z 4 8 1 2 3 4
Log [SW209123] (nM}
B ,,| Ic50=6672nM
. 804
=
= 60+
92
5 40
£
£ .
1
2
Loy [SW209126] (nM)
C IC50=41.52 nM
100-
80
X
= 80
o
g 40
£
£ 204
0
2 4 o 1 2 3 4
Log [SW209129] (nM)

Fig. 101A-C
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Enzyme Inhibition {IC50): SW033291 analogs

D o] 'CEO=1831nM
0. N%
5o s o
ig NS NH2 Me
£ 25 s
a- |
2 4 0 1 2 3 4
Log [SW209124] (nM)
o] 1C80=15.13nM
— 80~
=
= 60
2
S 404
=
— m“
{4
2z 4 0 1 2 3 4
Log [SW209127] {(nM)
IC50=2 847 nM
F o0 [C80-2647 1M
— 80
=
o= G
2
S 40-
<a
[l
= 28
0.
*z :1 é ; 2* ey é ................ ; _________________
Log [SW033281] (n\)

Fig. 101D-F
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Enzyme Inhibition (1C50): SW033291 analogs
G

o] 1C80=2131nM

Lo w

-2 +4 0 ‘! 3 é
Log [SW209125] {(nM)

IC50=4914 nM

RO @N\SO

e | 1.)-§=0
B NH2§

40~ 0 Me

0 2 4
Log [SW209128] {nM)

E s :

Fig. 101G-H
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SWaes2TY

Holecular Weighl 42858
EA THER
Lhogh 3. 79092

isny

swWausz2

Solpoder Weight: 47259
PSA a8 a3
LLogh 5.83236

SRRR2T3
Modecar Weikght 45858
FRA 8178
ChooP 4 83182

SWABETS

ftolecutar Weiohh 414,58
PEN TR 68
Lluagh 4.01342

SWI0HTE

Kolsouar Welght 365,59
PEA B33
Clogh, 7.580745

SWR097%

Molacular Waight 42858
FSh 84 88
Clogh 476582

Fig. 107A
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SwRgea?
Molecdar Weight: 411 .54 e 3 mg
o8 B3

CLogh 343207

WIS

Mudoowdar Wikight' 388 5¢ m 25 my
PB4 864
Claght. 328428

SesERYe

Einienatar Waeight, 40354 -
PSA: 8341 s 2.3 g
Chogh 1.82513

BAE8280

Banlacite Weight 40354 e 23 g
P54 83414
Lhagh: 304513

0 SW209281

PN Molecular VioRgnE 457 58 = 21wy
m WA 10531
: - $LogP: 429148

. L. b2

AP SRS

» e ABninda: me 2.9 my
Nepge  Milocuby Weight 484.65
Hit 54 88 12
Clon® 3 985S

SWR00283

Molegular Weight 407 87 - %

- WhA 7575 m= 31
N Clogh 280748

Fig. 107B
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TN e
S‘/}\E ; gré

3
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SW208128
Molecular Weight: 41758
IPSA; 8341
ClogP: 257413

SW208436
Molecular Weight: 414.58
{PRA 80V
Clogh: 3.81702

SW208329
Molecular Weight: 447.03
PSA: 55,45
ClogP: 548082

SW200330

Molecular Weight: 433.00
PSA: 65 45
ClogP: 511162

SW200331
Molecular Weight: 41655
P3A 5545
Clogh: 487142

SW209332
Melecular Weight: 423.57
PSA 7924
ClogP: 434892

SW200333

Motscutar Weight: 459.80

PEA 181

Fig. 114
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Enzyme Inhibition {1C50): Set-21
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100 100+ xaa
=< 804 22 801
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Set 23
SW209415
Molecular Weight: 431.59
tPSA: 83.41
ClLogP: 3.07313
m=3.4mg

SW209416
Molecular Weight: 471.61
tPSA: 94.11
ClLogP: 4.45495
m=25mg

SW209417
Molecular Weight: 434.65
{PSA: 88.12
CLogP: 2.99955

m=3.6 mg

SW209418
Molecular Weight: 443.60
tPSA: 88.04
ClLogP: 3.44697
m=3.1mg

SW209419
Molecular Weight: 457.58

tPSA: 105.11
CLogP: 4.29146

m=3.9mg

SW209420
Molecular Weight: 539.73
tPSA: 91.36
CLogP: 3.60655
m=24mg

Fig. 116
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COMPOSITIONS AND METHODS OF
MODULATING SHORT-CHAIN
DEHYDROGENASE ACTIVITY

RELATED APPLICATION

[0001] This application is a continuation of U.S. patent
application Ser. No. 16/997,273 filed Aug. 19, 2020, which
is a continuation of U.S. patent application Ser. No. 15/85,
259 filed Oct. 16, 2017 (now U.S. Pat. No. 10,869,871,
issued Dec. 22, 2020), which is a continuation of U.S. patent
application Ser. No. 15/029,943 filed Apr. 15, 2016 (now
U.S. Pat. No. 9,789,116 issued Oct. 17, 2017, which is a
national stage entry of PCT/US2014/060761 of Oct. 15,
2014 which claims priority from U.S. Provisional Applica-
tion Nos. 61/891,260, filed Oct. 15, 2013, 61/954,202, filed
Mar. 17, 2014, 62/019,597, filed Jul. 1, 2014, and 62/043,
694, filed Aug. 29, 2014, the subject matter of which are
incorporated herein by reference in their entirety.

GOVERNMENT FUNDING

[0002] This invention was made with government support
under Grant Nos. CA127306, CA95471, and CA150964
awarded by The National Institutes of Helath. The United
States government may have certain rights in the invention.

BACKGROUND

[0003] Short-chain dehydrogenases (SCDs) are a family
of dehydrogenases that share only 15% to 30% sequence
identity, with similarity predominantly in the coenzyme
binding domain and the substrate binding domain. In addi-
tion to their role in detoxification of ethanol, SCDs are
involved in synthesis and degradation of fatty acids, ste-
roids, and some prostaglandins, and are therefore implicated
in a variety of disorders such as lipid storage disease,
myopathy, SCD deficiency, and certain genetic disorders.
[0004] The SCD, 15-hydroxy-prostaglandin dehydroge-
nase (15-PGDH), (hydroxyprostaglandin dehydrogenase 15-
(nicotinamide adeninedinucleotide); 15-PGDH; Enzyme
Commission number 1.1.1.141; encoded by the HPGD
gene), represents the key enzyme in the inactivation of a
number of active prostaglandins, leukotrienes and
hydroxyeicosatetraenoic acids (HETEs) (e.g., by catalyzing
oxidation of PGE, to 15-keto-prostaglandin E2, 15 k-PGE).
The human enzyme is encoded by the HPGD gene and
consists of a homodimer with subunits of a size of 29 kDa.
The enzyme belongs to the evolutionarily conserved super-
family of short-chain dehydrogenase/reductase enzymes
(SDRs), and according to the recently approved nomencla-
ture for human enzymes, it is named SDR36C1. Thus far,
two forms of 15-PGDH enzyme activity have been identi-
fied, NAD+-dependent type I 15-PGDH that is encoded by
the HPGD gene, and the type II NADP-dependent
15-PGDH, also known as carbonyl reductase 1 (CBR1,
SDR21C1). However, the preference of CBR1 for NADP
and the high Km values of CBR1 for most prostaglandin
suggest that the majority of the in vivo activity can be
attributed to type 1 15-PGDH encoded by the HPGD gene,
that hereafter, and throughout all following text, simply
denoted as 15-PGDH.

[0005] Recent studies suggest that inhibitors of 15-PGDH
and activators of 15-PGDH could be therapeutically valu-
able. It has been shown that there is an increase in the
incidence of colon tumors in 15-PGDH knockout mouse
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models. A more recent study implicates increased 15-PGDH
expression in the protection of thrombin-mediated cell
death. It is well known that 15-PGDH is responsible for the
inactivation of prostaglandin E2 (PGE,), which is a down-
stream product of COX-2 metabolism. PGE, has been found
to be neurotoxic both in vitro and in vivo; thus, COX-2
specific inhibitors, which decrease PGE, release, exhibit
neuroprotective effects. PGE, has also been shown to be
beneficial in a variety of biological processes, such as hair
density, dermal wound healing, and bone formation.

SUMMARY

[0006] Embodiments described herein relate to com-
pounds and methods of modulating short chain dehydroge-
nase (SCD) (e.g., 15-PGDH) activities, modulating tissue
prostaglandin levels, and/or treating diseases, disorders, or
conditions in which it is desired to modulate SCD (e.g.,
15-PGDH) activity and/or prostaglandin levels.

[0007] In some embodiments, the modulator of SCD can
be an SCD inhibitor that can be administered to tissue or
blood of a subject at an amount effective to inhibit the
activity of a short chain dehydrogenase enzyme. The SCD
inhibitor can be a 15-PGDH inhibitor that can be adminis-
tered to tissue or blood of a subject at an amount effective
to increase prostaglandin levels in the tissue or blood. The
15-PGDH inhibitor can include a compound having the
formula (V):

V)

Ry \RS
R; Ry
[0008] wherein n=0-2;
[0009] R, and R, are the same or different and are each

selected from the group consisting of:
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Re Re [0012] R, is selected from the group consisting of
x—N =N RGN/N\ branched or linear alkyl including —(CH,),,CH,
| Rs (n1:0'7)s
ll R, || Re, :
N N N
X
e
R x
R N Rs—l wherein n,=0-6 and X is any of the following: CF H,
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(n;=0-5, m=1-5), and

M\/Ré

(n,=0-5);

[0013] each R, and R, are the same or different and are
one or more substituent selected from the group con-
sisting of hydrogen, substituted or unsubstituted C,-C,,
alkyl, C,-C,, alkenyl, C,-C,, alkynyl, C;-C,, aryl,
heterocycloalkenyl containing from 5-6 ring atoms,
(wherein from 1-3 of the ring atoms is independently
selected from N, NH, N(C,-C, alkyl), NC(O)(C,-Cq
alkyl), O, and S), heteroaryl or heterocyclyl containing
from 5-14 ring atoms, (wherein from 1-6 of the ring
atoms is independently selected from N, NH, N(C,-C;
alkyl), O, and S), C4-C,, alkaryl, C-C,, aralkyl, halo,
silyl, hydroxyl, sulthydryl, C,-C,, alkoxy, C,-C,, alk-
enyloxy, C,-C,, alkynyloxy, Cs-C,, aryloxy, acyl (in-
cluding C,-C,, alkylcarbonyl (—CO-alkyl) and C4-C,,
arylcarbonyl (—CO-aryl)), acyloxy (—O-acyl),
C,-C,, alkoxycarbonyl (—(CO)—O-alkyl), Cs-C,,
aryloxycarbonyl (—(CO)—O-aryl), C,-C,, alkylcar-
bonato (—O—(CO)—0-alkyl), Cs-C,, arylcarbonato
(—O—CO)—O0-aryl), carboxy (—COOH), carboxy-
lato (—COO—), carbamoyl (—(CO)—NH,), C,-C,
alkyl-carbamoyl (—(CO)—NH(C,-C,, alkyl)), aryl-
carbamoyl (—(CO)—NH-aryl), thiocarbamoyl
(—(CS)—NH,), carbamido (—NH—(CO)—NH,),
cyano (—CN), isocyano (—N*C"), cyanato (—O—
CN), isocyanato (—O—N*—C"), isothiocyanato
(—S—CN), azido (—N=N*"=N"), formyl (—(CO)—
H), thioformyl (—(CS)—H), amino (—NH,), C,-C,,
alkyl amino, C5-C,,, aryl amino, C,-C,, alkylamido
(—NH—(CO)-alkyl), C4C,, arylamido (—NH—
(CO)-aryl), sulfanamido (—SO2NR2 where R is inde-
pendently H, alkyl, aryl or heteroaryl), imino
(—CR=—NH where R is hydrogen, C,-C, alkyl, C5-C,,,
aryl, C4-C,, alkaryl, C4-C,, aralkyl, etc.), alkylimino
(—CR—N(alkyl), where R=hydrogen, alkyl, aryl,
alkaryl, aralkyl, etc.), arylimino (—CR—N(aryl),
where R=hydrogen, alkyl, aryl, alkaryl, etc.), nitro
(—NO,), nitroso (—NO), sulfo (—SO,—OH),
sulfonato (—SO,—0—), C,-C,, alkylsulfanyl (—S-
alkyl; also termed “alkylthio”), arylsulfanyl (—S-aryl;
also termed “arylthio™), C,-C,, alkylsulfinyl (—(SO)-
alkyl), Cs-C,, arylsulfinyl (—(SO)-aryl), C,-C,,
alkylsulfonyl (—SO,-alkyl), Cs-C,, arylsulfonyl
(—S0,-aryl), sulfonamide (—SO,—NH2, —SO,NY,
(wherein Y is independently H, arlyl or alkyl),
phosphono (—P(O)(OH),), phosphonato (—P(O)(O")
»), phosphinato (—P(0)(07)), phospho (—PO,), phos-
phino (—PH,), polyalkyl ethers (—[(CH,),,0],,.), phos-
phates, phosphate esters [ —OP(O)(OR), where R—H,
methyl or other alkyl], groups incorporating amino
acids or other moieties expected to bear positive or
negative charge at physiological pH, and combinations
thereof;

[0014] R; is not hydrogen if R, is H, an unsubstituted
thiophene, or an unsubstituted thiazole and R is butyl;
or R; is not an unsubstituted phenyl if R, is H, or an
unsubstituted phenyl, thiophene, or thiazole and Ry is

May 4, 2023

benzyl or (CH,)ns(CH;)(ns=0-5); and pharmaceuti-
cally acceptable salts thereof.

[0015] Insome embodiments, R, can be N or CH. R, can
be a substituted or unsubstituted heterocyclyl containing 5-6
ring atoms. For example, R, can be a substituted or unsub-
stituted thiophene, thiazole, oxazole, imidazole, pyridine, or
phenyl. R; can be selected from the group consisting of H,
substituted or unsubstituted aryl, a substituted or unsubsti-
tuted cycloalkyl, and a substituted or unsubstituted hetero-
cyclyl, alkyl, or carboxy including carboxylic acid
(—CO2H), carboxy ester (—CO,alkyl) and carboxamide
[—CON(H)(alkyl) or —CO,N(alkyl),].

[0016] In still other embodiments, the 15-PGDH inhibitor
can include a compound having formula (V1):

Vi)
p S
Ry \RS
R Ry

[0017]
[0018]

wherein n=0-2;

R; is selected from the group consisting of:
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[0019] R, is N or CR;

[0020] R, is selected from the group consisting of H, Cl,
F, NH,, and N(Ry),

[0021] R, is selected from the group consisting of
branched or linear alkyl including —(CH,)n,CH,
(ni:0_7)s

X
N

wherein n,=0-6 and X is any of the following: CF H,
(y+z=3), CCLH, (y+z=3), OH, OAc, OMe, R, OR;;, CN,

N(R6)2s
\/& )m
n3

(n;=0-5, m=1-5), and

\vﬁ\/Rﬁ

(n,=0-5);
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[0022] each R4 and R, are the same or different and are
one or more substituent selected from the group con-
sisting of hydrogen, substituted or unsubstituted C,-C,,
alkyl, C,-C,, alkenyl, C,-C,, alkynyl, C,-C,, aryl,
heterocycloalkenyl containing from 5-6 ring atoms,
(wherein from 1-3 of the ring atoms is independently
selected from N, NH, N(C,-C, alkyl), NC(O)(C,-Cq
alkyl), O, and S), heteroaryl containing from 5-14 ring
atoms, (wherein from 1-6 of the ring atoms is indepen-
dently selected from N, NH, N(C, -C; alkyl), O, and S),
Cy-C,, alkaryl, C4-C,, aralkyl, halo, silyl, hydroxyl,
sulthydryl, C,-C,, alkoxy, C,-C,, alkenyloxy, C,-C,,
alkynyloxy, Cs-C,, aryloxy, acyl (including C,-C,,
alkylcarbonyl (—CO— alkyl) and C4-C,, arylcarbonyl
(—CO-aryl)), acyloxy (—O-acyl), C,-C,, alkoxycar-
bonyl (—(CO)—O-alkyl), C4-C,, aryloxycarbonyl
(—(CO)—O-aryl), C,-C,, alkylcarbonato (—O—
(CO)—0-alkyl), C4-C,,, arylcarbonato (—O—(CO)—
O-aryl), carboxy (—COOH), carboxylato (—COO—),
carbamoyl (—(CO)—NH,), C,-C,, alkyl-carbamoyl
(—(CO)—NH(C,-C,, alkyl)), arylcarbamoyl
(—(CO)—NHe-aryl), thiocarbamoyl (—(CS)—NH,),
carbamido (—NH-—(CO)—NH,), cyano (—CN), iso-
cyano (—N*C7), cyanato (—O-—CN), isocyanato
(—O—N*—=C"), isothiocyanato (—S—CN), azido
(—N=N*=N"), formyl (—(CO)—H), thioformyl
(—(CS)—H), amino (—NH,), C,-C,, alkyl amino,
C5-C,q aryl amino, C,-C,, alkylamido (—NH—(CO)-
alkyl), C4-C,q arylamido (—NH—(CO)-aryl), sulfana-
mido (—SO2NR2 where R is independently H, alkyl,
aryl or heteroaryl), imino (—CR—NH where R is
hydrogen, C,-C,, alkyl, C;-C,, aryl, C,-C,, alkaryl,
Cs-C,, aralkyl, etc.), alkylimino (—CR—N(alkyl),
where R=hydrogen, alkyl, aryl, alkaryl, aralkyl, etc.),
arylimino (—CR—N(aryl), where R=hydrogen, alkyl,
aryl, alkaryl, etc.), nitro (—NO,), nitroso (—NO), sulfo
(—S0O,—OH), sulfonato (—SO,—0—), C;-C,,
alkylsulfanyl (—S-alkyl; also termed “alkylthio™),
arylsulfanyl (—S-aryl; also termed “arylthio”), C,-C,,
alkylsulfinyl (—(SO)-alkyl), Cs-C,, arylsulfinyl
(—(8O)-aryl), C,-C,, alkylsulfonyl (—SO,-alkyl),
Cs-C,y  arylsulfonyl (—SO2-aryl), sulfonamide
(—SO,—NH2, —SO,NY, (wherein Y is indepen-
dently H, arlyl or alkyl), phosphono (—P(O)(OH),),
phosphonato  (—P(O)(O7),), phosphinato (—P(O)
(07)), phospho (—PO,), phosphino (—PH,), polyalkyl
ethers (—[(CH,),,0],,), phosphates, phosphate esters
[—OP(O)(OR), where R—H, methyl or other alkyl],
groups incorporating amino acids or other moieties
expected to bear positive or negative charge at physi-
ological pH, and combinations thereof;

[0023] R, is not hydrogen if R, is butyl; or R; is not an
unsubstituted phenyl if Ry is benzyl or (CH,)ns(CH;)
(n5=0-5); and pharmaceutically acceptable salts
thereof.

[0024] In some embodiments, the 15-PGDH inhibitor can
inhibit the enzymatic activity of recombinant 15-PGDH at
an IC,, of less than 1 puM, or preferably at an IC,, of less
than 250 nM, or more preferably at an 1Cs,, of less than 50
nM, or more preferably at an IC;, of less than 10 nM, or
more preferably at an ICy,, of less than 5 nM at a recombi-
nant 15-PGDH concentration of about 5 nM to about 10 nM.
[0025] The 15-PGDH inhibitor can be provided in a
topical composition that can be applied to skin of a subject
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to promote and/or stimulate pigmentation of the skin and/or
hair growth and/or inhibiting hair loss, and/or treat skin
damage or inflammation.

[0026] The 15-PGDH inhibitor can also be administered to
a subject to promote wound healing, tissue repair, and/or
tissue regeneration and/or engraftment or regeneration of a
tissue graft.

[0027] In one embodiment, the 15-PGDH inhibitor can be
administered to a subject to treat at least one of oral ulcers,
gum disease, colitis, ulcerative colitis, gastrointestinal
ulcers, inflammatory bowel disease, vascular insufficiency,
Raynaud’s disease, Buerger’s disease, diabetic neuropathy,
pulmonary artery hypertension, cardiovascular disease, and
renal disease.

[0028] In another embodiment, the 15-PGDH inhibitor
can be administered to a subject in combination with a
prostanoid agonist for the purpose of enhancing the thera-
peutic effect of the agonist in prostaglandin responsive
conditions.

[0029] In other embodiments, the 15-PGDH inhibitor can
be administered to a subject and/or tissue of the subject to
increase tissue stem cells. For example, the 15-PGDH
inhibitor can be administered to bone marrow of a subject to
increase stem cells in the subject.

[0030] In still other embodiments, the 15-PGDH inhibitor
can be administered to a tissue graft donor, bone marrow
graft donor, and/or a hematopoietic stem cell donor, and/or
a tissue graft, and/or a bone marrow graft, and/or a hema-
topoietic stem cell graft, to increase the fitness of a donor
tissue graft, a donor bone marrow graft, and/or a donor
hematopoietic stem cell graft. For example, the 15-PGDH
inhibitor can be administered to a subject, and/or bone
marrow of a subject to increase the fitness of the marrow as
a donor graft, and/or to a preparation of hematopoietic stem
cells of a subject to increase the fitness of the stem cell
preparation as a donor graft, and/or to a preparation of
peripheral blood hematopoietic stem cells of a subject to
increase the fitness of the stem cell preparation as a donor
graft, and/or to a preparation of umbilical cord blood stem
cells to increase the fitness of the stem cell preparation as a
donor graft, and/or to a preparation of umbilical cord blood
stem cells to decrease the number of units of umbilical cord
blood required for transplantation.

[0031] In other embodiments, the 15-PGDH inhibitor can
be administered to a subject to mitigate tissue graft rejection,
to enhance tissue and/or bone marrow graft engraftment, to
enhance bone marrow graft engraftment, following treat-
ment of the subject or the marrow of the subject with
radiation therapy, chemotherapy, or immunosuppressive
therapy, to enhance engraftment of a progenitor stem cell
graft, hematopoietic stem cell graft, or an umbilical cord
blood stem cell graft, to enhance engraftment of a hema-
topoietic stem cell graft, or an umbilical cord stem cell graft,
following treatment of the subject or the marrow of the
subject with radiation therapy, chemotherapy, or immuno-
suppressive therapy, and/or in order to decrease the number
of units of umbilical cord blood required for transplantation
into the subject.

[0032] In other embodiments, the 15-PGDH inhibitor can
be administered to a recipient of a tissue graft transplant,
bone marrow transplant, and/or hematopoietic stem cell
transplant, or of an umbilical cord stem cell transplant, in
order to decrease the administration of other treatments or
growth factors.
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[0033] In some embodiments, the 15-PGDH inhibitor can
be administered to a subject or to a tissue graft of a subject
to mitigate graft rejection, to enhance graft engraftment,
and/or to enhance graft engraftment following treatment of
the subject or the marrow of the subject with radiation
therapy, chemotherapy, or immunosuppressive therapy.

[0034] In other embodiments, the 15-PGDH inhibitor can
be administered to a subject or to the bone marrow of a
subject to confer resistance to toxic or lethal effects of
exposure to radiation, to confer resistance to the toxic effect
of Cytoxan, the toxic effect of fludarabine, the toxic effect of
chemotherapy, or the toxic effect of immunosuppressive
therapy, to decrease pulmonary toxicity from radiation,
and/or to decrease infection.

[0035] In still other embodiments, the 15-PGDH inhibitor
can be administered to a subject to increase neutrophil
counts following a hematopoetic cell transplant with bone
marrow, hematopoetic stem cells, or umbilical cord blood, to
increase neutrophil counts in a subject with neutropia fol-
lowing chemotherapy administration or radiation therapy, to
increase neutrophil counts in a subject with aplastic anemia,
myelodysplasia, myelofibrosis, neutropenia due to other
bone marrow diseases, drug induced neutropenia, autoim-
mune neutropenia, idiopathic neutropenia, or neutropenia
following viral infections, to increase neutrophil counts in a
subject with neutropia, to increase platelet counts following
a hematopoetic cell transplant with bone marrow, hemato-
poetic stem cells, or umbilical cord blood, to increase
platelet counts in a subject with thrombocytopenia following
chemotherapy administration or radiation therapy, to
increase platelet counts in a subject with aplastic anemia,
myelodysplasia, myelofibrosis, thrombocytopenia due to
other bone marrow diseases, drug induced thrombocytope-
nia, autoimmune thrombocytopenia, idiopathic thrombocy-
topenic purpura, idiopathic thrombocytopenia, or thrombo-
cytopenia following viral infections, to increase platelet
counts in a subject with thrombocytopenia, to increase red
blood cell counts, or hematocrit, or hemoglobin level, fol-
lowing a hematopoetic cell transplant with bone marrow,
hematopoetic stem cells, or umbilical cord blood, to increase
red blood cell counts, or hematocrit, or hemoglobin level in
a subject with anemia following chemotherapy administra-
tion or radiation therapy, to increase red blood cell counts,
or hematocrit, or hemoglobin level counts in a subject with
aplastic anemia, myelodysplasia, myelofibrosis, anemia due
to other disorder of bone marrow, drug induced anemia,
immune mediated anemias, anemia of chronic disease, ane-
mia following viral infections, or anemia of unknown cause,
to increase red blood cell counts, or hematocrit, or hemo-
globin level in a subject with anemia, to increase bone
marrow stem cells, following a hematopoetic cell transplant
with bone marrow, hematopoetic stem cells, or umbilical
cord blood, to increase bone marrow stem cells in a subject
following chemotherapy administration or radiation therapy,
and/or to increase bone marrow stem cells in a subject with
aplastic anemia, myelodysplasia, myelofibrosis, other disor-
der of bone marrow, drug induced cytopenias, immune
cytopenias, cytopenias following viral infections, or cytope-
nias.

[0036] In other embodiments, the 15-PGDH inhibitor can
be administered to a subject to increase responsiveness to
cytokines in the presence of cytopenias, with cytopenias
including any of: neutropenia, thrombocytopenia, lympho-
cytopenia and anemia; and with cytokines having increased
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responsiveness potentiated by the 15-PGDH inhibitor
including any of: G-CSF, GM-CSF, EPO, 1L-3, IL-6, TPO,
TPO-RA (thrombopoietin receptor agonist), and SCF.
[0037] In some embodiments, the 15-PGDH inhibitor can
be administered to a subject to increase bone density, treat
osteoporosis, promote healing of fractures, or promote heal-
ing after bone surgery or joint replacement and/or to pro-
mote healing of bone to bone implants, bone to artificial
implants, dental implants, and bone grafts.

[0038] In other embodiments, the 15-PGDH inhibitor can
be administered to a subject or to the intestine of a subject
to increase stem cells or cell proliferation in the intestine
and/or and confer resistance to toxic or lethal effects of
exposure to radiation or the toxic, lethal, or mucositis effects
resultant from treatment with chemotherapy.

[0039] In some embodiments, the 15-PGDH inhibitor can
be administered to a subject or to intestine of a subject as a
treatment for colitis, ulcerative colitis, or inflammatory
bowel disease.

[0040] In other embodiments, the 15-PGDH inhibitor can
be administered to a subject to increase liver regeneration
following liver surgery, following live liver donation, fol-
lowing liver transplantation, or following liver injury by
toxins and/or to promote recovery from or resistance to liver
toxins, including acetaminophen and related compounds.
[0041] In still other embodiments, the 15-PGDH inhibitor
can be administered to a subject to treat erectile dysfunction.
[0042] In yet other embodiments, the 15-PGDH inhibitor
can be administered to inhibit at least one of the growth,
proliferation, or metastasis of 15-PGDH expressing cancers.
[0043] Still other embodiments described herein relate to
a method of treating a subject in need of cell therapy. The
method includes administering to the subject a therapeuti-
cally effective amount of a preparation comprising human
hematopoietic stem cell administered a 15-PGDH inhibitor
described herein and/or a therapeutic composition compris-
ing human hematopoietic stem cells and a 15-PGDH inhibi-
tor described herein.

[0044] In some embodiments, the subject has received
human hematopoietic stem cells and/or has received the
preparation and/or the therapeutic composition.

[0045] In other embodiments, the subject has acute myel-
ogenous leukemia (AML), acute lymphoblastic leukemia
(ALL), chronic myelogenous leukemia (CML), chronic
lymphocytic leukemia (CLL), juvenile myelomonocytic leu-
kemia, Hodgkin’s lymphoma, non-Hodgkin’s lymphoma,
multiple myeloma, severe aplastic anemia, Fanconi’s ane-
mia, paroxysmal nocturnal hemoglobinuria (PNH), pure red
cell aplasia, amegakaryocytosis/congenital thrombocytope-
nia, severe combined immunodeficiency syndrome (SCID),
Wiskott-Aldrich syndrome, beta-thalassemia major, sickle
cell disease, Hurler’s syndrome, adrenoleukodystrophy,
metachromatic leukodystrophy, myelodysplasia, refractory
anemia, chronic myelomonocytic leukemia, agnogenic
myeloid metaplasia, familial erythrophagocytic lymphohis-
tiocytosis, solid tumors, chronic granulomatous disease,
mucopolysaccharidoses, or Diamond Blackfan anemia.

[0046] Other embodiments relate to a method of treating a
subject having at least one symptom associated with an
ischemic tissue or a tissue damaged by ischemia. The
method includes administering to the subject a therapeuti-
cally effective amount of a preparation comprising human
hematopoietic stem cell administered a 15-PGDH inhibitor
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described herein and/or a therapeutic composition compris-
ing human hematopoietic stem cells and a 15-PGDH inhibi-
tor described herein.

[0047] In some embodiments, the ischemia can be asso-
ciated with at least one of acute coronary syndrome, acute
lung injury (ALI), acute myocardial infarction (AMI), acute
respiratory distress syndrome (ARDS), arterial occlusive
disease, arteriosclerosis, articular cartilage defect, aseptic
systemic inflammation, atherosclerotic cardiovascular dis-
ease, autoimmune disease, bone fracture, bone fracture,
brain edema, brain hypoperfusion, Buerger’s disease, burns,
cancer, cardiovascular disease, cartilage damage, cerebral
infarct, cerebral ischemia, cerebral stroke, cerebrovascular
disease, chemotherapy-induced neuropathy, chronic infec-
tion, chronic mesenteric ischemia, claudication, congestive
heart failure, connective tissue damage, contusion, coronary
artery disease (CAD), critical limb ischemia (CLI), Crohn’s
disease, deep vein thrombosis, deep wound, delayed ulcer
healing, delayed wound-healing, diabetes (type I and type
1I), diabetic neuropathy, diabetes induced ischemia, dissemi-
nated intravascular coagulation (DIC), embolic brain isch-
emia, graft-versus-host disease, hereditary hemorrhagic
telengiectasiaischemic vascular disease, hyperoxic injury,
hypoxia, inflammation, inflammatory bowel disease, inflam-
matory disease, injured tendons, intermittent claudication,
intestinal ischemia, ischemia, ischemic brain disease, isch-
emic heart disease, ischemic peripheral vascular disease,
ischemic placenta, ischemic renal disease, ischemic vascular
disease, ischemic-reperfusion injury, laceration, left main
coronary artery disease, limb ischemia, lower extremity
ischemia, myocardial infarction, myocardial ischemia, organ
ischemia, osteoarthritis, osteoporosis, osteosarcoma, Parkin-
son’s disease, peripheral arterial disease (PAD), peripheral
artery disease, peripheral ischemia, peripheral neuropathy,
peripheral vascular disease, pre-cancer, pulmonary edema,
pulmonary embolism, remodeling disorder, renal ischemia,
retinal ischemia, retinopathy, sepsis, skin ulcers, solid organ
transplantation, spinal cord injury, stroke, subchondral-bone
cyst, thrombosis, thrombotic brain ischemia, tissue isch-
emia, transient isc hemic attack (TIA), traumatic brain
injury, ulcerative colitis, vascular disease of the kidney,
vascular inflammatory conditions, von Hippel-Lindau syn-
drome, and wounds to tissues or organs.

BRIEF DESCRIPTION OF THE DRAWINGS

[0048] FIGS. 1(A-C) illustrate graphs showing luciferase
activity of cells that express a 15-PGDH luciferase fusion
construct created by targeted gene knock-in of renilla
luciferase into the last coding exon of 15-PGDH treated with
the compounds SW033291, SW054384, and SW145753 at
various concentrations. The activity is demonstrated in three
different colon cancer cell lines all engineered to contain the
15-PGDH-luciferase fusion. These cell lines are Vaco-9m
(V9m), LS174T, Vaco503 (V503).

[0049] FIG. 2 illustrates western blots demonstrating the
levels of 15-PGDH protein in cell lines VOM, 1L.S174T, and
V503 treated with 7.5 uM of SW033291, SW054384, and
SW145753 for 48 hours. Untreated FET cells provide a
positive control for 15-PGDH expression.

[0050] FIG. 3 illustrates western blots demonstrating
15-PGDH protein levels in colon cell lines treated with
SW124531 (FET cells treated with TGF-8 (10 ng/ml for 48
hours) are used as a positive control for 15-PGDH expres-
sion in certain panels).
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[0051] FIG. 4 illustrates western blots demonstrating the
levels of 15-PGDH protein (wt-PGDH) expressed from a
c¢DNA expression vector in V400-S3-2-32 cells treated with
5 uM SW124531, and protein levels of a catalytically dead
mutant 15-PGDH (mu-PGDH) also expressed from a cDNA
expression vector in V400-M3-2-72 cells treated with
SW124531.

[0052] FIGS. 5 (A-C)illustrate 15-PGDH protein levels in
V503 cells treated with SW124531 as assayed by immuno-
fluorescence (upper two rows) and by western blot (lower
panel).

[0053] FIGS. 6(A-F) illustrate graphs showing 15-PGDH
mRNA levels in colon cancer cell lines treated with
SW033291.

[0054] FIGS. 7(A-C) illustrate graphs showing 15-PGDH
mRNA levels in colon cancer cell lines treated with
SW033291.

[0055] FIGS. 8(A-C) illustrate graphs showing 15-PGDH
mRNA levels in colon cancer cell lines treated with
SWO054384 and SW145753.

[0056] FIGS. 9(A-]) illustrate graphs showing 15-PGDH
mRNA levels in colon cancer cell lines treated with 5 uM
SW124531.

[0057] FIGS. 10(A-C) illustrate graphs showing
15-PGDH activity in cell lines treated with SW033291,
SW054384, and SW145753. Activity is measured as pmol
PGE,/min/million cells.

[0058] FIGS. 11(A-D) illustrates a table and plots showing
activity of recombinant 15-PGDH protein (a 15-PGDH-GST
fusion protein) incubated with varying concentrations of the
test compounds.

[0059] FIGS. 12(A-D) illustrate plots showing the activity
of recombinant 15-PGDH protein treated with SW033291
and SW054384, with panels 12A and C measuring transfer
of tritium from a radiolabeled PGE2 substrate and panels 12
B and D measuring generation of NADH by fluorescence.
[0060] FIG. 13 illustrates a table and plot showing
15-PGDH activity measured by following transfer of tritium
from a radiolabeled PGE2 substrate in cells treated with
SW124531 (upper panel) and in recombinant 15-PGDH
protein treated with SW124531 (lower panel).

[0061] FIGS. 14(A-B) illustrate melt curves and a table
showing different compound’s ability to directly bind to
recombinant 15-PGDH protein as measured by shifting the
melting temperature of the protein.

[0062] FIGS. 15(A-B) illustrate melt curves temperature
of catalytically inactive mutant 15-PGDH protein treated
with the test compounds.

[0063] FIGS. 16(A-B) illustrates graphs showing PGE,
levels that are assayed in the medium of A549 cells that have
been stimulated by IL1-beta for 23 hours, with the test
compounds.

[0064] FIG. 17 illustrates a graph showing the dose
response effect of SW033291 on PGE, production from
IL1-beta treated A549 cells.

[0065] FIGS. 18(A-B) illustrate graphs showing the in
vivo modulations by compounds (2.5 pM) of PGDH activity
as reflected in PGE, levels following addition of PGE, into
the medium of Vaco-503 cells.

[0066] FIG. 19 illustrates images showing the activity of
SW033291 in speeding the healing of a model wound
consisting of a scratch in a monolayer of HaCaT cells
observed over 48 hours of treatment.
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[0067] FIGS. 20(A-B) illustrate graphs showing the quan-
titation of scratch width at 0 and 48 hours in the control,
SW033291 (2.5 uM) treated cells, and the TGF-beta (1
ng/ml) treated cells.

[0068] FIGS. 21(A-B) illustrate plots showing: (A) per-
cent inhibition of PGDH using titrations of 15-PGDH inhibi-
tor SW033291 run at different 15-PGDH concentrations;
and (B) the IC50 of 15-PGDH inhibitor SW033291 versus
15-PGDH concentration.

[0069] FIGS. 22 (A-B) indicate that SW033291 behaves
very much like an irreversible inhibitor of 15-PGDH, and
cannot be efficiently dialyzed off the 15-PGDH protein.
[0070] FIGS. 23(A-B) illustrate a plot showing reaction
rates and relative reaction velocity of 15-PGDH at varying
concentrations of SW033291.

[0071] FIGS. 24(A-B) illustrate plots showing: (A) inhi-
bition of 15-PGDH by SW033291 in the presence of PGE-2;
and (B) IC,, of SW033291 against 15-PGDH versus PGE2
concentration.

[0072] FIG. 25 illustrates a schematic diagram showing
the structure activity relationships of analogues of
SW033291 versus their IC;, against 15-PGDH.

[0073] FIG. 26 illustrates a schematic diagram showing
additional analogues of SW033291.

[0074] FIGS. 27(A-C) illustrate graphs showing luciferase
activity of colon cancer cell lines V503, L.S174T, and V503
treated with 2.5 uM and 7.5 uM the compounds of FIG. 26.
[0075] FIG. 28 illustrates a graph showing percent inhi-
bition of 15-PGDH activity by the compounds of FIG. 26.
[0076] FIGS. 29(A-B) illustrate plots showing the IC,,
against 15-PGDH of SW033291 and SW0206980.

[0077] FIGS. 30(A-B) illustrate plots showing melting
profiles of SW0206890 binding to 15-PGDH.

[0078] FIGS. 31(A-C) illustrate plots showing percent
inhibition of 15-PGDH activity by SW033291, SW206980,
and SW206992.

[0079] FIGS. 32(A-C) illustrate graphs showing luciferase
activity of colon cancer cell lines V503, L.S174T, and V503
treated with various concentrations of SW033291.

[0080] FIG. 33(A-C) illustrate graphs showing luciferase
activity of colon cancer cell lines V503, L.S174T, and V503
treated with various concentrations of SW0206980.

[0081] FIG. 34(A-C) illustrate graphs showing luciferase
activity of colon cancer cell lines V503, L.S174T, and V503
treated with various concentrations of SW0206992.

[0082] FIGS. 35(A-B) illustrate plots showing melting
profiles of SW206992, SW0206890 and SW033291 binding
to 15-PGDH.

[0083] FIGS. 36(A-B) illustrate plots showing melting
profiles of SW206992, SW0206890 and SW033291 binding
to 15-PGDH.

[0084] FIGS. 37(A-C) illustrate graphs showing the effect
of SW206992, SW0206890 and SW033291 on the regula-
tion of PGE-2 in A549 cells stimulated with IL1-Beta.
[0085] FIGS. 38(A-C) illustrate graphs showing the effect
of SW206992, SW0206890 and SW033291 on cell numbers
in A549 cells after stimulated with IL1-Beta.

[0086] FIG. 39 illustrates a schematic diagram of addi-
tional analogues of SW033291.

[0087] FIGS. 40(A-C) illustrate graphs showing luciferase
activity of colon cancer cell lines VOM, L.S174T, and V503
treated with 2.5 uM and 7.5 uM the compounds of FIG. 39.
[0088] FIG. 41 illustrates a graph showing percent inhi-
bition of 15-PGDH activity by the compounds of FIG. 40.
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[0089] FIGS. 42(A-D) illustrate a graph showing percent
inhibition of 15-PGDH activity by the compounds of FIG.
40.

[0090] FIG. 43 shows the dose response curve for induc-
tion of a 15-PGDH-luciferase fusion gene reporter in the
VI9m cell line background of SW033291, SW208064,
SW208065, SW208066, and SW208067.

[0091] FIG. 44 illustrates titration curves of 15-PGDH
inhibitor compounds in an assay measuring effects on PGE2
levels in the medium of A549 cells that have been stimulated
with IL1-beta.

[0092] FIG. 45 is a plot showing weight change of FVB
mice treated with SW033291.

[0093] FIGS. 46(A-C) illustrate graphs showing: (A) total
bone marrow cellularity; (B) SKL population of wild type
versus PGDH™ mice; and (C) average CFU counts in wild
type versus PGDH-/- mice (designated as either PGDH™'~
or as PGDH).

[0094] FIG. 47 illustrates a graph showing CFU counts in
wild type bone marrow treated with SW033291 and PGE-2.
[0095] FIGS. 48(A-C) illustrate graphs showing: (A) bone
marrow cellularity of mice treated with SW033291; (B)
SKL % in whole bone marrow of mice treated with
SW033291; and (C) CFU counts in mice treated SW033291.
[0096] FIGS. 49(A-B) illustrate: (A) a schematic diagram
following CD45.2 antigen marked cells in lethally irradiated
C57BL/6] mice rescued with a bone marrow transplant from
donor mice treated with SW033291 or with vehicle; and (B)
graphs showing chimerism, of donor B-Cells, myeloid cells,
and T-Cells after such treatment.

[0097] FIG. 50 illustrates a schematic diagram showing
schema of a study in which C57BL/61 mice are irradiated
with 11GY on day O and followed by treatment with
SW033291.

[0098] FIG. 51 illustrates a schematic diagram of a partial
hepatectomy.

[0099] FIGS. 52(A-D) illustrate photographs showing pre-
operative and post-operative view of mouse liver.

[0100] FIGS. 53(A-D) illustrate photographs showing
post-hepatectomy views of the mouse liver (at left) and
regeneration of mouse liver on post-operative day 7 (at
right).

[0101] FIGS. 54(A-B) illustrate micrographs of post-he-
patectomy mouse livers of mouse administered SW033291
and control vehicle, with arrows designating mitotic figures.
[0102] FIG. 55 illustrates a graph showing mitosis in liver
of SW033291 treated mouse versus the control mouse.
[0103] FIG. 56 illustrates a graph showing the liver to
body weight ratios attained following partial hepatectomy in
control versus SW033291 treated C57BI/6] mice.

[0104] FIG. 57 illustrates a graph showing the liver to
body weight ratios attained following partial hepatectomy in
control versus SW033291 twice daily treated C57Bl/6J
mice.

[0105] FIG. 58 illustrates a graph reprising the liver to
body weight ratios attained following partial hepatectomy in
control versus SW033291 treated C57BI/6] mice.

[0106] FIGS. 59(A-B) illustrate a graph and plot showing
ALT levels following partial hepatectomy in one mouse
control versus one mouse treated with SW033291.

[0107] FIG. 60 illustrates a graph showing serum bilirubin
levels following partial hepatectomy in a control mouse and
a mouse treated with SW033291.



US 2023/0136730 Al

[0108] FIG. 61 illustrates a graph showing the liver to
body weight ratios attained following partial hepatectomy in
control versus SW033291 treated FVB mice.

[0109] FIG. 62 illustrates a graph showing preoperative
body weights in control versus SW033291 treated FVB
mice.

[0110] FIG. 63 illustrates a graph showing the weight of
the resected liver segment from mice treated with either
SW033291 or vehicle control and assayed for liver regen-
eration.

[0111] FIG. 64 illustrates a graph showing liver weights
attained post partial heptatectomy in SW033291 and control
mice.

[0112] FIG. 65 illustrates a graph showing the liver to
body weight ratios obtained post partial hepatectomy in
SW033291 treated and control mice.

[0113] FIG. 66 illustrates a “box and whisker” plot com-
paring liver to body weight ratio following partial hepate-
ctomy of SWO033291 treated and control FVB mice at
post-operative day 4.

[0114] FIG. 67 illustrates a “box and whisker” plot com-
paring liver to body weight ratio following partial hepate-
ctomy of SWO033291 treated and control FVB mice at
post-operative day 7.

[0115] FIG. 68 illustrates a “box and whisker” plot com-
paring liver to body weight ratio following partial hepate-
ctomy of SWO033291 treated and control FVB mice at
post-operative day 4.

[0116] FIG. 69 illustrates photographs of S-phase cells
following partial hepatectomy on post-operative day 2 in
livers of SW033291 treated and vehicle treated control mice.
[0117] FIG. 70 illustrates a photograph showing high
powered (40x) views of representative fields from the study
of FIG. 69.

[0118] FIG. 71 illustrates a “box and whiskers” plot com-
paring percent of BrdU positive cells in livers of SW033291
treated versus vehicle control treated mice on post-operative
day 2 following partial hepatectomy.

[0119] FIG. 72 illustrates a graph showing the average
changes from baseline weight of the cohort of control versus
SW033291 treated mice all treated with 2% dextran sulfate
sodium (DSS) in the drinking water.

[0120] FIG. 73 illustrates a graph of the daily disease
activity index of the cohort of control versus SW033291
treated mice all treated with 2% DSS in the drinking water.
[0121] FIG. 74 illustrates a graph showing the average
changes from baseline weight of the cohort of DSS treated
mice receiving a control vehicle versus SW033291.

[0122] FIGS. 75(A-B) illustrates: (A) a graph showing the
number of ulcers in a colon of DSS treated mice receiving
a control vehicle versus SW033291; and (B) photographs
showing ulcers of DSS treated mice receiving control (left)
or SW033291 (right).

[0123] FIG. 76 illustrates a graph showing quantitation of
ulcer burden on day 15 of DSS treated mice receiving a
control vehicle or SW033291.

[0124] FIGS. 77(A-B) illustrate photographs showing
colonoscopic findings and mouse endoscopic index of colitis
severity (MEICs) for a DSS treated mouse receiving a
control vehicle or SW033291.

[0125] FIG. 78 illustrates a graph showing MEICS score
of DSS treated mice receiving a control vehicle or
SW033291.
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[0126] FIG. 79 illustrates photomicrographs of high pow-
ered fields from the mid-colon on day 8 of the DSS protocol
from control mice, SW033291 treated mice (treatment) and
15-PGDH knockout mice (KO) and a graph depicting sum
of'the average number of BrdU positive cells per crypt in the
distal plus middle colons of control (Cn), SW033219 treated
mice (Tx), and 15-PGDH knockout mice (KO) on day 1, day
8, and day 15 of the DSS treatment protocol.

[0127] FIG. 80 illustrates a graph showing colon length at
day 22 of DSS treated mice receiving a control vehicle or
SW033291.

[0128] FIGS. 81(A-E) illustrate: (A) a schematic illustra-
tion showing the design of a study of enhanced survival in
mice receiving a bone marrow transplant and also adminis-
tered the 15-PGDH inhibitor SW033291; (B) graphical
survival curves for mice transplanted with 100,000 donor
cells; (C) graphical survival curves for mice transplanted
with 200,000 donor cells; (D) graphical survival curves for
mice transplanted with 500,000 donor cells; and (E) tabular
survival data for all mice in the study on study day 30.

[0129] FIGS. 82(A-C) illustrate: (A) a schematic illustra-
tion showing measurements on blood and bone marrow on
day 5 after transplant; (B) a graph showing that SW033291
treated mice have significantly higher total white count; (C)
a graph showing that SW033291 treated mice have signifi-
cantly higher total platelet count. The star symbol denotes
P<0.05.

[0130] FIGS. 83(A-B) illustrate: (A) a schematic illustra-
tion showing measurements on blood and bone marrow on
day 8 after transplant; and (B) a graph showing that
SW033291 treated mice have significantly higher platelet
count than control, with drug treated mice having 77,000
platelets compared to control mice having 39,500 platelets.
The star symbol denotes P<0.05.

[0131] FIGS. 84(A-D) illustrate: (A) a schematic illustra-
tion showing measurements on blood and bone marrow on
day 12 after transplant; (B) a graph showing that SW033291
treated mice have significantly higher neutrophil counts,
with drug treated mice having 332 neutrophils compared to
control mice having 125 neutrophils; and (C) a graph
showing that on day 12 after transplant, SW033291 treated
mice have significantly higher hemoglobin count than con-
trols, with drug treated mice having hemoglobin level of
11.58 and control mice having hemoglobin level of 8.3; and
D) a graph showing that SW033291 treated mice have
significantly higher total white counts compared to control
mice. The star symbol denotes P<0.05.

[0132] FIGS. 85(A-G) illustrate: (A) a schematic illustra-
tion showing measurements on blood and bone marrow on
day 18 after transplant; (B-D) graphs showing SW033291
treated mice have significantly higher total white count
(FIG. 85B), lymphocyte count (FIG. 85C), and neutrophil
count (FIG. 85D), with drug treated mice having 835
neutrophils and control mice having 365 neutrophils (FIG.
85D); (E) a graph showing that on day 18 drug treated mice
have significantly higher platelet counts than control mice;
and (F-G) graphs showing drug treated mice have nearly
4-fold increased percentage (FIG. 85F) and total numbers
(FIG. 85G) of SKL. marked bone marrow stem cells than do
control mice. The star symbol denotes P<0.05.

[0133] FIGS. 86(A-B) illustrate graphs showing (A) mea-
surement of PGE2 (pg of PGE2/mg tissue protein) in 4
different mouse tissues (colon, bone marrow, liver, lung)
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across time following IP injection of SW033291 at 10
mg/kg; and (B) time course of PGE2 in control mice injected
with vehicle only.

[0134] FIG. 87 is a schematic illustration showing an
experiment in which mice are lethally irradiated (IR) and 12
hours later receive a transplant (BMT) with CFSE dye
labeled bone marrow cells (BM), and the number of trans-
planted cells that home and survive in the bone marrow of
the recipient mice are then determined by FACS at 16 hours
post-transplant.

[0135] FIG. 88 illustrates a graph showing the percent of
CFSE dye labeled cells that have homed to the bone marrow
of mice treated as illustrated in FIG. 87.

[0136] FIG. 89 is a schematic illustration showing an
experiment in which mice are lethally irradiated (IR) and 12
hours later receive a transplant (BMT) with CFSE dye
labeled bone marrow cells (BM), and number of trans-
planted cells that home and survive in the bone marrow of
the recipient mice are then determined by FACS at 16 hours
post-transplant.

[0137] FIG. 90 illustrates a graph showing the percent of
CFSE dye labeled cells that have homed to the bone marrow
of mice treated as illustrated in FIG. 89.

[0138] FIG. 91 is a schematic illustration showing an
experiment in which mice are injected with SW033291
twice daily IP at 10 mg/kg for 5 doses.

[0139] FIGS. 92(A-B) illustrate graphs showing induction
of gene expression in (A) bone marrow SKL cells and (B)
bone marrow stromal cells of SW033291 treated mice.
[0140] FIG. 93 is a schematic illustration showing an
experiment in which immune deficient NSG mice are
lethally irradiated (IR) and 12 hours later receive a trans-
plant with CFSE dye labeled bufly coat cells from human
umbilical cord blood (UCB), and number of transplanted
cells that home and survive in the bone marrow of the
recipient mice are then determined by FACS at 16 hours
post-transplant.

[0141] FIG. 94 illustrates a graph showing the percent of
CFSE dye labeled human umbilical cord bufty coat cells that
have homed to the bone marrow of mice treated as per the
schema above.

[0142] FIG. 95 illustrates isomers of SW033291 and a
representative analytical HPLC trace.

[0143] FIG. 96 illustrates plots showing thermal denatur-
ation of recombinant 15-PGDH protein using Differential
Scanning Fluorimetry with SYPRO Orange.

[0144] FIGS. 97(A-C) illustrate inhibition of recombinant
15-PGDH protein enzymatic activity by SW033291 stereo-
genic isomers A and B.

[0145] FIG. 98 is a graph showing the activity in inducing
activity of a 15-PGH-luciferase fusion protein reporter in the
Vaco-9IM (VOM) cell line background of SW033291 isomers
A and B.

[0146] FIG. 99 is an image showing the conformation of
three compounds, SW033291, SW054384, and SW145753,
each docked into the active site of PGDH.

[0147] FIG. 100 illustrates analogs of SW033291.

[0148] FIGS. 101(A-H) illustrate plots of inhibition of
15-PGDH protein by analogs of SW033291 shown in FIG.
100.

[0149] FIG. 102 illustrates a graph showing the dose
response effect of analogs of SW033291 shown in FIG. 100
on PGE, production from I[1-beta treated A549 cells.
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[0150] FIG. 103 illustrates a graph showing luciferase
activity of colon cancer cell V9m treated with various
dosages of analogs of SW033291 shown in FIG. 100.
[0151] FIG. 104 illustrates a graph showing luciferase
activity of LS174T cells treated with various dosages of
analogs of SW033291 shown in FIG. 100.

[0152] FIG. 105 illustrates a graph showing luciferase
activity of V503 cells treated with various dosages of
analogs of SW033291 shown in FIG. 100.

[0153] FIG. 106 illustrates a graph showing percent inhi-
bition of 15-PGDH activity by analogs of SW033291 shown
in FIG. 100 at 2.5 uM and 7.5 pM.

[0154] FIGS. 107(A-B) illustrate chemical structures of a
set of thirteen compounds, designated set 20 with individual
compound identifiers ranging from SW209271 through
SW209283, that are structurally related to SW033291. For
each compound the molecular weight, tPSA, and CLogP is
also shown.

[0155] FIGS. 108 and 109 illustrate plots showing the
activity of each compound SW209271 through SW209283
in inhibiting the enzymatic activity of recombinant
15-PGDH protein in in vitro assays, with the percent inhi-
bition graphed on the Y-axis and the Log of the compound
concentration in nM graphed on the X-axis. The 1Cs, for
each compound is recorded.

[0156] FIG. 110 illustrates a graph showing the activity of
compounds SW209271 through SW209283 in inducing
PGE?2 as assayed in the medium of A549 cells that have first
been activated with IL-1beta at concentrations of 4 nM, 20
nM, 100 nM, 500 nM, and 2500 nM.

[0157] FIG. 111 illustrates a graph showing the activity of
compounds SW209271 through SW209283 in inducing
luciferase activity in a reporter cell line at concentrations of
19.5 nM, 39.0635 nM, 78.124 nM, 156.25 nM, 312.5 nM,
625 nM, and 1250 nM.

[0158] FIG. 112 illustrates a graph showing the activity of
compounds SW209271 through SW209283 in inducing
luciferase activity in a reporter cell line at concentrations of
19.5 nM, 39.0635 nM, 78.124 nM, 156.25 nM, 312.5 nM,
625 nM, and 1250 nM.

[0159] FIG. 113 illustrates a graph showing the activity of
compound SW209271 through SW209283 in inducing
luciferase activity in a reporter cell line at concentrations of
19.5 nM, 39.0635 nM, 78.124 nM, 156.25 nM, 312.5 nM,
625 nM, and 1250 nM.

[0160] FIG. 114 shows chemical structures of two previ-
ously described compounds, SW209125 and SW208436,
along with a set of five compounds, designated set 21 with
individual compound identifiers ranging from SW209239
through SW209333, that are structurally related to
SW033291. For each compound the molecular weight,
tPSA, and CLogP is also shown.

[0161] FIG. 115 illustrates plots showing the activity of
compounds SW209125, SW208436 and set 21 compounds
ranging from SW209239 through SW209333 in inhibiting
the enzymatic activity of recombinant 15-PGDH protein in
in vitro assays, with the percent inhibition graphed on the
Y-axis and the Log of the compound concentration in nM
graphed on the X-axis. The IC,, for each compound is
recorded.

[0162] FIG. 116 illustrates chemical structures of a set of
six compounds, designated set 23, with individual com-
pound identifiers ranging from SW209415 through
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SW209420, that are structurally related to SW033291. For
each compound the molecular weight, tPSA, and CLogP is
also shown.

[0163] FIG. 117 illustrates plots showing the activity of set
23 compounds ranging from SW209415 through SW209420
in inhibiting the enzymatic activity of recombinant
15-PGDH protein in in vitro assays, with the percent inhi-
bition graphed on the Y-axis and the Log of the compound
concentration in nM graphed on the X-axis. The 1Cs, for
each compound is recorded.

[0164] FIGS. 118(A-B) each illustrate a graph showing the
activity of selected set 21 compounds ranging from
SW209239 through SW2093332 and set 23 compounds
ranging from SW209415 through SW209420 in inducing
PGE?2 as assayed in the medium of A549 cells that have first
been activated with IL-1beta at inhibitor concentrations of 4
nM, 20 nM, 100 nM, 500 nM, and 2500 nM.

[0165] FIGS. 119(A-B) each illustrate a graph showing the
activity of SW209125, SW208436 and set 21 compounds
ranging from SW209239 through SW209333 in inducing
luciferase activity in a reporter cell at concentrations of 19.5
nM, 39.0635 nM, 78.124 nM, 156.25 nM, 312.5 nM, 625
nM, and 1250 nM.

[0166] FIGS. 120(A-B) each illustrate a graph showing
the activity of SW209125, SW208436 and set 21 com-
pounds ranging from SW209239 through SW209333 in
inducing luciferase activity in a reporter cell line at concen-
trations of 19.5 nM, 39.0635 nM, 78.124 nM, 156.25 nM,
312.5 nM, 625 nM, and 1250 nM.

[0167] FIGS. 121(A-B) each illustrate a graph showing
the activity of SW209125, SW208436 and set 21 com-
pounds ranging from SW209239 through SW209333 in
inducing luciferase activity in a reporter cell line at concen-
trations of 19.5 nM, 39.0635 nM, 78.124 nM, 156.25 nM,
312.5 nM, 625 nM, and 1250 nM.

[0168] FIGS. 122(A-B) each illustrate a graph showing
the activity of set 23 compounds ranging from SW209415
through SW209420 in inducing luciferase activity in a
reporter cell line at concentrations of 39.0625 nM, 78.125
nM, 156.25 nM, 312.5 nM, 625 nM, 1250 nM, and 2500 nM.

[0169] FIGS. 123(A-B) each illustrate activity of set 23
compounds ranging from SW209415 through SW209420 in
inducing luciferase activity in a reporter cell line constructed
from the LS174T colon cancer cell line into which a renilla
luciferase cassette has been targeted into the last coding
exon of the endogenous 15-PGDH gene to create an in frame
fusion gene encoding a 15-PGDH-luciferease fusion protein.
Activity of SW033291 in the assay is also shown. Graphed
are results of treating the reporter cells with DMSO or with
compounds at concentrations of 39.0625 nM, 78.125 nM,
156.25 nM, 312.5 nM, 625 nM, 1250 nM, and 2500 nM.

[0170] FIGS. 124(A-B) each illustrate a graph showing
the activity of set 23 compounds ranging from SW209415
through SW209420 in inducing luciferase activity in a
reporter cell line at concentrations of 39.0625 nM, 78.125
nM, 156.25 nM, 312.5 nM, 625 nM, 1250 nM, and 2500 nM.

[0171] FIG. 125 illustrates the structures of SW209125,
set 20 compound SW209279, and set 23 compounds
SW209415 and SW209418.

[0172] FIG. 126 illustrates a graph showing the activity of
SW209125, set 20 compound SW209279, and set 23 com-
pounds SW209415 and SW209418, at concentrations of 4
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nM, 20 nM, 100 nM, 500 nM, and 2500 nM in inducing
PGE?2 as assayed in the medium of A549 cells that have first
been activated with IL-1beta.

[0173] FIG. 127 illustrates a graph showing the activity of
SW209125, set 20 compound SW209279, and set 23 com-
pounds SW209415 and SW209418, at concentrations of 4
nM, 20 nM, 100 nM, 500 nM, and 2500 nM in inducing
PGE2 as assayed in the medium of DLD1 cells in media
supplemented with arachidonic acid.

[0174] FIG. 128 illustrates a graph showing activity of
SW033291, SW209125, set 20 compound SW209279, and
set 23 compounds SW209415 and SW209418, in inducing
Iuciferase activity in a reporter cell line at concentrations
ranging from (right to left) of 2.4 nM up to 2500 nM.
[0175] FIG. 129 illustrates a graph showing the activity of
SW033291, SW209125, set 20 compound SW209279, and
set 23 compounds SW209415 and SW209418, in inducing
Iuciferase activity in a reporter cell line at concentrations
ranging from (right to left) of 2.4 nM up to 2500 nM.
[0176] FIG. 130 illustrates a graph showing the activity of
SW033291, SW209125, set 20 compound SW209279, and
set 23 compounds SW209415 and SW209418 in inducing
Iuciferase activity in a reporter cell line at concentrations
ranging from (right to left) of 2.4 nM up to 2500 nM.
[0177] FIGS. 131(A-B) each illustrate chemical structures
of a set of seven compounds, designated set 24, with
individual compound identifiers ranging from SW209427 up
to SW209513, that are structurally related to SW033291.
For each compound the molecular weight, tPSA, and CLogP
is also shown. Also shown is the repeated structure of
SW209415.

[0178] FIGS. 132(A-C) illustrate plots showing the activ-
ity of each compound in set 24 with compound numbers
from SW209427 up to SW209513 in inhibiting the enzy-
matic activity of recombinant 15-PGDH protein in in vitro
assays, with the percent inhibition graphed on the Y-axis and
the Log of the compound concentration in nM graphed on
the X-axis. The IC,, for each compound is recorded.
[0179] FIGS. 133(A-B) each illustrate a graph showing
the activity of set 24 compounds, with compound numbers
from SW209427 up to SW209513, in inducing luciferase
activity in a reporter cell line at concentrations of 19.5 nM,
39.0635 nM, 78.125 nM, 156.25 nM, 312.5 nM, 625 nM,
and 1250 nM.

[0180] FIG. 134(A-B) each illustrate a graph showing the
activity of set 24 compounds, with compound numbers from
SW209427 up to SW209513, in inducing luciferase activity
in a reporter cell line at concentrations of 19.5 nM, 39.0635
nM, 78.125 nM, 156.25 nM, 312.5 nM, 625 nM, and 1250
nM.

[0181] FIGS. 135(A-C) illustrate dose response curves for
inhibition of enzymatic activity of recombinant 15-PGDH
(Y-axis) versus log of the nM concentration of racemic
SW209415 (A), or of the (-) isomer of SW209415 (B), or
of the (+) isomer of SW209415 (C).

[0182] FIG. 136 illustrates the HPLC separation condi-
tions for the enantiomers of SW209415.

[0183] FIG. 137 illustrates a graph showing induction of
PGE2 that is secreted into cell culture media of A549 cells
that are treated with: DMSO alone; IL1-beta alone; IL1-beta
plus racemic SW209415 (labeled SW209415); 1L.1-beta plus
(=) SW209415 (labeled SW209415 (-)); IL1-beta plus (+)
SW209415 (labeled SW209415 (+)); or with IL.1-beta plus
SW033291 (labeled SW033291).
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[0184] FIGS. 138(A-D) illustrates graphs showing the
measurement of PGE2 (pg of PGE2/mg tissue protein) in 4
different mouse tissues (marrow [A], colon [B], liver [C],
and lung [D]) across time following IP injection of
SW209415 at 10 mg/kg.

[0185] FIG. 139 illustrates schema of an experiment in
which female C57BL/6J mice are lethally irradiated (IR) and
12 hours later receive a transplant with CFSE dye labeled
bone marrow cells from a donor C57BL/6] female mouse,
and the number of transplanted cells that home and survive
in the bone marrow of the recipient mice are then determined
by FACS at 16 hours post-transplant.

[0186] FIG. 140 illustrates a graph showing the percent of
CFSE dye labeled donor bone marrow cells that have homed
to the bone marrow of recipient mice treated as per the
schema described in FIG. 139.

[0187] FIG. 141 shows activity of (+) SW209415 in
increasing PGE2 in mouse tissues.

DETAILED DESCRIPTION

[0188] For convenience, certain terms employed in the
specification, examples, and appended claims are collected
here. 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
application belongs.

[0189] The articles “a” and “an” are used herein to 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
element” means one element or more than one element.
[0190] The terms “comprise,” “‘comprising,” “include,”
“including,” “have,” and “having” are used in the inclusive,
open sense, meaning that additional elements may be
included. The terms “such as™, “e.g.”, as used herein are
non-limiting and are for illustrative purposes only. “Includ-
ing” and “including but not limited to” are used interchange-
ably.

[0191] The term “or” as used herein should be understood
to mean “and/or”, unless the context clearly indicates oth-
erwise.

[0192] As used herein, the term “about” or “approxi-
mately” refers to a quantity, level, value, number, frequency,
percentage, dimension, size, amount, weight or length that
varies by as much as 15%, 10%, 9%, 8%, 7%, 6%, 5%, 4%,
3%, 2% or 1% to a reference quantity, level, value, number,
frequency, percentage, dimension, size, amount, weight or
length. In one embodiment, the term “about” or “approxi-
mately” refers a range of quantity, level, value, number,
frequency, percentage, dimension, size, amount, weight or
length £15%, £10%, +9%, +8%, £7%, +6%, £5%, +4%,
+3%, 2%, or £1% about a reference quantity, level, value,
number, frequency, percentage, dimension, size, amount,
weight or length.

[0193] It will be noted that the structure of some of the
compounds of the application include asymmetric (chiral)
carbon or sulfur atoms. It is to be understood accordingly
that the isomers arising from such asymmetry are included
herein, unless indicated otherwise. Such isomers can be
obtained in substantially pure form by classical separation
techniques and by stereochemically controlled synthesis.
The compounds of this application may exist in stereoiso-
meric form, therefore can be produced as individual stereoi-
somers or as mixtures.

2 <

May 4, 2023

[0194] The term “isomerism” means compounds that have
identical molecular formulae but that differ in the nature or
the sequence of bonding of their atoms or in the arrangement
of their atoms in space. Isomers that differ in the arrange-
ment of their atoms in space are termed “stereoisomers”.
Stereoisomers that are not mirror images of one another are
termed “diastereoisomers”, and stereoisomers that are non-
superimposable mirror images are termed “enantiomers”, or
sometimes optical isomers. A carbon atom bonded to four
nonidentical substituents is termed a “chiral center” whereas
a sulfur bound to three or four different substitutents, e.g.
sulfoxides or sulfinimides, is likewise termed a “chiral
center”.

[0195] The term “chiral isomer” means a compound with
at least one chiral center. It has two enantiomeric forms of
opposite chirality and may exist either as an individual
enantiomer or as a mixture of enantiomers. A mixture
containing equal amounts of individual enantiomeric forms
of opposite chirality is termed a “racemic mixture”. A
compound that has more than one chiral center has 2n-1
enantiomeric pairs, where n is the number of chiral centers.
Compounds with more than one chiral center may exist as
either an individual diastereomer or as a mixture of diaste-
reomers, termed a “diastereomeric mixture”. When one
chiral center is present, a stereoisomer may be characterized
by the absolute configuration (R or S) of that chiral center.
Alternatively, when one or more chiral centers are present,
a stereoisomer may be characterized as (+) or (-). Absolute
configuration refers to the arrangement in space of the
substituents attached to the chiral center. The substituents
attached to the chiral center under consideration are ranked
in accordance with the Sequence Rule of Cahn, Ingold and
Prelog. (Cahn et al, Angew. Chem. Inter. Edit. 1966, 5, 385;
errata 511; Cahn et al., Angew. Chem. 1966, 78, 413; Cahn
and Ingold, J Chem. Soc. 1951 (London), 612; Cahn et al.,
Experientia 1956, 12, 81; Cahn, J., Chem. Educ. 1964, 41,
116).

[0196] The term “geometric Isomers” means the diaste-
reomers that owe their existence to hindered rotation about
double bonds. These configurations are differentiated in their
names by the prefixes cis and trans, or Z and E, which
indicate that the groups are on the same or opposite side of
the double bond in the molecule according to the Cahn-
Ingold-Prelog rules. Further, the structures and other com-
pounds discussed in this application include all atropic
isomers thereof.

[0197] The term “atropic isomers™ are a type of stereoi-
somer in which the atoms of two isomers are arranged
differently in space. Atropic isomers owe their existence to
a restricted rotation caused by hindrance of rotation of large
groups about a central bond. Such atropic isomers typically
exist as a mixture, however as a result of recent advances in
chromatography techniques, it has been possible to separate
mixtures of two atropic isomers in select cases.

[0198] The terms “crystal polymorphs™ or “polymorphs”
or “crystal forms” means crystal structures in which a
compound (or salt or solvate thereof) can crystallize in
different crystal packing arrangements, all of which have the
same elemental composition. Different crystal forms usually
have different X-ray diffraction patterns, infrared spectral,
melting points, density hardness, crystal shape, optical and
electrical properties, stability and solubility. Recrystalliza-
tion solvent, rate of crystallization, storage temperature, and
other factors may cause one crystal form to dominate.
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Crystal polymorphs of the compounds can be prepared by
crystallization under different conditions.

[0199] The term “derivative” refers to compounds that
have a common core structure, and are substituted with
various groups as described herein.

[0200] The term “bioisostere” refers to a compound result-
ing from the exchange of an atom or of a group of atoms
with another, broadly similar, atom or group of atoms. The
objective of a bioisosteric replacement is to create a new
compound with similar biological properties to the parent
compound. The bioisosteric replacement may be physico-
chemically or topologically based. Examples of carboxylic
acid bioisosteres include acyl sulfonimides, tetrazoles,
sulfonates, and phosphonates. See, e.g., Patani and LaVoie,
Chem. Rev. 96, 3147-3176 (1996).

[0201] The phrases “parenteral administration” and
“administered parenterally” are art-recognized terms, and
include modes of administration other than enteral and
topical administration, such as injections, and include, with-
out limitation, intravenous, intramuscular, intrapleural,
intravascular, intrapericardial, intraarterial, intrathecal,
intracapsular, intraorbital, intracardiac, intradermal, intrap-
eritoneal, transtracheal, subcutaneous, subcuticular, intra-
articular, subcapsular, subarachnoid, intraspinal and intraste-
mal injection and infusion.

[0202] The term “treating” is art-recognized and includes
inhibiting a disease, disorder or condition in a subject, e.g.,
impeding its progress; and relieving the disease, disorder or
condition, e.g., causing regression of the disease, disorder
and/or condition. Treating the disease or condition includes
ameliorating at least one symptom of the particular disease
or condition, even if the underlying pathophysiology is not
affected.

[0203] The term “preventing” is art-recognized and
includes stopping a disease, disorder or condition from
occurring in a subject, which may be predisposed to the
disease, disorder and/or condition but has not yet been
diagnosed as having it. Preventing a condition related to a
disease includes stopping the condition from occurring after
the disease has been diagnosed but before the condition has
been diagnosed.

[0204] The term “pharmaceutical composition” refers to a
formulation containing the disclosed compounds in a form
suitable for administration to a subject. In a preferred
embodiment, the pharmaceutical composition is in bulk or in
unit dosage form. The unit dosage form is any of a variety
of forms, including, for example, a capsule, an IV bag, a
tablet, a single pump on an aerosol inhaler, or a vial. The
quantity of active ingredient (e.g., a formulation of the
disclosed compound or salts thereof) in a unit dose of
composition is an effective amount and is varied according
to the particular treatment involved. One skilled in the art
will appreciate that it is sometimes necessary to make
routine variations to the dosage depending on the age and
condition of the patient. The dosage will also depend on the
route of administration. A variety of routes are contem-
plated, including oral, pulmonary, rectal, parenteral, trans-
dermal, subcutaneous, intravenous, intramuscular, intraperi-
toneal, intranasal, inhalational, and the like. Dosage forms
for the topical or transdermal administration of a compound
described herein includes powders, sprays, ointments,
pastes, creams, lotions, gels, solutions, patches, nebulized
compounds, and inhalants. In a preferred embodiment, the
active compound is mixed under sterile conditions with a

May 4, 2023

pharmaceutically acceptable carrier, and with any preserva-
tives, buffers, or propellants that are required.

[0205] The term “flash dose” refers to compound formu-
lations that are rapidly dispersing dosage forms.

[0206] The term “immediate release” is defined as a
release of compound from a dosage form in a relatively brief
period of time, generally up to about 60 minutes. The term
“modified release” is defined to include delayed release,
extended release, and pulsed release. The term “pulsed
release” is defined as a series of releases of drug from a
dosage form. The term “sustained release” or “extended
release” is defined as continuous release of a compound
from a dosage form over a prolonged period.

[0207] The phrase “pharmaceutically acceptable” is art-
recognized. In certain embodiments, the term includes com-
positions, polymers and other materials and/or dosage forms
which are, within the scope of sound medical judgment,
suitable for use in contact with the tissues of human beings
and animals without excessive toxicity, irritation, allergic
response, or other problem or complication, commensurate
with a reasonable benefit/risk ratio.

[0208] The phrase “pharmaceutically acceptable carrier”
is art-recognized, and includes, for example, pharmaceuti-
cally acceptable materials, compositions or vehicles, such as
a liquid or solid filler, diluent, excipient, solvent or encap-
sulating material, involved in carrying or transporting any
subject composition from one organ, or portion of the body,
to another organ, or portion of the body. Each carrier must
be “acceptable” in the sense of being compatible with the
other ingredients of a subject composition and not injurious
to the patient. In certain embodiments, a pharmaceutically
acceptable carrier is non-pyrogenic. Some examples of
materials which may serve as pharmaceutically acceptable
carriers include: (1) sugars, such as lactose, glucose and
sucrose; (2) starches, such as corn starch and potato starch;
(3) cellulose, and its derivatives, such as sodium carboxym-
ethyl cellulose, ethyl cellulose and cellulose acetate; (4)
powdered tragacanth; (5) malt; (6) gelatin; (7) talc; (8)
excipients, such as cocoa butter and suppository waxes; (9)
oils, such as peanut oil, cottonseed oil, sunflower oil, sesame
oil, olive oil, corn oil and soybean oil; (10) glycols, such as
propylene glycol; (11) polyols, such as glycerin, sorbitol,
mannitol and polyethylene glycol; (12) esters, such as ethyl
oleate and ethyl laurate; (13) agar; (14) buffering agents,
such as magnesium hydroxide and aluminum hydroxide;
(15) alginic acid; (16) pyrogen-free water; (17) isotonic
saline; (18) Ringer’s solution; (19) ethyl alcohol; (20) phos-
phate buffer solutions; and (21) other non-toxic compatible
substances employed in pharmaceutical formulations.
[0209] The compounds of the application are capable of
further forming salts. All of these forms are also contem-
plated herein.

[0210] “Pharmaceutically acceptable salt” of a compound
means a salt that is pharmaceutically acceptable and that
possesses the desired pharmacological activity of the parent
compound. For example, the salt can be an acid addition salt.
One embodiment of an acid addition salt is a hydrochloride
salt. The pharmaceutically acceptable salts can be synthe-
sized from a parent compound that contains a basic or acidic
moiety by conventional chemical methods. Generally, such
salts can be prepared by reacting the free acid or base forms
of these compounds with a stoichiometric amount of the
appropriate base or acid in water or in an organic solvent, or
in a mixture of the two; generally, non-aqueous media like
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ether, ethyl acetate, ethanol, isopropanol, or acetonitrile
being preferred. Lists of salts are found in Remington’s
Pharmaceutical Sciences, 18th ed. (Mack Publishing Com-
pany, 1990).

[0211] The compounds described herein can also be pre-
pared as esters, for example pharmaceutically acceptable
esters. For example, a carboxylic acid function group in a
compound can be converted to its corresponding ester, e.g.,
a methyl, ethyl, or other ester. Also, an alcohol group in a
compound can be converted to its corresponding ester, e.g.,
an acetate, propionate, or other ester.

[0212] The compounds described herein can also be pre-
pared as prodrugs, for example pharmaceutically acceptable
prodrugs. The terms “pro-drug” and “prodrug” are used
interchangeably herein and refer to any compound, which
releases an active parent drug in vivo. Since prodrugs are
known to enhance numerous desirable qualities of pharma-
ceuticals (e.g., solubility, bioavailability, manufacturing,
etc.) the compounds can be delivered in prodrug form. Thus,
the compounds described herein are intended to cover
prodrugs of the presently claimed compounds, methods of
delivering the same and compositions containing the same.
“Prodrugs” are intended to include any covalently bonded
carriers that release an active parent drug in vivo when such
prodrug is administered to a subject. Prodrugs are prepared
by modifying functional groups present in the compound in
such a way that the modifications are cleaved, either in
routine manipulation or in vivo, to the parent compound.
Prodrugs include compounds wherein a hydroxy, amino,
sulthydryl, carboxy, or carbonyl group is bonded to any
group that may be cleaved in vivo to form a free hydroxyl,
free amino, free sulthydryl, free carboxy or free carbonyl
group, respectively. Prodrugs can also include a precursor
(forerunner) of a compound described herein that undergoes
chemical conversion by metabolic processes before becom-
ing an active or more active pharmacological agent or active
compound described herein.

[0213] Examples of prodrugs include, but are not limited
to, esters (e.g., acetate, dialkylaminoacetates, formates,
phosphates, sulfates, and benzoate derivatives) and carbam-
ates (e.g., N,N-dimethylaminocarbonyl) of hydroxy func-
tional groups, ester groups (e.g., ethyl esters, morpholino-
ethanol esters) of carboxyl functional groups, N-acyl
derivatives (e.g., N-acetyl)N-Mannich bases, Schiff bases
and enaminones of amino functional groups, oximes,
acetals, ketals and enol esters of ketone and aldehyde
functional groups in compounds, and the like, as well as
sulfides that are oxidized to form sulfoxides or sulfones.
[0214] The term “protecting group” refers to a grouping of
atoms that when attached to a reactive group in a molecule
masks, reduces or prevents that reactivity. Examples of
protecting groups can be found in Green and Wuts, Protec-
tive Groups in Organic Chemistry, (Wiley, 2.sup.nd ed.
1991); Harrison and Harrison et al., Compendium of Syn-
thetic Organic Methods, Vols. 1-8 (John Wiley and Sons,
1971-1996); and Kocienski, Protecting Groups, (Verlag, 3™/
ed. 2003).

[0215] The term “amine protecting group” is intended to
mean a functional group that converts an amine, amide, or
other nitrogen-containing moiety into a different chemical
group that is substantially inert to the conditions of a
particular chemical reaction. Amine protecting groups are
preferably removed easily and selectively in good yield
under conditions that do not affect other functional groups of
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the molecule. Examples of amine protecting groups include,
but are not limited to, formyl, acetyl, benzyl, t-butyldimeth-
ylsilyl, t-butyldiphenylsilyl, t-butyloxycarbonyl (Boc),
p-methoxybenzyl, methoxymethyl, tosyl, trifluoroacetyl,
trimethylsilyl (TMS), fluorenyl-methyloxycarbonyl, 2-trim-
ethylsilyl-ethyoxycarbonyl, 1-methyl-1-(4-biphenylyl)
ethoxycarbonyl, allyloxycarbonyl, benzyloxycarbonyl
(CBZ), 2-trimethylsilyl-ethanesulfonyl (SES), trityl and
substituted trityl groups, 9-fluorenylmethyloxycarbonyl
(FMOC), nitro-veratryloxycarbonyl (NVOC), and the like.
Those of skill in the art can identify other suitable amine
protecting groups.

[0216] Representative hydroxy protecting groups include
those where the hydroxy group is either acylated or alky-
lated such as benzyl, and trityl ethers as well as alkyl ethers,
tetrahydropyranyl ethers, trialkylsilyl ethers and allyl ethers.
[0217] Additionally, the salts of the compounds described
herein, can exist in either hydrated or unhydrated (the
anhydrous) form or as solvates with other solvent molecules.
Non-limiting examples of hydrates include monohydrates,
dihydrates, etc. Nonlimiting examples of solvates include
ethanol solvates, acetone solvates, etc.

[0218] The term “solvates” means solvent addition forms
that contain either stoichiometric or non-stoichiometric
amounts of solvent. Some compounds have a tendency to
trap a fixed molar ratio of solvent molecules in the crystal-
line solid state, thus forming a solvate. If the solvent is water
the solvate formed is a hydrate, when the solvent is alcohol,
the solvate formed is an alcoholate. Hydrates are formed by
the combination of one or more molecules of water with one
of the substances in which the water retains its molecular
state as H,O, such combination being able to form one or
more hydrate.

[0219] The compounds, salts and prodrugs described
herein can exist in several tautomeric forms, including the
enol and imine form, and the keto and enamine form and
geometric isomers and mixtures thereof. Tautomers exist as
mixtures of a tautomeric set in solution. In solid form,
usually one tautomer predominates. Even though one tau-
tomer may be described, the present application includes all
tautomers of the present compounds. A tautomer is one of
two or more structural isomers that exist in equilibrium and
are readily converted from one isomeric form to another.
This reaction results in the formal migration of a hydrogen
atom accompanied by a switch of adjacent conjugated
double bonds. In solutions where tautomerization is pos-
sible, a chemical equilibrium of the tautomers will be
reached. The exact ratio of the tautomers depends on several
factors, including temperature, solvent, and pH. The concept
of tautomers that are interconvertable by tautomerizations is
called tautomerism.

[0220] Of the various types of tautomerism that are pos-
sible, two are commonly observed. In keto-enol tautomerism
a simultaneous shift of electrons and a hydrogen atom
occurs.

[0221] Tautomerizations can be catalyzed by: Base: 1.
deprotonation; 2. formation of a delocalized anion (e.g., an
enolate); 3. protonation at a different position of the anion;
Acid: 1. protonation; 2. formation of a delocalized cation; 3.
deprotonation at a different position adjacent to the cation.
[0222] The term “analogue” refers to a chemical com-
pound that is structurally similar to another but differs
slightly in composition (as in the replacement of one atom
by an atom of a different element or in the presence of a
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particular functional group, or the replacement of one func-
tional group by another functional group). Thus, an analogue
is a compound that is similar or comparable in function and
appearance, but not in structure or origin to the reference
compound.

[0223] A “patient,” “subject,” or “host” to be treated by
the subject method may mean either a human or non-human
animal, such as a mammal, a fish, a bird, a reptile, or an
amphibian. Thus, the subject of the herein disclosed meth-
ods can be a human, non-human primate, horse, pig, rabbit,
dog, sheep, goat, cow, cat, guinea pig or rodent. The term
does not denote a particular age or sex. Thus, adult and
newborn subjects, as well as fetuses, whether male or
female, are intended to be covered. In one aspect, the subject
is a mammal. A patient refers to a subject afflicted with a
disease or disorder.

[0224] The terms “prophylactic” or “therapeutic” treat-
ment is art-recognized and includes administration to the
host of one or more of the subject compositions. If it is
administered prior to clinical manifestation of the unwanted
condition (e.g., disease or other unwanted state of the host
animal) then the treatment is prophylactic, i.e., it protects the
host against developing the unwanted condition, whereas if
it is administered after manifestation of the unwanted con-
dition, the treatment is therapeutic (i.e., it is intended to
diminish, ameliorate, or stabilize the existing unwanted
condition or side effects thereof).

[0225] The terms “therapeutic agent”, “drug”, “medica-
ment” and “biocactive substance” are art-recognized and
include molecules and other agents that are biologically,
physiologically, or pharmacologically active substances that
act locally or systemically in a patient or subject to treat a
disease or condition. The terms include without limitation
pharmaceutically acceptable salts thereof and prodrugs.
Such agents may be acidic, basic, or salts; they may be
neutral molecules, polar molecules, or molecular complexes
capable of hydrogen bonding; they may be prodrugs in the
form of ethers, esters, amides and the like that are biologi-
cally activated when administered into a patient or subject.
[0226] The phrase “therapeutically effective amount™ or
“pharmaceutically effective amount” is an art-recognized
term. In certain embodiments, the term refers to an amount
of a therapeutic agent that produces some desired effect at a
reasonable benefit/risk ratio applicable to any medical treat-
ment. In certain embodiments, the term refers to that amount
necessary or sufficient to eliminate, reduce or maintain a
target of a particular therapeutic regimen. The effective
amount may vary depending on such factors as the disease
or condition being treated, the particular targeted constructs
being administered, the size of the subject or the severity of
the disease or condition. One of ordinary skill in the art may
empirically determine the effective amount of a particular
compound without necessitating undue experimentation. In
certain embodiments, a therapeutically effective amount of
a therapeutic agent for in vivo use will likely depend on a
number of factors, including: the rate of release of an agent
from a polymer matrix, which will depend in part on the
chemical and physical characteristics of the polymer, the
identity of the agent; the mode and method of administra-
tion; and any other materials incorporated in the polymer
matrix in addition to the agent.

[0227] The term “EDS50” is art-recognized. In certain
embodiments, ED50 means the dose of a drug, which
produces 50% of its maximum response or effect, or alter-
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natively, the dose, which produces a pre-determined
response in 50% of test subjects or preparations. The term
“LDS50” is art-recognized. In certain embodiments, [.LD50
means the dose of a drug, which is lethal in 50% of test
subjects. The term “therapeutic index” is an art-recognized
term, which refers to the therapeutic index of a drug, defined
as LD50/EDS50.

[0228] The terms “ICs,,” or “half maximal inhibitory
concentration” is intended to refer to the concentration of a
substance (e.g., a compound or a drug) that is required for
50% inhibition of a biological process, or component of a
process, including a protein, subunit, organelle, ribonucleo-
protein, etc.

[0229] With respect to any chemical compounds, the pres-
ent application is intended to include all isotopes of atoms
occurring in the present compounds. Isotopes include those
atoms having the same atomic number but different mass
numbers. By way of general example and without limitation,
isotopes of hydrogen include tritium and deuterium, and
isotopes of carbon include C-13 and C-14.

[0230] When a bond to a substituent is shown to cross a
bond connecting two atoms in a ring, then such substituent
can be bonded to any atom in the ring. When a substituent
is listed without indicating the atom via which such sub-
stituent is bonded to the rest of the compound of a given
formula, then such substituent can be bonded via any atom
in such substituent. Combinations of substituents and/or
variables are permissible, but only if such combinations
result in stable compounds.

[0231] When an atom or a chemical moiety is followed by
a subscripted numeric range (e.g., C, ), it is meant to
encompass each number within the range as well as all
intermediate ranges. For example, “C, 4 alkyl” is meant to
include alkyl groups with 1, 2, 3, 4, 5, 6, 1-6, 1-5, 1-4, 1-3,
1-2, 2-6, 2-5, 2-4, 2-3, 3-6, 3-5, 3-4, 4-6, 4-5, and 5-6
carbons.

[0232] The term “alkyl” is intended to include both
branched (e.g., isopropyl, tert-butyl, isobutyl), straight-chain
e.g., methyl, ethyl, propyl, butyl, pentyl, hexyl, heptyl, octyl,
nonyl, decyl), and cycloalkyl (e.g., alicyclic) groups (e.g.,
cyclopropyl, cyclopentyl, cyclohexyl, cycloheptyl, cyclooc-
tyl), alkyl substituted cycloalkyl groups, and cycloalkyl
substituted alkyl groups. Such aliphatic hydrocarbon groups
have a specified number of carbon atoms. For example, C, ¢
alkyl is intended to include C,, C,, C;, C,, Cs, and Cg alkyl
groups. As used herein, “lower alkyl” refers to alkyl groups
having from 1 to 6 carbon atoms in the backbone of the
carbon chain. “Alkyl” further includes alkyl groups that
have oxygen, nitrogen, sulfur or phosphorous atoms replac-
ing one or more hydrocarbon backbone carbon atoms. In
certain embodiments, a straight chain or branched chain
alkyl has six or fewer carbon atoms in its backbone (e.g.,
C,-Cq for straight chain, C,;-C, for branched chain), for
example four or fewer. Likewise, certain cycloalkyls have
from three to eight carbon atoms in their ring structure, such
as five or six carbons in the ring structure.

[0233] The term “substituted alkyls” refers to alkyl moi-
eties having substituents replacing a hydrogen on one or
more carbons of the hydrocarbon backbone. Such substitu-
ents can include, for example, alkyl, alkenyl, alkynyl, halo-
gen, hydroxyl, alkylcarbonyloxy, arylcarbonyloxy, alkoxy-
carbonyloxy, aryloxycarbonyloxy, carboxylate,
alkylcarbonyl, arylcarbonyl, alkoxycarbonyl, aminocarbo-
nyl, alkylaminocarbonyl, dialkylaminocarbonyl, alkylthio-
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carbonyl, alkoxyl, phosphate, phosphonato, phosphinato,
cyano, amino (including alkylamino, dialkylamino, ary-
lamino, diarylamino, and alkylarylamino), acylamino (in-
cluding alkylcarbonylamino, arylcarbonylamino, carbamoyl
and ureido), amidino, imino, sulthydryl, alkylthio, arylthio,
thiocarboxylate, sulfates, alkylsulfinyl, sulfonato, sulfa-
moyl, sulfonamido, nitro, trifluoromethyl, cyano, azido,
heterocyclyl, alkylaryl, or an aromatic or heteroaromatic
moiety. Cycloalkyls can be further substituted, e.g., with the
substituents described above. An “alkylaryl” or an “aralkyl”
moiety is an alkyl substituted with an aryl (e.g., phenylm-
ethyl (benzyl)). If not otherwise indicated, the terms “alkyl”
and “lower alkyl” include linear, branched, cyclic, unsub-
stituted, substituted, and/or heteroatom-containing alkyl or
lower alkyl, respectively.

[0234] The term “alkenyl” refers to a linear, branched or
cyclic hydrocarbon group of 2 to about 24 carbon atoms
containing at least one double bond, such as ethenyl, n-pro-
penyl, isopropenyl, n-butenyl, isobutenyl, octenyl, decenyl,
tetradecenyl, hexadecenyl, eicosenyl, tetracosenyl, cyclo-
pentenyl, cyclohexenyl, cyclooctenyl, and the like. Gener-
ally, although again not necessarily, alkenyl groups can
contain 2 to about 18 carbon atoms, and more particularly 2
to 12 carbon atoms. The term “lower alkenyl” refers to an
alkenyl group of 2 to 6 carbon atoms, and the specific term
“cycloalkenyl” intends a cyclic alkenyl group, preferably
having 5 to 8 carbon atoms. The term “substituted alkenyl”
refers to alkenyl substituted with one or more substituent
groups, and the terms “heteroatom-containing alkenyl” and
“heteroalkenyl” refer to alkenyl or heterocycloalkenyl (e.g.,
heterocylcohexenyl) in which at least one carbon atom is
replaced with a heteroatom. If not otherwise indicated, the
terms “alkenyl” and “lower alkenyl” include linear,
branched, cyclic, unsubstituted, substituted, and/or heteroa-
tom-containing alkenyl and lower alkenyl, respectively.
[0235] The term “alkynyl” refers to a linear or branched
hydrocarbon group of 2 to 24 carbon atoms containing at
least one triple bond, such as ethynyl, n-propynyl, and the
like. Generally, although again not necessarily, alkynyl
groups can contain 2 to about 18 carbon atoms, and more
particularly can contain 2 to 12 carbon atoms. The term
“lower alkynyl” intends an alkynyl group of 2 to 6 carbon
atoms. The term “substituted alkynyl” refers to alkynyl
substituted with one or more substituent groups, and the
terms “heteroatom-containing alkynyl” and “heteroalkynyl”
refer to alkynyl in which at least one carbon atom is replaced
with a heteroatom. If not otherwise indicated, the terms
“alkynyl” and “lower alkynyl” include linear, branched,
unsubstituted, substituted, and/or heteroatom-containing
alkynyl and lower alkynyl, respectively.

[0236] The terms “alkyl”, “alkenyl”, and “alkynyl” are
intended to include moieties which are diradicals, i.e.,
having two points of attachment. A nonlimiting example of
such an alkyl moiety that is a diradical is —CH,CH,—, i.e.,
a C, alkyl group that is covalently bonded via each terminal
carbon atom to the remainder of the molecule.

[0237] The term “alkoxy” refers to an alkyl group bound
through a single, terminal ether linkage; that is, an “alkoxy”
group may be represented as —O-alkyl where alkyl is as
defined above. A “lower alkoxy” group intends an alkoxy
group containing 1 to 6 carbon atoms, and includes, for
example, methoxy, ethoxy, n-propoxy, isopropoxy, t-buty-
loxy, etc. Preferred substituents identified as “C,-C, alkoxy”
or “lower alkoxy” herein contain 1 to 3 carbon atoms, and
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particularly preferred such substituents contain 1 or 2 carbon
atoms (i.e., methoxy and ethoxy).

[0238] The term “aryl” refers to an aromatic substituent
containing a single aromatic ring or multiple aromatic rings
that are fused together, directly linked, or indirectly linked
(such that the different aromatic rings are bound to a
common group such as a methylene or ethylene moiety).
Aryl groups can contain 5 to 20 carbon atoms, and particu-
larly preferred aryl groups can contain 5 to 14 carbon atoms.
Examples of aryl groups include benzene, phenyl, pyrrole,
furan, thiophene, thiazole, isothiazole, imidazole, triazole,
tetrazole, pyrazole, oxazole, isooxazole, pyridine, pyrazine,
pyridazine, and pyrimidine, and the like. Furthermore, the
term “aryl” includes multicyclic aryl groups, e.g., tricyclic,
bicyclic, e.g., naphthalene, benzoxazole, benzodioxazole,
benzothiazole, benzoimidazole, benzothiophene, methyl-
enedioxyphenyl, quinoline, isoquinoline, napthridine,
indole, benzofuran, purine, benzofuran, deazapurine, or
indolizine. Those aryl groups having heteroatoms in the ring
structure may also be referred to as “aryl heterocycles”,
“heterocycles,” “heteroaryls” or “heteroaromatics”. The aro-
matic ring can be substituted at one or more ring positions
with such substituents as described above, as for example,
halogen, hydroxyl, alkoxy, alkylcarbonyloxy, arylcarbony-
loxy, alkoxycarbonyloxy, aryloxycarbonyloxy, carboxylate,
alkylcarbonyl, alkylaminocarbonyl, aralkylaminocarbonyl,
alkenylaminocarbonyl, alkylcarbonyl, arylcarbonyl, aralkyl-
carbonyl, alkenylcarbonyl, alkoxycarbonyl, aminocarbonyl,
alkylthiocarbonyl, phosphate, phosphonato, phosphinato,
cyano, amino (including alkylamino, dialkylamino, ary-
lamino, diaryl amino, and al kylaryl amino), acylamino
(including alkylcarbonylamino, arylcarbonylamino, car-
bamoyl and ureido), amidino, imino, sulthydryl, alkylthio,
arylthio, thiocarboxylate, sulfates, alkylsulfinyl, sulfonato,
sulfamoyl, sulfonamido, nitro, triffuoromethyl, cyano, azido,
heterocyclyl, alkylaryl, or an aromatic or heteroaromatic
moiety. Aryl groups can also be fused or bridged with
alicyclic or heterocyclic rings, which are not aromatic so as
to form a multicyclic system (e.g., tetralin, methylenedioxy-
phenyl). If not otherwise indicated, the term “aryl” includes
unsubstituted, substituted, and/or heteroatom-containing
aromatic substituents.

[0239] The term “alkaryl” refers to an aryl group with an
alkyl substituent, and the term “aralkyl” refers to an alkyl
group with an aryl substituent, wherein “aryl” and “alkyl”
are as defined above. Exemplary aralkyl groups contain 6 to
24 carbon atoms, and particularly preferred aralkyl groups
contain 6 to 16 carbon atoms. Examples of aralkyl groups
include, without limitation, benzyl, 2-phenyl-ethyl, 3-phe-
nyl-propyl, 4-phenyl-butyl, S-phenyl-pentyl, 4-phenylcyclo-
hexyl, 4-benzylcyclohexyl, 4-phenylcyclohexylmethyl,
4-benzylcyclohexylmethyl, and the like. Alkaryl groups
include, for example, p-methylphenyl, 2,4-dimethylphenyl,
p-cyclohexylphenyl,  2,7-dimethylnaphthyl, 7-cyclooc-
tylnaphthyl, 3-ethyl-cyclopenta-1,4-diene, and the like.
[0240] The terms “heterocyclyl” or “heterocyclic group”
include closed ring structures, e.g., 3- to 10-, or 4- to
7-membered rings, which include one or more heteroatoms.
“Heteroatom” includes atoms of any element other than
carbon or hydrogen. Examples of heteroatoms include nitro-
gen, oxygen, sulfur and phosphorus.

[0241] Heterocyclyl groups can be saturated or unsatu-
rated and include pyrrolidine, oxolane, thiolane, piperidine,
piperazine, morpholine, lactones, lactams, such as azetidi-
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nones and pyrrolidinones, sultams, and sultones. Heterocy-
clic groups such as pyrrole and furan can have aromatic
character. They include fused ring structures, such as qui-
noline and isoquinoline. Other examples of heterocyclic
groups include pyridine and purine. The heterocyclic ring
can be substituted at one or more positions with such
substituents as described above, as for example, halogen,
hydroxyl, alkylcarbonyloxy, arylcarbonyloxy, alkoxycarbo-
nyloxy, aryloxycarbonyloxy, carboxylate, alkylcarbonyl,
alkoxycarbonyl, aminocarbonyl, alkylthiocarbonyl, alkoxyl,
phosphate, phosphonato, phosphinato, cyano, amino (in-
cluding alkyl amino, dialkylamino, arylamino, diarylamino,
and alkylarylamino), acylamino (including alkylcarbo-
nylamino, arylcarbonylamino, carbamoyl and ureido), ami-
dino, imino, sulthydryl, alkylthio, arylthio, thiocarboxylate,
sulfates, sulfonato, sulfamoyl, sulfonamido, nitro, trifluo-
romethyl, cyano, azido, heterocyclyl, or an aromatic or
heteroaromatic moiety. Heterocyclic groups can also be
substituted at one or more constituent atoms with, for
example, a lower alkyl, a lower alkenyl, a lower alkoxy, a
lower alkylthio, a lower alkylamino, a lower alkylcarboxyl,
a nitro, a hydroxyl, —CF;, or —CN, or the like.

[0242] The term “halo” or “halogen” refers to fluoro,
chloro, bromo, and iodo. “Counterion” is used to represent
a small, negatively charged species such as fluoride, chlo-
ride, bromide, iodide, hydroxide, acetate, and sulfate. The
term sulfoxide refers to a sulfur attached to 2 different
carbon atoms and one oxygen and the S—O bond can be
graphically represented with a double bond (S—0), a single
bond without charges (S—O) or a single bond with charges
[S(+)—O(=)]-

[0243] The terms “substituted” as in “substituted alkyl,”
“substituted aryl,” and the like, as alluded to in some of the
aforementioned definitions, is meant that in the alkyl, aryl,
or other moiety, at least one hydrogen atom bound to a
carbon (or other) atom is replaced with one or more non-
hydrogen substituents. Examples of such substituents
include, without limitation: functional groups such as halo,
hydroxyl, silyl, sulthydryl, C,-C,, alkoxy, C,-C,, alkeny-
loxy, C,-C,, alkynyloxy, Cs-C,, aryloxy, acyl (including
C,-C,, alkylcarbonyl (—CO-alkyl) and C,-C, arylcarbonyl
(—CO-aryl)), acyloxy (—O-acyl), C,-C,, alkoxycarbonyl
(—(CO)—0-alkyl), C-C,, aryloxycarbonyl (—(CO)—0O-
aryl), C,-C,, alkylcarbonato (—O—(CO)—O-alkyl),
Cs-C,o arylcarbonato (—O—(CO)—O-aryl), carboxy
(—COOH), carboxylato (—COO—), carbamoyl (—(CO)—
NH,), mono-(C,-C,, alkyl)-substituted carbamoyl
(—(CO)—NH(C,-C,, alkyl)), di-(C,-C, alkyl)-substituted
carbamoyl (—(CO)—N(C,-C,, alkyl),), mono-substituted
arylcarbamoyl (—(CO)—NH-aryl), thiocarbamoyl
(—(CS)—NH,), carbamido (—NH—(CO)—NH,), cyano
(—CN), isocyano (—N*C"), cyanato (—O—CN), isocya-
nato (—ON*C"), isothiocyanato (—S—CN), azido
(—N=N*=N"), formyl (—(CO)—H), thioformyl
(—(CS)—H), amino (—NH,), mono- and di-(C,-C, alkyl)-
substituted amino, mono- and di-(Cs-C,, aryl)-substituted
amino, C,-C,, alkylamido (—NH—(CO)-alkyl), C4-C,,
arylamido (—NH—(CO)-aryl), imino (—CR—NH where
R=hydrogen, C,-C,, alkyl, C5-C,, aryl, C4-C,, alkaryl,
Cy-C,, aralkyl, etc.), alkylimino (—CR—N(alkyl), where
R=hydrogen, alkyl, aryl, alkaryl, etc.), arylimino (—CR—N
(aryl), where R=hydrogen, alkyl, aryl, alkaryl, etc.), nitro
(—NO,), nitroso (—NO), sulfo (—SO,—OH), sulfonato
(—S0,—0"), C,-C,, alkylsulfanyl (—S-alkyl; also termed
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“alkylthio™), arylsulfanyl (—S-aryl; also termed “arylthio™),
C,-C,, alkylsulfinyl (—(SO)-alkyl), Cs-C,, arylsulfinyl
(—(8O)-aryl), C,-C,, alkylsulfonyl (—SO,-alkyl), C5-C,,
arylsulfonyl (—SO,-aryl), phosphono (—P(O)(OH),),
phosphonato (—P(O)(O7),), phosphinato (—P(O)(O7)),
phospho (—PO,), and phosphino (—PH,); and the hydro-
carbyl moieties C,-C, alkyl, C,-C,, alkenyl, C,-C, alkynyl,
Cs-C,, aryl, Cs-C,, alkaryl, and C4-C,, aralkyl.

[0244] In addition, the aforementioned functional groups
may, if a particular group permits, be further substituted with
one or more additional functional groups or with one or
more hydrocarbyl moieties such as those specifically enu-
merated above. Analogously, the above-mentioned hydro-
carbyl moieties may be further substituted with one or more
functional groups or additional hydrocarbyl moieties such as
those specifically enumerated.

[0245] When the term “substituted” appears prior to a list
of possible substituted groups, it is intended that the term
apply to every member of that group. For example, the
phrase “substituted alkyl, alkenyl, and aryl” is to be inter-
preted as “substituted alkyl, substituted alkenyl, and substi-
tuted aryl.” Analogously, when the term “heteroatom-con-
taining” appears prior to a list of possible heteroatom-
containing groups, it is intended that the term apply to every
member of that group. For example, the phrase “heteroatom-
containing alkyl, alkenyl, and aryl” is to be interpreted as
“heteroatom-containing alkyl, substituted alkenyl, and sub-
stituted aryl.

[0246] “Optional” or “optionally” means that the subse-
quently described circumstance may or may not occur, so
that the description includes instances where the circum-
stance occurs and instances where it does not. For example,
the phrase “optionally substituted” means that a non-hydro-
gen substituent may or may not be present on a given atom,
and, thus, the description includes structures wherein a
non-hydrogen substituent is present and structures wherein
a non-hydrogen substituent is not present.

[0247] The terms “stable compound” and “stable struc-
ture” are meant to indicate a compound that is sufficiently
robust to survive isolation, and as appropriate, purification
from a reaction mixture, and formulation into an efficacious
therapeutic agent.

[0248] The terms “free compound” is used herein to
describe a compound in the unbound state.

[0249] Throughout the description, where compositions
are described as having, including, or comprising, specific
components, it is contemplated that compositions also con-
sist essentially of, or consist of, the recited components.
Similarly, where methods or processes are described as
having, including, or comprising specific process steps, the
processes also consist essentially of, or consist of, the recited
processing steps. Further, it should be understood that the
order of steps or order for performing certain actions is
immaterial so long as the compositions and methods
described herein remains operable. Moreover, two or more
steps or actions can be conducted simultaneously.

[0250] The term “small molecule” is an art-recognized
term. In certain embodiments, this term refers to a molecule,
which has a molecular weight of less than about 2000 amu,
or less than about 1000 amu, and even less than about 500
amu.

[0251] All percentages and ratios used herein, unless oth-
erwise indicated, are by weight.
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[0252] The term “neoplasm” refers to any abnormal mass
of cells or tissue as a result of neoplasia. The neoplasm may
be benign, potentially malignant (precancerous), or malig-
nant (cancerous). An adenoma is an example of a neoplasm.
[0253] The terms “adenoma”, “colon adenoma” and
“polyp” are used herein to describe any precancerous neo-
plasm of the colon.

[0254] The term “colon” as used herein is intended to
encompass the right colon (including the cecum), the trans-
verse colon, the left colon and the rectum.

[0255] The terms “colorectal cancer” and “colon cancer”
are used interchangeably herein to refer to any cancerous
neoplasia of the colon (including the rectum, as defined
above).

[0256] The terms “gene expression” or “protein expres-
sion” includes any information pertaining to the amount of
gene transcript or protein present in a sample, as well as
information about the rate at which genes or proteins are
produced or are accumulating or being degraded (e.g.,
reporter gene data, data from nuclear runoff experiments,
pulse-chase data etc.). Certain kinds of data might be viewed
as relating to both gene and protein expression. For example,
protein levels in a cell are reflective of the level of protein
as well as the level of transcription, and such data is intended
to be included by the phrase “gene or protein expression
information”. Such information may be given in the form of
amounts per cell, amounts relative to a control gene or
protein, in unitless measures, etc.; the term “information” is
not to be limited to any particular means of representation
and is intended to mean any representation that provides
relevant information. The term “expression levels” refers to
a quantity reflected in or derivable from the gene or protein
expression data, whether the data is directed to gene tran-
script accumulation or protein accumulation or protein syn-
thesis rates, etc.

[0257] The terms “healthy” and “normal” are used inter-
changeably herein to refer to a subject or particular cell or
tissue that is devoid (at least to the limit of detection) of a
disease condition.

[0258] The term “nucleic acid” refers to polynucleotides
such as deoxyribonucleic acid (DNA), and, where appropri-
ate, ribonucleic acid (RNA). The term should also be under-
stood to include analogues of either RNA or DNA made
from nucleotide analogues, and, as applicable to the embodi-
ment being described, single-stranded (such as sense or
antisense) and double-stranded polynucleotides. In some
embodiments, “nucleic acid” refers to inhibitory nucleic
acids. Some categories of inhibitory nucleic acid compounds
include antisense nucleic acids, RNAi constructs, and cata-
Iytic nucleic acid constructs. Such categories of nucleic
acids are well-known in the art.

[0259] Embodiments described herein relate to com-
pounds and methods of modulating SCD activity (e.g.,
15-PGDH activity), modulating tissue prostaglandin levels,
and/or treating diseases, disorders, or conditions in which it
is desired to modulate 15-PGDH activity and/or prostaglan-
din levels.

[0260] “Inhibitors,” “activators,” and “modulators” of
15-PGDH expression or of 15-PGDH activity are used to
refer to inhibitory, activating, or modulating molecules,
respectively, identified using in vitro and in vivo assays for
15-PGDH expression or 15-PGDH activity, e.g., ligands,
agonists, antagonists, and their homologs and mimetics. The
term “modulator” includes inhibitors and activators. Inhibi-
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tors are agents that, e.g., inhibit expression of 15-PGDH or
bind to, partially or totally block stimulation, decrease,
prevent, delay activation, inactivate, desensitize, or down
regulate the activity of 15-PGDH, e.g., antagonists. Activa-
tors are agents that, e.g., induce or activate the expression of
a 15-PGDH or bind to, stimulate, stabilize, increase, open,
activate, facilitate, or enhance activation, sensitize or up
regulate the activity of 15-PGDH, e.g., agonists. Modulators
include naturally occurring and synthetic ligands, small
chemical molecules, and the like.

[0261] 15-PGDH inhibitors described herein can provide a
pharmacologic method for elevating prostaglandin levels in
tissue. Known activities of prostaglandins include promot-
ing hair growth, promoting skin pigmentation, and promot-
ing skin darkening or the appearance of skin tanning. Known
activities of prostaglandins also include ameliorating pul-
monary artery hypertension. 15-PGDH inhibitors described
herein may also be utilized to increase tissue stem cell
numbers for purposes that would include increasing resis-
tance to tissue damage by radiation, increasing resistance to
environmental exposures to radiation, increasing stem cell
numbers to increase fitness of bone marrow or other types of
transplantation (through either in vivo exposure to
15-PGDH inhibitors described herein to increase stem cell
numbers prior to harvest of a transplanted tissue, or through
ex vivo exposure of a harvested tissue prior to transplant into
a recipient host, or through treatment of the graft recipient).
15-PGDH inhibitors described herein may also be utilized
for purposes that would include promoting liver regenera-
tion, including liver regeneration after liver resection, and
liver regeneration after toxic insults, which for example may
be the toxic insult of acetaminophen overdose. Prostaglan-
din signaling is also known to promote wound healing,
protect the stomach from ulceration, and promote healing of
ulcers of stomach and intestines. Additionally, 15-PGDH
inhibitors described herein can promote activity of human
keratinocytes in “healing” scratches across cultures of kera-
tinocyte cells. Hence, 15-PGDH inhibitors described herein
may be utilized to also heal ulcers of other tissues, including,
but not limited to skin, and including but not limited to
diabetic ulcers. Further, 15-PGDH inhibitors described
herein may be utilized for the treatment of erectile dysfunc-
tion.

[0262] 15-PGDH activators described herein can increase
levels of 15-PGDH protein in cells and in increase levels of
15-PGDH enzymatic activity in cells. Increasing tissue
levels of 15-PGDH can decrease tissue levels of prostaglan-
dins. Activities associated with compounds that decrease
tissue prostaglandins include decreasing development of
human tumors, particularly decreasing development of
human colon tumors. Accordingly, compounds that increase
tissue 15-PGDH activity can lower risk of development of
colon and other tumors. Compounds that increase 15-PGDH
activity can also be used to treat colon and other tumors.
Compounds that increase 15-PGDH may be used to treat or
to prevent tumors when given singly, or when given in
combination with inhibitors of cyclooxygenase-1 and/or
cyclooxygenase-2 enzymes, or when given in combination
with other therapeutic agents.

[0263] 15-PGDH inhibitors and activators described
herein can be identified using assays in which putative
modulator compounds are applied to cells expressing
15-PGDH and then the functional effects on 15-PGDH
activity are determined. Samples or assays comprising
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15-PGDH that are treated with a potential activator, inhibi- -continued
tor, or modulator are compared to control samples without 0

the inhibitor, activator, or modulator to examine the extent RGI

of effect. Control samples (untreated with modulators) are N / r
assigned a relative 15-PGDH activity value of 100%. Inhi- ’ r / ’
bition of 15-PGDH is achieved when the 15-PGDH activity N

value relative to the control is about 80%, optionally 50% or

25%, 10%, 5% or 1%. Activation of 15-PGDH is achieved

when the 15-PGDH activity or expression value relative to N
the control is 105%, optionally 110%, optionally 125%, 1%6 Rﬁf
optionally 150%, optionally 200%, 300%, 400%, 500%, or r I /
1000-3000% or more higher. Re— /
[0264] Agents tested as modulators of SCD (e.g.,

15-PGDH) can be any small chemical molecule or com-

pound. Typically, test compounds will be small chemical

molecules, natural products, or peptides. The assays are N
designed to screen large chemical libraries by automating S Rﬁ_(
the assay steps and providing compounds from any conve- R 6_( I\}
nient source to assays, which are typically run in parallel II\}\ ’
(e.g., in microtiter formats on microtiter plates in robotic N

assays). Modulators also include agents designed to increase

the level of 15-PGDH mRNA or the level of translation from R

an mRNA. N s

[0265] Insome embodiments, the modulator of SCD (e.g., R 6_“/
15-PGDH) can be a 15-PGDH inhibitor that includes a I

compound having the following formula (V):
R 0
%) / Y
y T

NS
\( \ S// A Ny
R, A / \R
5 0
N/
Ry I R R
R
3 1 / Iﬁ/N II\{/N
, S ,
[0266] wherein n=0-2; N\N/ L/

[0267] R, and R; are the same or different and are each
selected from the group consisting of:
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[0268] R, is N or CR;

[0269] R, is selected from the group consisting of H, Cl,
F, NH,, and N(Ry),

[0270] R, is selected from the group consisting of
branched or linear alkyl including —(CH,)n,CH;
(n1:0_7)s

X
N

wherein n,=0-6 and X is any of the following: CF H,
(y+z=3), CCLH, (y+z=3) OH QAc, OMe, R4, OR;, CN,

N(R6)2s
\/A Im
n3
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(n;=0-5, m=1-5), and

\(vﬁ\/R6

(1,=0-5);

[0271] each Ry and R, are the same or different and are
one or more substituent selected from the group con-
sisting of hydrogen, substituted or unsubstituted C,-C,
alkyl, C,-C,, alkenyl, C,-C,, alkynyl, C,;-C,, aryl,
heterocycloalkenyl containing from 5-6 ring atoms,
(wherein from 1-3 of the ring atoms is independently
selected from N, NH, N(C,-Cq alkyl), NC(O)(C,-Cq
alkyl), O, and S), heteroaryl or heterocyclyl containing
from 5-14 ring atoms, (wherein from 1-6 of the ring
atoms is independently selected from N, NH, N(C,-C,
alkyl), O, and S), C4-C,, alkaryl, C-C,, aralkyl, halo,
silyl, hydroxyl, sulthydryl, C,-C,, alkoxy, C,-C,, alk-
enyloxy, C,-C,, alkynyloxy, Cs-C,,, aryloxy, acyl (in-
cluding C,-C,, alkylcarbonyl (—CO-alkyl) and C4-C,,,
arylcarbonyl (—CO-aryl)), acyloxy (—O-acyl),
C,-C,, alkoxycarbonyl (—(CO)—O-alkyl), Cs-C,o
aryloxycarbonyl (—(CO)—O-aryl), C,-C,, alkylcar-
bonato (—O—(CO)—O0-alkyl), Cs-C,, arylcarbonato
(—O—CO)—0-aryl), carboxy (—COOH), carboxy-
lato (—COO—), carbamoyl (—(CO)—NH,), C,-C,,
alkyl-carbamoyl (—(CO)—NH(C,-C,, alkyl)), aryl-
carbamoyl (—(CO)—NH-aryl), thiocarbamoyl
(—(CS)—NH,), carbamido (—NH—(CO)—NH,),
cyano(—CN), isocyano (—N*C7), cyanato (—O—
CN), isocyanato (—O—N*—C"), isothiocyanato
(—S—CN), azido (—N—N*—N"), formyl (—(CO)—
H), thioformyl (—(CS)—H), amino (—NH,), C,-C,,
alkyl amino, C5-C,,, aryl amino, C,-C,, alkylamido
(—NH—(CO)-alkyl), C4-C,, arylamido (—NH—
(CO)-aryl), sulfonamido (—SO2NR2 where R is inde-
pendently H, alkyl, aryl or heteroaryl), imino
(—CR—=NH where R is hydrogen, C,-C,, alkyl,
Cs-Cy aryl, C4-C,, alkaryl, C,-C,, aralkyl, etc.),
alkylimino (—CR—N(alkyl), where R=hydrogen,
alkyl, aryl, alkaryl, aralkyl, etc.), arylimino (—CR—N
(aryl), where R=hydrogen, alkyl, aryl, alkaryl, etc.),
nitro (—NO,), nitroso (—NO), sulfo (—SO,—OH),
sulfonato (—SO,—0—), C,-C,, alkylsulfanyl (—S-
alkyl; also termed “alkylthio”), arylsulfanyl (—S-aryl;
also termed “arylthio”), C,-C,, alkylsulfinyl (—(SO)-
alkyl), Cs-C,, arylsulfinyl (—(SO)-aryl), C,-C,,
alkylsulfonyl (—S0O,-alkyl), Cs-C,, arylsulfonyl
(—S0,-aryl), sulfonamide (—SO,—NH,, —SO,NY,
(wherein Y is independently H, arlyl or alkyl),
phosphono (—P(O)(OH),), phosphonato (—P(O)(O")
»), phosphinato (—P(O)(O7)), phospho (—PO,), phos-
phino (—PH2), polyalkyl ethers (—[(CH,),0l,.),
phosphates, phosphate esters [—OP(O)(OR), where
R—H, methyl or other alkyl], groups incorporating
amino acids or other moieties expected to bear positive
or negative charge at physiological pH, and combina-
tions thereof;

[0272] R, is not hydrogen if R, is H, an unsubstituted
thiophene, or an unsubstituted thiazole and R is butyl;
or R; is not an unsubstituted phenyl if R, is H, or an
unsubstituted phenyl, thiophene, or thiazole and Ry is
benzyl or (CH,)ns(CH;)(ns=0-5); and pharmaceuti-
cally acceptable salts thereof.
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[0273] In some embodiments, R, can be N or CH. R, can -continued
be a substituted or unsubstituted heterocyclyl containing 5-6 II\{IG
ring atoms. For example, R, can be a substituted or unsub- r
stituted thiophene, thiazole, oxazole, imidazole, pyridine, or " S Re—y /
phenyl. R; can be selected from the group consisting of H, Remyr / , N ,
substituted or unsubstituted aryl, a substituted or unsubsti- N\N

tuted cycloalkyl, and a substituted or unsubstituted hetero-
cyclyl, alkyl, or carboxy including carboxylic acid
(—CO2H), carboxy ester (—CO,alkyl) and carboxamide 6

R, Rg

N, N
[—CON(H)(alkyl) or —CO,N(alkyl),]. R P N P
[0274] In still other embodiments, 15-PGDH inhibitor can 11} / ¢ ||\ Vi
include a compound having formula (V1) N

I
R 0
N o R¢ / ’ | / ’
s Lt
NS ( O)
> | S// ! pete]
R3 / / \ i Rg R¢
Rs T / Y N
R3 R4 5 ” 5 I >
N

[0275] wherein n=0-2; 1%6

[0276] R; is selected from the group consisting of: N N
R N O
S T S N Y :
r

’ ’ Re Re
/ N/N N/N RGN/N\
I / Re, || / Re, Il\I\ R,
(s N N
S Re—
i N/
Rs “\ Y , ,
N AN

N O
o) Re—r Re—
Rs_l( fo) / , / ,
A
’ N/ ’ (\N Ny
Ty R
Re N 7
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[0277] R, is Nor CR;

[0278] R, is selected from the group consisting of H, Cl,
F, NH,, and N(Ry),

[0279] R, is selected from the group consisting of

branched or linear alkyl including —(CH,)n,CH;
(n1:0'7)s

X
s

wherein n,=0-6 and X is any of the following: CF H,
(y+z=3), CCLH, (y+7z=3), OH, OAc, OMe, Rq, OR/, CN,

N(Rg),
\A )m
n3

(n;=0-5, m=1-5), and

\MM/\/R6

(n,=0-5);

[0280] each R4 and R, are the same or different and are
one or more substituent selected from the group con-
sisting of hydrogen, substituted or unsubstituted C,-C,,
alkyl, C,-C,, alkenyl, C,-C,, alkynyl, C,-C,, aryl,
heterocycloalkenyl containing from 5-6 ring atoms,
(wherein from 1-3 of the ring atoms is independently
selected from N, NH, N(C,-C, alkyl), NC(O)(C,-Cq
alkyl), O, and S), heteroaryl containing from 5-14 ring
atoms, (wherein from 1-6 of the ring atoms is indepen-
dently selected from N, NH, N(C, -C; alkyl), O, and S),
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Cs-C,, alkaryl, C4-C,, aralkyl, halo, silyl, hydroxyl,
sulthydryl, C,-C,, alkoxy, C,-C,, alkenyloxy, C,-C,,
alkynyloxy, Cs-C,, aryloxy, acyl (including C,-C,,
alkylcarbonyl (—CO— alkyl) and C4-C,, arylcarbonyl
(—CO-aryl)), acyloxy (—O-acyl), C,-C,, alkoxycar-
bonyl (—(CO)—O-alkyl), C4-C,, aryloxycarbonyl
(—(CO)—O-aryl), C,-C,, alkylcarbonato (—O—
(CO)—0-alkyl), C4-C, arylcarbonato (—O—(CO)—
O-aryl), carboxy (—COOH), carboxylato (—COO—),
carbamoyl (—(CO)—NH,), C,-C,, alkyl-carbamoyl
(—(CO)—NH(C,-C,, alkyl)), arylcarbamoyl
(—(CO)—NH-aryl), thiocarbamoyl (—(CS)—NH,),
carbamido (—NH—(CO)—NH,), cyano(—CN), iso-
cyano (—N*C7), cyanato (—O—CN), isocyanato
(—O—N*=C"), isothiocyanato (—S—CN), azido
(—N=N*=N"), formyl (—(CO)—H), thioformyl
(—(CS)—H), amino (—NH,), C,-C,, alkyl amino,
C5-C,q aryl amino, C,-C,, alkylamido (—NH—(CO)-
alkyl), C4-C,, arylamido (—NH-—(CO)-aryl), sulfana-
mido (—SO2NR2 where R is independently H, alkyl,
aryl or heteroaryl), imino (—CR—NH where R is
hydrogen, C,-C,, alkyl, C5-C,, aryl, C4-C,, alkaryl,
Cs-C,, aralkyl, etc.), alkylimino (—CR—N(alkyl),
where R=hydrogen, alkyl, aryl, alkaryl, aralkyl, etc.),
arylimino (—CR—N(aryl), where R=hydrogen, alkyl,
aryl, alkaryl, etc.), nitro (—NO,), nitroso (—NO), sulfo
(—S0O,—OH), sulfonato (—SO,—0—), C,-C,,
alkylsulfanyl (—S-alkyl; also termed “alkylthio™),
arylsulfanyl (—S-aryl; also termed “arylthio”), C,-C,,
alkylsulfinyl (—(SO)-alkyl), Cs-C,, arylsulfinyl
(—(8SO)-aryl), C,-C,, alkylsulfonyl (—SO,-alkyl),
Cs-C,y  arylsulfonyl (—SO,-aryl), sulfonamide
(—S0O,—NH,, —SO,NY, (wherein Y is indepen-
dently H, arlyl or alkyl), phosphono (—P(O)(OH),),
phosphonato  (—P(O)(O7),), phosphinato (—P(O)
(O7)), phospho (—PO,), phosphino (—PH,), polyalkyl
ethers (—[(CH,),,0],,), phosphates, phosphate esters
[—OP(O)(OR), where R—H, methyl or other alkyl],
groups incorporating amino acids or other moieties
expected to bear positive or negative charge at physi-
ological pH, and combinations thereof;

[0281] R, is not hydrogen if Ry is butyl; or R; is not an

unsubstituted phenyl if Ry is benzyl or (CH,)ns(CH;)
(ns=0-5); and pharmaceutically acceptable salts
thereof.

[0282] Examples of 15-PGDH inhibitors having formula
(V) include the following compounds:
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[0283] and pharmaceutically acceptable salts thereof.

[0284] Instill other embodiments, R® and R can indepen-
dently be a group that improves aqueous solubility, for
example, a phosphate ester (—OPO,H,), a phenyl ring
linked to a phosphate ester (—OPO;H,), a phenyl ring
substituted with one or more methoxyethoxy groups, or a
morpholine, or an aryl or heteroaryl ring substituted with
such a group.

May 4, 2023

[0285] In other embodiments, the 15-PGDH inhibitor can
include a compound having the following formula (X):

)

10 xU
X %Xlz }/O)n
11 / | ]
R —S
< 2 X3 \Rl
7 2

Xl4

[0286] wherein n is 0-2

[0287] R! and R are the same or different and are one
or more substituent selected from the group consisting
of hydrogen, substituted or unsubstituted C,-C,, alkyl,
C,-C,, alkenyl, C,-C,, alkynyl, C5-C,, aryl, heterocy-
cloalkenyl containing from 5-6 ring atoms, (wherein
from 1-3 of the ring atoms is independently selected
from N, NH, N(C,-Cq alkyl), NC(O)(C,-C; alkyl), O,
and S), heteroaryl containing from 5-14 ring atoms,
(wherein from 1-6 of the ring atoms is independently
selected from N, NH, N(C,-C; alkyl), O, and S),
Cs-C,, alkaryl, C4-C,, aralkyl, halo, silyl, hydroxyl,
sulthydryl, C,-C,, alkoxy, C,-C,, alkenyloxy, C,-C,,
alkynyloxy, Cs-C,, aryloxy, acyl (including C,-C,,
alkylcarbonyl (—CO-alkyl) and Cg-C,, arylcarbonyl
(—CO-aryl)), acyloxy (—O-acyl), C,-C,, alkoxycar-
bonyl (—(CO)—O-alkyl), C4-C,, aryloxycarbonyl
(—(CO)—O-aryl), C,-C,, alkylcarbonato (—O—
(CO)—0-alkyl), C4-C, arylcarbonato (—O—(CO)—
O-aryl), carboxy (—COOH), carboxylato (—COO—),
carbamoyl (—(CO)—NH,), C,-C,, alkyl-carbamoyl
(—(CO)—NH(C,-C,, alkyl)), arylcarbamoyl
(—(CO)—NH-aryl), thiocarbamoyl (—(CS)—NH,),
carbamido (—NH—(CO)—NH,), cyano(—CN), iso-
cyano (—N*C7), cyanato (—O—CN), isocyanato
(—O—N*=C"), isothiocyanato (—S—CN), azido
(—N=N*=N"), formyl (—(CO)—H), thioformyl
(—(CS)—H), amino (—NH,), C,;-C, alkyl amino,
C5-C,q aryl amino, C,-C,, alkylamido (—NH—(CO)-
alkyl), C4-C,, arylamido (—NH—(CO)-aryl), sulfana-
mido (—SO2NR2 where R is independently H, alkyl,
aryl or heteroaryl), imino (—CR—NH where R is
hydrogen, C,-C,, alkyl, C5-C,, aryl, C4-C,, alkaryl,
Cs-C,, aralkyl, etc.), alkylimino (—CR—N(alkyl),
where R=hydrogen, alkyl, aryl, alkaryl, aralkyl, etc.),
arylimino (—CR—N(aryl), where R=hydrogen, alkyl,
aryl, alkaryl, etc.), nitro (—NO,), nitroso (—NO), sulfo
(—S0O,—OH), sulfonato (—SO,—0—), C,-C,,
alkylsulfanyl (—S-alkyl; also termed “alkylthio™),
arylsulfanyl (—S-aryl; also termed “arylthio”), C,-C,,
alkylsulfinyl (—(S8O)-alkyl), Cs-C,, arylsulfinyl
(—(8O)-aryl), C,-C,, alkylsulfonyl (—SO,-alkyl),
Cs-C,,  arylsulfonyl (—SO,-aryl), sulfonamide
(—SO,—NH,, —SO,NY, (wherein Y is indepen-
dently H, arlyl or alkyl), phosphono (—P(O)(OH),),
phosphonato  (—P(O)(O7),), phosphinato (—P(O)
(07)), phospho (—PO,), phosphino (—PH2), polyal-
kyl ethers (—|(CH,),0],,), phosphates, phosphate
esters [—OP(O)(OR), where R—H, methyl or other
alkyl], groups incorporating amino acids or other moi-
eties expected to bear positive or negative charge at
physiological pH, and combinations thereof;

[0288] X'°, X', X!'2 X'3 and X'* are independently N
or CR®, wherein R“is H or a C,_g alkyl, which is linear,
branched, or cyclic, and which is unsubstituted or
substituted, and wherein at least one of X!, X!2, X123,
and X'* is CR%;
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[0289] Z2is O, S, CR?R? or NR?, wherein R? and R? are
independently H or a C, ¢ alkyl, which is linear,
branched, or cyclic, and which is unsubstituted or
substituted;

[0290] and pharmaceutically acceptable salts thereof.

[0291] Examples of 15-PGDH inhibitors having formulas
(X) include the following compounds:

|
< > :N N\ S\/\/;
S N

SO

NH,

n=0

n=0

\( (ﬁ
S F;
/ \ \/\/
N
\ -z
N

N\ /

and pharmaceutically acceptable salts thereof.

[0292] In certain embodiments, the 15-PGDH inhibitor
having formula (V), (V1), and (X) can be selected that can
ia) at 2.5 uM concentration, stimulate a Vaco503 reporter
cell line expressing a 15-PGDH luciferase fusion construct
to a luciferase output level of greater than 70 (using a scale
on which a value of 100 indicates a doubling of reporter
output over baseline); iia) at 2.5 pM concentration stimulate
a V9m reporter cell line expressing a 15-PGDH luciferase
fusion construct to a luciferase output level of greater than
75; iiia) at 7.5 pM concentration stimulate a [S174T
reporter cell line expressing a 15-PGDH luciferase fusion
construct to a luciferase output level of greater than 70; and
iva) at 7.5 uM concentration, does not activate a negative
control VO9m cell line expressing TK-renilla luciferase
reporter to a level greater than 20; and va) inhibits the
enzymatic activity of recombinant 15-PGDH protein at an
1C,, of less than 1 uM

[0293] In other embodiments, the 15-PGDH inhibitor can
ib) at 2.5 uM concentration, stimulate a Vaco503 reporter

35
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cell line expressing a 15-PGDH luciferase fusion construct
to increase luciferase output; iib) at 2.5 uM concentration
stimulate a V9m reporter cell line expressing a 15-PGDH
luciferase fusion construct to increase luciferase output; iiib)
at 7.5 uM concentration stimulate a L.S174T reporter cell
line expressing a 15-PGDH luciferase fusion construct to
increase luciferase output; ivb) at 7.5 uM concentration,
does not activate a negative control V9m cell line expressing
TK-renilla luciferase reporter to a luciferase level greater
than 20% above background; and vb) inhibits the enzymatic
activity of recombinant 15-PGDH protein at an IC,, of less
than 1 pM.

[0294] In other embodiments, the 15-PGDH inhibitor can
inhibit the enzymatic activity of recombinant 15-PGDH at
an IC,, of less than 1 puM, or preferably at an IC,, of less
than 250 nM, or more preferably at an IC;, of less than 50
nM, or more preferably at an IC;, of less than 10 nM, or
more preferably at an IC,, of less than 5 nM at a recombi-
nant 15-PGDH concentration of about 5 nM to about 10 nM.

[0295] In other embodiments, the 15-PGDH inhibitor can
increase the cellular levels of PGE-2 following stimulation
of an A459 cell with an appropriate agent, for example
IL1-beta.

[0296] In some embodiments, a 15-PGDH inhibitor hav-
ing formula (V) can include a compound with the following
formula (XIII):

(XIIT)

and pharmaceutically acceptable salts thereof.

[0297] Advantageously, the 15-PGDH inhibitor having
formula (XIII) was found to: i) inhibit recombinant
15-PGDH at 3 nM concentration when enzyme concentra-
tion was approximately 6 nM; ii) increase PGE, production
by cell lines with an EC50 of around 20 nM; iii) is
chemically stable in aqueous solutions over broad pH range;
iv) is chemically stable when incubated with mouse, rat and
human liver extracts, v) shows 33 minutes plasma half-life
when injected IP into mice; viii) shows no immediate
toxicity over 24 hours when injected IP into mice at 50
mg/kg body weight, and ix) is soluble in water (pH=3) at 1
mg/mL; ix) elevates PGE2 levels in the colon, lung, liver
and bone marrow following an IP dose of 10 mg/kg body
weight; x) increases homing of hematopoietic stem cells
following bone marrow transplantation to a mouse when
administered at 10 mg/kg body weight.

[0298] In other embodiments, a 15-PGDH inhibitor hav-
ing formula (XIII) can include a compound with the fol-
lowing formula (XIla):
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(XIIla)

and pharmaceutically acceptable salts thereof.

[0299] In still other embodiments, a 15-PGDH inhibitor
having formula (XIII) can include a compound with the
following formula (XIIIb):

(XITIb)

and pharmaceutically acceptable salts thereof.

[0300] In other embodiments, the 15-PDHG inhibitor can
comprise a (+) or (-) optical isomer of a 15-PGDH inhibitor
having formula (XIII). In still other embodiments, the
15-PDHG inhibitor can comprise a mixture at least one of a
(+) or (=) optical isomer of a 15-PGDH inhibitor having
formula (XIII). For example, the 15-PGDH inhibitor can
comprise a mixture of: less than about 50% by weight of the
(=) optical isomer of a 15-PGDH inhibitor having formula
(XIII) and greater than about 50% by weight of the (+)
optical isomer of a 15-PGDH inhibitor having formula
(XII), less than about 25% by weight of the (-) optical
isomer of a 15-PGDH inhibitor having formula (XIII) and
greater than about 75% by weight of the (+) optical isomer
of a 15-PGDH inhibitor having formula (XIII), less than
about 10% by weight of the (-) optical isomer of a
15-PGDH inhibitor having formula (XIII) and greater than
about 90% by weight of the (+) optical isomer of a
15-PGDH inhibitor having formula (XIII), less than about
1% by weight of the (-) optical isomer of a 15-PGDH
inhibitor having formula (XIII) and greater than about 99%
by weight of the (+) optical isomer of a 15-PGDH inhibitor
having formula (XIII), greater than about 50% by weight of
the (-) optical isomer of a 15-PGDH inhibitor having
formula (XIII) and less than about 50% by weight of the (+)
optical isomer of a 15-PGDH inhibitor having formula
(XIII), greater than about 75% by weight of the (-) optical
isomer of a 15-PGDH inhibitor having formula (XIII) and
less than about 25% by weight of the (+) optical isomer of
a 15-PGDH inhibitor having formula (XIII), greater than
about 90% by weight of the (-) optical isomer of a
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15-PGDH inhibitor having formula (XIII) and less than
about 10% by weight of the (+) optical isomer of a
15-PGDH inhibitor having formula (XIII), or greater than
about 99% by weight of the (-) optical isomer of a
15-PGDH inhibitor having formula (XIII) and less than
about 1% by weight of the (+) optical isomer of a 15-PGDH
inhibitor having formula (XIII).

[0301] In astill further embodiment, the 15-PGDH inhibi-
tor can consist essentially of or consist of the (+) optical
isomer of a 15-PGDH inhibitor having formula (XIII). In yet
another embodiment, the PGDH inhibitor can consist essen-
tially of or consist of the (-) optical isomer of a 15-PGDH
inhibitor having formula (XIII).

[0302] The 15-PGDH inhibitors described herein can be
used for the prevention or the treatment of diseases that are
associated with 15-PGDH and/or decreased prostaglandin
levels and/or where it desirable to increase prostaglandin
levels in the subject. For example, as discussed above, it is
known that prostaglandins play an important role in hair
growth. Specifically, internal storage of various types (A,
F,,, E,) of prostaglandins in the various compartments of
hair follicles or their adjacent skin environments has been
shown to be essential in maintaining and increasing hair
density (Colombe L et. al, 2007, Exp. Dermatol, 16(9),
762-9). It has been reported that 15-PGDH, which is
involved in the degradation of prostaglandins is present in
the hair follicle dermal papillae, inactivates prostaglandins,
especially, PGF,, and PGE,, to cause scalp damage and
alopecia (Michelet J F et. al., 2008, Exp. Dermatol, 17(10),
821-8). Thus, the compounds described herein, which have
a suppressive or inhibitory activity against 15-PGDH that
degrades prostaglandins, can improve scalp damage, prevent
alopecia and promote hair growth and be used in a pharma-
ceutical composition for the prevention of alopecia and the
promotion of hair growth.

[0303] In other embodiments, the 15-PGDH inhibitors
described herein can be used in a pharmaceutical composi-
tion for promoting and/or inducing and/or stimulating pig-
mentation of the skin and/or skin appendages, and/or as an
agent for preventing and/or limiting depigmentation and/or
whitening of the skin and/or skin appendages, in particular
as an agent for preventing and/or limiting canities.

[0304] In some embodiments, the 15-PGDH inhibitor can
be applied to skin of a subject, e.g., in a topical application,
to promote and/or stimulate pigmentation of the skin and/or
hair growth, inhibit hair loss, and/or treat skin damage or
inflammation, such as skin damage caused by physical or
chemical irritants and/or UV-exposure.

[0305] Instill other embodiments, the 15-PGDH inhibitors
described herein can be used in a pharmaceutical composi-
tion for the prevention or the treatment of cardiovascular
disease and/or diseases of vascular insufficiency, such as
Raynaud’s disease, Buerger’s disease, diabetic neuropathy,
and pulmonary artery hypertension. Prostaglandins includ-
ing prostaglandin homologues produced in the body have
been known to maintain the proper action of the blood vessel
wall, especially to contribute to vasodilation for blood flow,
preventing platelet aggregation and modulating the prolif-
eration of smooth muscle that surrounds blood vessel walls
(Yan. Cheng et. al., 2006, J. Clin., Invest). In addition, the
inhibition of prostaglandins production or the loss of their
activity causes the degeneration of the endothelium in the
blood vessel walls, platelet aggregation and the dysfunction
of cellular mechanism in the smooth muscle. Among others,



US 2023/0136730 Al

the production of prostaglandins in blood vessels was shown
to be decreased in hypertension patients, including pulmo-
nary artery hypertension.

[0306] In other embodiments, the 15-PGDH inhibitors
described herein can be used in a pharmaceutical composi-
tion for the prevention or the treatment of oral, intestinal,
and/or gastrointestinal injury or diseases, or inflammatory
bowel disease, such as oral ulcers, gum disease, gastritis,
colitis, ulcerative colitis, and gastric ulcers. Gastritis and
gastric ulcer, representatives of the gastrointestinal diseases,
are defined as the conditions where gastrointestinal mucus
membrane is digested by gastric acid to form ulcer. In the
stomach walls generally consisting of mucosa, submucosa,
muscle layer and serosa, gastric ulcer even damages sub-
mucosa and muscle layer, while gastritis damages mucosa
only. Although the morbidity rates of gastritis and gastric
ulcer are relatively high, the causes thereof have not been
clarified yet. Until now, they are known to be caused by an
imbalance between aggressive factors and defensive factors,
that is, the increase in aggressive factors such as the increase
in gastric acid or pepsin secretion, or the decrease in
defensive factors such as structural or morphological deficit
of the gastric mucus membrane, the decrease in mucus and
bicarbonate ion secretion, the decrease in prostaglandin
production, or the like.

[0307] Currently available therapeutic agents for gastritis
and gastric ulcer comprise various drugs for strengthening
the defensive factors such as an antacid, which does not
affect, gastric acid secretion but neutralizes gastric acid that
has been already produced, an inhibitor of gastric acid
secretion, a promoter of prostaglandin secretion, and a
coating agent for stomach walls. Especially, prostaglandins
are known to be essential in maintaining the mechanism for
protecting and defending gastric mucus membrane (Wallace
J L., 2008, Physiol Rev., 88(4), 1547-65, S. J. Konturek et
al., 2005, Journal of Physiology and Pharmacology, 56(5)).
In view of the above, since the 15-PGDH inhibitors
described herein show a suppressive or inhibitory activity
against 15-PGDH, which degrades prostaglandins that pro-
tect gastric mucus membrane, they can be effective for the
prevention or the treatment of gastrointestinal diseases, inter
alia, gastritis and gastric ulcer.

[0308] Moreover, 15-PGDH inhibitors would also be
expected to protect from other form of intestinal injury that
would include toxicity from radiation, toxicity from chemo-
therapy, and chemotherapy induced mucositis.

[0309] In the kidney, prostaglandins modulate renal blood
flow and may serve to regulate urine formation by both
renovascular and tubular effects. In clinical studies, PGE,
has been used to improve creatinine clearance in patients
with chronic renal disease, to prevent graft rejection and
cyclosporine toxicity in renal transplant patients, to reduce
the urinary albumin excretion rate and N-acetyl-beta-D-
glucosaminidase levels in patients with diabetic nephropa-
thy (see Porter, Am., 1989, J. Cardiol., 64: 22E-26E). In
addition, U.S. Pat. No. 5,807,895 discloses a method of
preventing renal dysfunction by intravenous administration
of prostaglandins such as PGE,, PGE, and PGI,. Further-
more, it has been reported that prostaglandins serve as
vasodilators in the kidney, and, thus, the inhibition of
prostaglandin production in the kidney results in renal
dysfunction (Hao. C M, 2008, Annu Rev Physiol, 70,
357.about.77).
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[0310] Thus, the 15-PGDH inhibitors described herein,
which have a suppressive or inhibitory activity against
15-PGDH that degrades prostaglandins, may be effective in
the prevention or the treatment of renal diseases that are
associated with renal dysfunction.

[0311] The term “renal dysfunction” as used herein
includes such manifestations as follows: lower than normal
creatinine clearance, lower than normal free water clearance,
higher than normal blood urea, nitrogen, potassium and/or
creatinine levels, altered activity of kidney enzymes such as
gamma glutamyl synthetase, alanine phosphatidase,
N-acetyl-beta-D-glucosaminidase, or beta-w-microglobulin;
and increase over normal levels of macroalbuminuria.
[0312] Prostaglandins including PGE,, PGE, and
PGF, have also been shown to stimulate bone resorption
and bone formation to increase the volume and the strength
of'the bone (H. Kawaguchi et. al., Clinical Orthop. Rel. Res.,
313, 1995; J. Keller et al., Eur. Jr. Exp. Musculoskeletal
Res., 1, 1992, 8692). Considering that 15-PGDH inhibits the
activities of prostaglandins as mentioned in the above, the
inhibition of 15-PGDH activity may lead to the promotion of
bone resorption and bone formation that are inhibited by
15-PGDH. Thus, the 15-PGDH inhibitors described herein
can be effective for the promotion of bone resorption and
bone formation by inhibiting 15-PGDH activity. 15-PGDH
inhibitors can also be used to increase bone density, treat
osteoporosis, promote healing of fractures, or promote heal-
ing after bone surgery or joint replacement, or to promote
healing of bone to bone implants, bone to artificial implants,
dental implants, and bone grafts.

[0313] In yet other embodiments, the 15-PGDH inhibitors
described herein can effective for treating 15-PGDH
expressing cancers. Inhibition of 15-PGDH can inhibit the
growth, proliferation, and metastasis of 15-PGDH express-
ing cancers.

[0314] Instill other embodiments, the 15-PGDH inhibitors
described herein can be effective for wound healing. Among
various prostaglandins, PGE2 is known to serve as a media-
tor for wound healing. Therefore, when skin is injured by
wounds or burns, the inhibition of 15-PGDH activity can
produce the treatment effect of the wounds or the burns by
PGE,.

[0315] Additionally, as discussed above, increased pros-
taglandin levels have been shown to stimulate signaling
through the Wnt signaling pathway via increased beta-
catenin mediated transcriptional activity. Wnt signaling is
known to be a key pathway employed by tissue stem cells.
Hence, 15-PGDH inhibitors described herein may be uti-
lized to increase tissue stem cell numbers for purposes that
would include promoting tissue regeneration or repair in
organs that would include liver, colon, and bone marrow. In
addition, 15-PGDH inhibitors described herein may be
utilized to promote tissue regeneration or repair in additional
organs that would include but are not limited to brain, eye,
cornea, retina, lung, heart, stomach, small intestine, pan-
creas, beta-cells of the pancreas, kidney, bone, cartilage,
peripheral nerve.

[0316] Syndromic conditions, traumatic injuries, chronic
conditions, medical interventions, or other conditions that
cause or are associated with tissue damage and a need for
tissue repair, and thus, suitable for treatment or amelioration
using the methods described herein, include, but are not
limited to, acute coronary syndrome, acute lung injury
(ALI), acute myocardial infarction (AMI), acute respiratory
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distress syndrome (ARDS), arterial occlusive disease, arte-
riosclerosis, articular cartilage defect, aseptic systemic
inflammation, atherosclerotic cardiovascular disease, auto-
immune disease, bone fracture, bone fracture, brain edema,
brain hypoperfusion, Buerger’s disease, burns, cancer, car-
diovascular disease, cartilage damage, cerebral infarct, cere-
bral ischemia, cerebral stroke, cerebrovascular disease, che-
motherapy-induced neuropathy, chronic infection, chronic
mesenteric ischemia, claudication, congestive heart failure,
connective tissue damage, contusion, coronary artery dis-
ease (CAD), critical limb ischemia (CLI), Crohn’s disease,
deep vein thrombosis, deep wound, delayed ulcer healing,
delayed wound-healing, diabetes (type I and type II), dia-
betes, diabetic neuropathy, diabetes induced ischemia, dis-
seminated intravascular coagulation (DIC), embolic brain
ischemia, graft-versus-host disease, frostbite, hereditary
hemorrhagic telengiectasiaischemic vascular disease, hyper-
oxic injury, hypoxia, inflammation, inflammatory bowel
disease, inflammatory disease, injured tendons, intermittent
claudication, intestinal ischemia, ischemia, ischemic brain
disease, ischemic heart disease, ischemic peripheral vascular
disease, ischemic placenta, ischemic renal disease, ischemic
vascular disease, ischemic-reperfusion injury, laceration,
left main coronary artery disease, limb ischemia, lower
extremity ischemia, myocardial infarction, myocardial isch-
emia, organ ischemia, osteoarthritis, osteoporosis, osteosar-
coma, Parkinson’s disease, peripheral arterial disease
(PAD), peripheral artery disease, peripheral ischemia,
peripheral neuropathy, peripheral vascular disease, pre-can-
cer, pulmonary edema, pulmonary embolism, remodeling
disorder, renal ischemia, retinal ischemia, retinopathy, sep-
sis, skin ulcers, solid organ transplantation, spinal cord
injury, stroke, subchondral-bone cyst, thrombosis, throm-
botic brain ischemia, tissue ischemia, transient ischemic
attack (TIA), traumatic brain injury, ulcerative colitis, vas-
cular disease of the kidney, vascular inflammatory condi-
tions, von Hippel-Lindau syndrome, and wounds to tissues
or organs.

[0317] Other illustrative examples of genetic disorders,
syndromic conditions, traumatic injuries, chronic condi-
tions, medical interventions, or other conditions that cause
or are associated with tissue damage and a need for tissue
repair suitable for treatment or amelioration using the meth-
ods of the present invention, include, ischemia resulting
from surgery, chemotherapy, radiation therapy, or cell, tis-
sue, or organ transplant or graft.

[0318] In various embodiments, the methods of the inven-
tion are suitable for treating cerebrovascular ischemia, myo-
cardial ischemia, limb ischemia (CLI), myocardial ischemia
(especially chronic myocardial ischemia), ischemic cardio-
myopathy, cerebrovascular ischemia, renal ischemia, pul-
monary ischemia, intestinal ischemia, and the like.

[0319] In some embodiments, the ischemia is associated
with at least one of acute coronary syndrome, acute lung
injury (ALI), acute myocardial infarction (AMI), acute
respiratory distress syndrome (ARDS), arterial occlusive
disease, arteriosclerosis, articular cartilage defect, aseptic
systemic inflammation, atherosclerotic cardiovascular dis-
ease, autoimmune disease, bone fracture, bone fracture,
brain edema, brain hypoperfusion, Buerger’s disease, burns,
cancer, cardiovascular disease, cartilage damage, cerebral
infarct, cerebral ischemia, cerebral stroke, cerebrovascular
disease, chemotherapy-induced neuropathy, chronic infec-
tion, chronic mesenteric ischemia, claudication, congestive
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heart failure, connective tissue damage, contusion, coronary
artery disease (CAD), critical limb ischemia (CLI), Crohn’s
disease, deep vein thrombosis, deep wound, delayed ulcer
healing, delayed wound-healing, diabetes (type I and type
1), diabetic neuropathy, diabetes induced ischemia, dissemi-
nated intravascular coagulation (DIC), embolic brain isch-
emia, graft-versus-host disease, hereditary hemorrhagic
telengiectasiaischemic vascular disease, hyperoxic injury,
hypoxia, inflammation, inflammatory bowel disease, inflam-
matory disease, injured tendons, intermittent claudication,
intestinal ischemia, ischemia, ischemic brain disease, isch-
emic heart disease, ischemic peripheral vascular disease,
ischemic placenta, ischemic renal disease, ischemic vascular
disease, ischemic-reperfusion injury, laceration, left main
coronary artery disease, limb ischemia, lower extremity
ischemia, myocardial infarction, myocardial ischemia, organ
ischemia, osteoarthritis, osteoporosis, osteosarcoma, Parkin-
son’s disease, peripheral arterial disease (PAD), peripheral
artery disease, peripheral ischemia, peripheral neuropathy,
peripheral vascular disease, pre-cancer, pulmonary edema,
pulmonary embolism, remodeling disorder, renal ischemia,
retinal ischemia, retinopathy, sepsis, skin ulcers, solid organ
transplantation, spinal cord injury, stroke, subchondral-bone
cyst, thrombosis, thrombotic brain ischemia, tissue isch-
emia, transient isc hemic attack (TIA), traumatic brain
injury, ulcerative colitis, vascular disease of the kidney,
vascular inflammatory conditions, von Hippel-Lindau syn-
drome, and wounds to tissues or organs.

[0320] In some embodiments, the 15-PGDH inhibitor can
be administered to a preparation of hematopoietic stem cells,
such as peripheral blood hematopoietic stem cells or umbili-
cal cord stem cells of the subject, to increase the fitness of
the stem cell preparation as a donor graft or to decrease the
number of units of umbilical cord blood required for trans-
plantation.

[0321] Hematopoietic stem cells are multipotent stem
cells that give rise to all the blood cell types of an organism,
including myeloid (e.g., monocytes and macrophages, neu-
trophils, basophils, eosinophils, erythrocytes, megakaryo-
cytes/platelets, dendritic cells), and lymphoid lineages (e.g.,
T-cells, B-cells, NK-cells), and others known in the art (See
Fei, R., et al, U.S. Pat. No. 5,635,387; McGlave, et al, U.S.
Pat. No. 5,460,964; Simmons, P., et al, U.S. Pat. No.
5,677,136, Tsukamoto, et al, U.S. Pat. No. 5,750,397,
Schwartz, et al, U.S. Pat. No. 5,759,793; DiGuisto, et al,
U.S. Pat. No. 5,681,599; Tsukamoto, et al, U.S. Pat. No.
5,716,827). Hematopoietic stem cells (HSCs) give rise to
committed hematopoietic progenitor cells (HPCs) that are
capable of generating the entire repertoire of mature blood
cells over the lifetime of an organism.

[0322] Hematopoietic stem cells and hematopoietic pro-
genitor cells are described herein generally as hematopoietic
stem cells unless noted otherwise and can refer to cells or
populations identified by the presence of the antigenic
marker CD34 (CD34*). In some embodiments, the hema-
topoietic stem cells can be identified by the presence of the
antigenic marker CD34 and the absence of lineage (lin)
markers and are therefore characterized as CD34*/1lin" cells.
[0323] The hematopoietic stem cells used in the methods
described herein may be obtained from any suitable source
of hematopoietic stem and progenitor cells and can be
provided as a high purified population of hematopoietic stem
cells or as composition that includes about 0.01% to about
100% of hematopoietic stem cells. For example, hematopoi-
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etic stem cells may be provided in compositions, such as
unfractionated bone marrow (where the hematopoiectic
stem cells comprise less than about 1% of the bone marrow
cell population), umbilical cord blood, placental blood,
placenta, fetal blood, fetal liver, fetal spleen, Wharton’s
jelly, or mobilized peripheral blood.

[0324] Suitable sources of hematopoietic stem cells can be
isolated or obtained from an organ of the body containing
cells of hematopoietic origin. The isolated cells can include
cells that are removed from their original environment. For
example, a cell is isolated if it is separated from some or all
of the components that normally accompany it in its native
state. For example, an “isolated population of cells,” an
“isolated source of cells,” or “isolated hematopoietic stem
cells” and the like, as used herein, refer to in vitro or ex vivo
separation of one or more cells from their natural cellular
environment, and from association with other components
of the tissue or organ, i.e., it is not significantly associated
with in vivo substances.

[0325] Hematopoiectic stem cells can be obtained or iso-
lated from bone marrow of adults, which includes femurs,
hip, ribs, sternum, and other bones. Bone marrow aspirates
containing hematopoiectic stem cells can be obtained or
isolated directly from the hip using a needle and syringe.
Other sources of hematopoietic stem cells include umbilical
cord blood, placental blood, mobilized peripheral blood,
Wharton’s jelly, placenta, fetal blood, fetal liver, or fetal
spleen. In particular embodiments, harvesting a sufficient
quantity of hematopoietic stem cells for use in therapeutic
applications may require mobilizing the stem and progenitor
cells in the donor.

[0326] “Hematopoietic stem cell mobilization™ refers to
the release of stem cells from the bone marrow into the
peripheral blood circulation for the purpose of leukaphere-
sis, prior to stem cell transplantation. By increasing the
number of stem cells harvested from the donor, the number
of stem cells available for therapeutic applications can be
significantly improved. Hematopoietic growth factors, e.g.,
granulocyte colony stimulating factor (G-CSF) or chemo-
therapeutic agents often are used to stimulate the mobiliza-
tion. Commercial stem cell mobilization drugs exist and can
be used in combination with G-CSF to mobilize sufficient
quantities of hematopoietic stem and progenitor cells for
transplantation into a subject. For example, G-CSF and
Mozobil (Genzyme Corporation) can be administered to a
donor in order to harvest a sufficient number of hematopoi-
etic cells for transplantation. Other methods of mobilizing
hematopoietic stem cells would be apparent to one having
skill in the art.

[0327] In some embodiments, hematopoietic stem and
progenitor cells (HSPCs) are obtained from umbilical cord
blood. Cord blood can be harvested according to techniques
known in the art {see, e.g., U.S. Pat. Nos. 7,147,626 and
7,131,958, herein incorporated by reference for such meth-
odologies).

[0328] In one embodiment, HSPCs can be obtained from
pluripotent stem cell sources, e.g., induced pluripotent stem
cells (iPSCs) and embryonic stem cells (ESCs). As used
herein, the term “induced pluripotent stem cell” or “iPSC”
refers to a non-pluripotent cell that has been reprogrammed
to a pluripotent state. Once the cells of a subject have been
reprogrammed to a pluripotent state, the cells can then be
programmed to a desired cell type, such as a hematopoietic
stem or progenitor cell. As used herein, the term “repro-
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gramming” refers to a method of increasing the potency of
a cell to a less differentiated state. As used herein, the term
“programming” refers to a method of decreasing the potency
of a cell or differentiating the cell to a more differentiated
state.

[0329] In some embodiments, the hematopoictic stem
cells can be administered or contacted ex vivo with one or
more 15-PGDH inhibitors described herein to provide a
therapeutic composition. In one embodiment, the therapeu-
tic compositions of the can include a population of hema-
topoietic stem cells treated ex vivo with a one or more
15-PGDH inhibitor. In certain embodiments, the therapeutic
composition comprising the enhanced HSPCs is whole bone
marrow, umbilical cord blood, or mobilized peripheral
blood.

[0330] In particular embodiments, the therapeutic compo-
sition includes a population of cells, wherein the population
of cells is about 95% to about 100% hematopoietic stem
cells. The invention contemplates, in part, that using thera-
peutic compositions of highly purified hematopoietic stem
cells, e.g., a composition comprising a population of cells
wherein the cells comprise about 95% hematopoietic stem
cells, may improve the efficiency of stem cell therapies.
Currently practiced methods of transplantations typically
use unfractionated mixtures of cells where hematopoietic
stem cells comprise less than 1% of the total cell population.
[0331] Insome embodiments, the therapeutic composition
comprises a population of cells, wherein the population of
cells comprises less than about 0.1%, 0.5%, 1%, 2%, 5%,
10%, 15%, 20%, 25%, or 30% hematopoietic stem cells. The
population of cells in some embodiments comprises less
than about 0.1%, 0.5%, 1%, 2%, 5%, 10%, 15%, 20%, 25%,
or 30% hematopoietic stem cells. In other embodiments, the
population of cells is about 0.1% to about 1%, about 1% to
about 3%, about 3% to about 5%, about 10%-15%, about
15%-20%, about 20%-25%, about 25%-30%, about 30%-
35%, about 35%-40%, about 40%-45%, about 45%-50%,
about 60%-70%, about 70%-80%, about 80%-90%, about
90%-95%, or about 95% to about 100% hematopoietic stem
cells.

[0332] Hematopoietic stem cells in the therapeutic com-
positions of the invention can be autologous/autogeneic
(“self) or non-autologous (“non-self,” e.g., allogeneic, syn-
geneic or xenogeneic) relative to a subject to which the
therapeutic composition is to be administered. “Autolo-
gous,” as used herein, refers to cells from the same subject.
“Allogeneic,” as used herein, refers to cells of the same
species that differ genetically to the cell in comparison.
“Syngeneic,” as used herein, refers to cells of a different
subject that are genetically identical to the cell in compari-
son. “Xenogeneic,” as used herein, refers to cells of a
different species to the cell in comparison.

[0333] Hematopoietic stem cells for use in the methods of
the present invention may be depleted of mature hematopoi-
etic cells such as T cells, B cells, NK cells, dendritic cells,
monocytes, granulocytes, erythroid cells, and their commit-
ted precursors from bone marrow aspirate, umbilical cord
blood, or mobilized peripheral blood (mobilized leukaphere-
sis product). Mature, lineage committed cells are depleted
by immunodepletion, for example, by labeling solid sub-
strates with antibodies that bind to a panel of so-called
“lineage” antigens: CD2, CD3, CDl11b, CD14, CDI15,
CD16, CD79, CD56, CD123, and CD235a. A subsequent
step can be performed to further purify the population of
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cells, in which a substrate labeled with antibodies that bind
to the CD34* antigen are used to isolate primitive hema-
topoietic stem cells. Kits are commercially available for
puritying stem and progenitor cells from various cell sources
and in particular embodiments, these kits are suitable for use
with the methods described herein.

[0334] In one embodiment, the amount of hematopoietic
stem cells in the therapeutic composition is at least 0.1x10°
cells, at least 0.5x10° cells, at least 1x10° cells, at least
5x10° cells, at least 10x10° cells, at least 0.5x10° cells, at
least 0.75x10° cells, at least 1x10° cells, at least 1.25x10°
cells, at least 1.5x106 cells, at least 1.75x10° cells, at least
2%10° cells, at least 2.5x10° cells, at least 3x10° cells, at
least 4x10° cells, at least 5x10° cells, at least 10x10° cells,
at least 15x10° cells, at least 20x10° cells, at least 25x10°
cells, or at least 30x10° cells.

[0335] In one embodiment, the amount of hematopoietic
stem cells in the therapeutic composition is the amount of
HSPCs in a partial or single cord of blood, or is at least
0.1x10° cells/kg of bodyweight, at least 0.5x10° cells/kg of
bodyweight, at least 1x10° cells/kg of bodyweight, at least
5x10° cells/kg of bodyweight, at least 10x10° cells’kg of
bodyweight, at least 0.5x10° cells/kg of bodyweight, at least
0.75x10° cells/kg of bodyweight, at least 1x10° cells/kg of
bodyweight, at least 1.25x10° cells/kg of bodyweight, at
least 1.5x10° cells/’kg of bodyweight, at least 1.75x10°
cells/kg of bodyweight, at least 2x10° cells/kg of body-
weight, at least 2.5x10° cells/kg of bodyweight, at least
3x10° cells/kg of bodyweight, at least 4x10° cells/kg of
bodyweight, at least 5x10° cells/kg of bodyweight, at least
10x10° cells/kg of bodyweight, at least 15x10° cells/kg of
bodyweight, at least 20x10° cells/kg of bodyweight, at least
25x10° cells/kg of bodyweight, or at least 30x10° cells/kg of
bodyweight.

[0336] Preparations of hematopoietic stem cells adminis-
tered one or more 15-PGDH inhibitors and/or therapeutic
compositions that include hematopoietic stem cells and one
or more 15-PGDH inhibitor can be used for improving
hematopoietic stem cell transplants and in treating ischemia
or ischemia-damaged tissue, and in reducing further damage
to ischemic tissue and/or repairing damage to ischemic
tissue through cell recruitment, improving vascularization in
ischemic tissue, improving tissue regeneration at sites of
ischemia, decreasing ischemic tissue necrosis or apoptosis,
and/or increasing cell survival at sites of ischemia. In
particular embodiments, the preparations of 15-PGDH
inhibitor treated hematopoietic stem cells and/or therapeutic
compositions of 15-PGDH inhibitors and hematopoietic
stem cells are useful to subjects in need of hematopoietic
reconstitution, such as subjects that have undergone or are
scheduled to underge myeloablative therapy.

[0337] Subjects, which can be treated with the prepara-
tions of 15-PGDH inhibitor treated hematopoietic stem cells
and/or therapeutic compositions of 15-PGDH inhibitors and
hematopoietic stem cells, can include subjects that have or
that have been diagnosed with various types of leukemias,
anemias, lymphomas, myelomas, immune deficiency disor-
ders, and solid tumors. A subject also includes a human who
is a candidate for stem cell transplant or bone marrow
transplantation, such as during the course of treatment for a
malignant disease or a component of gene therapy. Subjects
may also include individuals or animals that donate stem
cells or bone marrow for allogeneic transplantation. In
certain embodiments, a subject may have undergone
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myeloablative irradiation therapy or chemotherapy, or may
have experienced an acute radiation or chemical insult
resulting in myeloablation. In certain embodiments, a sub-
ject may have undergone irradiation therapy or chemo-
therapy, such as during various cancer treatments. Typical
subjects include animals that exhibit aberrant amounts
(lower or higher amounts than a “normal” or “healthy”
subject) of one or more physiological activities that can be
modulated by an agent or a stem cell or marrow transplant.
[0338] Subjects, which can be treated with the prepara-
tions of 15-PGDH inhibitor treated hematopoietic stem cells
and/or therapeutic compositions of 15-PGDH inhibitors and
hematopoietic stem cells, can also include subjects under-
going chemotherapy or radiation therapy for cancer, as well
as subjects suffering from (e.g., afflicted with) non malignant
blood disorders, particularly immunodeficiencies (e.g.
SCID, Fanconi’s anemia, severe aplastic anemia, or con-
genital hemoglobinopathies, or metabolic storage diseases,
such as Hurler’s disease, Hunter’s disease, mannosidosis,
among others) or cancer, particularly hematological malig-
nancies, such as acute leukemia, chronic leukemia (myeloid
or lymphoid), lymphoma (Hodgkin’s or non-Hodgkin’s),
multiple myeloma, myelodysplastic syndrome, or non-he-
matological cancers such as solid tumors (including breast
cancer, ovarian cancer, brain cancer, prostate cancer, lung
cancer, colon cancer, skin cancer, liver cancer, or pancreatic
cancer).

[0339] Subjects may also include subjects suffering from
aplastic anemia, an immune disorder (severe combined
immune deficiency syndrome or lupus), myelodysplasia,
thalassemaia, sickle-cell disease or Wiskott-Aldrich syn-
drome. In some embodiments, the subject suffers from a
disorder that is the result of an undesired side effect or
complication of another primary treatment, such as radiation
therapy, chemotherapy, or treatment with a bone marrow
suppressive drug, such as zidovadine, chloramphenical or
gangciclovir. Such disorders include neutropenias, anemias,
thrombocytopenia, and immune dysfunction. Other subjects
may have disorders caused by an infection (e.g., viral
infection, bacterial infection or fungal infection) which
causes damage to stem or progenitor cells of the bone
marrow.

[0340] In addition, subjects suffering from the following
conditions can also benefit from treatment using the prepa-
rations of 15-PGDH inhibitor treated hematopoietic stem
cells and/or therapeutic compositions of 15-PGDH inhibi-
tors and hematopoietic stem cells: lymphocytopenia, lym-
phorrhea, lymphostasis, erythrocytopenia, erthrodegenera-
tive disorders, erythroblastopenia, leukoerythroblastosis;
erythroclasis, thalassemia, myelodysplasia, myelofibrosis,
thrombocytopenia, disseminated intravascular coagulation
(DIC), immune (autoimmune) thrombocytopenic purpura
(ITP), HIV inducted ITP, myelodysplasia; thrombocytotic
disease, thrombocytosis, congenital neutropenias (such as
Kostmann’s syndrome and Schwachman-Diamond syn-
drome), neoplastic associated neutropenias, childhood and
adult cyclic neutropaenia; post-infective neutropaenia;
myelodysplastic syndrome; neutropaenia associated with
chemotherapy and radiotherapy; chronic granulomatous dis-
ease; mucopolysaccharidoses; Diamond Blackfan Anemia;
Sickle cell disease; or Beta thalassemia major.

[0341] In other embodiments, the preparations of
15-PGDH inhibitor treated hematopoietic stem cells and/or
therapeutic compositions or 15-PGDH inhibitors and hema-
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topoietic stem cells can be used in cell-based therapy for
treating ischemic tissue or treating or ameliorating one or
more symptoms associated with tissue ischemia, including,
but not limited to, impaired, or loss of, organ function
(including without limitation impairments or loss of brain,
kidney, or heart function), cramping, claudication, numb-
ness, tingling, weakness, pain, reduced wound healing,
inflammation, skin discoloration, and gangrene.

[0342] In one embodiment, the subject exhibits at least
one symptom of an ischemic tissue or tissue damaged by
ischemia. In particular embodiments, the subject is a human
who is has or who is at risk of having an ischemic tissue or
tissue damaged by ischemia, e.g., a subject that has diabetes,
peripheral vascular disease, thromboangiitis obliterans, vas-
culitis, cardiovascular disease, coronary artery disease or
heart failure, or cerebrovascular disease, cardiovascular dis-
ease, or cerebrovascular disease.

[0343] Illustrative examples of genetic disorders, syndro-
mic conditions, traumatic injuries, chronic conditions, medi-
cal interventions, or other conditions that cause or are
associated with ischemia, or increase the risk of ischemia in
a subject, or cause a subject to exhibit more or more
symptoms of ischemia, and thus, suitable for treatment or
amelioration using the methods described herein, include,
but are not limited to, acute coronary syndrome, acute lung
injury (ALI), acute myocardial infarction (AMI), acute
respiratory distress syndrome (ARDS), arterial occlusive
disease, arteriosclerosis, articular cartilage defect, aseptic
systemic inflammation, atherosclerotic cardiovascular dis-
ease, autoimmune disease, bone fracture, bone fracture,
brain edema, brain hypoperfusion, Buerger’s disease, burns,
cancer, cardiovascular disease, cartilage damage, cerebral
infarct, cerebral ischemia, cerebral stroke, cerebrovascular
disease, chemotherapy-induced neuropathy, chronic infec-
tion, chronic mesenteric ischemia, claudication, congestive
heart failure, connective tissue damage, contusion, coronary
artery disease (CAD), critical limb ischemia (CLI), Crohn’s
disease, deep vein thrombosis, deep wound, delayed ulcer
healing, delayed wound-healing, diabetes (type I and type
1I), diabetic neuropathy, diabetes induced ischemia, dissemi-
nated intravascular coagulation (DIC), embolic brain isch-
emia, graft-versus-host disease, frostbite, hereditary hemor-
rhagic telengiectasiaischemic vascular disease, hyperoxic
injury, hypoxia, inflammation, inflammatory bowel disease,
inflammatory disease, injured tendons, intermittent claudi-
cation, intestinal ischemia, ischemia, ischemic brain disease,
ischemic heart disease, ischemic peripheral vascular disease,
ischemic placenta, ischemic renal disease, ischemic vascular
disease, ischemic-reperfusion injury, laceration, left main
coronary artery disease, limb ischemia, lower extremity
ischemia, myocardial infarction, myocardial ischemia, organ
ischemia, osteoarthritis, osteoporosis, osteosarcoma, Parkin-
son’s disease, peripheral arterial disease (PAD), peripheral
artery disease, peripheral ischemia, peripheral neuropathy,
peripheral vascular disease, pre-cancer, pulmonary edema,
pulmonary embolism, remodeling disorder, renal ischemia,
retinal ischemia, retinopathy, sepsis, skin ulcers, solid organ
transplantation, spinal cord injury, stroke, subchondral-bone
cyst, thrombosis, thrombotic brain ischemia, tissue isch-
emia, transient ischemic attack (TIA), traumatic brain injury,
ulcerative colitis, vascular disease of the kidney, vascular
inflammatory conditions, von Hippel-Lindau syndrome, and
wounds to tissues or organs.
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[0344] Other illustrative examples of genetic disorders,
syndromic conditions, traumatic injuries, chronic condi-
tions, medical interventions, or other conditions that cause
or are associated with ischemia, or increase the risk of
ischemia in a subject, or cause a subject to exhibit more or
more symptoms of ischemia suitable for treatment or ame-
lioration using the methods of the present invention, include,
ischemia resulting from surgery, chemotherapy, radiation
therapy, or cell, tissue, or organ transplant or graft.

[0345] In various embodiments, the methods of the inven-
tion are suitable for treating cerebrovascular ischemia, myo-
cardial ischemia, limb ischemia (CLI), myocardial ischemia
(especially chronic myocardial ischemia), ischemic cardio-
myopathy, cerebrovascular ischemia, renal ischemia, pul-
monary ischemia, intestinal ischemia, and the like.

[0346] In various embodiments, the invention contem-
plates that the therapeutic cell compositions disclosed herein
can be used to treat an ischemic tissue in which it is desirable
to increase the blood flow, oxygen supply, glucose supply, or
supply of nutrients to the tissue.

[0347] In some embodiments, the 15-PGDH inhibitor can
be administered to a preparation of tissue stem cells, such as
neural stem stems, mesenchymal stem cells, or stem cells
that can generate other tissues, and/or a preparation of
pluripotent stem cells.

[0348] In one embodiment, tissue stems cells can be
obtained from pluripotent stem cell sources, e.g., induced
pluripotent stem cells (iPSCs) and embryonic stem cells
(ESCs). As used herein, the term “induced pluripotent stem
cell” or “iPSC” refers to a non-pluripotent cell that has been
reprogrammed to a pluripotent state. Once the cells of a
subject have been reprogrammed to a pluripotent state, the
cells can then be programmed to a desired cell type, such as
a hematopoietic stem or progenitor cell. As used herein, the
term “reprogramming” refers to a method of increasing the
potency of a cell to a less differentiated state. As used herein,
the term “programming” refers to a method of decreasing
the potency of a cell or differentiating the cell to a more
differentiated state.

[0349] In some embodiments, the tissue stem cells and/or
pluripotent stem cells can be administered or contacted ex
vivo with one or more 15-PGDH inhibitors described herein
to provide a therapeutic composition. In one embodiment,
the therapeutic compositions of the can include a population
of tissue stem cells treated ex vivo with a one or more
15-PGDH inhibitor.

[0350] In particular embodiments, the therapeutic compo-
sition includes a population of cells, wherein the population
of cells is about 95% to about 100% tissue stem cells. The
invention contemplates, in part, that using therapeutic com-
positions of highly purified tissue stem cells, e.g., a com-
position comprising a population of cells wherein the cells
comprise about 95% tissue stem cells, may improve the
efficiency of stem cell therapies

[0351] Insome embodiments, the therapeutic composition
comprises a population of cells, wherein the population of
cells comprises less than about 0.1%, 0.5%, 1%, 2%, 5%,
10%, 15%, 20%, 25%, or 30% tissue stem cells. The
population of cells in some embodiments comprises less
than about 0.1%, 0.5%, 1%, 2%, 5%, 10%, 15%, 20%, 25%,
or 30% tissue stem cells. In other embodiments, the popu-
lation of cells is about 0.1% to about 1%, about 1% to about
3%, about 3% to about 5%, about 10%-15%, about 15%-
20%, about 20%-25%, about 25%-30%, about 30%-35%,
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about 35%-40%, about 40%-45%, about 45%-50%, about
60%-70%, about 70%-80%, about 80%-90%, about 90%-
95%, or about 95% to about 100% tissue stem cells.

[0352] Tissue stem cells in the therapeutic compositions of
the invention can be autologous/autogeneic (“self) or non-
autologous (“non-self,” e.g., allogeneic, syngeneic or xeno-
geneic) relative to a subject to which the therapeutic com-
position is to be administered. “Autologous,” as used herein,
refers to cells from the same subject. “Allogeneic,” as used
herein, refers to cells of the same species that differ geneti-
cally to the cell in comparison. “Syngeneic,” as used herein,
refers to cells of a different subject that are genetically
identical to the cell in comparison. “Xenogeneic,” as used
herein, refers to cells of a different species to the cell in
comparison.

[0353] Preparations of tissue stem cells administered one
or more 15-PGDH inhibitors and/or therapeutic composi-
tions that include tissue stem cells and one or more
15-PGDH inhibitor can be used for improving tissue stem
cell transplants and in treating damaged tissue, and in
reducing further tissue damage tissue and/or potentiating
repair to damaged tissue through stem cell recruitment
and/or increasing cell survival at sites of tissue damage.

[0354] Syndromic conditions, traumatic injuries, chronic
conditions, medical interventions, or other conditions that
cause or are associated with tissue damage and a need for
tissue repair, and thus, suitable for treatment or amelioration
using the methods described herein, include, but are not
limited to, acute coronary syndrome, acute lung injury
(ALI), acute myocardial infarction (AMI), acute respiratory
distress syndrome (ARDS), arterial occlusive disease, arte-
riosclerosis, articular cartilage defect, aseptic systemic
inflammation, atherosclerotic cardiovascular disease, auto-
immune disease, bone fracture, bone fracture, brain edema,
brain hypoperfusion, Buerger’s disease, burns, cancer, car-
diovascular disease, cartilage damage, cerebral infarct, cere-
bral ischemia, cerebral stroke, cerebrovascular disease, che-
motherapy-induced neuropathy, chronic infection, chronic
mesenteric ischemia, claudication, congestive heart failure,
connective tissue damage, contusion, coronary artery dis-
ease (CAD), critical limb ischemia (CLI), Crohn’s disease,
deep vein thrombosis, deep wound, delayed ulcer healing,
delayed wound-healing, diabetes (type I and type II), dia-
betes, diabetic neuropathy, diabetes induced ischemia, dis-
seminated intravascular coagulation (DIC), embolic brain
ischemia, graft-versus-host disease, frostbite, hereditary
hemorrhagic telengiectasiaischemic vascular disease, hyper-
oxic injury, hypoxia, inflammation, inflammatory bowel
disease, inflammatory disease, injured tendons, intermittent
claudication, intestinal ischemia, ischemia, ischemic brain
disease, ischemic heart disease, ischemic peripheral vascular
disease, ischemic placenta, ischemic renal disease, ischemic
vascular disease, ischemic-reperfusion injury, laceration,
left main coronary artery disease, limb ischemia, lower
extremity ischemia, myocardial infarction, myocardial isch-
emia, organ ischemia, osteoarthritis, osteoporosis, osteosar-
coma, Parkinson’s disease, peripheral arterial disease
(PAD), peripheral artery disease, peripheral ischemia,
peripheral neuropathy, peripheral vascular disease, pre-can-
cer, pulmonary edema, pulmonary embolism, remodeling
disorder, renal ischemia, retinal ischemia, retinopathy, sep-
sis, skin ulcers, solid organ transplantation, spinal cord
injury, stroke, subchondral-bone cyst, thrombosis, throm-
botic brain ischemia, tissue ischemia, transient ischemic
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attack (TIA), traumatic brain injury, ulcerative colitis, vas-
cular disease of the kidney, vascular inflammatory condi-
tions, von Hippel-Lindau syndrome, and wounds to tissues
or organs.

[0355] Other illustrative examples of genetic disorders,
syndromic conditions, traumatic injuries, chronic condi-
tions, medical interventions, or other conditions that cause
or are associated with tissue damage and a need for tissue
repair suitable for treatment or amelioration using the meth-
ods of the present invention, include, ischemia resulting
from surgery, chemotherapy, radiation therapy, or cell, tis-
sue, or organ transplant or graft.

[0356] In various embodiments, the methods of the inven-
tion are suitable for treating cerebrovascular ischemia, myo-
cardial ischemia, limb ischemia (CLI), myocardial ischemia
(especially chronic myocardial ischemia), ischemic cardio-
myopathy, cerebrovascular ischemia, renal ischemia, pul-
monary ischemia, intestinal ischemia, and the like.

[0357] In other embodiments, the 15-PGDH inhibitor can
be administered to a bone marrow graft donor or a hema-
topoietic stem cell donor to increase the fitness of a donor
bone marrow graft or a donor hematopoietic stem cell graft.
[0358] In other embodiments, the 15-PGDH inhibitor can
also be administered to bone marrow of a subject to increase
stem cells in the subject or to increase the fitness of the
marrow as a donor graft.

[0359] In yet other embodiments, the 15-PGDH inhibitor
can be administered to a subject to mitigate bone marrow
graft rejection, to enhance bone marrow graft engraftment,
to enhance engraftment of a hematopoietic stem cell graft, or
an umbilical cord blood stem cell graft, to enhance engraft-
ment of a hematopoietic stem cell graft, or an umbilical cord
stem cell graft, and/or to decrease the number of units of
umbilical cord blood required for transplantation into the
subject. The administration can be, for example, following
treatment of the subject or the marrow of the subject with
radiation therapy, chemotherapy, or immunosuppressive
therapy.

[0360] In other embodiments, the 15-PGDH inhibitor can
be administered to a recipient of a bone marrow transplant,
of a hematopoietic stem cell transplant, or of an umbilical
cord blood stem cell transplant, in order to decrease the
administration of other treatments or growth factors.
[0361] In some embodiments, the 15-PGDH inhibitor can
be administered to a subject to enhance recovery of neutro-
phils following bone marrow transplantation, following
umbilical cord blood transplantation, following transplanta-
tion with hematopoietic stem cells, following conventional
chemotherapy, following radiation treatment, and in indi-
viduals with neutropenias from diseases that include but are
not limited to aplastic anemia, myelodysplasia, myelofibro-
sis, neutropenias from other bone marrow diseases, drug
induced neutropenia, immune neutropenias, idiopathic neu-
tropenia, and following infections with viruses that include,
but are not limited to, HIV, CMV, and parvovirus.

[0362] In other embodiments, the 15-PGDH inhibitor can
be administered to a subject to enhance recovery of platelets
following bone marrow transplantation, following umbilical
cord blood transplantation, following transplantation with
hematopoietic stem cells, following conventional chemo-
therapy, following radiation treatment, and in individuals
with neutropenias from diseases that include but are not
limited to aplastic anemia, myelodysplasia, myelofibrosis,
thrombocytopenias from other bone marrow diseases, drug
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induced thrombocytopenia, immune thrombocytopenia,
idiopathic thrombocytopenic purpura, idiopathic thrombo-
cytopenia, and following infections with viruses that
include, but are not limited to, HIV, CMV, and parvovirus.
[0363] In still other embodiments, the 15-PGDH inhibitor
can be administered to a subject to enhance recovery of
hemoglobin following bone marrow transplantation, follow-
ing umbilical cord blood transplantation, following trans-
plantation with hematopoietic stem cells, following conven-
tional chemotherapy, following radiation treatment, and in
individuals with anemias from diseases that include but are
not limited to aplastic anemia, myelodysplasia, myelofibro-
sis, anemia from other bone marrow diseases, drug induced
anemia, immune mediated anemias, anemia of chronic dis-
ease, idiopathic anemia, and following infections with
viruses that include, but are not limited to, HIV, CMV, and
parvovirus.

[0364] In some embodiments, the 15-PGDH inhibitor can
be administered to a subject to enhance numbers of bone
marrow stem cell numbers following bone marrow trans-
plantation, following umbilical cord blood transplantation,
following transplantation with hematopoietic stem cells,
following conventional chemotherapy, following radiation
treatment, in individuals with other bone marrow diseases,
in individuals with cytopenias following viral infections,
and in individuals with cytopenias.

[0365] In other embodiments, the 15-PGDH inhibitor can
be administered to a subject to enhance response to cytok-
ines administered to individuals with cytopenias that include
but are not limited to neutropenia, thrombocytopenia, lym-
phocytopenia, and anemia. Cytokines whose responses may
be enhanced by SW033291 include, but are not limited to:
G-CSF, GM-CSF, EPO, IL-3, IL-6, TPO, SCF, and TPO-RA
(thrombopoietin receptor agonist).

[0366] In further embodiments, the 15-PGDH inhibitor
can be administered to a subject or to a tissue graft of a
subject to mitigate graft rejection, to enhance graft engraft-
ment, to enhance graft engraftment following treatment of
the subject or the marrow of the subject with radiation
therapy, chemotherapy, or immunosuppressive therapy, to
confer resistance to toxic or lethal effects of exposure to
radiation, confer resistance to the toxic effect of Cytoxan, the
toxic effect of fludarabine, the toxic effect of chemotherapy,
or the toxic effect of immunosuppressive therapy, to
decrease infection, and/or to decrease pulmonary toxicity
from radiation.

[0367] In other embodiments, the 15-PGDH inhibitor can
be administered to a recipient of a tissue stem cell transplant,
including but not limited to a transplant with hematopoietic
stem cells, neural stem stems, mesenchymal stem cells, or
stem cells for other tissues, so as to accelerate tissue
regeneration and repair following the transplant.

[0368] Additionally, in a model organism, PGE, signaling
stimulates liver regeneration and increase survival after
exposure to hepatoxic agents, such as acetaminophen.
Hence, 15-PGDH inhibitors described herein may be uti-
lized to increase liver regeneration after liver resection, in
other settings that include after liver surgery, after live liver
donation, or after receiving a liver transplant or to increase
liver regeneration and increase survival after exposures to
hepatoxic agents, including but not limited to acetamino-
phen and similar compounds.

[0369] PGE1 analogues have also been used in the treat-
ment of erectile dysfunction. Accordingly, in some embodi-
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ments, 15-PGDH inhibitors described herein can used either
alone or combination with a prostaglandin for the treatment
of erectile dysfunction.

[0370] It will be appreciated that the other 15-PGDH
inhibitors can be used in the methods described described
herein. These other 15-PGDH inhibitors can include known
15-PGDH inhibitors including, for example, tetrazole com-
pounds of formulas (I) and (II), 2-alkylideneaminooxyacet-
amidecompounds of formula (I), heterocyclic compounds of
formulas (VI) and (VII), and pyrazole compounds of for-
mula (III) described in U.S. Patent Application Publication
No. 2006/0034786 and U.S. Pat. No. 7,705,041; ben-
zylidene-1,3-thiazolidine compounds of formula (I)
described in U.S. Patent Application Publication No. 2007/
0071699; phenylfurylmethylthiazolidine-2,4-dione and phe-
nylthienylmethylthiazolidine-2,4-dione compounds
described in U.S. Patent Application Publication No. 2007/
0078175, thiazolidenedione derivatives described in U.S.
Patent Application Publication No. 2011/0269954; phenyl-
furan, phenylthiophene, or phenylpyirazole compounds
described in U.S. Pat. No. 7,294,641, 5-(3,5-disubstituted
phenylazo)-2-hydroxybenzene-acetic acids and salts and
lactones described in U.S. Pat. No. 4,725,676, and azo
compounds described in U.S. Pat. No. 4,889,846.

[0371] The 15-PGDH inhibitors described herein can be
provided in a pharmaceutical composition or cosmetic com-
position depending on the pathological or cosmetic condi-
tion or disorder being treated. A pharmaceutical composition
containing the 15-PGDH inhibitors described herein as an
active ingredient may be manufactured by mixing the
derivative with a pharmaceutically acceptable carrier(s) or
an excipient(s) or diluting the 15-PGDH inhibitors with a
diluent in accordance with conventional methods. The phar-
maceutical composition may further contain fillers, anti-
cohesives, lubricants, wetting agents, flavoring agents,
emulsifying agents, preservatives and the like. The pharma-
ceutical composition may be formulated into a suitable
formulation in accordance with the methods known to those
skilled in the art so that it can provide an immediate,
controlled or sustained release of the 15-PGDH inhibitors
after being administered into a mammal.

[0372] In some embodiments, the pharmaceutical compo-
sition may be formulated into a parenteral or oral dosage
form. The solid dosage form for oral administration may be
manufactured by adding excipient, if necessary, together
with binder, disintegrants, lubricants, coloring agents, and/or
flavoring agents, to the 15-PGDH inhibitors and shaping the
resulting mixture into the form of tablets, sugar-coated pills,
granules, powder or capsules. The additives that can be
added in the composition may be ordinary ones in the art.
For example, examples of the excipient include lactose,
sucrose, sodium chloride, glucose, starch, calcium carbon-
ate, kaolin, microcrystalline cellulose, silicate and the like.
Exemplary binders include water, ethanol, propanol, sweet
syrup, sucrose solution, starch solution, gelatin solution,
carboxymethylcellulose, hydroxypropyl cellulose, hydroxy-
propyl starch, methylcellulose, ethylcellulose, shellac, cal-
cium phosphonate and polypyrrolidone. Examples of the
disintegrant include dry starch, sodium arginate, agar pow-
der, sodium bicarbonate, calcium carbonate, sodium lauryl
sulfate, stearic monoglyceride and lactose. Further, purified
talc, stearates, sodium borate, and polyethylene glycol may
be used as a lubricant; and sucrose, bitter orange peel, citric
acid, tartaric acid, may be used as a flavoring agent. In some
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embodiments, the pharmaceutical composition can be made
into aerosol formulations (e.g., they can be nebulized) to be
administered via inhalation.

[0373] The 15-PGDH inhibitors described herein may be
combined with flavoring agents, buffers, stabilizing agents,
and the like and incorporated into oral liquid dosage forms
such as solutions, syrups or elixirs in accordance with
conventional methods. One example of the buffers may be
sodium citrate. Examples of the stabilizing agents include
tragacanth, acacia and gelatin.

[0374] In some embodiments, the 15-PGDH inhibitors
described herein may be incorporated into an injection
dosage form, for example, for a subcutaneous, intramuscular
or intravenous route by adding thereto pH adjusters, buffers,
stabilizing agents, relaxants, topical anesthetics. Examples
of the pH adjusters and the buffers include sodium citrate,
sodium acetate and sodium phosphate. Examples of the
stabilizing agents include sodium pyrosulfite, EDTA, thio-
glycolic acid and thiolactic acid. The topical anesthetics may
be procaine HCI, lidocaine HCI and the like. The relaxants
may be sodium chloride, glucose and the like.

[0375] In other embodiments, the 15-PGDH inhibitors
described herein may be incorporated into suppositories in
accordance with conventional methods by adding thereto
pharmaceutically acceptable carriers that are known in the
art, for example, polyethylene glycol, lanolin, cacao butter
or fatty acid triglycerides, if necessary, together with sur-
factants such as Tween.

[0376] The pharmaceutical composition may be formu-
lated into various dosage forms as discussed above and then
administered through various routes including an oral, inha-
lational, transdermal, subcutaneous, intravenous or intra-
muscular route. The dosage can be a pharmaceutically
effective amount. The pharmaceutically effective amount
can be an amount of the 15-PGDH inhibitor to treat or
improve alopecia, cardiovascular disease, gastrointestinal
disease, wounds, and renal disease. The pharmaceutically
effective amount of the compound will be appropriately
determined depending on the kind and the severity of the
disease to be treated, age, sex, body weight and the physical
condition of the patients to be treated, administration route,
duration of therapy and the like. Generally, the effective
amount of the compound may be in the range of about 1 to
1,000 mg in the oral administration, about 0.1 to 500 mg in
the intravenous administration, about 5 to 1,000 mg in the
rectal administration. Generally, the daily dosage for adults
is in the range of about 0.1 to 5,000 mg, preferably about to
1,000 mg but cannot be determined uniformly because it
depends on age, sex, body weight and the physical condition
of the patients to be treated. The formulation may be
administered once a day or several times a day with a
divided dose.

[0377] Cosmetic compositions containing the 15-PGDH
inhibitor can include any substance or preparation intended
to be brought into contact with the various superficial parts
of the human body (epidermis, body hair and hair system,
nails, lips and external genital organs) or with the teeth or the
buccal mucous membranes for the purpose, exclusively or
mainly, of cleansing them, of giving them a fragrance, of
modifying their appearance and/or of correcting body odors
and/or protecting them or of maintaining them in good
condition.

[0378] The cosmetic composition can comprise a cosmeti-
cally acceptable medium that may be water or a mixture of
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water and at least one solvent selected from among hydro-
philic organic solvents, lipophilic organic solvents, amphi-
philic organic solvents, and mixtures thereof.

[0379] For topical application, the cosmetic composition
can be administered in the form of aqueous, alcoholic,
aqueous-alcoholic or oily solutions or suspensions, or of a
dispersion of the lotion or serum type, of emulsions that
have a liquid or semi-liquid consistency or are pasty,
obtained by dispersion of a fatty phase in an aqueous phase
(O/W) or vice versa (W/O) or multiple emulsions, of a free
or compacted powder to be used as it is or to be incorporated
into a physiologically acceptable medium, or else of micro-
capsules or microparticles, or of vesicular dispersions of
ionic and/or nonionic type. It may thus be in the form of a
salve, a tincture, milks, a cream, an ointment, a powder, a
patch, an impregnated pad, a solution, an emulsion or a
vesicular dispersion, a lotion, aqueous or anhydrous gels, a
spray, a suspension, a shampoo, an aerosol or a foam. It may
be anhydrous or aqueous. It may also comprise solid prepa-
rations constituting soaps or cleansing cakes.

[0380] The cosmetic compositions may in particular com-
prise a hair care composition, and in particular a shampoo,
a setting lotion, a treating lotion, a styling cream or gel,
restructuring lotions for the hair, a mask, etc. The cosmetic
compositions can be a cream, a hair lotion, a shampoo or a
conditioner. These can be used in particular in treatments
using an application that may or may not be followed by
rinsing, or else in the form of a shampoo. A composition in
the form of a foam, or else in the form of spray or an aerosol,
then comprising propellant under pressure, is also intended.
It can thus be in the form of a lotion, serum, milk, cream, gel,
salve, ointment, powder, balm, patch, impregnated pad, cake
or foam.

[0381] In particular, the compositions for application to
the scalp or the hair can be in the form of a hair care lotion,
for example for daily or twice-weekly application, of a
shampoo or of a hair conditioner, in particular for twice-
weekly or weekly application, of a liquid or solid soap for
cleansing the scalp, for daily application, of a hairstyle
shaping product (lacquer, hair setting product or styling gel),
of a treatment mask, or of a foaming gel or cream for
cleansing the hair. These may also be in the form of a hair
dye or mascara to be applied with a brush or a comb.
[0382] Moreover, for topical application to the eyelashes
or body hair, the compositions may be in the form of a
pigmented or unpigmented mascara, to be applied with a
brush to the eyelashes or alternatively to beard or moustache
hair. For a composition administration by injection, the
composition may be in the form of an aqueous lotion or an
oily suspension. For oral use, the composition may be in the
form of capsules, granules, oral syrups or tablets. According
to a particular embodiment, the composition is in the form
of a hair cream or hair lotion, a shampoo, a hair conditioner
or a mascara for the hair or for the eyelashes.

[0383] In a known manner, the cosmetic compositions
may also contain adjuvants that are normal in the cosmetics
field, such as hydrophilic or lipophilic gelling agents, hydro-
philic or lipophilic additives, preservatives, antioxidants,
solvents, fragrances, fillers, UV-screening agents, odor
absorbers and dyestuffs. The amounts of these various
adjuvants are those conventionally used in the cosmetics
field, and are for example from 0.1% to 20%, in particular
less than or equal to 10%, of the total weight of the
composition. According to their nature, these adjuvants can
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be introduced into the fatty phase, into the aqueous phase
and/or into the lipid spherules.

[0384] In some embodiments, the 15-PGDH inhibitor can
be administered in a combinatorial therapy or combination
therapy that includes administration of a 15-PGDH inhibitor
with one or more additional active agents. The phrase
“combinatorial therapy” or “combination therapy” embraces
the administration of the 15-PGDH inhibitor, and one or
more therapeutic agents as part of a specific treatment
regimen intended to provide beneficial effect from the
co-action of these therapeutic agents. Administration of
these therapeutic agents in combination typically is carried
out over a defined period (usually minutes, hours, days or
weeks depending upon the combination selected). “Combi-
natorial therapy” or “combination therapy” is intended to
embrace administration of these therapeutic agents in a
sequential manner, that is, wherein each therapeutic agent is
administered at a different time, as well as administration of
these therapeutic agents, or at least two of the therapeutic
agents, in a substantially simultaneous manner. Substantially
simultaneous administration can be accomplished, for
example by administering to the subject an individual dose
having a fixed ratio of each therapeutic agent or in multiple,
individual doses for each of the therapeutic agents. Sequen-
tial or substantially simultaneous administration of each
therapeutic agent can be effected by any appropriate route
including, but not limited to, oral routes, intravenous routes,
intramuscular routes, and direct absorption through mucous
membrane tissue. The therapeutic agents can be adminis-
tered by the same route or by different routes. The sequence
in which the therapeutic agents are administered is not
narrowly critical.

[0385] In some embodiments, the additional active agent
can be chosen in particular from lipoxygenase inhibitors as
described in EP 648488, the bradykinin inhibitors described
in particular in EP 845700, prostaglandins and their deriva-
tives, in particular those described in WO 98/33497, WO
95/11003, TP 97-100091, JP 96-134242, the agonists or
antagonists of the receptors for prostaglandins, and the
nonprostanoic analogues of prostaglandins as described in
EP 1175891 and EP 1175890, WO 01/74307, WO 01/74313,
WO 01/74314, WO 01/7315 or WO 01/72268.

[0386] In other embodiments, the 15-PGDH inhibitors can
be administered in combination with active agents, such as
vasodilators, prostanoid  agonists, antiandrogens,
cyclosporins and their analogues, antimicrobials, triter-
penes, alone or as a mixture. The vasodilators can include
potassium channel agonists including minoxidil and its
derivatives, aminexil and the compounds described in U.S.
Pat. Nos. 3,382,247, 5,756,092, 5,772,990, 5,760,043,
5,466,694, 5,438,058, 4,973,474, chromakalin and diazox-
ide. The antiandrogens can include S5.alpha.-reductase
inhibitors such as finasteride and the compounds described
in U.S. Pat. No. 5,516,779, cyprosterone acetate, azelaic
acid, its salts and its derivatives, and the compounds
described in U.S. Pat. No. 5,480,913, flutamide and the
compounds described in U.S. Pat. Nos. 5,411,981, 5,565,467
and 4,910,226. The antimicrobial compounds can include
selenium derivatives, ketoconazole, triclocarban, triclosan,
zinc pyrithione, itraconazole, pyridine acid, hinokitiol, mipi-
rocine, and the compounds described in EP 680745, cliny-
cine hydrochloride, benzoyl or benzyl peroxide and mino-
cycline. The anti-inflammatory agents can include inhibitors
specific for Cox-2 such as for example NS-398 and DuP-697
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(B. Batistini et al., DN&P 1994; 7(8):501-511) and/or inhibi-
tors of lipoxygenases, in particular 5-lipoxygenase, such as
for example zileuton (F. J. Alvarez & R. T. Slade, Pharma-
ceutical Res. 1992; 9(11):1465-1473).

[0387] Other active compounds, which can be present in
pharmaceutical and/or cosmetic compositions can include
aminexil and its derivatives, 60-[(9Z,127)octadec-9,12-di-
enoyl]hexapyranose, benzalkonium chloride, benzethonium
chloride, phenol, oestradiol, chlorpheniramine maleate,
chlorophyllin derivatives, cholesterol, cysteine, methionine,
benzyl nicotinate, menthol, peppermint oil, calcium pantho-
tenate, panthenol, resorcinol, protein kinase C inhibitors,
prostaglandin H synthase 1 or COX-1 activators, or COX-2
activators, glycosidase inhibitors, glycosaminoglycanase
inhibitors, pyroglutamic acid esters, hexosaccharidic or
acylhexosaccharidic acids, substituted ethylenearyls, N-acy-
lated amino acids, flavonoids, derivatives and analogues of
ascomycin, histamine antagonists, triterpenes, such as urso-
lic acid and the compounds described in U.S. Pat. Nos.
5,529,769, 5,468,888, 5,631,282, saponins, proteoglycanase
inhibitors, agonists and antagonists of oestrogens, pseudop-
terins, cytokines and growth factor promoters, 1L-1 or IL-6
inhibitors, 1[.-10 promoters, TNF inhibitors, vitamins, such
as vitamin D, analogues of vitamin B12 and panthotenol,
hydroxy acids, benzophenones, esterified fatty acids, and
hydantoin.

[0388] Pharmaceutical and/or cosmetic compositions
including the 15-PGDH inhibitor described herein can addi-
tionally contain, for example, at least one compound chosen
from prostaglandins, in particular prostaglandin PGE,,
PGE,, their salts, their esters, their analogues and their
derivatives, in particular those described in WO 98/33497,
WO 95/11003, JP 97-100091, JP 96-134242, in particular
agonists of the prostaglandin receptors. It may in particular
contain at least one compound such as the agonists (in acid
form or in the form of a precursor, in particular in ester form)
of the prostaglandin F2a receptor, such as for example
latanoprost, fluprostenol, cloprostenol, bimatoprost, unopro-
stone, the agonists (and their precursors, in particular the
esters such as travoprost) of the prostaglandin E, receptors
such as 17-phenyl PGE,, viprostol, butaprost, misoprostol,
sulprostone, 16,16-dimethyl PGE,, 11-deoxy PGE,, 1-de-
oxy PGE,, the agonists and their precursors, in particular
esters, of the prostacycline (IP) receptor such as cicaprost,
iloprost, isocarbacycline, beraprost, eprostenol, treprostinil,
the agonists and their precursors, in particular the esters, of
the prostaglandin D, receptor such as BW245C ((4S)-(3-
[(3R,S)-3-cyclohexyl-3-isopropyl]-2,5-dioxo)-4-imidazoli-
dinehept-anoic acid), BW246C ((4R)-(3-[(3R,S)-3-cyclo-
hexyl-3-isopropyl]-2,5-diox0)-4-imidazolidinehept-anoic
acid), the agonists and their precursors, in particular the
esters, of the receptor for the thromboxanes A2 (TP) such as
I-BOP ([1S-[1a,2a(Z), 3b(1E,3S),4a]]-7-[3-[3-hydroxy-4-
[4-(iodophenoxy)-1-butenyl]-7-oxabicyclo-[2.2.1 |hept-2-
yl]-5-heptenoic acid).

[0389] Advantageously, the composition can include at
least one 15-PGDH inhibitor as defined above and at least
one prostaglandin or one prostaglandin derivative such as
for example the prostaglandins of series 2 including in
particular PGF,a and PGE, in saline form or in the form of
precursors, in particular of the esters (example isopropyl
esters), their derivatives such as 16,16-dimethyl PGE,,
17-phenyl PGE, and 16,16-dimethyl PGF,o. 17-phenyl
PGF,a, prostaglandins of series 1 such as 11-deoxyprosta-
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glandin E1, 1-deoxyprostaglandin E1 in saline or ester form,
is their analogues, in particular latanoprost, travoprost, flu-
prostenol, unoprostone, bimatoprost, cloprostenol, viprostol,
butaprost, misoprostol, their salts or their esters.

[0390] The invention is further illustrated by the following
examples, which is not intended to limit the scope of the
claims.

Example 1

[0391] This Example describes the activities of four com-
pounds with respect to the enzyme 15-Prostaglandin Dehy-
drogenase (15-PGDH) (encoded by the gene HPGD). The
compounds are SWO033291, SW054384, SW124531,
SW145753 and have the following formulas:

SW033291
SW054384
(¢]
H;CO ”
O=T—Ph (ﬁ —N
N—CH,—C—N \ /
OCH;
SW145753
N
X
O F
N
O
SW124531

[0392] FIG. 1 shows that SW033291, SW054384, and
SW145753 all increase luciferase activity of cells the
express a 15-PGDH luciferase fusion construct created by
targeted gene knock-in of renilla luciferase into the last
coding exon of 15-PGDH. The activity is demonstrated in
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three different colon cancer cell lines all engineered to
contain the 15-PGDH-luciferase fusion. These cell lines are
Vaco-9m (V9m), LS174T, Vaco503 (V503). SW054384 is in
general the best inducer, and shows maximum activity at
6.25 uM. Value of 1.0 on the Y-axis is the basal level of
reporter activity in cells treated with drug free DMSO
vehicle.

[0393] FIG. 2 shows western blots demonstrating that
SW033291, SW054384, and SW145753 all increase levels
of 15-PGDH protein in cell lines V503, LS174T, and V503
treated with 7.5 uM compound for 48 hours. Untreated FET
cells provide a positive control for 15-PGDH expression.

[0394] FIG. 3 shows western blot demonstrating
SW124531 also increases 15-PGDH protein levels in colon
cell lines (FET cells treated with TGF-3 (10 ng/ml) for 48
hours are used as a positive control for 15-PGDH expression
in certain panels).

[0395] FIG. 4 shows western blot demonstrating 5 uM
SW124531 increases levels of 15-PGDH protein (wt-
PGDH) expressed from a cDNA expression vector in V400-
S3-2-32 cells, and also increases protein levels of a cata-
Iytically dead mutant 15-PGDH (mu-PGDH) also expressed
from a cDNA expression vector in V400-M3-2-72 cells. As
these proteins are expressed from a heterologous CMV
promoter, the findings suggest that the compounds work
directly on stabilizing the 15-PGDH protein. The com-
pounds show no effects on levels of a related enzyme,
17-beta-estradiol-dehydrogenase.

[0396] FIG. 5 shows increase in 15-PGDH protein levels
in V503 cells treated with SW124531 as assayed by
immuno-fluorescence (upper two rows) and by western blot
(lower panel).

[0397] FIGS. 6-9 show that SW033291, SW054384,
SW145753, and SWI124531 do not in general alter
15-PGDH mRNA levels in treated colon cancer cell lines as
assessed by real-time PCR. The only exception is the slight
increase in 15-PGDH mRNA in SW033291 treated V503
cells, which is less than the induction of 15-PGDH protein
as well as 15-PGDH-luciferase reporter levels seen in
SW033291 treated V503 cells. In these studies parental cell
lines (not containing the 15-PGDH-luciferase reporter) are
employed.

[0398] FIG. 10 shows the effects of three compounds on
total 15-PGDH activity in cell lines treated with the com-
pounds. Cell lines were treated with compounds at 7.5 uM
for 48 hours, and then pelleted. Pellets were lysed and total
15-PGDH activity measured and normalized to 1,000,000
input cells per pellet. 15-PGDH activity was assayed by
measuring the transfer of tritium from 15(8S)-[15-3H] PGE,
to glutamate by coupling 15-PGDH with glutamate dehy-
drogenase as described in (Chi X, Freeman B M, Tong M,
Zhao Y, Tai H H. 15-Hydroxyprostaglandin dehydrogenase
(15-PGDH) is up-regulated by flurbiprofen and other non-
steroidal anti-inflammatory drugs in human colon cancer
HT29 cells. Arch Biochem Biophys. 2009; 487(2):139-45).
Activity is measured as pmol PGE,/min/million cells. As
shown, SW033291 markedly inhibits 15-PGDH activity in
all three of the cell lines tested. We conclude that although
SW033291 increases total 15-PGDH protein levels in cells,
it also inactivates 15-PGDH enzyme activity.

[0399] In contrast, 15-PGDH enzyme activity is increased
in cells treated with SW054384 and in cells treated with
SW145753.
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[0400] FIG. 11 shows the effect on activity of recombinant
15-PGDH protein (a 15-PGDH-GST fusion protein) incu-
bated with varying concentrations of the test compounds,
with 15-PGDH activity across a range of compound con-
centrations recorded on the table and displayed on the
corresponding graphs. As shown, SW033291 is a potent
inhibitor of 15-PGDH activity, with an IC;, of <1.25 nM.
This contrasts with the IC,, of between 25 nM-62.5 nM
measured for the commercial 15-PGDH inhibitor available
from Cayman Chemical (Cayman catalogue item 10638,
Cayman Chemical number 13695).

[0401] FIG. 12 shows repeat testing of the effects of
SW033291 and SW054384 on activity of recombinant
15-PGDH protein tested in vitro. Assays were done by
measuring the transfer of tritium from 15(S)-[15-3H] PGE,
to glutamate (at 1 uM PGE, substrate) shown at left (panels
A, C), or by direct fluorescence monitoring of NADH
generation by 15-PGDH (done at 20 uM PGE, substrate)
shown at right (panels B, D). SW033291 is again confirmed
as a highly potent 15-PGDH inhibitor with an IC50 of 0.7
nM as measured in the tritium assay and an IC5, of 1.6 nM
as measured in the fluorescence assay. The relative insensi-
tivity of the IC50 to substrate concentration suggests that
SW033291 is a non-competitive inhibitor of 15-PGDH.

[0402] FIG. 13 shows results of assays of 15-PGDH
activity using the trittum method in cells treated with
SW124531 (upper panel) and in recombinant 15-PGDH
protein treated with SW124531 (lower panel). SW124531
shows activity in increasing 15-PGDH activity in most cell
lines, though this activity is best in cell lines in which basal
15-PGDH activity is >10 units. SW124531 also inhibits
activity of 15-PGDH recombinant protein at an 1Cs, of 50
nM.

[0403] FIG. 14 shows assay of different compounds for
ability to directly bind to recombinant 15-PGDH protein as
measured by shifting the melting temperature of the protein.
The melting of the protein is followed by measurement of
the fluorescence of SYPRO Orange dye (Sigma #S5692)
that increases as the dye binds to hydrophobic residues
exposed as the protein melt. The graph at upper left shows
the melt curves of 15-PGDH with all of the assays done in
the presence of the different compounds superimposed on
each other. The graph at upper right plots the negative
derivative of fluorescence versus temperature for each of the
curves shown at left, with the melting point measured as the
temperature of the negative peak (i.e., the point of most
rapid change in the fluorescence versus temperature plot).
The results are shown in tabular form on the table below.
Lapatinib is used as a negative control. There is no binding
of'any drug in the absence of enzyme co-factor (either NAD
or NADH). In the presence of either NAD or NADH,
SW033291 creates two peaks in the melting curve, with one
of these peaks displaced by 15 degrees Celsius, consistent
with SW033291 binding directly to 15-PGDH. SW124531
and SW145753 also show evidence of direct binding to
15-PGDH. In this assay, SW054384 cannot be demonstrated
to bind 15-PGDH. It is possible that SW054384 does bind
to 15-PGDH, but that the binding is weak and is melted off
at a temperature below the melting temperature of the
15-PGDH protein. Assays were done at both 10 pM and 100
UM cofactor (testing both NAD and NADH), which com-
pares well with the published Km of NAD of 15.8 uM.
[0404] FIG. 15 shows that none of the four compounds
tested induce a shift in the melting temperature of catalyti-
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cally inactive mutant 15-PGDH protein. We interpret the
induction of 15-PGDH mutant protein by SW124531 as
suggesting that SW124531 likely has weak binding to
mutant 15-PGDH that is able to stabilize protein at 37° C.,
but with the drug melted off at a temperature below 50° C.,
that is the melting temperature of the protein.

[0405] FIG. 16 shows the in vivo modulation by com-
pounds of 15-PGDH activity as reflected in PGE, levels that
are assayed in the medium of A549 cells that have been
stimulated by IL.1-beta for 23 hours, with compound added
for the last 5 hours (blue bars). The increment in PGE, level
shows the clear inhibition of 15-PGDH activity in the cells
by addition of SWO033291 (as well as SW145753,
SW124531, and a commercial 15-PGDH inhibitor from
Cayman Chemical. In an additional iteration (red bars)(2),
SW054384 was added commencing 24 hours before addi-
tion of IL1-beta, and then maintained for the next 26 hours
in the presence of IL1-beta. The lower level of PGE,
produced supports that in these cells SW054384 increased
the 15-PGDH activity. Panel at left shows raw data; whereas,
panel at right shows data normalized for cell numbers
present at end of the experiment. PGE, levels are assayed by
ELISA.

[0406] FIG. 17 shows the dose response of effect on
SW033291 on PGE, production from IL1-beta treated A549
cells, as reflected in PGE, levels that are assayed in the
medium of A549 cells that have been stimulated by IL.1-beta
for 24 hours, with SW033291 added for the last 8 hours.
[0407] FIG. 18 shows the in vivo modulations by 2.5 uM
compounds of 15-PGDH activity as reflected in PGE, levels
following addition of PGE, into the medium of Vaco-503
cells. In this study cells are treated with compound for 24
hours after which PGE, is added into the medium. After an
added 24 hours PGE, levels remaining in the medium are
assayed by Elisa. Data labeled “medium” is a control lane
with PGE, added to medium alone, in the absence of cells.
Data labeled DMSO is a control in which cells are treated
with DMSO only (the vehicle for the compounds). The
difference between the “medium” and the “DMSO” lanes
represents the cell dependent degradation of PGE, by
15-PGDH. Again demonstrated, is the near complete block-
ade of 15-PGDH activity by addition of 2.5 pM SW033291,
as reflected by the blockade in PGE, degradation. Addition-
ally demonstrated is the stimulation of 15-PGDH activity by
SW054384, as reflected by the increased degradation of
PGE,.

[0408] FIG. 19 shows the activity of 2.5 uM SW033291 in
speeding the healing of a model wound consisting of a
scratch in a monolayer of HaCaT cells observed over 48
hours of treatment. TGF-beta serves as the positive control
in the assay.

[0409] FIG. 20 shows the quantitation of the width of the
scratch at 0 and 48 hours in the control, 2.5 uM SW033291
treated cells, and the TGF-beta (1 ng/ml) treated cells.

Example 2

Analysis of Analogues of Lead Compounds SW033291, a
15-PGDH Inhibitor

[0410] This Example provides data on a group of struc-
tural analogues of SW033291. Data provided is the IC50 of
each compound for inhibiting enzymatic activity of recom-
binant 15-PGDH in an in vitro assay. Recombinant
15-PGDH is human unless otherwise specified.
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TABLE 1
Enzyme
Inhibitor ICsq
(nM) at 5 1M
Structure/Smiles ID # 15-PGDH
SW033290 525.40
CS(=0)(=0)C1=C(N)C2—=C(S1)N=C(C=C2C1—=CC=CC=C1)C1=CC=CS1
SW033291 2.53
CCCCS(=0)C1=C(N)C2—=C(S1)N=C(C=C2C1=CC=CC=CI1)C1=CC=CS1
SW033291 2.74
(Rat
PGDH)
CCCCS(=0)C1=C(N)C2—=C(S1)N=C(C=C2C1=CC=CC=CI1)C1=CC=CS1
SW033291 2.56
(Mouse
PGDH)

CCCCS(=0)C1=C(N)C2=C (S 1)N=C(C=C2C1—=CC=CC=C1)C1=CC=CS1
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TABLE 1-continued
Enzyme
Inhibitor ICsq
(nM) at 5 1M
Structure/Smiles ID # 15-PGDH
SW206976 >7500
CCCCC(=0)C1=C(N)C2—=C(S1)N=—=C(C—=C2C1—=CC—CC—C1)C1=—CC—CS1
SW206977 >7500
CCONC(=0)C1=C(N)C2=C(S1)N=C(C=C2C1=CC=CC=C1)C1=CC=CS1
SW206978 >7500
CCOC(=0)C1=C(N)C2=—C(S1)N—=C(C—=C2C1—CC—CC—C1)C1=CC—CS1
SW206979 >7500

NCI1=C(SC2—=C1C(=CC(=N2)C1=CC=CS1)C1=CC=CC=C1)C(0)=0
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50
TABLE 1-continued
Enzyme
Inhibitor ICsq
(nM) at 5 1M
Structure/Smiles ID # 15-PGDH
SW206980 0.97
SW206992 1.41
CCCCS(=0)C1=—C(N)C2—=CC—C(N=—=C281)C1=—=NC—CS1
N g o SW208064 151.40
4 | S//
PV \_\;
NH,
CCCCS(=0)C1—=C(N)C2=—C(S1)N—=CC—C2
SW208065 4.87
N
S (0]
= | S//
X \_L
NH,
CCCCS(=0)C1—=C(N)C2—=C(S1IN—C(N—C2(1—CC—CC—C1)C1—=CC—CC—C1
SW208066 1.37

CCCCS(=0)C1=C(N)C2=C(S1)N=C(C=C2C1=—=CC=CC=C1)C1=NC=CS1
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51
TABLE 1-continued
Enzyme
Inhibitor ICs,
(nM) at 5 1M
Structure/Smiles ID # 15-PGDH
/ g SW208067 2.40
e N S O
2 | s//
@A
NH,
CCCCS(=0)C1—=C(N)C2—=C(S1)N—=C(N—C2C1—CC—CC—C1)C1—CC—CS1
LN - SW208068 >7500
NN x
S N
CCCCSC1=NC=CC=CIN
0 SW208069 >7500
L
O/ e |
NN x
ﬁ N
(0]
CCCCS(=0)C1=NC—=CC—C1[N+]([0-])=O
fo) SW208070 >7500
N S\/\/
| x
Z NIL
CCCCS(=0)C1=NC—CC=CIN
SW208199 2.9

Br

CCOCS(=0)C1—=C(N)C2—=C(S1)N—=C(C—=C2C1—CC—C(Br)C—C1)C1—CC—CS1
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52

TABLE 1-continued

Enzyme
Inhibitor ICsq
(nM) at 5 1M
Structure/Smiles ID # 15-PGDH
SW208078

2540

O=wnn=0

CCCCS(=0)(=0)C1=C(N)C2=—=C(S1)N—=C(C—=C2C1—CC—CC—=C1)C1=—CC—=CS1

SW208080 2.61

CCCCS(=0)C1—=C(N)C2—=C(C—C(N—=C281)C1—CC—CS1)C1—=CC—CC—C1

SW208081 17.85

SW208079 124.90

CIS+]([0-])C1=CN)C2=C(C=C(N=C251)C1=CC=CS1)C1=CC—=CC=C1
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TABLE 1-continued
Enzyme
Inhibitor ICsq
(nM) at 5 1M
Structure/Smiles ID # 15-PGDH
SW211667 195.30
(33291
S isomer)
CCCC[S@+]([0-])C1—=C(N)C2—C(C—=C(N—C251)C1—=CC—CS1)C1—=CC—CC—C1
SW211668 1.34
(33291
R isomer)
CCCC[S@+]([0-])C1—=C(N)C2—C(C—=C(N—C251)C1—=CC—CS1)C1—=CC—CC—C1
SW208430 >2500
SW208432 3.53
CCCCS(—=0)C1—=CC2—=CC—=C(N=C281)C1—=CC—=CC=C1
SW208434 >2500
N S e}
(T )
yZ / g

CCCCS(=0)(=—0)C1—CC2—=CC—C(N=C2S1)C1—CC—=CC—Cl
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54
TABLE 1-continued
Enzyme
Inhibitor ICs,
(nM) at 5 1M
Structure/Smiles ID # 15-PGDH
SW208435 >2500
CCCCSCl—=C(N)C2=CC—C(N=C2S1)C1—CC—CC—C1
{\S SW208436 1.14
—_— N o)
S,
N~ / \_\;
NH,
CCCCS(=0)C1—=C(N)C2—=C(N—C(N=C281)C1—=NC—CS1)C1—=CC—CC—C1
SW208437 2.05
CCCS(—0)C1—C(N)C2=—=C(C—=C(N=—=C281)C1=—=CC=—CS1)C1—CC—CC—Cl
SW208438 3.16

CC(C)S(=0)C1—=C(N)C2—=C(C—C(N—=C281)C1—CC—CS1)C1—=CC—CC—C1



US 2023/0136730 Al May 4, 2023
55
TABLE 1-continued
Enzyme
Inhibitor ICsq
(nM) at 5 1M
Structure/Smiles ID # 15-PGDH
SW208488 1.43
SW208494 >7500
SW208495 >7500
SW208496 1.37
CCCCS(=0)C1=C(N)C2=C(S1)N=—=C(C—C2C1—CC—CC—C1)C1=NC—CO1
SW208599 1230.00

CCCCS(—=0)C1=NC2—CC—=C(N—C281)C1—=CC=CS1
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TABLE 1-continued
Enzyme
Inhibitor ICsq
(nM) at 5 1M
Structure/Smiles ID # 15-PGDH
SW208660 2.86
CC(C)S(=0)C1=C(N)C2=C(S1)N—=C(C—C2C1—CC—CC—C1)C1=NC—CO1
SW208661 5.27
0/\
k/N N g /—/
S
S W \
NH,
CCCS(=0)C1=C(N)C2=C(S1)N=C(C=C2C)C1=NC=CS1
SW208662 1319.00
N
S O
7z | S//
N
O
CCCCS(=0)C1=CC2=—=C(S1)N—=C(N=—=C2N1CCCCC1)C1—=CC—=CC—C1
SW208663 135.50
o/\
k/N N 5 /—/
S
N |y \
NH,
CCCS(—0)C1=—CN)C2—=C(S1)N—C(C=—C2C)N1CCOCC1
SW208664 7.62

CC(C)S(=0)C1—=CN)C2=C(S1)N=C(C=C2C)C1=NC-CS1
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57
TABLE 1-continued
Enzyme
Inhibitor ICs,
(nM) at 5 1M
Structure/Smiles ID # 15-PGDH
SW208776 93.29
N
D=4
N _~# / \_\;
CCCCS(=0)C1=—CC2—=C(N=C(N=—C251)C1—CC—CC—C1)C1—CC—CC—Cl
SW208777 2.65
SW208778 3.99
SW208780 5.55

CC(C)S(=0)C1—=C(N)C2—=C(C—C (N—C281)C1—=NC—CS1)C1—=CC—CC—C1
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TABLE 1-continued

Enzyme
Inhibitor ICsq
(nM) at 5 1M
Structure/Smiles ID # 15-PGDH
SW208781 1.99
SW208782 70.91
SW209123 40.80
Br
CCCCS(=0)C1=C(N)C2=C(C3=CC=C(Br)C=C3)C(C(=0)OCC)=C(N=C2S1)C1=NC=CS1
SW209124 1.83

CCCCS(—0)C1—=C(N)C2—=C(C—C(N=C281)C1—=NC—CS1)C1—=NC—CS1
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TABLE 1-continued
Enzyme
Inhibitor ICsq
(nM) at 5 1M
Structure/Smiles ID # 15-PGDH
SW209125 2.13
SW209126 6.67
CCCCS(=0)C1=C(N)C2—=C(C—=C(N=C2S1)C1—=NC—CN1C)C1—=CC—CC—C1
SW209127 15.13
CCCCS(=0)C1=CN)C2=C(C=C(N=C281)C1=NC=CS1)C1=CC=C(C=C1)C(=0)OC
SW209128 4914.00

O
)k \\S
(8} /\/\/ \\O

CC(=0)OCCCCS(—O0)(—0)C1—=C(N)C2—=C(C—C(N=C251)C1—=CC—CS1)C1—CC—CC—C1
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TABLE 1-continued
Enzyme
Inhibitor ICs,
(nM) at 5 1M
Structure/Smiles ID # 15-PGDH

SW209129 41.52

N

O\/\/\
Y g*
|
(0] o
CC(=0)OCCCC[S+]([O-])C1=C(N)C2—C(C—=C(N—C251)C1—=CC—CS1)C1—=CC—CC—C1
SW209271 34.18
NC1=—C(SC2=—=NC(—=CC(—=C12)C1—=CC—CC—C1)C1—=CC—CS1)[S+]([0-])CCCCO
SW209272 530.20
HN
O\/\/\\S\\ S
W Y
(0]
CC(=0)OCCCS(—0)(—0)C1—=C(N)C2—=C(C—C(N—=C281)C1—=CC—CS1)C1—=CC—CC—C1

SW209273 21.62

CC(=0)OCCC[S+]([0-])C1=C(N)C2—=C(C—C(N=—C2S1)C1—CC—CS1)C1=—=CC—CC—C1



US 2023/0136730 Al May 4, 2023
TABLE 1-continued
Enzyme
Inhibitor ICsq
(nM) at 5 1M
Structure/Smiles ID # 15-PGDH
SW209274 36.57
OH
NC1=C(SC2=NC(=CC(=C12)C1=CC=CC=C1)C1=CC=CS1)[S+]([0-])CCCO
SW209275 80.02
CCCCSC1=C(N)C2=C(C=C(N=C281)C1=CC=CS1)C1=CC=CC=C1
SW209276 2.09
NH,
T+/\/\O/
o
COCCC[S+]([0-])C1=C(N)C2=C(C=C(N=C251)C1=CC=CS1)C1=CC=CC=C1
S~ SW209277 3.71

CCCCS(—0)C1—=C(N)C2—C(S1IN—C(N—C2C1—=CC—CC—C1)C1—=NC—CN1C
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TABLE 1-continued
Enzyme
Inhibitor ICs,
(nM) at 5 1M
Structure/Smiles ID # 15-PGDH
/§N SW209278 2.56
¢
— g [o)
Z | s//
Naw / \_\;
NH,
CCCCS(=0)C1=C(N)C2=C(S 1)N—=C(N—=C2C1—CC—CC—=C1)C1=—=COC=N1
SW209279 4.18
SW209280 3.73
SW209281 3.40

HO (6]

CCCCS(=0)C1—=CN)C2=C(S1)N=C(C=C2C1=CC=C(C=C1)C(0)=0)C1=NC=CS1
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TABLE 1-continued
Enzyme
Inhibitor ICsq
(nM) at 5 1M
Structure/Smiles ID # 15-PGDH
SW209282 5.87
SW209283 14.70
CCCCS(=0)C1—C(N)C2—=C(S1)N—C(C—=C2C(—O0)N(C)C)C1—CC—CS1
SW209329 4.36
N
Cl\/\/\
S+
|
o
NC1—=C(SC2—=NC(—CC(=—C12)C1—=CC—CC—C1)C1—=CC—CS1)[S+]([0-])CCCCCL
SW209330 4.01

NC1=C(SC2—=NC(—CC(—=C12)C1—=CC—CC—C1)C1—=CC—=CS1)[S+]([0-])CCCC1
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TABLE 1-continued
Enzyme
Inhibitor ICsq
(nM) at 5 1M
Structure/Smiles ID # 15-PGDH
SW209331 6.14
NC1=C(SC2—=NC(—CC(—C12)C1—=CC—CC—C1)C1—=CC—CS 1) [S+]([0-])CCCF
SW209332 8.72
SW209333 >2500
HO
CCOCS (—0)(—0)C1—=C(N)C2—=C(C—=C(N—=C251)C1—=NC—CS§1)C1—=CC—C(CO)C=C1
SW209415 2.60

CCCCS(=0)C1=CN)C2=C(C=C(N=C281)C1=NC=CS1)C1=CN=C(C)N1C
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TABLE 1-continued
Enzyme
Inhibitor ICsq
(nM) at 5 1M
Structure/Smiles ID # 15-PGDH
SW209416 8.98
CCCCS(=0)C1=CN)C2=C(C=C(N=C281)C1=NC=CS1)C1=CC=CC(=C1)C(=0)OC
SW209417 18.50
CCCCS(=0)C1—=C(N)C2—C(C—C(N=C2S1)C1=—=NC=—CS1)C1—CC—CC(=C1)C(=O)N(C)C
SW209418 4.29

CCCCS(=0)C1=C(N)C2=C(C—=C(N=C251)C1=NC=CS1)C1=CC=CC(CO)=C1
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TABLE 1-continued
Enzyme
Inhibitor ICsq
(nM) at 5 1M
Structure/Smiles ID # 15-PGDH
SW209419 20.20
(0]
CCCCS(=0)C1=CN)C2=C(C=C(N=C281)C1=NC=CS1)C1=CC=CC(=C1)C(0)=0
SW209420 36.40
SW209427 1485.00
SW209428 2.30

CCCCS(=0)C1—C(N)C2—=C(C—=C(N=C281)C1—=NC—CS1)C1—CN—C(C)N1
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TABLE 1-continued

Enzyme
Inhibitor ICsq
(nM) at 5 1M
Structure/Smiles ID # 15-PGDH
SW209508 2.50
CCCCS(=0)C1=C(N)C2=C(S1)N=C(C=C2C1=CC=CC(=C1)C(=0)NCC=C)C1=NC=CS1
SW209509 19.30
CCCCS(=0)C1=CN)C2=C(S1)N=C(C=C2C1=CC=CC(=C1)C(=0O)NCCN(C)C)C1=NC=CS1
SW209510 2.50

HO

CCCCS(=0)C1—=C(N)C2—=C(S1IN—C(C—=C2C1—CC—C(CO)C—=C1)C1—=NC—CS1
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TABLE 1-continued
Enzyme
Inhibitor ICsq
(nM) at 5 1M
Structure/Smiles ID # 15-PGDH
SW209511 2.50
CCCCS(=0)C1=C(N)C2=C(S1)N=C(C=C2C1=—=CC=C(COC(C)=0)C=C1)C1=NC=CS1
SW209513 5.70
CCCCS(=0)C1=C(N)C2—=C(S1)N=—=C(C—C2C1—CC—C(CN(C)C)C=—C1)C1—=NC—CS1
SW211535 3.45

CCCCS (=0)C1=CN)C2=C(C=C(N=C281)C1=NC=CS1)C1=CC=CC(=C1)C(=0)NCCO
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TABLE 1-continued
Enzyme
Inhibitor ICsq
(nM) at 5 1M
Structure/Smiles ID # 15-PGDH
SW212344 20.53
CCCCS(=0)C1=C(N)C2—C(C—C(N=C2S1)C1=—=NC=—CS1)C1—CN=—C(C(C)C)N1C
SW212345 2.99
CCCCS(=0)C1—=C(N)C2—=C(C=C(N=C281)C1=NC=—CS1)C1=—CN=—C(C2CC2)N1C
SW212363 2.71

CCCCS(=0)C1=CN)C2=C(S1)N=C(C=C2C1=CC=C(OCC(0)=0)C=C1)C1=NC=CS1
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TABLE 1-continued
Enzyme
Inhibitor ICs,
(nM) at 5 1M
Structure/Smiles ID # 15-PGDH
SW212364 3.97
CCCCS(=0)C1=C(N)C2—=C(C=C(N=C251)C1—=NC—CS1)C1=—CC—C(0OCCO)C—=C1
SW212365 8.53
CCCCS(=0)C1—=C(N)C2—C(C—=C(N=C2S1)C1=NC=—CS1)C1—CC—C(OCC(=0)OC)C—C1
SW212366 3.48

CCOCS (—O0)C1—=C(N)C2—=C(C—=C(N—=C281)C1—=NC—CS1)C1—=CC—C(COC(—O0)CN(C)C)C—C1
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TABLE 1-continued
Enzyme
Inhibitor ICsq
(nM) at 5 1M
Structure/Smiles ID # 15-PGDH
SW211688 3.33
SW211689 4.06
SW209415 165.00
(-)-isomer
SW209415 1.30
(+)-isomer

CCCCS(=0)C1=CN)C2=C(C=C(N=C281)C1=NC=CS1)C1=CN=C(C)N1C
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[0411] We first note that the 15-PGDH inhibitory activities
of SW033291 and SW209415 are at least 98% due to the
activity of the (+) optical isomers of these compounds. For
SW033291, the (+)-isomer is the (R) enantiomer whereas
the absolute configuration of (+)—SW209415 has not been
established.

Example 3

[0412] The following Example describes the synthesis of
SW033291 and analogues thereof as well as provides mass
spectrometry and NMR confirmation of the structures.

0 0
Ny

JI\ PPl
H R, R, Z

S

)k/CN
N

Z
1)

e}

May 4, 2023

Z
1)

CN

Cl S

NN

EtzN

R

R 1
? 10 equiv.

1.5 equiv. |

\/\R

RIMRZ

T KOH/EtOH

dabceo or piperidine
EtOH, reflux

CN

R

H,0, 1.5 equiv. |
-
ACOH/CH;CI 32° C.

[0413] 3-phenyl-1-(thiophen-2-yl)prop-2-en-1-one  was
prepared from benzaldehyde and 1-(thiophen-2-yl)ethanone
via aldol condensation using procedure described by Azam
(Parveen, H.; Igbal, P. F.; Azam, A. Synth. Commu., 2008, 38,
3973). 'H NMR (400 MHz, CDCl,) & 7.88-7.80 (m, 2H),
7.67 (dd, J=4.9, 1.1 Hz, 1H), 7.66-7.59 (m, 2H), 7.47-7.34
(m, 4H), 7.18 (dd, J=5.0, 3.8 Hz, 1H). ESI-MS (w/z): 215
[M+H]™".

\ /

CH;CN reflux, 45 min N

H,0; 1.5 equiv.
ACOH/CH;3C1 32° C.

KOH or KOtBu,
DMF, 37° C.

S\R3 06equ1v \QI \/ \

[0414] 4-phenyl-6-(thiophen-2-y1)-2-thioxo-1,2-dihydro-

pyridine-3-carbonitrile. To a solution of 3-phenyl-1-(thio-
phen-2-yl)prop-2-en-1-one (2.34 mmol, 500 mg) and cya-
nothioacetamide (7.0 mmol, 717 mg, 3.0 equiv.) in ethanol
(7 mL), a few drops of piperidine were added. The reaction
was refluxed for 3 h. The solid that formed was collected and
recrystallized from acetic acid to give designed product in
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46% isolated yield. 'H NMR (400 MHz, DMSO-d,)  8.17
(d, I=3.8 Hz, 1H), 7.96 (d, ]=5.0 Hz, 1H), 7.74-7.62 (m, 2H),
7.54(dd, J=5.1, 2.0 Hz, 3H), 7.31-7.19 (m, 1H), 7.01 (s, 1H).
BSI-MS (m/z): 295 [M+H]*.

[0415] 2-(((butylthio)methyl)sulfinyl)-4-phenyl-6-(thio-
phen-2-yl)nicotinonitrile. Acetic Acid (900 uL.) and hydro-
gen peroxide (0.57 mmol, 1.5 equiv., 30% solution in water)
were added to the solution of 2-(((butylthio)methyl)sulfi-
nyl)-4-phenyl-6-(thiophen-2-yl)nicotinonitrile (0.38 mmol,
150 mg) in chloroform (900 pL). The reaction mixture was
stirring at 32° C. for 45 min. The reaction was then diluted
with EtOAc and washed with saturated NaHCO, solution,
dried over magnesium sulfate, filtered and concentrated
under reduced pressure to give 153 mg of designed product
(98%). 'H NMR (400 MHz, CDCl,) 8 7.75 (dd, 1=3.8, 1.1
Hz, 1H), 7.66-7.57 (m, 2H), 7.58-7.51 (m, 4H), 7.47 (s, 1H),
7.16 (dd, J=5.0, 3.8 Hz, 1H), 4.74 (d, J=13.0 Hz, 1H), 4.41
(d, J=13.0 Hz, 1H), 2.97 (dt, J=13.0, 8.2 Hz, 1H), 2.81 (dt,
J=12.9,7.3 Hz, 1H), 1.94-1.76 (m, 2H), 1.53-1.38 (m, 2H),
0.94 (t, I=7.4 Hz, 3H). ESI-MS (m/z): 413 [M+H]".

[0416] SWO033291 2-(butylsulfinyl)-4-phenyl-6-(thio-
phen-2-yl)thieno[2,3-b]pyridin-3-amine was prepared using
procedure describe by Kalugin (Kalugin V. E. Russian.
Chem. Bull., Int. Ed., 2006, 55, 529). To the solution of
4-(((butylthio)methyl)sulfinyl)-2,6-diphenylpyrimidine-5-

carbonitrile (0.53 mmol, 220 mg) in DMF (0.25 M)/EtOH
(0.5 M) was added KOH (0.32 mmol, 18 mg, 0.6 equiv., 0.1
M in water). The reaction mixture was stirred at 35° C. for
40 min. Once complete, the reaction was diluted with EtOAc
and washed with 10% aq. solution of acidic acid, the organic
phase was separated and aqueous layer was extracted twice
with EtOAc, dried over magnesium sulfate, filtered and
concentrated under reduced pressure to give 211 mg of
SW033291 2-(butylsulfinyl)-4-phenyl-6-(thiophen-2-yl)
thieno[2,3-b]pyridin-3-amine (96%). 'H NMR (400 MHz,
CDCl,) 8 7.67-7.60 (m, 1H), 7.57-7.35 (m, 7H), 7.10 (dd,
J=5.0,3.7 Hz, 1H), 4.54 (s, 2H), 3.26 (ddd, J=12.8, 9.1, 6.0

May 4, 2023

Hz, 1H), 3.09 (ddd, J=12.8, 9.1, 6.6 Hz, 1H), 1.83-1.61 (m,
2H), 1.53-1.38 (m, 2H), 0.93 (t, ]=7.3 Hz, 3H). ESI-MS
(m/z): 413 [M+H]".

[0417] SW208437  4-phenyl-2-(propylsulfinyl)-6-(thio-
phen-2-yDthieno|2,3-b]pyridin-3-amine was prepared in
56% isolated yield using synthetic procedures described for
the preparation of analog SW033291. "H NMR (400 MHz,
CDCl,) 9 7.65 (dd, J=3.8, 1.1 Hz, 1H), 7.61-7.49 (m, 4H),
7.49-7.41 (m, 3H), 7.12 (dd, J=5.0, 3.7 Hz, 1H), 3.28 (ddd,
J=12.7,8.4,6.3 Hz, 1H), 3.07 (ddd, J=12.7, 8.6, 7.0 Hz, 1H),
1.91-1.65 (m, 2H), 1.08 (t, J=7.4 Hz, 3H). APCI-MS (m/z):
399 [M+H]™.

[0418] SW208438 2-(isopropylsulfinyl)-4-phenyl-6-(thio-
phen-2-yDthieno|2,3-b]pyridin-3-amine was prepared in
48% isolated yield using synthetic procedures described for
the preparation of analog SW033291. "H NMR (400 MHz,
CDCl,) 9 7.64 (dd, J=3.7, 1.1 Hz, 1H), 7.58-7.47 (m, 5H),
7.47-7.39 (m, 2H), 7.10 (dd, J=5.0, 3.7 Hz, 1H), 4.59 (s, 2H),
3.38 (p, J=6.8 Hz, 1H), 1.43 (d, J=6.9 Hz, 3H), 1.25 (d, ]=6.8
Hz, 3H). ESI-MS (m/z): 399 [M+H]".

SW208488

[0419] 2-(butylsulfinyl)-4-methyl-6-(thio-
phen-2-yDthieno|2,3-b]pyridin-3-amine was prepared using
synthetic procedures described for the preparation of analog
SW033291. 'H NMR (400 MHz, CDCl,) & 7.55 (dd, J=3.7,
1.2 Hz, 1H), 7.39 (dd, J=5.0, 1.1 Hz, 1H), 7.25-7.23 (m, 1H),
7.06 (dd, J=5.0,3.7 Hz, 1H), 5.02 (s, 2H), 3.25 (ddd, J=12.7,
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9.1, 6.0 Hz, 1H), 3.08 (ddd, I=12.8, 9.2, 6.4 Hz, 1H), 2.74
(s, 3H), 1.82-1.58 (m, 2H), 1.56-1.38 (m, 2H), 0.93 (1, J=7.3
Hz, 3H). ESI-MS (m/z): 351 [M+H]*.

[0420] 2-(butylsulfinyl)-6-(oxazol-2-y1)-4-
phenylthieno|2,3-b]pyridin-3-amine was prepared using
synthetic procedures described for the preparation of analog
SW033291. '"H NMR (400 MHz, CDCl,) & 7.99 (s, 1H),
7.84 (d, J=0.8 Hz, 1H), 7.58-7.41 (m, 5H), 7.33 (d, J=0.8 Hz,
1H), 4.65 (s, 2H), 3.30 (ddd, J=12.9, 8.8, 6.2 Hz, 1H), 3.10
(ddd, J=12.8, 8.9, 6.9 Hz, 1H), 1.86-1.64 (m, 2H), 1.42-1.54
(m, 2H), 0.93 (t, I=7.4 Hz, 3H). ESI-MS (m/z): 398.1
[M+H]™".

SW208496

May 4, 2023

[0421] SW208436 6-(butylsulfinyl)-4-phenyl-2-(thiazol-
2-yDthieno[2,3-d|pyrimidin-5-amine was prepared by syn-
thetic procedures described for the preparation of analog
SW208065. 'H NMR (400 MHz, CDCl;) § 8.06 (dd, J=3.1,
1H), 7.75-7.66 (m, 2H), 7.75-7.66 (m, 3H), 7.55 (dd, J=3.1,
1H), 4.87 (s, 2H), 3.30 (ddd, J=12.8, 8.4, 6.3 Hz, 1H), 3.12
(ddd, J=12.8, 8.6, 6.9 Hz, 1H), 1.85-1.65 (m, 2H), 1.55-1.40
(m, 2H), 0.95 (t, J=7.3 Hz, 3H). ESI-MS (m/z): 415.1
[M+H]".

n-Buli 2.0 equiv. Cl N S PdCl,dppf 10 mol %
BuS-SBu 4.0 equlv z | S PhB(OH), 2.0 equiv. /N g
D —— —
m T mHEawC ~ 7 \—\_ CsCO; 2.0 equiv. | Yam
CuCl 1.0 equiv. Y \—\_
DMF 100° C.
l HS04/HNO; SW208430
CH;CUACOH  CH3Cl/ACOH
H,0,,32°C. H0,, 80° C.
PdClLdppf 10 mol % CIN__§
PhB(OH)Z 2.0 equiv. w_s N | S ,N s
~ s
CSCO3 2.0 equiv. \_\_ = / O /
CuCl 1.0 equiv. NO,
DMF 100° C. SW208434 SW208432
ZnHCl
SW208435

\|/S\_\;
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[0422] SW208432 2-(butylsulfinyl)-6-phenylthieno[2,3-
blpyridine. Acetic Acid PP14C (90 puL.) and hydrogen per-
oxide (0.06 mmol, 1.5 equiv., 30% solution in water) were
added to the solution of 2-(butylthio)-6-phenylthieno|2,3-b]
pyridine (0.04 mmol, 12 mg) in chloroform (90 uL). The
reaction mixture was stirring at 32° C. for 1 h. The reaction
was then diluted with EtOAc and washed with saturated
NaHCO;solution, dried over magnesium sulfate, filtered and
concentrated under reduced pressure to give designed prod-
uct in 76% isolated yield. '"H NMR (400 MHz, CDCl,) &
8.14 (d, I=8.4, 1H), 8.08 (d, J=8.2, 2H), 7.82 (d, I=8.4, 1H),
7.58-7.36 (m, 4H), 3.30-2.73 (m, 2H), 1.90-1.62 (m, 2H),
1.55-1.41 (m, 2H), 0.94 (t, J=7.3 Hz, 3H). ESI-MS (m/z):
316.1 [M+H]".

[0423] SW208434. Acetic Acid (200 pL) and hydrogen
peroxide (0.15 mmol, 30% solution in water) were added to
the solution of 2-(butylthio)-6-phenylthieno|[2.3-b]pyridine
(0.09 mmol, 27 mg) in chloroform (200 pl). The reaction
mixture was stirring at 100° C. for 30 min. The reaction was
then diluted with EtOAc and washed with saturated
NaHCO;solution, dried over magnesium sulfate, filtered and
concentrated under reduced pressure to give designed prod-
uct in 81% isolated yield. '"H NMR (400 MHz, CDCl,) &
8.23 (d, J=8.5 Hz, 1H), 8.09 (dd, J=8.2, 1.6 Hz, 2H), 7.89 (d,
J=2.1 Hz, 1H), 7.59-7.39 (m, 4H), 3.39-3.10 (m, 2H),
1.92-1.68 (m, 2H), 1.54-1.27 (m, 2H), 0.91 (t, J=7.3 Hz,
3H). ESI-MS (m/z): 332.1 [M+H]".

[0424] SW208430  2-(butylthio)-6-phenylthieno[2,3-b]
pyridine. Phenylboronic acid (0.39 mmol, 2.0 equiv),
2-(butylthio)-6-chlorothieno| 2,3-b]pyridine (50 mg, 0.195
mmol, 1.0 equiv), Cesium Carbonate (0.39 mmol, 2.0
equiv.), PdCl,dppf (10 mol %), Copper Chloride (0.195
mmol, 1.0 equiv.) were heated in DMF at 100° C. for 12 h.
After cooling to r.t. the reaction mixture was diluted with
EtOAc and washed with water and next brine. The organic
layer was dried over magnesium sulfate and the solvent was
removed under reduced pressure. The crude product was
purified by flash chromatography (Hexanes/EtOAc: 8/2) to
afford designed product in 32% yield. 'H NMR (400 MHz,
CDCl,;) 9 8.09-8.00 (m, 2H), 7.93 (d, J=8.3 Hz, 1H), 7.69 (d,
J=8.3 Hz, 1H), 7.52-7.34 (m, 4H), 2.99 (t, J=7.9 Hz, 2H),
1.77-1.63 (m, 2H), 1.53-1.38 (m, 2H), 0.92 (t, J=7.3 Hz,
3H). ESI-MS (m/z): 300.1 [M+H]".
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[0425] 2-(butylthio)-6-chlorothieno[2,3-b]pyridine. To the
solution of 2-bromo-6-chlorothieno[2,3-b|pyridine (40 mg,
0.16 mmol) in THF (2 mL) at -78° C. was added n-Bul.i
(0.32 mmol, 2.0 equiv.; 1.6 M solution in hexanes). The
traction mixture was stirred for 5 min. and 1,2-dibutyldis-
ulfane (0.48 mmol, 85.4 mg) was then added. The reaction
mixture was stirred at —=78° C. for additional 1h, quenched
with water and diluted with EtOAc. The organic layer was
separated, dried over MgSO4, filtered and concentrated to
give crude product, which was purified by flash column
chromatography (95/5 Hexane/EtOAc) to give designed
product in 91% isolated yield.

[0426] 'H NMR (400 MHz, CDCl,) 8 7.81 (d, I=8.3 Hz,
1H), 7.24 (d, J=8.3 Hz, 1H), 7.13 (s, 1H), 3.01-2.89 (m, 2H),
1.74-1.59 (m, 2H), 1.52-1.36 (m, 2H), 0.91 (t, I=7.4 Hz,
3H). ESI-MS (m/z): 258.0 [M+H]*.

[0427] 2-(butylthio)-6-chloro-3-nitrothieno|2,3-b]pyri-
dine was prepared in 53% vyield according procedure
described by Nardine (Meth-Cohn, O.; Narine, B. Tetrahe-
don Lett. 1978, 23, 2045). '"H NMR (400 MHz, CDCI,) &
8.68 (d, J=8.6 Hz, 1H), 7.45 (d, J=8.6 Hz, 1H), 3.15 (1, J=7.4
Hz, 2H), 1.95-1.73 (m, 2H), 1.68-1.41 (m, 2H), 0.99 (t,
J=7.4 Hz, 3H). ESI-MS (m/z): 303.0 [M+H]*.

[0428] SW208435  2-(butylthio)-6-phenylthieno[2,3-b]
pyridin-3-amine. Phenylboronic acid (37 mg, 0.30 mmol,
2.0 equiv), 2-(butylthio)-6-chloro-3-nitrothieno[2,3-b|pyri-
dine (46 mg, 0.15 mmol, 1.0 equiv), Cesium Carbonate
(0.30 mmol, 2.0 equiv.), PdCl,dppf (10 mol %), Copper
Chloride (0.15 mmol, 15 mg, 1.0 equiv.) were heated in
DMF at 100° C. for 12 h. After cooling to r.t. the reaction
mixture was diluted with EtOAc and washed with water and
next brine. The organic layer was dried over magnesium
sulfate and the solvent was removed under reduced pressure.
The crude product was purified by preparative TLC (AcOEt/
Hexanes: 2/8) to afford 2-(butylthio)-3-nitro-6-phenylthieno
[2,3-b]pyridine. ESI-MS (m/z): 345.1 [M+H]*. 2-(butyl-
thio)-3-nitro-6-phenylthieno[2,3-b]pyridine (0.017 mmol, 6
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mg) was dissolved in a mixed solvent of acetic acid (0.12
ml) and conc. hydrochloric acid (one drop). Zinc (13 mg)
was added at 0° C. After the mixture was stirred for 30
minutes, the reaction mixture was filtered, and the filtrate
was neutralized with an aqueous solution of NaHCO,;, and
extracted with DCM. The organic layer was washed with
water and then with a saturated aqueous solution of sodium
chloride, and dried over sodium sulfate. Subsequently, the
solvent was evaporated to obtain designed product. *"H NMR
(400 MHz, CDCl,) § 7.65-7.54 (m, 3H), 7.50-7.40 (m, 2H),
7.35-7.28 (m, 1H), 7.14 (d, J=8.4 Hz, 1H), 3.35-3.18 (m,
2H), 1.80-1.65 (m, 2H), 1.54-1.38 (m, 2H), 0.95 (t, I=7.3
Hz, 3H). ESI-MS (m/z): 315.1 [M+H]*.

[0429] 2-bromo-6-chlorothieno[2,3-b|pyridine was pre-
pared according procedure described by Nardine. ' 'H NMR
(400 MHz, CDCl,) § 7.87 (d, I=8.4 Hz, 1H), 7.28 (s, 1H),
7.27 (d, I=8.4 Hz, 1H). ESI-MS (m/z): 249 [M+H]".

(] [ ]

N. NH; Zn 10 equiv. N
S N z _— - S S
| NH,CI 15 equiv. |
P
Z NO,
PdClLdppf 10 mol %
ThB(OH), 2.0 equiv.
Cs,CO3 2.0 equiv.
CuCl 1.0 equiv.
DMF 100° C.
cl N, NH, / \
AN N ¥
| S | A
F /> S
NO
2 P~ \O
SW208495
\ N NH,
S | N
7 NO,
[0430] 3-nitro-6-(thiophen-2-yl)pyridin-2-amine.  Thio-

phene boronic acid (742 mg, 5.8 mmol, 2.0 equiv), 6-chloro-
3-nitropyridin-2-amine (500 mg, 2.9 mmol, 1.0 equiv),
Cesium Carbonate (5.8 mmol, 2.0 equiv.), PdCl,dppf (10
mol %), Copper Chloride (2.9 mmol, 1.0 equiv.) in DMF
were heated at 100° C. for 12 h. After cooling to r.t. the
reaction mixture was diluted with EtOAc and washed with
water and next brine. The organic layer was dried over
magnesium sulfate and the solvent was removed under
reduced pressure. The crude product was purified by column
chromatography (hexanes/EtOAc: 8/2) to afford 3-nitro-6-
(thiophen-2-yl)pyridin-2-amine in 63% yield. "H NMR (400
MHz CDCl,) 8 8.42 (d, J=8.7 Hz, 1H), 7.70 (dd, J=3.8, 1.1
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Hz, 1H), 7.54 (dd, J=5.0, 1.1 Hz, 1H), 7.15 (dd, 1=5.0, 3.8
Hz, 1H), 7.09 (d, J=8.7 Hz, 1H). ESI-MS (m/z): 222
[M+H]".

[ ]

S

NH,

N
X
A

NH,

[0431] 6-(thiophen-2-yl)pyridine-2,3-diamine. The start-
ing material, 3-nitro-6-(thiophen-2-yl)pyridin-2-amine (1.20
mmol, 265.4 mg), was dissolved in a 5:1 acetone/water
mixture. Zinc (12.0 mmol, 784 mg, 10 eq) and ammonium

S
NH, HZNJI\NHZ \ N i
. S x
5.0 equiv. | >= q
NH, A N
K>CO;3 1.1 equiv.
/\/\ Br
1.0 equiv.
H,0; 1.5 equiv \ N §
-————— S | S
S
/>
=N
SW208494

chloride (18 mmol, 962.5 mg, 15 eq) were added to the
solution, which was stirred at room temperature for 1 hour.
The solution was then filtered through a celite pad and
washed with ethyl acetate. The filtrate was extracted twice
with brine then the aqueous layer was back extracted with
EtOAc. The combined organic layers were dried over mag-
nesium sulfate, filtered, and concentrated under reduced
pressure. Further purification by column chromatography
gave 118.2 mg of 6-(thiophen-2-yl)pyridine-2,3-diamine
(52%). "H NMR (400 MHz, CD30D) 8 7.34 (dd, 1=3.6, 1.1
Hz, 1H), 7.25 (dd, J=5.1, 1.1 Hz, 1H), 7.00 (dd, J=5.1, 3.6
Hz, 1H), 6.96-6.86 (m, 2H), 4.85 (s, 4H). ESI-MS (m/z): 192
[M+H]".
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[0432] 5-(thiophen-2-yl)-1,3-dihydro-2H-imidazo[4,5-b]
pyridine-2-thione. Thiourea (16.97 mmol, 223.0 mg, 5 eq)
was added to 6-(thiophen-2-yl)pyridine-2,3-diamine. The
solution was heated at 170° C. for 2 hours. The addition of
ethanol room temperature produced solid which was filtered
to give 112.5 mg of 5-(thiophen-2-y1)-1,3-dihydro-2H-imi-
dazo[4,5-b]pyridine-2-thione (82%). 'H NMR (400 MHz,
(CD3),S0)87.69 (dd, J=3.7, 1.2 Hz, 1H), 7.66 (d, J=8.3 Hz,
1H), 7.56 (dd, J=5.1, 1.1 Hz, 1H), 7.47 (d, J=8.2 Hz, 1H),
7.15-7.09 (m, 1H). ESI-MS (m/z): 235 [M+2H]*.

aun .
Q\Klfsi

[0433] SW208494  2-(butylthio)-5-(thiophen-2-yl)-3H-
imidazo[4,5-b|pyridine. A mixture of 5-(thiophen-2-y1)-1,3-
dihydro-2H-imidazo[4,5-b]pyridine-2-thione (0.39 mmol,
92 mg), potassium carbonate (0.45 mmol, 61.9 mg, 1.1 eq),
1-bromobutane (0.39 mmol, 42.8 ul, 1 eq), 18-Crown-6

/N S PhB(OH), 4.0 equiv
| Pd(OAc); 5 mol %
N\ SPhos 10 mol %

K>CO3 3.0 equiv
CH3CN/H,0 3/n

n-Buli 2.0 equiv
S,Bu; 4.0 equiv

|

é*agﬁx

CHCI3/AcOH

H0, H0,

| |

77

CHCl3/AcOH
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(0.039 mmol, 10.5 mg, 0.1 eq), and DMF (2.67 mL) was
heated at 80° C. for 3 hours. This solution was then diluted
with EtOAc and washed with water. The organic layer was
dried over magnesium sulfate, filtered, and concentrated
under high pressure to give 74.4 mg of SW208494 2-(butyl-
thio)-5-(thiophen-2-y1)-3H-imidazo[4,5-b]pyridine (65%).
'H NMR (400 MHz, CDCl,) § 7.95-7.83 (m, 1H), 7.61-7.53
(m, 2H), 7.36 (d, J=5.1, 1H), 7.16-7.06 (m, 1H), 3.28 (t,
J=7.3 Hz, 2H), 1.76-1.62 (m, 2H), 1.48-1.32 (m, 2H), 0.90
(t, J=7.4 Hz, 3H). ESI-MS (m/z): 290 [M+H]*.

/] —
ooy

[0434] SW208495.  2-(butylsulfinyl)-5-(thiophen-2-yl)-
3H-imidazo[4,5-b]pyridine. Chloroform (450 pL), acetic
acid (450 puL), and hydrogen peroxide (0.376 mmol, 2.0 eq,
40 ul) were added to SW208494 2-(butylthio)-5-(thiophen-
2-y1)-3H-imidazo[4,5-b]|pyridine and heated at 45° C. for
2.5 hours. The solution was then diluted with EtOAc and
washed with 10% acetic acid. The organic layer was sepa-
rated, dried with magnesium sulfate, filtered, concentrated,
and purified to give 16.8 mg of SW208495. 'H NMR (400
MHz, CDCl,) 8 8.06 (d, J=8.5 Hz, 1H), 7.83-7.67 (m, 1H),
7.68-7.60 (m, 1H), 7.41 (d, J=5.3 Hz, 1H), 7.20-7.05 (m,
1H), 3.44-3.17 (m, 2H), 1.89-1.58 (m, 2H), 1.59-1.40 (m,
2H), 0.93 (t, J=7.3 Hz, 3H). ESI-MS (m/z): 306 [M+H]".

n-Buli 2.0 equiv
S,Bu; 4.0 equiv

|

Cl

PhB(OH); 4.0 equiv |
_ PdClhidppD

KZCO3 3.0 equiv
CH3;CH/H,0 3/n

N
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[0435] SW208662. 6-(butylsulfinyl)-2-phenyl-4-(piperi-

din-1-yl)thieno[2,3-d]pyrimidine. Acetic acid (50 pl) and
hydrogen peroxide (5.0 pl, 30% solution in water) were
added to the solution of 2-(butylthio)-6-phenyl-4-(piperidin-
1-ylythieno[2,3-b]pyrimidine (10 mg, 0.026 mmol) in chlo-
roform (50 pul). The reaction mixture was stirred at 32° C. for
45 min. Once complete, the reaction was diluted with EtOAc
and was washed with saturated NaHCO, solution, dried over
magnesium sulfate, filtered and concentrated under reduce
pressure to give designed product. 'H NMR (400 MHz,
CDCl;) 9 8.54-8.34 (m, 2H), 7.73 (s, 1H), 7.55-7.36 (m,
3H), 4.09-3.86 (m, 4H), 3.24-2.94 (m, 2H), 1.97-1.36 (m,
10H), 0.93 (t, J=7.3 Hz, 3H). ESI-MS (m/z): 400.1 [M+H]*.

9

[0436] 2-(butylthio)-6-phenyl-4-(piperidin-1-yl)thieno|[2,

3-b|pyrimidine.  2-(butylthio)-6-chloro-4-(piperidin-1-yl)
thieno[2,3-b]pyrimidine (52 mg, 0.15 mmol), phenylboronic
acid (27 mg, 0.22 mmol, 1.5 equiv), Potassium Carbonate
(0.3 mmol, 2.0 equiv.), PdC12dtbpf (10 mol mol %), in
CH,CN:H2 O (2:1) were heated at 100° C. overnight. After
cooling to r.t. the reaction mixture was diluted with EtOAc
and washed with water. The organic layer was dried over
magnesium sulfate and the solvent was removed under
reduced pressure. The crude product was purified by flash
chromatography to afford designed product. 1H NMR (400
MHz, CHCI3) § 8.49-8.36 (m, 2H), 7.51-7.36 (m, 3H), 7.29
(s, 1H), 3.95-3.85 (m, 4H), 2.90 (t, J=7.4 Hz, 2H), 1.76-1.73

(m, 6H), 1.70-1.59 (m, 2H), 1.48-1.39 (m, 2H), 0.91 (t, J=7.4
Hz, 3H). ESI-MS (m/z): 384.0 [M+H]*.

[0437] 2-(butylthio)-6-chloro-4-(piperidin-1-yl)thieno|[2,
3-b|pyrimidine. To the solution of 6-chloro-4-(piperidin-1-
yDthieno[2,3-b]pyrimidine (52 mg, 0.20 mmol) in THF was
added n-Bulii (0.4 mmol, 2.0 equiv., 1.6 M solution in
hexanes) at —78° C. The reaction mixture was stirred for 5
min and 1,2-dibutyldisulfane (0.80 mmol, 4.0 equiv.) in THF
was added. The reaction mixture was stirred for additional
1h at -78° C. and then quenched. The crude product was
purified by flash chromatography to afford designed product
in 74% yield. "H NMR (400 MHz, CHCI3) & 7.24 (s, 1H),
3.93-3.74 (m, 4H), 2.83 (t, J=7.3 Hz, 2H), 1.82-1.66 (m,
6H), 1.66-1.53 (m, 2H), 1.49-1.33 (m, 2H), 0.89 (t, J=7.3
Hz, 3H). ESI-MS (m/z): 342.1 [M+H]".

[0438] 6-chloro-4-(piperidin-1-yl)thieno[2,3-b]pyrimi-
dine. 4,6-dichlorothieno|2,3-b]pyrimidine (50 mg, 0.24
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mmol) and piperidine (0.36 mmol, 1.5 equiv.) in EtOH were
stirred at room temperature overnight. The solvent was
evaporated and crude compound purified by flash chroma-
tography to give designed product in quantitative yield. *H
NMR (400 MHz, CDCl,) 8 7.28 (d, J=6.1 Hz, 1H), 7.18 (d,
J=6.2 Hz, 1H), 4.01-3.67 (m, 4H), 1.92-1.63 (m, 6H).
ESI-MS (nv/z): 254.0 [M+H]".

[0439] SW208776. 6-(butylsulfinyl)-2,4-diphenylthieno
[2,3-d]pyrimidine. Acetic acid (250 pl) and hydrogen per-
oxide (20 pl, 30% solution in water) were added to the
solution of 6-(butylthio)-2,4-diphenylthieno|2,3-d]pyrimi-
dine (35 mg, 0.1 mmol) in chloroform (250 ul). The reaction
mixture was stirred at 32° C. for 45 min. Once complete, the
reaction was diluted with EtOAc and was washed with
saturated NaHCO;solution, dried over magnesium sulfate,
filtered and concentrated under reduce pressure to give
designed product. '"H NMR (400 MHz, CDCl,) & 8.69-8.59
(m, 2H), 8.09-7.99 (m, 2H), 7.95 (s, 1H), 7.65-7.56 (m, 3H),
7.56-7.45 (m, 3H), 3.18-3.02 (m, 2H), 1.87-1.64 (m, 2H),
1.54-1.42 (m, 2H), 0.94 (t, J=7.3 Hz, 3H). ESI-MS (m/z):
393.1 [M+H]*.

g

[0440] 6-(butylthio)-2,4-diphenylthieno[2,3-d]|pyrimi-
dine. To the solution of 2,4-diphenylthieno[2,3-d|pyrimidine
(53 mg, 0.28 mmol) in THF was added n-BuL.i (0.56 mmol,
2.0 equiv., 225 pl., 2.5 M solution in hexanes) at =78° C. The
reaction mixture was stirred for 5 min and 1,2-dibutyldis-
ulfane (1.14 mmol, 4.0 equiv.) in THF was added. The
reaction mixture was stirred for additional 1h at -78° C. and
then quenched. The crude product was purified by flash
chromatography to afford designed product. 'H NMR (400
MHz, CDCl;) § 8.62-8.56 (m, 2H), 8.06-7.98 (m, 2H),
7.61-7.41 (m, 7H), 3.01 (t, J=7.3, 2H), 1.76-1.62 (m, 2H),
1.55-1.38 (m, 2H), 0.92 (t, J=7.4 Hz, 3H). ESI-MS (m/z):
377.1 [M+H]*.
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[0441] 2.,4-diphenylthieno[2,3-d]pyrimidine. 2.4-dichlo-
rothieno[2,3-d]pyrimidine (100 mg, 0.50 mmol), phenylbo-
ronic acid (242 mg, 2.0 mmmol, 4.0 equiv), Potassium
Carbonate (1.5 mmol, 3.0 equiv.), Pd(OAc), (5 mol mol %),
SPhos (10 mol %) in CH;CN:H,O (1.5:1) were heated at
100° C. overnight. After cooling to r.t. the reaction mixture
was diluted with EtOAc and washed with water. The organic
layer was dried over magnesium sulfate and the solvent was
removed under reduced pressure. The crude product was
purified by flash chromatography to afford designed product.
'H NMR (400 MHz, CDCl,) 8 8.70-8.59 (m, 2H), 8.14-8.02
(m, 2H), 7.65-7.44 (m, 8H). ESI-MS (m/z): 289.0 [M+H]*.

[0442] SW208777. 2-(butyl(A'-oxidanyl)-A>-sulfanyl)-4-
(pyridin-3-yl)-6-(thiazol-2-yl)thieno[2,3-b|pyridin-3-amine
was prepared using synthetic procedures described for the
preparation of analog SW033291. 'H NMR (400 MHz,
CDCl,) 0 8.80 (s, 1H), 8.78 (dd, J=4.9, 1.7 Hz, 1H), 8.04 (s,
1H), 7.91 (d, J=3.2 Hz, 1H), 7.86 (d, J=6.4 Hz, 1H), 7.51 (d,
J=3.1 Hz, 1H), 7.47 (dd, J=7.8, 4.8 Hz, 1H), 4.53 (s, 2H),
3.28 (ddd, J=12.8, 8.8, 6.3 Hz, 1H), 3.11 (ddd, J=12.8, 8.9,
6.9 Hz, 1H), 1.86-1.70 (m, 2H), 1.57-1.38 (m, 2H), 0.94 (t,
J=7.3 Hz, 3H). ESI-MS (m/z): 415.0 [M+H]".
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[0443] SW208780. 2-(isopropyl(r‘-oxidanyl)-A>-sulfa-
nyl)-4-(pyridin-3-y1)-6-(thiazol-2-yl)thieno[ 2,3-b]pyridin-
3-amine was prepared using synthetic procedures described
for the preparation of analog SW033291. 'H NMR (400
MHz, CDCl,) 3 8.87-8.70 (m, 2H), 8.05 (s, 1H), 7.92 (d,
J=3.1 Hz, 1H), 7.85 (dd, =7.8, 2.4 Hz, 1H), 7.51 (d, I=3.2
Hz, 1H), 7.47 (dd, 1=7.9, 4.9 Hz, 1H), 4.57 (s, 2H), 3.38 (p,
J=6.8 Hz, 1H), 1.43 (d, J=6.8 Hz, 3H), 1.29 (d, J=6.8 Hz,
3H). ESI-MS (m/z): 400.1 [M+H]".

[0444] SW209123. Ethyl 3-amino-4-(4-bromophenyl)-2-
(butylsulfinyl)-6-(thiazol-2-yl)thieno[2,3-b]pyridine-5-car-
boxylate was prepared using synthetic procedures described
for the preparation of analog SW033291. ‘H NMR (400
MHz, CDCl,) 8 7.86 (d, J=3.2 Hz, 1H), 7.69-7.60 (m, 2H),
7.48 (d,J=3.2 Hz, 1H), 7.36-7.27 (m, 2H), 4.12 (q, J=7.2 Hz,
2H), 3.26 (ddd, I=12.9, 8.8, 6.3 Hz, 1H), 3.08 (ddd, J=12.9,
8.8, 6.3 Hz, 1H), 1.80-1.63 (m, 2H), 1.58-1.37 (m, 2H), 1.06
(t, I=7.2 Hz, 3H), 0.93 (t, I=7.3 Hz, 3H). ESI-MS (m/z):
564.0 [M+H]".

[0445] SW209124. 2-(butylsulfinyl)-4,6-di(thiazol-2-yl)
thieno[2,3-b]pyridin-3-amine was prepared using synthetic
procedures described for the preparation of analog
SW033291.

[0446] 'H NMR (400 MHz, CDCL,) & 8.48 (s, 1H), 8.01
(d, J=3.1 Hz, 1H), 7.96 (d, J=3.2 Hz, 1H), 7.61 (d, =3.3 Hz,
1H), 7.52 (d, J=3.1 Hz, 1H), 6.69 (s, 2H), 3.30 (ddd, I=12.8,
9.2, 6.0 Hz, 1H), 3.14 (ddd, J=12.8, 9.2, 6.4 Hz, 1H),
1.83-1.60 (m, 2H), 1.43-1.53 (m, 2H), 0.93 (t, I=7.3 Hz,
3H). ESI-MS (m/z): 421.0 [M+H]*.
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[0447] SW209125. 2-(butylsulfinyl)-4-(1-methyl-1H-imi-
dazol-2-yl)-6-(thiazol-2-yl)thieno[2,3-b|pyridin-3-amine
was prepared using synthetic procedures described for the
preparation of analog SW033291. 'H NMR (400 MHz,
CDCl;) 9 8.13 (s, 1H), 7.91 (d, J=3.2 Hz, 1H), 7.50 (d, J=3.1
Hz, 1H), 7.24 (d,J=1.2 Hz, 1H), 7.13 (d, J=1.2 Hz, 1H), 5.78
(s, 2H), 3.80 (s, 3H), 3.26 (ddd, J=12.8, 9.1, 6.0 Hz, 1H),
3.10 (ddd, =128, 9.2, 6.5 Hz, 1H), 1.82-1.57 (m, 2H),
1.56-1.35 (m, 2H), 0.92 (t, J=7.3 Hz, 3H). ESI-MS (m/z):
418.1 [M+H]*.

[0448] SW209126. 2-(butylsulfinyl)-6-(1-methyl-1H-imi-
dazol-2-yl)-4-phenylthieno[2,3-b]pyridin-3-amine was pre-
pared using synthetic procedures described for the prepara-
tion of analog SW033291. 'H NMR (400 MHz, CDCl,) &
8.08 (s, 1H), 7.58-7.32 (m, 5H), 7.11 (d, J=1.1 Hz, 1H), 7.00
(d, J=1.1 Hz, 1H), 4.58 (s, 2H), 4.19 (s, 3H), 3.27 (ddd,
J=12.7,9.0, 6.0 Hz, 1H), 3.08 (ddd, J=12.8, 9.1, 6.6 Hz, 1H),
1.79-1.60 (m, 2H), 1.56-1.37 (m, 2H), 0.92 (t, J=7.3 Hz,
3H). ESI-MS (m/z): 411.1 [M+H]*.

[0449] SW209277. 6-(butylsulfinyl)-2-(1-methyl-1H-imi-
dazol-2-yl)-4-phenylthieno[2,3-d|pyrimidin-5-amine ~ was
prepared using synthetic procedures described for the prepa-
ration of analog SW208065. 'H NMR (400 MHz, CDCl,) &
7.71 (dd, J=6.9, 2.8 Hz, 2H), 7.63-7.49 (m, 3H), 7.29 (s, 1H),
7.07 (s, 1H), 4.85 (s, 2H), 4.18 (s, 3H), 3.29 (ddd, J=12.8,
8.6, 6.3 Hz, 1H), 3.11 (ddd, J=12.8, 8.7, 6.9 Hz, 1H),
1.83-1.65 (m, 2H), 1.59-1.39 (m, 2H), 0.94 (t, I=7.3 Hz,
3H). ESI-MS (m/z): 412.1 [M+H]".
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[0450] SW209278.  6-(butylsulfinyl)-2-(oxazol-4-yl)-4-
phenylthieno| 2,3-d]pyrimidin-5-amine was prepared using
synthetic procedures described for the preparation of analog
SW208065. 'H NMR (400 MHz, CDCl;) § 8.51 (d, J=1.1
Hz, 1H), 8.01 (d, J=1.1 Hz, 1H), 7.75-7.61 (m, 2H), 7.62-
7.48 (m, 3H), 4.56 (s, 2H), 3.29 (ddd, J=12.9, 8.8, 6.3 Hz,
1H), 3.09 (ddd, J=12.9, 8.9, 6.9 Hz, 1H), 1.81-1.64 (m, 2H),
1.56-1.39 (m, 2H), 0.93 (t, J=7.3 Hz, 3H). ESI-MS (m/z):
399.1 [M+H]*.

N O

1_
S ——DPh, R'=Me, H

R2 = Me, isopropyl, cyclopropyl
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[0451] SW209279. 2-(isopropylsulfinyl)-4-(1-methyl-1H-
imidazol-2-yl)-6-(thiazol-2-yl)thieno[2,3-b]pyridin-3-
amine was prepared using synthetic procedures described
for the preparation of analog SW033291. 'H NMR (400
MHz, CDCl,) 9 8.14 (s, 1H), 7.92 (d, J=3.2 Hz, 1H), 7.51
(d, J=3.2 Hz, 1H), 7.24 (s, 1H), 7.13 (d, J=1.2 Hz, 1H), 5.92
(s, 2H), 3.80 (s, 3H), 3.38 (p, I=6.8 Hz, 1H), 1.44 (d, J=6.8
Hz, 3H), 1.25 (d, J=6.8 Hz, 3H). ESI-MS (m/z): 404.1
[M+H]".

[0452] SW209280. 4-(1-methyl-1H-imidazol-2-y1)-2-
(propylsulfinyl)-6-(thiazol-2-yl)thieno[2,3-b]pyridin-3-

amine was prepared using synthetic procedures described
for the preparation of analog SW033291. 'H NMR (400
MHz, CDCl,) 9 8.14 (s, 1H), 7.92 (d, J=3.2 Hz, 1H), 7.51
(d, J=3.1, 1H), 7.25 (d, J=1.3 Hz, 1H), 7.14 (d, J=1.2 Hz,
1H), 5.97 (s, 2H), 3.80 (s, 3H), 3.27 (ddd, J=12.7, 8.3, 6.5
Hz, 1H), 3.07 (ddd, J=12.8, 8.4, 7.1 Hz, 1H), 1.85-1.69 (m,
2H), 1.07 (t, J=7.4 Hz, 3H). ESI-MS (m/z): 404.1 [M+H]".

1
/R 1) 2-cyanoethanethioamide 3.0 equiv.

piperidine, EtOH, 80° C.

/>—R2 NG SR* 2.0 equiv.
Eth 3.0 equiv, CH3CN, 80° C.

R3 = Bu, C3HOCH;3, C,H,OCH;

=

H>0, 1.5 equiv.
CHCl3/AcOH
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-continued

[0453] SW209415. 2-(butylsulfinyl)-4-(1,2-dimethyl-1H-
imidazol-5-yl)-6-(thiazol-2-yl)thieno[2,3-b]pyridin-3-
amine. To the solution of 2-(((butylsulfinyl)methyl)thio)-4-
(1,2-dimethyl-1H-imidazol-5-y1)-6-(thiazol-2-yl)
nicotinonitrile (0.14 mmol, 60 mg) in DMF (600 pul)yMeOH
(300 pul) was added KOH (0.084 mmol, 4.70 mg, 0.6 equiv.,
2.0 M in water). The reaction mixture was stirred at 32° C.
for 20 min. Once complete, the reaction was diluted with
EtOAc and acidified to pH 7 with 5% aq. solution of AcOH,
the organic phase was separated and aqueous layer was
extracted twice with EtOAc, dried over magnesium sulfate,
filtered and concentrated under reduced pressure. The crude
product was purified by flash chromatography to afford
designed product in 97% isolated yield. '"H NMR (400 MHz,
CDCl,) 8 8.03 (s, 1H), 7.90 (d, J=3.1 Hz, 1H), 7.50 (d, J=3.2
Hz, 1H), 7.11 (s, 1H), 4.76 (s, 2H), 3.39 (s, 3H), 3.27 (ddd,
J=12.9,8.7, 6.4 Hz, 1H), 3.09 (ddd, J=12.8, 8.8, 6.9 Hz, 1H),
2.47 (s, 3H), 1.83-1.62 (m, 2H), 1.57-1.38 (m, 2H), 0.93 (t,
J=7.3 Hz, 3H). ESI-MS (m/z): 432.1 [M+H]*. Two enan-
tiomers of SW209415 can be separated by chiral HPLC:
Chiralpak AD-H, 10x250 mm, 5 uM, 100% MeOH.

[0454] 2-(((butylsulfinyl)methyl)thio)-4-(1,2-dimethyl-
1H-imidazol-5-y1)-6-(thiazol-2-yD)nicotinonitrile. To the
solution of 2-(((butylthio)methyl)thio)-4-(1,2-dimethyl-1H-

KOH 0.6 equiv.
DMF/MeOH

imidazol-5-yl)-6-(thiazol-2-yl)nicotinonitrile (85 mg, 0.205
mmol) in CHCl;/AcOH (1:1, 0.15 M) was added H,0,(0.31
mmol, 1.5 equiv. 30% solution in water). The reaction
mixture was stirred at 32° C. for 40 min. Once complete, the
reaction was diluted with EtOAc and was washed with
saturated NaHCO; solution, dried over magnesium sulfate,
filtered and concentrated under reduce pressure to give
designed product in 92% yield. "H NMR (400 MHz, CDCl,)
d 7.98 (d, J=3.1 Hz, 1H), 7.94 (s, 1H), 7.60 (d, J=3.1 Hz,
1H), 7.43 (s, 1H), 4.72 (d, J=13.1 Hz, 1H), 4.41 (d, J=13.1
Hz, 1H), 3.63 (s, 3H), 2.96 (dt, J=12.9, 8.2 Hz, 1H), 2.84 (dt,
J=12.9, 7.5 Hz, 1H), 2.51 (s, 3H), 1.94-1.74 (m, 2H),
1.63-1.38 (m, 2H), 0.95 (t, J=7.4 Hz, 3H). ESI-MS (m/z):
432.1 [M+H]".

[0455] 2-(((butylthio)methyl)thio)-4-(1,2-dimethyl-1H-

imidazol-5-yl)-6-(thiazol-2-yl)nicotinonitrile. To a suspen-
sion of 3-(1,2-dimethyl-1H-imidazol-5-yl)-1-(thiazol-2-y1)
prop-2-en-l-one  (0.31 mmol, 72 mg) and
2-cyanothioacetamide (0.93 mmol, 93 mg, 3.0 equiv.) in
EtOH (1.5 mL), a few drops of piperidine were added. After
being stirred at 80° C. for 2 h, EtOH was evaporated and
crude product was redissolved in CH;CN. Butyl(chlorom-
ethyl)sulfane (0.62 mmol, 85.5 mg) and Et;N (0.93 mmol,
94.1 mg, 130 uL.) were then added and the reaction mixture
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was stirred at 80° C. for 20 min. Once complete, the reaction
was diluted with EtOAc and water. The organic phase was
separated and aqueous layer was extracted twice with
EtOAc. The combined extractions were washed with satu-
rated NaCl solution, dried over magnesium sulfate, filtered
and concentrated under reduced pressure. The residue was
purified by flash chromatography to give 99 mg of designed
product (77%). "H NMR (400 MHz, CDC1;) 8 7.96 (d, J=3.1
Hz, 1H), 7.85 (s, 1H), 7.56 (d, I=3.1 Hz, 1H), 7.37 (s, 1H),
4.49 (s, 2H), 3.60 (s, 3H), 2.72 (t, J=7.4 Hz, 2H), 2.48 (s,
3H), 1.62 (p, J=7.3 Hz, 2H), 1.40 (h, J=7.3 Hz, 2H), 0.90 (t,
J=7.3 Hz, 3H). ESI-MS (m/z): 416.6 [M+H]".

I /
0

[0456] (E)-3-(1,2-dimethyl-1H-imidazol-5-y1)-1-(thiazol-
2-yl)prop-2-en-1-one. To a solution of 1,5-dimethyl-1H-
imidazole-2-carbaldehyde (2.0 mmol, 250 mg) in 6 ml of
CH;CN was added 1-(thiazol-2-yl)-2-(triphenyl-15-phos-
phanylidene)ethan-1-one (4.0 mmol, 1.55 g, 2.0 equiv.). The
reaction mixture was stirred at 90° C. for 48 h. Once
complete, solvent was evaporated and residue was purified
by flash chromatography to give 331 mg of designed product
(71%). 1H NMR (400 MHz, Methanol-d4) d 8.08 (d, J=3.0
Hz, 1H), 7.97 (d, I=3.0 Hz, 1H), 7.90 (d, J=15.9 Hz, 1H),
7.76 (d, J=15.9 Hz, 1H), 7.60 (s, 1H), 3.72 (s, 3H), 2.43 (s,
3H).ESI-MS (m/z): 234.3 [M+H]*.

[0457] SW209428. 2-(butylsulfinyl)-4-(2-methyl-1H-imi-
dazol-5-yl)-6-(thiazol-2-yl)thieno[2,3-b|pyridin-3-amine
was prepared using synthetic procedures described for the
preparation of analog SW209415. 'H NMR (400 MHz,
CDCl,) 8 10.51 (s, 1H), 8.10 (s, 1H), 7.89 (d, J=3.2 Hz, 1H),
7.46 (d, J=3.2 Hz, 1H), 7.40 (s, 1H), 3.31 (ddd, J=12.8, 9.3,
5.8 Hz, 1H), 3.15 (ddd, J=12.8, 9.3, 6.2 Hz, 1H), 2.42 (s,
3H), 1.79-1.58 (m, 2H), 1.57-1.38 (m, 2H), 0.93 (t, I=7.3
Hz, 3H). ESI-MS (m/z): 418.1 [M+H]".

May 4, 2023

[0458] SW211688. 4-(1,2-dimethyl-1H-imidazol-5-y1)-2-
((3-methoxypropyl) sulfinyl)-6-(thiazol-2-yl)thieno[2,3-b]
pyridin-3-amine was prepared using synthetic procedures
described for the preparation of analog SW209415. 'H
NMR (400 MHz, Acetone-d6) 8 8.03 (s, 1H), 7.99 (d, J=3.2
Hz, 1H), 7.82 (d, J=3.2 Hz, 1H), 7.09 (s, 1H), 5.06 (s, 2H),
3.51 (s, 3H), 3.48 (t, J=6.1 Hz, 2H), 3.26 (s, 3H), 3.26-3.18
(m, 1H), 3.18-3.12 (m, 1H), 2.43 (s, 3H), 2.00-1.89 (m, 2H).
ESI-MS (nv/z): 448.1 [M+H]*.

[0459] SW211689. 4-(1,2-dimethyl-1H-imidazol-5-y1)-2-
((2-methoxyethyl)  sulfinyl)-6-(thiazol-2-yl)thieno[2,3-b]
pyridin-3-amine was prepared using synthetic procedures
described for the preparation of analog SW209415. 'H
NMR (400 MHz, CDCl,) § 8.05 (s, 1H), 7.92 (d, J=3.2 Hz,
1H), 7.51 (d, J=3.2 Hz, 1H), 7.11 (s, 1H), 4.73 (s, 2H),
3.88-3.82 (m, 1H), 3.75-3.62 (m, 1H), 3.57 (ddd, J=13.1,
6.0, 3.9 Hz, 1H), 3.40 (s, 3H), 3.37 (s, 3H), 3.25 (ddd,
J=12.8, 8.0, 4.4 Hz, 1H), 2.48 (s, 3H). ESI-MS (m/z): 434.1
[M+H]".

[0460] SW212344. 2-(butylsulfinyl)-4-(2-isopropyl-1-
methyl-1H-imidazol-5-y1)-6-(thiazol-2-yl)thieno| 2,3-b]
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pyridin-3-amine was prepared using synthetic procedures
described for the preparation of analog SW209415. 'H
NMR (400 MHz, CDCl,) d 8.06 (s, 1H), 7.92 (d, J=3.1 Hz,
1H), 7.51 (d, J=3.2 Hz, 1H), 7.15 (s, 1H), 4.71 (s, 2H), 3.41
(s, 3H), 3.27 (ddd, J=13.0, 8.5, 6.5 Hz, 1H), 3.19-2.98 (m,
2H), 1.83-1.59 (m, 2H), 1.58-1.41 (m, 2H), 1.39 (d, J=6.7
Hz, 6H), 0.94 (t, J=7.3 Hz, 3H). ESI-MS (m/z): 460.1
[M+H]™".

[0461] SW212345. 2-(butylsulfinyl)-4-(2-cyclopropyl-1-
methyl-1H-imidazol-5-y1)-6-(thiazol-2-yl)thieno[2,3-b]
pyridin-3-amine was prepared using synthetic procedures
described for the preparation of analog SW209415. 'H
NMR (400 MHz, CDCl,) d 8.04 (s, 1H), 7.91 (d, J=3.1 Hz,
1H), 7.50 (d, J=3.1 Hz, 1H), 7.07 (s, 1H), 4.77 (s, 2H), 3.51
(s, 3H), 3.27 (ddd, J=12.9, 8.7, 6.4 Hz, 1H), 3.10 (ddd,
J=12.9, 8.8, 6.9 Hz, 1H), 1.95-1.78 (m, 1H), 1.81-1.62 (m,
2H), 1.58-1.37 (m, 2H), 1.17-0.98 (m, 4H), 0.93 (t, I=7.3
Hz, 3H). ESI-MS (m/z): 458.1 [M+H]".

{1

e}

[0462] 2-bromo-1-(thiazol-2-yl)ethan-1-one. n-Butyl-
lithium (24.7 mL, 0.0617 mol, 2.5M in Hexane) was added
dropwise to a solution of 2-thiazole (5.0 g, 0.059 mol) in
anhydrous diethyl ether (48.8 mL) at -78° C. After 15
minutes, ethylbromoacetate (6.84 mL, 0.0617 mol) was
added, the cold bath was removed and the solution was
allowed to warm to room temperature. The reaction mixture
was diluted with ether and water. The organic layer was
separated, dried over Na2SO,, filtered and concentrated
under reduced pressure. The crude product was suspended in
hexanes and heated to reflux for 15 minutes then the product
was decanted off leaving the impure oil. This was repeated
5 times to give a white solid with 88% yield. '"H NMR (400
MHz, CDCl,) § 8.05 (d, I=3.0 Hz, 1H), 7.77 (d, J=3.0 Hz,
1H), 4.71 (s, 2H). ESI-MS (m/z): 207.8 [M+H]".

May 4, 2023

[0463] 1-(thiazol-2-yl)-2-(triphenyl-15-phosphanylidene)
ethan-1-one. To a solution of 2-bromo-1-(thiazol-2-yl)ethan-
1-one (10.7 g, 0.0517 mol) in toluene (337.7 mL), triph-
enylphosphine (14.1 g, 0.0539 mol) was added portion wise.
The mixture was stirred at room temperature for 3 hours.
The yellowish precipitate was removed by filtration, and
was washed several times with toluene and then petroleum
ether. Water was added to the precipitate and was treated
dropwise with 1N NaOH to pH 10 (at pH 7 there was a color
change from yellow to orange). The mixture was stirred for
30 minutes at room temperature. The precipitate was
removed by filtration and washed several times with water.
The resulting orange solid, was heated at 50° C. under
vacuum to remove any water, giving a 96% yield. '"H NMR
(400 MHz, CDCl;) § 7.82 (d, J=3.1 Hz, 1H), 7.72 (ddd,
J=12.8, 8.3, 1.4 Hz, 6H), 7.61-7.54 (m, 3H), 7.51-7.45 (m,
6H), 7.38 (dd, J=3.1, 1.3 Hz, 1H), 5.00 (d, J=23.3 Hz, 1H).
ESI-MS (nv/z): 387.9 [M+H]*.

[0464] Methyl (E)-4-(3-0x0-3-(thiazol-2-yl)prop-1-en-1-
yDbenzoate. In a dried flask, 1-(thiazol-2-yl)-2-(triphenyl-
15-phosphanylidene)ethan-1-one (1.5 g, 3.9 mmol) and
methyl 4-formyl benzoate (634 mg, 3.86 mmol) were dis-
solved in anhydrous chloroform (19.3 mL) and the solution
stirred at 71° C. overnight. The solvent was evaporated
under reduced pressure and the solid precipitate was purified
using automated flash chromatography (100% DCM) to give
a white solid in 76% yield. 1H NMR (400 MHz, CDC3) &
8.10-8.05 (m, 3H), 8.01 (d, J=1.3 Hz, 2H), 7.76 (d, J=8.4 Hz,
2H), 7.72 (d, J=3.0 Hz, 1H), 3.93 (s, 3H). ESI-MS (nv/z):
274.0 [M+H]*.

[0465] Methyl 4-(2-(((butylthio)methyl)thio)-3-cyano-6-
(thiazol-2-yl)pyridin-4-yl)benzoate. 2-cyanothioacetamide
(274.8 mg, 2.744 mmol) and methyl (E)-4-(3-0x0-3-(thi-
azol-2-ylprop-1-en-1-yl)benzoate (250.0 mg, 0.9147
mmol) were combined in a vial that was evacuated and
backfilled with 02 then ethanol (2.75 mL) and piperdine (2
drops) were added. The solution was sparged for a few
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minutes then stirred at 80° C. for 4 hours. Once cooled, the
solution was filtered, and the precipitate was rinsed with
ethanol, and then washed in minimal amounts of acetic acid
by heating at 80° C. for 45 minutes. When cooled, the
washed solution was filtered leaving the crude brown/red
solid product, which was carried forward to the next step.
Standard alkylation procedure: Butyl(chloromethyl)sulfane
(111.2 mg, 0.8059 mmol) in acetonitrile (1.32 mL.), was
added to the product from the first step, and Et3N (168.6 ulL,
1.209 mmol) was added last. The solution was stirred at 80°
C. for 20 minutes. The reaction mixture was diluted with
EtOAc and washed with H,O, dried over Na2SO,, filtered,
and concentrated under reduced pressure. The crude solid
was purified using automated flash chromatography (80%
hexane, 20% EtOAc). This produced a solid in 24% yield.
'"H NMR (400 MHz, CDCl,) 3 8.18 (d, J=8.4 Hz, 2H), 8.02
(s, 1H), 7.98 (d, J=3.1 Hz, 1H), 7.71 (d, J=8.4 Hz, 2H), 7.58
(d, J=3.2 Hz, 1H), 4.52 (s, 2H), 3.95 (s, 3H), 2.76 (t, J=7.3
Hz, 2H), 1.64 (tt, I=7.7, 6.3 Hz, 2H), 1.42 (h, J=7.3 Hz, 2H),
0.91 (t, I=7.3 Hz, 3H). ESI-MS (m/z): 456.1 [M+H]*.

N
(\\ N S S
S | N NN
F

CN

HO

[0466] 2-(((butylthio)methyl)thio)-4-(4-(hydroxymethyl)
phenyl)-6-(thiazol-2-yD)nicotinonitrile. To the solution of
methyl 4-(2-(((butylthio)methyl)thio)-3-cyano-6-(thiazol-2-
yDpyridin-4-yl)benzoate (336 mg, 0.737 mmol) in THF
(8.41 mL) LiBH, (96.3 mg, 4.42 mmol) was added at 0° C.
The reaction was stirred at room temperature for 36 hours,
and the reaction was monitored by LC/MS. The reaction
mixture was diluted with EtOAc and H,O. The organic layer
was dried over Na,SO,, filtered, and concentrated under
reduced pressure, to give product in 96% yield. 'H NMR
(400 MHz, CDCl,) 8 8.02 (s, 1H), 7.98 (d, J=3.1 Hz, 1H),
7.69-7.62 (m, 2H), 7.56 (d, J=3.1 Hz, 1H), 7.56-7.49 (m,
2H), 4.79 (d, J=4.3 Hz, 2H), 4.52 (s, 2H), 2.82-2.60 (m, 2H),
1.71-1.58 (m, 2H), 1.49-1.33 (m, 2H), 0.91 (t, I=7.4 Hz,
3H). ESI-MS (m/z): 428.1 [M+H]*.

HO
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[0467] Standard oxidation procedure: 2-(((butyl(11-oxida-
nyl)-13-sulfanyl)methyl)thio)-4-(4-(hydroxymethyl)phe-
nyl)-6-(thiazol-2-yl)nicotinonitrile. Chloroform (2.53 mlL),
acetic acid (1.39 mL), and hydrogen peroxide (108.0 uL,
1.057 mmol, 30% solution in water) were added to
2-(((butylthio)methyl)thio)-4-(4-(hydroxymethyl)phenyl)-
6-(thiazol-2-yl)nicotinonitrile. The solution was stirred at
32¢ C. for 45 minutes. The reaction mixture was then diluted
with EtOAc and washed with saturated NaHCO;, and the
organic layer was dried over Na2SQ,, filtered, and concen-
trated under reduced pressure to give the desired product in
94% yield. 'H NMR (400 MHz, CDCl,) 8 8.03 (s, 1H), 7.93
(d, J=3.1 Hz, 1H), 7.59 (d, J=8.2 Hz, 2H), 7.55 (d, J=3.1 Hz,
1H), 7.48 (d, I=7.9 Hz, 2H), 4.73 (s, 2H), 4.66 (d, J=13.1 Hz,
1H), 4.38 (d, J=13.1 Hz, 1H), 2.93 (dt, J=13.0, 8.1 Hz, 1H),
2.79 (dt, J=13.0, 7.2 Hz, 1H), 1.84-1.72 (m, 2H), 1.55-1.33
(m, 2H), 0.91 (t, J=7.3 Hz, 3H).). ESI-MS (n/z): 444.1
[M+H]".

[0468] SW209510 (4-(3-amino-2-(butyl(11-oxidanyl)-13-
sulfanyl)-6-(thiazol-2-yl)thieno[2,3-b]pyridin-4-yl)phenyl)
methanol. t-BuOK (22.78 mg, 0.2028 mmol) was added to
2-(((butyl(11-oxidanyl)-13-sulfanyl )methyl)thio)-4-(4-(hy-
droxymethyl)phenyl)-6-(thiazol-2-yl)nicotinonitrile (150
mg, 0.338 mmol) and the vial was evacuated backfilled with
N, three times before adding DMF (1.3 mL). The solution
was sparged with N, for a few minutes before heating at 32
C. The reaction mixture was monitored every five minutes
by TLC (80% EtOAc. 20% hexanes) and upon completion
was diluted with EtOAc and washed with 10% AcOH. The
organic layer was then dried over Na,SO,, filtered, and
concentrated under reduced pressure. The product was puri-
fied using automated flash chromatography to give an iso-
lated green solid/oil in 16% yield. 'H NMR (400 MHz,
CDCl,) 8 8.02 (s, 1H), 7.90 (d, J=3.2 Hz, 1H), 7.59-7.40 (m,
5H), 4.80 (s, 2H), 4.63 (s, 2H), 3.27 (ddd, J=12.8, 9.0, 6.1
Hz, 1H), 3.10 (ddd, J=12.8, 9.1, 6.6 Hz, 1H), 1.78-1.61 (m,
2H), 1.55-1.40 (m, 2H), 0.93 (t, J=7.3 Hz, 3H). ESI-MS
(m/z): 444.1 [M+H]".
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[0469] SW2095114-(3-amino-2-(butyl(11-oxidanyl)-13-
sulfanyl)-6-(thiazol-2-yl)thieno[2,3-b]pyridin-4-yl)benzyl
acetate. This compound was formed during the workup of
SW209510 in EtOAc (47% yield). 'H NMR (400 MHz,
CDCl;) 8 7.99 (s, 1H), 7.87 (d, J=3.2 Hz, 1H), 7.56-7.40 (m,
5H), 5.18 (s, 2H), 4.62 (s, 2H), 3.26 (ddd, J=12.8, 9.0, 6.1
Hz, 1H), 3.08 (ddd, J=12.8, 9.1, 6.6 Hz, 1H), 2.14 (s, 3H),
1.77-1.59 (m, 2H), 1.53-1.37 (m, 2H), 0.92 (t, I=7.3 Hz,
3H). ESI-MS (m/z): 486.1 [M+H]".

[0470] 4-(3-amino-2-(butyl(11-oxidanyl)-13-sulfanyl)-6-
(thiazol-2-yl)thieno[2,3-b|pyridin-4-yl)benzaldehyde.
MnO, (111.3 mg, 1.28 mmol) was added to a solution of
SW209510 (56.8 mg, 0.128 mmol) in DCM (2.3 mL) and
stirred at room temperature overnight. LC/MS indicated that
the reaction was incomplete. The reaction was filtered over
celite, washed with DCM and the filtrate was concentrated
under reduced pressure. The crude mixture was redissolved
in DCM (2.3 mL) and MnO,(5 eq) was added. The solution
was left to stir 24 hours at room temperature, was filtered
over celite and washed with DCM. The filtrate was concen-
trated under reduced pressure and the resulting crude prod-
uct was purified using automated flash chromatography
(55% EtOAc, 45% hexanes) resulting in 24% isolated yield.
'"H NMR (400 MHz, CDCl5) 8 10.13 (s, 1H), 8.11-7.99 (m,
3H), 7.92 (d, J=3.1 Hz, 1H), 7.75-7.62 (m, 2H), 7.51 (d,
J=3.2 Hz, 1H), 4.56 (s, 2H), 3.29 (ddd, J=12.8, 8.8, 6.3 Hz,
1H), 3.11 (ddd, J=12.8, 8.9, 6.9 Hz, 1H), 1.82-1.66 (m, 2H),
1.54-1.41 (m, 2H), 0.94 (t, J=7.3 Hz, 3H). ESI-MS (m/z):
442.1 [M+H]".
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[0471] SW209513. 2-(butyl(11-oxidanyl)-13-sulfanyl)-4-
(4-((dimethylamino)methyl)phenyl)-6-(thiazol-2-yl)thieno
[2,3-b]pyridin-3-amine. To a solution of 4-(3-amino-2-
(butyl(11-oxidanyl)-13-sulfanyl)-6-(thiazol-2-yl)thieno[2,3-
blpyridin-4-yl)benzaldehyde (13.3 mg, 0.0301) in methanol
(802.7 pl), dimethylamine (174 pL. 0.301 mmol, 2.0M in
THF) and acetic acid (1.72 pl, 0.0301 mmol) were added
and the reaction was stirred at room temperature for 90
minutes. The reaction was then cooled down to 0° C. and
sodium cyanoborohydride (3.7 mg, 0.060 mmol) was added
and the reaction stirred for 2 hours at this temperature before
allowing to warm up to room temperature. After 24 hours,
more sodium cyanoborohydride (2 eq) was added at 0° C.
and left to stir at room temperature another 24 hours.
Nitrogen was used to evaporate the solvent, giving a solid
that was diluted with EtOAc and washed with saturated
NaHCO;. The organic layer was dried over Na2SO,, fil-
tered, and concentrated under reduced pressure. The crude
product was purified using flash chromatography (7%
MeOH, 93% DCM) isolating the product in 13% yield. 'H
NMR (400 MHz, CDCL,) § 8.07 (s, 1H), 7.93 (d, J=3.2 Hz,
1H), 7.51 (d, J=3.2 Hz, 1H), 7.49-7.41 (m, 4H), 4.67 (s, 2H),
3.55 (s, 2H), 3.36-3.25 (m, 1H), 3.13 (ddd, I=12.8, 9.0, 6.7
Hz, 1H), 2.30 (s, 6H), 1.78-1.68 (m, 2H), 1.55-1.44 (m, 2H),
0.95 (t, I=7.3 Hz, 3H). ESI-MS (m/z): 471.2 [M+H]".

o

[0472] Methyl (E)-3-(3-0x0-3-(thiazol-2-yl)prop-1-en-1-
yDbenzoate. Followed procedure for methyl (E)-4-(3-oxo-
3-(thiazol-2-yl)prop-1-en-1-yl)benzoate  using  methyl
3-formyl benzoate as the starting material. Purified the crude
product using automated flash chromatography (50%
EtOAc, 50% hexanes) isolating the product in 51% yield. 'H
NMR (400 MHz, CDCl,) 8 8.41-8.35 (m, 1H), 8.11-8.05 (m,
2H), 8.02 (d, J. 1.3 Hz, 2H), 7.89-7.83 (m, 1H), 7.72 (d,
J=3.0 Hz, 1H), 7.50 (t, J=7.8 Hz, 1H), 3.95 (s, 3H). ESI-MS
(m/z): 274.1
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[0473] Methyl 3-(2-(((butylthio)methyl)thio)-3-cyano-6-
(thiazol-2-yl)pyridin-4-yl)benzoate. Followed the procedure
for methyl 4-(2-(((butylthio)methyl)thio)-3-cyano-6-(thi-
azol-2-yl)pyridin-4-yl)benzoate using methyl (E)-3-(3-oxo-
3-(thiazol-2-yl)prop-1-en-1-yl)benzoate as the starting
material. Isolated product in 87% yield. "H NMR (400 MHz,
CDCl,) 9 8.32-8.26 (m, 1H), 8.20 (dt, J=7.9, 1.3 Hz, 1H),
8.04 (s, 1H), 7.99 (d, I=3.1 Hz, 1H), 7.85 (ddd, J=7.7, 2.0,
1.1 Hz, 1H), 7.62 (td, J=7.8, 0.6 Hz, 1H), 7.58 (d, J=3.1 Hz,
1H), 4.53 (s, 2H), 3.95 (s, 3H), 2.76 (t, J=7.3 Hz, 2H),
1.71-1.59 (m, 2H), 1.49-1.36 (m, 2H), 0.91 (t, I=7.3 Hz,
3H). ESI-MS (m/z): 456.1 [M+Z]".

OH

[0474] 2-(((butylthio)methyl)thio)-4-(3-(hydroxymethyl)
phenyl)-6-(thiazol-2-yl)nicotinonitrile. Followed procedure
2-(((butylthio)methyl)thio)-4-(4-(hydroxymethyl)phe-
nyl)-6-(thiazol-2-yl)nicotinonitrile 3-(2-
(((butylthio)methyl)thio)-3-cyano-6-(thiazol-2-yl)pyridin-
4-yl)benzoate as the starting material. Isolated product in
84% yield. '"H NMR (400 MHz, CDCl,) 3 8.00 (s, 1H), 7.95
(d, J=3.1 Hz, 1H), 7.64-7.61 (m, 1H), 7.58-7.52 (m, 2H),
7.52-7.46 (m, 2H), 4.76 (s, 2H), 4.50 (s, 2H), 2.74 (t, I=7.3
Hz, 2H), 1.69-1.54 (m, 2H), 1.46-1.37 (m, 2H), 0.90 (t,
J=7.3 Hz, 3H). ESI-MS (m/z): 428.1 [M+H]*

for
using methyl
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[0475] 2-(((butyl(11-oxidanyl)-13-sulfanyl)methyl)thio)-

4-(3-(hydroxymethyl)phenyl)-6-(thiazol-2-yl)nicotinoni-
trile. Followed standard oxidation procedure using
2-(((butylthio)methyl)thio)-4-(3-(hydroxymethyl)phenyl)-
6-(thiazol-2-yl)nicotinonitrile as the starting material. Iso-
lated product in 88% yield. "H NMR (400 MHz, CDCL,) §
8.08 (s, 1H), 7.96 (d, J=3.1 Hz, 1H), 7.68-7.64 (m, 1H),
7.58-7.53 (m, 2H), 7.53-7.48 (m, 2H), 4.77 (s, 2H), 4.71 (d,
J=13.1 Hz, 1H), 4.36 (d, J=13.1 Hz, 1H), 2.96 (dt, J=13.0,
8.2 Hz, 1H), 2.81 (dt, J=13.0, 7.3 Hz, 1H), 1.82 (p, J=7.7 Hz,
2H), 1.58-1.40 (m, 2H), 0.94 (t, J=7.3 Hz, 3H). ESI-MS
(m/z): 444.1 [M+H]*.

[0476] SW209418 (3-(3-amino-2-(butyl(11-oxidanyl)-13-
sulfanyl)-6-(thiazol-2-yl)thieno[2,3-b]pyridin-4-yl)phenyl)
methanol. Followed procedure for SW209510 using
2-(((butyl(11-oxidanyl)-13-sulfanyl )methyl)thio)-4-(3-(hy-
droxymethyl)phenyl)-6-(thiazol-2-yl)nicotinonitrile as the
starting material to give an isolated product in 68% yield. ‘H
NMR (400 MHz, CDCL,) § 8.01 (s, 1H), 7.88 (d, J=3.1 Hz,
1H), 7.55-7.30 (m, SH), 4.75 (s, 2H), 4.62 (s, 2H), 3.26 (ddd,
J=12.8,9.1, 6.0 Hz, 1H), 3.09 (ddd, J=12.8,9.2, 6.5 Hz, 1H),
1.76-1.61 (m, 2H), 1.51-1.38 (m, 2H), 0.92 (t, I=7.3 Hz,
3H). ESI-MS (m/z): 444.1 [M+H]".
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[0477] Methyl  3-(2-(((butyl(11-oxidanyl)-13-sulfanyl)
methyl)thio)-3-cyano-6-(thiazol-2-yl)pyridin-4-yl)benzo-
ate. Followed standard oxidation procedure, using methyl
3-(2-(((butylthio)methyl)thio)-3-cyano-6-(thiazol-2-yl)pyri-
din-4-yl)benzoate as the starting material. This gave an
isolated product in 86% yield. "H NMR (400 MHz, CDCl,)
d 8.27 (1, J=1.6 Hz, 1H), 8.17 (dt, I=7.9, 1.4 Hz, 1H), 8.09
(s, 1H), 7.97 (d, J=3.1 Hz, 1H), 7.82 (ddd, J=7.7, 1.9, 1.1 Hz,
1H), 7.61 (m, 1H), 7.58 (d, J=3.1 Hz, 1H), 4.72 (d, J=13.1
Hz, 1H), 4.42 (d, J=13.1 Hz, 1H), 3.92 (s, 3H), 2.95 (dt,
J=13.0, 8.1 Hz, 1H), 2.83 (dt, J=13.0, 7.3 Hz, 1H), 1.81 (p,
J=7.7 Hz, 2H), 1.57-1.36 (m, 2H), 0.92 (t, J=7.3 Hz, 3H).
ESI-MS (nv/z): 472.1 [M+H]*.

&8
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[0479] Standard Hydrolysis Procedure of Ester to Carbox-
ylic Acid: 3-(2-(((butylthio)methyl)thio)-3-cyano-6-(thi-
azol-2-yDpyridin-4-yl)benzoic acid. THF (2143 ulL),
MeOH (214.3 ul), and H,O (71.4 uL.) were added to methyl
3-(2-(((butylthio)methyl)thio)-3-cyano-6-(thiazol-2-yl)pyri-
din-4-yl)benzoate (50 mg, 0.110 mmol), and last LiOH (7.9
mg, 0.329 mmol) was added. The solution was stirred at
room temperature for 3 hours. The reaction mixture was
diluted with EtOAc and washed with 1M HCI. The organic
layer was dried over Na,SO,, filtered, and concentrated
under reduced pressure. The resulting product gave a 94%
yield. 'H NMR (400 MHz, CDCl,) § 8.41 (t, J=1.7 Hz, 1H),
8.26 (dt, JI=8.0, 1.3 Hz. 1H), 8.13 (s, 1H), 8.02 (d, J=3.1 Hz,
1H), 7.94-7.89 (m, 1H), 7.65 (t, J=7.8 Hz, 1H), 7.59 (d,
J=3.1 Hz, 1H), 4.53 (s, 2H), 2.75 (t, J=7.3 Hz, 2H), 1.64 (p,
J=7.5Hz, 2H), 1.43 (m, 2H), 0.91 (t, I=7.3 Hz, 3H). ESI-MS
(m/z): 442.1 [M+Z]*.

[0478] SW209416. Methyl 3-(3-amino-2-(butyl(11-oxida-
nyl)-13-sulfanyl)-6-(thiazol-2-yl)thieno[2,3-b|pyridin-4-y1)
benzoate. Followed procedure for SW209510 using methyl
3-(2-(((butyl(11-oxidanyl)-13-sulfanyl)methyl)thio)-3-
cyano-6-(thiazol-2-yl)pyridin-4-yl)benzoate as the starting
material to give an isolated product in 68% yield. "H NMR
(400 MHz, CDCl,) 8 8.26-8.11 (m, 2H), 8.02 (s, 1H), 7.89
(d, I=3.2 Hz, 1H), 7.76-7.56 (m, 2H), 7.49 (d, J=3.1 Hz, 1H),
4.54 (s, 2H), 3.93 (s, 3H), 3.27 (ddd, J=12.8, 9.0, 6.2 Hz,
1H), 3.09 (ddd, J=12.8, 9.0, 6.7 Hz, 1H), 1.79-1.61 (m, 2H),
1.55-1.39 (m, 2H), 0.92 (t, J=7.3 Hz, 3H). ESI-MS (m/z):
472.1 [M+H]".

[0480] Standard amide bond coupling procedure: 3-(2-
(((butylthio)methyl)thio)-3-cyano-6-(thiazol-2-yl)pyridin-
4-y1)-N,N-dimethylbenzamide. Dimethylamine hydrochlo-
ride (9.25 mg, 0.114 mmol) was added to a solution of
3-(2-(((butylthio)methyl)thio)-3-cyano-6-(thiazol-2-yl)pyri-
din-4-yl)benzoic acid (45.6 mg, 0.103 mmol), HATU (43.2
mg, 0.114 mmol), and DMF (266 ul.) followed by DIPEA
(36 ul, 0.21 mmol). The solution was stirred at room
temperature for 3 hours, then diluted with EtOAc and
washed with water. The organic layer was dried over
Na280,, filtered, and concentrated under reduced pressure.
The isolated solid gave an 86% yield. "H NMR (400 MHz,
CDCl,) 8 7.99 (s, 1H), 7.97 (d, J=3.1 Hz, 1H), 7.69-7.61 (m,
2H), 7.58-7.51 (m, 3H), 4.50 (s, 2H), 3.11 (s, 3H), 3.03 (s,
3H), 2.73 (t, J=7.3 Hz, 2H), 1.62 (p, J=7.4 Hz, 2H), 1.40 (h,
J=7.3 Hz, 2H), 0.89 (t, J=7.3 Hz, 3H). ESI-MS (m/z): 469.1
[M+H]".
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[0481] 3-(2-(((butyl(11-oxidanyl)-13-sulfanyl)methyl)
thio)-3-cyano-6-(thiazol-2-yl)pyridin-4-y1)-N,N-dimethyl-
benzamide. Followed standard oxidation procedure, using
3-(2-(((butylthio)methyl)thio)-3-cyano-6-(thiazol-2-yl)pyri-
din-4-y1)-N,N-dimethylbenzamide as the starting material to
give the isolated product in 96% yield. 'H NMR (400 MHz,
Chloroform-d) 6 8.08 (s, 1H), 7.98 (d, J=3.1 Hz, 1H),
7.70-7.64 (m, 2H), 7.61-7.54 (m, 3H), 4.70 (d, J=13.1 Hz,
1H), 4.42 (d, J=13.1 Hz, 1H), 3.11 (s, 3H), 3.03 (s, 3H), 2.95
(dt, J=12.9, 8.2 Hz, 1H), 2.81 (dt, J=12.9, 7.2 Hz, 1H), 1.82
(p, J=7.7 Hz, 2H), 1.56-1.36 (m, 2H), 0.93 (t, J=7.3 Hz, 3H).
ESI-MS (nv/z): 485.1 [M+H]".

[0482] SW209417. 3-(3-amino-2-(butyl(11-oxidanyl)-13-
sulfanyl)-6-(thiazol-2-yl)thieno[2,3-b]|pyridin-4-y1)-N,N-di-
methylbenzamide. Followed procedure for SW209510 using
3-(2-(((butyl(11-oxidanyl)-13-sulfanyl)methyl)thio)-3-
cyano-6-(thiazol-2-yl)pyridin-4-y1)-N,N-dimethylbenz-
amide as the starting material to give the isolated product in
63% yield. "H NMR (400 MHz, Chloroform-d) & 8.02 (s,
1H), 7.90 (d, J=3.1 Hz, 1H), 7.62-7.51 (m, 4H), 7.49 (d,
J=3.1 Hz, 1H), 4.59 (s, 2H), 3.27 (ddd, J=12.8, 9.0, 6.1 Hz,
1H), 3.15-2.97 (m, 7H), 1.78-1.64 (m, 2H), 1.55-1.39 (m,
2H), 0.93 (t, J=7.3 Hz, 3H).
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[0483] SW209419. 3-(3-amino-2-(butyl(11-oxidanyl)-13-
sulfanyl)-6-(thiazol-2-yl)thieno[2,3-b]|pyridin-4-yl)benzoic
acid. Using SW209416 as the starting material, follow the
standard hydrolysis procedure of ester to carboxylic acid.
This gave an isolated yield of 98%. 'H NMR (400 MHz,
(CD,),C0)) 4 8.28-8.18 (m, 2H), 8.07 (s, 1H), 7.98 (d, J=3.2
Hz, 1H), 7.90 (d, J=7.6 Hz, 1H), 7.82 (d, J=3.2 Hz, 1H), 7.76
(t, J=7.6 Hz, 1H), 4.82 (s, 2H), 3.20 (ddd, J=12.8, 8.8, 6.3
Hz, 1H), 3.09 (ddd, J=12.9, 8.8, 6.8 Hz, 1H), 1.76-1.66 (m,
2H), 1.54-1.43 (m, 2H), 0.92 (t, J=7.3 Hz, 3H). ESI-MS
(m/z): 458.1 [M+H]*.

[0484] SW209420. (3-(3-amino-2-(butyl(11-oxidanyl)-
13-sulfanyl)-6-(thiazol-2-yl)thieno[2,3-b|pyridin-4-yl)phe-
nyl)(4-methylpiperazin-1-yl)methanone. Followed the stan-
dard amide bond coupling procedure, using SW209419 as
the starting material and 1-methylpiperazine as the substrate.
The product was purified using automated flash chromatog-
raphy, recovering 38% isolated yield. '"H NMR (400 MHz,
CDCl,) 0 8.04 (s, 1H), 7.91 (d, J=3.2 Hz, 1H), 7.65-7.42 (m,
5H), 4.56 (s, 2H), 3.79 (m, 2H), 3.46 (m, 2H), 3.28 (ddd,
J=12.9,8.9, 6.1 Hz, 1H), 3.10 (ddd, J=12.9,9.2, 7.0 Hz, 1H),
2.48 (m, 2H), 2.35 (m, 2H), 2.31 (s, 3H), 1.77-1.58 (m, 2H),
1.54-1.38 (m, 2H), 0.94 (t, J=7.3 Hz, 3H). ESI-MS (m/z):
540.2 [M+H]".

[0485] SW209508. N-allyl-3-(3-amino-2-(butyl(11-0x-
idanyl)-13-sulfanyl)-6-(thiazol-2-yl)thieno[2,3-b]pyridin-4-
yhbenzamide. Followed the standard amide bond coupling
procedure using SW209419 as the starting material and
allylamine as the substrate. The isolated product gave a 92%
yield. '"H NMR (400 MHz, CDCI,) & 8.05-7.91 (m, 3H),
7.88 (d, J=3.2 Hz, 1H), 7.68-7.53 (m, 2H), 7.48 (d, J=3.1 Hz,
1H), 6.01-5.82 (m, 1H), 5.25 (d, J=17.2 Hz, 1H), 5.16 (dd,
J=10.2, 1.4 Hz, 1H), 4.52 (s, 2H), 4.19-3.98 (m, 2H), 3.24
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(ddd, J=12.8, 9.0, 5.9 Hz, 1H), 3.16-2.98 (m, 1H), 1.78-1.56
(m, 2H), 1.57-1.38 (m, 2H), 0.92 (t, ]=7.3 Hz, 3H). ESI-MS
(m/z): 497.1 [M+H]*.

[0486] SW209509. 3-(3-amino-2-(butyl(11-oxidanyl)-13-
sulfanyl)-6-(thiazol-2-yl)thieno[2,3-b]pyridin-4-y1)-N-(2-
(dimethylamino)ethyl)benzamide. Followed the standard
amide bond coupling procedure, using SW209419 as the
starting material and N,n-dimethyl-ethane-1,2-diamine as
the substrate. The reaction mixture was diluted with EtOAc
and washed with water and NaOH was added to neutralize
the pH. The organic layer was then dried over Na,SO,,
filtered, and concentrated under reduced pressure. The crude
product was purified using automated flash chromatography
(93% DCM, 2% Et3N, 5% MeOH) to give product in 70%
isolated yield. 'H NMR (400 MHz, CDCI,) § 8.02 (s, 1H),
8.00-7.95 (m, 2H), 7.88 (d, J=3.2 Hz, 1H), 7.63-7.54 (m,
2H), 7.48 (d, J=3.2 Hz, 1H), 4.55 (s, 2H), 3.59-3.50 (m, 2H),
3.25 (ddd, J=12.8, 9.0, 6.0 Hz, 1H), 3.08 (ddd, J=12.8, 9.1,
6.6 Hz, 1H), 2.58 (t, J=5.9 Hz, 2H), 2.28 (s, 6H), 1.77-1.61
(m, 2H), 1.53-1.43 (m, 2H), 0.92 (t, J=7.3 Hz, 3H). ESI-MS
(m/z): 528.2 [M+H]*.

cl N cl
A
Z NIL

[0487] 2,6-dichloropyridin-3-amine. The acetone/water
mixture (297 mL, 5:1) was added to 2,6-dichloro-3-nitrop-
yridine (3.0 g, 0.016 mol) followed by Zn (10.17 g, 0.1550
mol) and NH,C1 (12.44 g, 0.2325 mol). The solution stirred
at room temperature overnight. The reaction mixture was
then filtered through celite and the filtrate was extracted with
EtOAc. With the help of brine, the organic layer was
separated, dried over MgSO, and concentrated under
reduced pressure. "H NMR (400 MHz, CDCl,) 8 7.07 (d,
J=8.2 Hz, 1H), 7.02 (d, J=8.3 Hz, 1H), 4.11 (s, 2H). ESI-MS
(m/z): 163.0.

S
K*S )]\O/\

[0488] Potassium Ethyl Xanthate. A potassium ethoxide
solution was prepared by dissolving KOH (6.5 g, 0.12 mol)
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in EtOH (63.4 mL). Carbon disulfide (7.14 mL, 0.118 mol)
was added to the solution slowly with continuous stirring.
The reaction mixture was cooled down to 5° C., filtered, and
the precipitate was recrystallized twice from warm ethanol.

cl NG
>—SH
P,

[0489] 5-Chlorothiazolo[5,4-b]pyridine-2-thiol.  Potas-
sium ethyl xanthate (1.9 g, 0.012 mol) and anhydrous
N-methyl-2-pyrrolidone (14.1 mL) were added to 2,6-di-
chloropyridin-3-amine (1.0 g, 0.0061 mol) under N,. The
solution was refluxed (170° C.) for 3.5 hours. The reaction
mixture was cooled down to room temperature, acidified to
pH 5 using AcOH, diluted in EtOAc, and washed several
times with H,O. The organic layer was separated, dried over
MgSO,, and concentrated under reduced pressure. This gave
ared solid in 18% yield. *H NMR (400 MHz, Chloroform-d)
d 741 (d, I=8.4 Hz, 1H), 7.30 (d, J=8.4 Hz, 1H). ESI-MS
(m/z): 202.9.

Cl | N\ S
S,
7 N/: \_L

[0490] 2-(Butylthio)-5-chlorothiazolo[5,4-b]pyridine.
K,CO;4(75 mg, 0.54 mmol), 1-bromobutane (53.3 p,, 0.493
mmol), 18-Crown-6 (13.2 mg, 0.0493 mmol), and DMF (3.4
ml) were added to 5-chlorothiazolo[5,4-b]pyridine-2-thiol
and the solution was heated at 80° C. for 3 hours. The
solution was diluted with £tOAc, washed with H,O, and the
organic layer was separated, dried over MgSO,, and con-
centrated under reduced pressure. The crude product was
purified using flash chromatography to give 76% isolated
yield. "H NMR (400 MHz, CDCl,) § 7.93 (d, J=8.5 Hz, 1H),
7.30(d, J=8.5 Hz, 1H), 3.31 (t, I=7.3 Hz, 2H), 1.76 (p, I=7.5

Hz, 2H), 1.52-1.39 (m, 2H), 0.93 (t, J=7.3 Hz, 3H). ESI-MS
(m/z): 259.0 [M+H]*.
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[0491] 2-(Butylthio)-5-(thiophen-2-yl)thiazolo[ 5'4-b]
pyridine. 2-Thienylboronic acid (49.4 mg, 0.386 mmol),
CsCO; (126 mg, 0.386 mmol), Pd(dppfH)Cl, (15.8 mg,
0.0193 mmol), CuCl (19.1 mg, 0.193 mmol) and DMF (1
ml) were added to 2-(butylthio)-5-chlorothiazolo[5,4-b]
pyridine (50 mg, 0.19 mmol) under N,. The reaction mixture
was heated to 100° C. for 30 minutes. Then the N, was
disconnected and the vial was capped and sealed with teflon

tape and allowed to stir overnight. The reaction mixture was
diluted in EtOAc, washed with H,O, and the organic layer



US 2023/0136730 Al
91

was separated, dried over MgSO,, filtered, and concentrated
under reduced pressure to give the product in 31% isolated
yield. 'H NMR (400 MHz, CDCl,) 8 7.98 (d, J=8.6 Hz, 1H),
7.63 (dd, J=3.8, 1.1 Hz, 1H), 7.51 (dd, J=5.1, 1.1 Hz, 1H),
7.23 (d, I=8.6 Hz, 1H), 7.14 (dd, J=5.0, 3.8 Hz, 1H), 3.24 (t,
J=7.3 Hz, 2H), 1.78-1.66 (m, 2H), 1.57-1.41 (m, 2H), 0.96
(t, J=7.4 Hz, 3H). ESI-MS (m/z): 307.0 [M+H]".

/]
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[0492] SW208599. 2-(butyl(11-oxidanyl)-13-sulfanyl)-5-
(thiophen-2-yl)thiazolo[5,4-b]pyridine. CHCI, (142 uL),
AcOH (142 ul), and H,0,(12.0 pL, 0.118 mmol, 30%
solution in H,O) were added to 2-(butylthio)-5-(thiophen-
2-yDthiazolo[5,4-b]pyridine (18 mg. 0.059 mmol) and
heated at 35° C. for 2.5 hours. The solution was diluted with
EtOAc and washed with saturated NaHCO;. The organic
layer was separated, dried over MgSO,, filtered, and con-
centrated under reduced pressure to give product in 60%
isolated yield. "H NMR (400 MHz, CDCl,) 8 8.39 (d, I=8.4
Hz, 1H), 8.06 (d, J=8.4 Hz, 1H), 7.74 (dd, J=3.8, 1.1 Hz,
1H), 7.61 (dd, J=5.0, 1.1 Hz, 1H), 7.19 (dd, J=5.0, 3.8 Hz,
1H), 3.15 (ddd, J=13.3, 9.8, 6.0 Hz, 1H), 2.96 (ddd, J=13.3,
9.9, 49 Hz, 1H), 1.98-1.80 (m, 1H), 1.60-1.52 (m, 1H),

1.52-1.37 (m, 2H), 0.93 (t, I=7.2 Hz, 3H). ESI-MS (m/z):
323.0 [M+H]".

(o\i\l /N| S\/S\(
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[0493] 2-(((Isopropylthio)methyl)thio)-6-(oxazol-2-yl)-4-
phenylnicotinonitrile. Follow the standard alkylation proce-
dure, using (chloromethyl)(isopropyl)sulfane as the alkylat-
ing substrate, and 6-(oxazol-2-yl)-4-phenyl-2-thioxo-1,2-
dihydropyridine-3-carbonitrile as the starting material. The
crude product was purified using flash chromatography to
give a solid in 62% isolated yield. "H NMR (400 MHz,
CDCl,) 8 7.97 (s, 1H), 7.88 (d, J=0.7 Hz, 1H), 7.67-7.61 (m,
2H), 7.56-7.50 (m, 3H), 7.37 (d, J=0.8 Hz, 1H), 4.63 (s, 2H),
3.24 (hept, J=6.7 Hz, 1H), 1.35 (d, J=6.7 Hz, 6H). ESI-MS
(m/z): 368.0 [M+H]*.
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[0494] 2-(((Isopropyl(11-oxidanyl)-13-sulfanyl)methyl)
thio)-6-(oxazol-2-yl)-4-phenylnicotinonitrile. Follow the
standard oxidation procedure using 2-(((isopropylthio)
methyl)thio)-6-(oxazol-2-yl)-4-phenylnicotinonitrile as the
starting material. Recovered quantitative isolated yield. ‘H
NMR (400 MHz, CDCl,) § 8.03 (s, 1H), 7.88 (d, J=0.7 Hz,
1H), 7.67-7.61 (m, 2H), 7.58-7.50 (m, 3H), 7.39 (d, J=0.7
Hz, 1H), 4.79 (d, J=13.3 Hz, 1H), 4.55 (d, J=13.3 Hz, 1H),
3.18 (hept, I=6.9 Hz, 1H), 1.42 (d, J=1.5 Hz, 3H), 1.40 (d,
J=1.3 Hz, 3H). ESI-MS (m/z): 384.1 [M+H]".

[0495] Standard Final Cyclization Procedure: SW208660.
2-(Isopropyl(11-oxidanyl)-13-sulfanyl)-6-(oxazol-2-yl)-4-
phenylthieno|2,3-b]pyridin-3-amine. DMF (485 ul.) and
MeOH (244 pl.) were added to 2-(((isopropyl(11-oxidanyl)-
13-sulfanyl)methyl)thio)-6-(oxazol-2-yl)-4-phenylnicotino-
nitrile (47.2 mg, 0.123 mmol) dissolving it completely
before KOH (4.1 mg in 100 plL of H,O) was added to the
solution. The reaction mixture was stirred at 35° C. for 40
minutes. The reaction mixture was diluted with EtOAc,
washed with 10% AcOH and then washed with H,O mul-
tiple times. The organic layer was separated, dried over
MgSO,, filtered, and concentrated under reduced pressure.
The crude product was purified using flash chromatography
to give product in 40% isolated yield '"H NMR (400 MHz,
CDCl;) 8 7.99 (s, 1H), 7.85 (d, J=0.7 Hz, 1H), 7.56-7.44 (m,
5H), 7.34 (d, J=0.8 Hz, 1H), 4.69 (s, 2H), 3.41 (hept, J=6.8
Hz, 1H), 1.44 (d, =6.8 Hz, 3H), 1.28 (d, J=6.9 Hz, 3H).
ESI-MS (nv/z): 384.1 [M+H]".
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[0496] 2-Chloro-4-methyl-6-morpholinonicotinonitrile.

Anhydrous MeOH (3.97 mL.) was added to 2,6-dichloro-4-
methylnicotinonitrile (500 mg, 2.67 mmol) under N, and the
mixture was cooled down to 0° C. Morpholine (473.7 uL,
5.493 mmol) was added dropwise to the solution and the
solution stirred at room temperature overnight. The reaction
mixture was filtered, washing the precipitate with MeOH
(500 pl) and H,O (3-4 mlL). DCM was added to the
precipitate, followed by MgSO,, and the solution was fil-
tered, then concentrated under reduced pressure. The crude
product was purified using automated flash chromatography
to give product in 85% isolated yield. 'H NMR (400 MHz,
CDCl;) 8 7.26 (s, 1H), 3.81-3.73 (m, 4H), 3.68-3.58 (m,
4H), 2.42 (d, J=0.8 Hz, 3H). ESI-MS (m/z): 238.1 [M+H]*.

o

N N S
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[0497] 4-Methyl-6-morpholino-2-thioxo-1,2-dihydropyri-
dine-3-carbonitrile. NaOME (73.6 mg, 1.36 mmol) and
methyl 3-mercapiopropionate (151 pl, 1.363 mmol) were
added to a solution of 2-chloro-4-methyl-6morpholinonico-
tinonitrile (324 mg, 1.36 mmol) in DMF (4.10 mL) and the
reaction mixture was stirred at 80° C. for 1 hour. Once
cooled down, the reaction mixture was diluted with EtOAc
and washed with H,O. The organic layer was separated,
dried over MgSQ,, filtered, and concentrated under reduced
pressure to give a crude mixture of 1:1 starting material to
product, which was carried forward to the next step. ESI
(m/z): 322.1 [M+H]". NaH (150.8 mg, 3.769 mmol, 60% in
mineral oil) and THF (10 mL) were added to a flame dried
flask under N,, followed by the crude product from the
previous step dissolved in THF (10 mL). The reaction
mixture was refluxed for 6 hours and addition NaH (2 eq)
was and left refluxing overnight. EtOH (1.5 mL) was added
then the reaction mixture was concentrated down under
reduced pressure. H,O (8 mL) was added and the solution
was adjusted to pH 6 with concentrated HCI before filtering
to leave a crude solid that was carried forward. ESI (m/z):
236.1 [M+H]*.
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[0498] 4-Methyl-6-morpholino-2-(((propylthio)methyl)

thio)nicotinonitrile. Followed the standard alkylating proce-
dure, using 4-methyl-6-morpholino-2-thioxo-1,2-dihydro-
pyridine-3-carbonitrile as the starting material and
(chloromethyl)(propyl)sulfane as the alkylating substrate.
The crude product was carried forward. ESI (m/z): 324.1
[M+H]".

) ?
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[0499] 2-((((11-oxidanyl)(propyl)-13-sulfanyl)methyl)
thio)-4-methyl-6-morpholinonicotinonitrile. Followed the
standard oxidation procedure using 4-methyl-6-morpholino-
2-(((propylthio)methyl)thio)nicotinonitrile as the starting
material. The crude product was carried forward. ESI (m/z):
340.1 [M+H]".

@
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[0500] SW208663. 2-((11-oxidanyl)(propyl)-13-sulfa-
nyl)-4-methyl-6-morpholinothieno[2,3-b|pyridin-3-amine.
Followed the standard final cyclization procedure using
2-((((11-oxidanyl)(propyl)-13-sulfanyl)methyl)thio)-4-
methyl-6-morpholinonicotinonitrile as the starting material.
The crude product was purified by flash chromatography,
and PTLC to give isolated product in 10% yield. *H NMR
(400 MHz, CDCl;) 8 6.36 (s, 1H), 4.91 (s, 2H), 3.85-3.76
(m, 4H), 3.63-3.58 (m, 4H), 3.32-3.18 (m, 1H), 3.09-2.99
(m, 1H), 2.65 (s, 3H), 1.81-1.66 (m, 2H), 1.07 (t, I=7.4 Hz,
3H). ESI (m/z): 340.1 [M+H]".



US 2023/0136730 Al

Z
1)

CN

[0501] 4-Methyl-6-(thiazol-2-y1)-2-thioxo-1,2-dihydro-
pyridine-3-carbonitrile. Followed same procedure as
4-Methyl-6-morpholino-2-thioxo-1,2-dihydropyridine-3-
carbonitrile, using methyl 3-((3-cyano-4-methyl-6-(thiazol-
2-yD)pyridin-2-yl)thio)propanoate as the starting material.
The crude product was carried forward. ESI-MS (m/z):
234.0 [M+H]*.

<\iq NN NN
| / CN

[0502] 4-Methyl-2-(((propylthio)methyl)thio)-6-(thiazol-
2-yDnicotinonitrile. Followed the standard alkylation pro-
cedure using 4-Methyl-6-(thiazol-2-yl)-2-thioxo-1,2-dihy-
dropyridine-3-carbonitrile as the starting material, and
(chloromethyl)(propyl)sulfane as the alkylating substrate.
The crude product was purified using automated flash chro-
matography to give product in 23% isolated yield. "H NMR
(400 MHz, Chloroform-d) 6 7.96 (d, J=3.1 Hz, 1H), 7.83 (s,
1H), 7.54 (d, J=3.1 Hz, 1H), 4.47 (s, 2H), 2.70 (t, J=7.2 Hz,
2H), 2.55 (s, 3H), 1.67 (h, J=7.3 Hz, 2H), 0.99 (t, J=7.3 Hz,
3H). ESI-MS (m/z): 322.0 {M+H]*.

CN

[0503] 2-((((11-oxidanyl)(propyl)-13-sulfanyl)methyl)

thio)-4-methyl-6-(thiazol-2-yl)nicotinonitrile. Followed the
standard oxidation procedure using 4-methyl-2-(((propyl-
thio)methyl)thio)-6-(thiazol-2-yl)nicotinonitrile as the start-
ing material to give white solid in 91% isolated yield. ‘H
NMR (400 MHz, CDCl,) & 7.97 (d, J=3.1 Hz, 1H), 7.92 (s,
1H), 7.56 (d, J=3.2 Hz, 1H), 4.74 (d, J=13.2 Hz, 1H), 4.44
(d, J=13.1 Hz, 1H), 2.89 (m, 2H), 2.57 (s, 3H), 1.93-1.79 (m,
2H), 1.06 (t, J=7.4 Hz, 3H). ESI-MS (m/z): 338.0 [M+H]".
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[0504] SW208661. 2-((11-oxidanyl)(propyl)-13-sulfa-
nyl)-4-methyl-6-(thiazol-2-yl)thieno[2,3-b|pyridin-3-
amine. Followed standard final cyclization procedure using
2-((((11-oxidanyl)(propyl)-13-sulfanyl)methyl)thio)-4-
methyl-6-(thiazol-2-yl)nicotinonitrile as the starting mate-
rial. Purified the crude product using flash chromatography
to give 61% bright green isolated product. 'H NMR (400
MHz, CDCl;) & 7.95 (s, 1H), 7.93 (d, I=3.2 Hz, 1H), 7.48
(d, I=3.2 Hz, 1H), 5.16 (s, 2H), 3.37-3.23 (m, 1H), 3.16-3.05
(m, 1H), 2.85 (s, 3H), 1.83 (h, J=7.5 Hz, 2H), 1.11 (t, J=7.4
Hz, 3H). ESI-MS (m/z): 338.0 [M+H]*.

L
S)\E;[\/Y

[0505] 2-(((isopropylthio)methyl)thio)-4-methyl-6-(thi-
azol-2-yDnicotinonitrile. Followed standard alkylating pro-
cedure using (chloromethyl)(isopropyl)sulfane as the alky-
lating substrate and 4-methyl-6-(thiazol-2-yl)-2-thioxo-1,2-
dihydropyridine-3-carbonitrile as the starting material.
Purified using automated flash chromatography to give
product in 32% isolated yield. 'H NMR (400 MHz, CDCl,)
8 7.94 (d, J=3.2 Hz, 1H), 7.82 (s, 1H), 7.52 (d, J=3.2 Hz,
1H), 4.48 (s, 2H), 3.18 (hept, J=6.6 Hz, 1H), 2.54 (s, 3H),
1.31 (d, J=6.7 Hz, 6H). ESI-MS (m/z): 322.0 [M+H]".

o
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[0506] 2-(((isopropyl(11-oxidanyl)-13-sulfanyl)methyl)
thio)-4-methyl-6-(thiazol-2-yl)nicotinonitrile. Followed
standard oxidation procedure using 2-(((isopropylthio)
methyl)thio)-4-methyl-6-(thiazol-2-yl)nicotinonitrile as the
starting material to give a solid product in 84% yield. ‘H
NMR (400 MHz, CDCl,) & 7.97 (d, J=3.1 Hz, 1H), 7.91 (s,
1H), 7.56 (d, J=3.1 Hz, 1H), 4.57 (d, J=13.3 Hz, 1H), 4.46
(d, I=13.3 Hz, 1H), 3.05 (hept, J=6.9 Hz, 1H), 2.57 (s, 3H),
1.38 (d, J=7.1 Hz, 3H), 1.36 (d, J=6.7 Hz, 3H). ESI-MS
(m/z): 338.0 [M+H]".
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[0507] SW208664. 2-(Isopropyl(11-oxidanyl)-13-sulfa-
nyl)-4-methyl-6-(thiazol-2-yl)thieno[2,3-b]pyridin-3-
amine. Followed standard final cyclization procedure using
2-(((isopropyl(11-oxidanyl)-13-sulfanyl)methyl)thio)-4-
methyl-6-(thiazol-2-yl)nicotinonitrile as the starting mate-
rial. The crude product was purified using flash chromatog-
raphy to give bright green oil/solid in 48% isolated yield. "H
NMR (400 MHz, Chloroform-d) 8 7.93 (s, 1H), 7.92 (d,
J=3.2 Hz, 1H), 7.46 (d, J=3.2 Hz, 1H), 3.38 (hept, ]=6.9 Hz,
1H), 2.84 (s, 3H), 1.46 (d, J=6.8 Hz, 3H), 1.29 (d, ]=6.8 Hz,
3H). ESI-MS (m/z): 338.0 [M+H]*.

[0508] Ethyl 2,4-diox0-4-(thiophen-2-yl)butanoate.
2-Acetylthiophene (1.71 mL, 0.0159 mol) was added to a
solution of NaOFEt (730 mg Na cubes in 50 mL of EtOH) and
the solution was cooled to 0° C. for 1-2 hours then diethyl
oxylate (3.2 L) was added to the solution. This was left to
stir at room temperature overnight. The reaction mixture was
diluted with EtOAc and H,O with a little brine to assist the
separation. The organic layer was collected, dried with
MgSO,, filtered, and concentrated under reduced pressure.
The crude product was purified using automated flash chro-
matography giving an oil product with 23% yield. ESI-MS
(m/z): 227.0 [M+H]".

5 SN
CN
/\ O (6]
[0509] Ethyl 3-cyano-2-(((propylthio)methyl)thio)-6-

(thiophen-2-yl)isonicotinate. 2-Cyanothioacetamide (250.6
mg, 2.503 mmol) and ethyl 2,4-dioxo-4-(thiophen-2-yl)
butanoate (565.7 mg, 2.503 mmol) were dissolved in EtOH
(7.46 mL) under gentle heating (40° C.), then Et;N (174.5
pl, 1.251 mmol) was added drop wise to the stirring
solution. The reaction mixture was heated at 60° C. and after
3 hours was concentrated down under reduced pressure and
the crude product was carried forward to the next step.
Followed standard alkylating procedure using ethyl
3-cyano-6-(thiophen-2-yl)-2-thioxo-1,2-dihydropyridine-4-
carboxylate as the starting material and (chloromethyl)
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(propyl)sulfane as the alkylating reagent. The crude product
was purified twice using automated flash chromatography
(20% EtOAc, 80% hexanes) to give 34% isolated product.
'"H NMR (400 MHz, CDCl,) § 7.70 (s, 1H), 7.60 (dd, ]=3.8,
1.1 Hz, 1H), 7.44 (dd, J=5.1, 1.1 Hz, 1H), 7.04 (dd, J=5.0,
3.8 Hz, 1H), 4.38 (q, J=7.2 Hz, 2H), 4.32 (s, 2H), 2.59 (1,
J=7.2 Hz, 2H), 1.57 (h, J=7.4 Hz, 2H), 1.36 (t, J=7.1 Hz,
3H), 0.89 (t, J=7.3 Hz, 3H). ESI-MS (m/z): 378.9 [M+H]*.

[0510] Ethyl 2-((((11-oxidanyl)(propyl)-13-sulfanyl)
methyl)thio)-3-cyano-6-(thiophen-2-yl)isonicotinate. Fol-
lowed standard oxidation procedure using ethyl 3-cyano-2-
(((propylthio)methyl)thio)-6-(thiophen-2-yl)isonicotinate as
the starting material to give a solid with quantitative yield.
'"H NMR (400 MHz, CDCl,) § 7.86 (s, 1H), 7.72 (dd, ]=3.8,
1.1 He, 1H), 7.53 (dd, J=5.0, 1.1 Hz, 1H), 7.11 (dd, J=5.0,
3.8 Hz, 1H), 4.68 (d, J=13.2 Hz, 1H), 4.49 (d, J=13.2 Hz,
1H), 4.43 (q, J=7.1 Hz, 2H), 2.96-2.82 (m, 2H), 1.87-1.75
(m, 2H), 1.40 (t, J=7.2 Hz, 3H), 1.02 (t, I=7.4 Hz, 3H).
ESI-MS (nv/z): 394.9 [M+H]".

[0511] SW208781. Ethyl 2-((11-oxidanyl)(propyl)-13-sul-
fanyl)-3-amino-6-(thiophen-2-yl)thieno[ 2,3-b]pyridine-4-
carboxylate. t-BuOK (74.1 mg, 0.661 mmol) was added to
a solution of ethyl 2-((((11-oxidanyl)(propyl)-13-sulfanyl)
methyl)thio)-3-cyano-6-(thiophen-2-yl)isonicotinate (433.7
mg, 1.101 mmol) in DMF (4.3 mL) and the solution stirred
for 40 minutes at 35° C. More t-BuOK (74.1 mg, 0.661
mmol) was added and allowed to stir at 35° C. for an hour.
The reaction mixture was diluted with EtOAc and washed
with 10% AcOH, and then multiple times with H,O. The
organic layer was separated, dried over MgSO,, filtered, and
concentrated under reduced pressure. The crude product was
purified using flash chromatography to give product in 30%
isolated yield. 'H NMR (400 MHz, CDCl,) § 8.01 (s, 1H),
7.69 (dd, J=3.8, 1.1 Hz, 1H), 7.46 (dd, J=5.0, 1.1 Hz, 1H),
7.11 (dd, J=5.0, 3.8 Hz, 1H), 6.09 (s, 2H), 4.49 (q, I=7.1 Hz,
2H), 3.36-3.22 (m, 1H), 3.15-3.00 (m, 1H), 1.87-1.68 (m,
2H), 1.47 (1, I=7.1 Hz, 3H), 1.07 (t, J=7.4 Hz, 3H).ESI-MS
(m/z): 394.9 [M+H]".
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[0512] SW208782.  2-((11-oxidanyl)(propyl)-13-sulfa-
nyl)-3-amino-6-(thiophen-2-yl)thieno[2,3-b|pyridine-4-car-
boxylic acid. Followed the standard hydrolysis procedure
using SW208781 as the starting material which gave product
in 40% isolated yield. "H NMR (400 MHz, C,D,NO) 8 8.56
(s, 1H), 8.29 (d, J=3.7 Hz, 1H), 8.19 (s, 1H), 7.99 (d, J=5.0
Hz, 1H), 7.47-7.41 (m, 1H), 3.36 (ddd, J=12.8, 8.4, 6.1 Hz,
1H), 3.24 (ddd, J=12.8, 8.6, 6.8 Hz, 1H), 1.98-1.85 (m, 2H),
1.23 (t, I=7.4 Hz, 3H). ESI-MS (/z): 366.8.
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[0513] 2-(((isopropylthio)methyl)thio)-4-phenyl-6-(thi-
azol-2-yDnicotinonitrile. Followed the standard alkylation
procedure using 4-phenyl-6-(thiazol-2-yl)-2-thioxo-1,2-di-
hydropyridine-3-carbonitrile as the starting material and
(chloromethyl)(isopropyl)sulfane as the alkylating reagent.
This was purified using automated flash chromatography to
give product in 72% isolated yield. '"H NMR (400 MHz,
CDCl,) 9 8.03 (s, 1H), 7.98 (d, J=3.1 Hz, 1H), 7.70-7.62 (m,
2H), 7.57 (d, J=3.1 Hz, 1H), 7.56-7.48 (m, 3H), 4.56 (s, 2H),
3.24 (hept, J=6.7 Hz, 1H), 1.36 (d, J=6.7 Hz, 6H). ESI-MS
(m/z): 383.9.

[@]
N\ S\/i
| T
N

7 C

[0514] 2-(((isopropyl(11-oxidanyl)-13-sulfanyl)methyl)

thio)-4-phenyl-6-(thiazol-2-yl)nicotinonitrile. Followed the
standard oxidation procedure using 2-(((isopropylthio)
methyl)thio)-4-phenyl-6-(thiazol-2-yl)nicotinonitrile as the
starting material. This gave white solid product in 91%
yield. "H NMR (400 MHz, CDCI,) 8 8.12 (s, 1H), 8.00 (d,
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J=3.1 Hz, 1H), 7.70-7.63 (m, 2H), 7.60 (d, J=3.1 Hz, 1H),
7.58-7.51 (m, 3H), 4.63 (d, J=13.2 Hz, 1H), 4.48 (d, J=13.2
Hz, 1H), 3.09 (hept, J=6.9 Hz, 1H), 1.42 (d, I=10.5 Hz, 3H),
1.39 (d, I=10.5 Hz, 3H). ESI-MS (m/z): 399.9.

[0515] SW208780. 2-(isopropyl(11-oxidanyl)-13-sulfa-
nyl)-4-phenyl-6-(thiazol-2-yl)thieno|[ 2,3-b]pyridin-3-amine.
t-BuOK (2.5 mg, 0.023 mmol) was added to a solution of
2-(((isopropyl(11-oxidanyl)-13-sulfanyl)methyl)thio)-4-

phenyl-6-(thiazol-2-y1)nicotinonitrile (15 mg, 0.038 mmol)
in DMF (148 ul), and stirred at 35° C. for 40 minutes. The
reaction mixture was diluted with EtOAc and washed with
10% AcOH, then several times with H,O. The organic layer
was dried over NaSO,, filtered, and concentrated under
reduced pressure. The crude product was purified using flash
chromatography to give product’ in 75% yield. *"H NMR
(400 MHz, CDCl,) 8 8.05 (s, 1H), 7.91 (d, J=3.2 Hz, 1H),
7.57-7.42 (m, 6H), 4.68 (s, 2H), 3.47-3.33 (m, 1H), 1.44 (d,
J=6.8 Hz, 3H), 1.27 (d, J=6.8 Hz, 3H). ESI-MS (m/z): 399.9.

[0516] Methyl  4-(2-(((butyl(11-oxidanyl)-13-sulfanyl)
methyl)thio)-3-cyano-6-(thiazol-2-yl)pyridin-4-yl)benzo-

ate. Followed standard oxidation procedure using methyl
4-(2-(((butylthio)methyl)thio)-3-cyano-6-(thiazol-2-yl)pyri-
din-4-yl)benzoate as the starting material to give white solid
in 98% isolated yield. 'H NMR (400 MHz, CDCl,) & 8.15
(d, J=8.3 Hz, 2H), 8.05 (s, 1H), 7.95 (d, J=3.1 Hz, 1H), 7.68
(d, J=8.3 Hz, 2H), 7.57 (d, J=3.1 Hz, 1H), 4.68 (d, J=13.1
Hz, 1H), 4.42 (d, J=13.1 Hz, 1H), 3.91 (s, 3H), 3.01-2.86 (m,
1H), 2.87-2.74 (m, 1H), 1.88-1.72 (m, 2H), 1.55-1.35 (m,
2H), 0.91 (t, J=7.3 Hz, 3H). ESI-MS (m/z): 472.1 [M+H]".
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[0517] SW209127. Methyl 4-(3-amino-2-(butyl(11-oxida-
nyl)-13-sulfanyl)-6-(thiazol-2-yl)thieno[2,3-b|pyridin-4-y1)
benzoate. t-BuOK (21.8 mg, 0.194 mmol) was added to
methyl 4-(2-(((butyl(11-oxidanyl)-13-sulfanyl)methyl)
thio)-3-cyano-6-(thiazol-2-yl)pyridin-4-yl)benzoate (152.8
mg, 0.3239 mmol) in DMF (1.30 mL) and the solution
stirred at 35° C. for 40 minutes. The reaction mixture was
diluted with EtOAc and washed with 10% AcOH, and
several times with H,O. The organic layer was separated,
dried over Na,SO,, filtered, and concentrated under reduced
pressure. The crude product was purified using automated
flash chromatography to give the bright green product in
66% isolated yield. "H NMR (400 MHz, CDCI,) & 8.19 (d,
J=7.5 Hz, 2H), 8.04 (s, 1H), 7.91 (d, J=3.2 Hz, 1H),
7.67-7.54 (m, 2H), 7.50 (d, J=3.2 Hz, 1H), 3.9% (s, 3H),
3.27 (ddd, J=12.8, 8.9, 6.2 Hz, 1H), 3.10 (ddd, J=12.8, 9.0,
6.8 Hz, 1H), 1.81-1.63 (m, 2H), 1.54-1.39 (m, 2H), 0.93 (t,
J=7.3 Hz, 3H). ESI-MS (m/z): 472.1 [M+H]*.

[0518] SW209281. 4-(3-amino-2-(butyl(11-oxidanyl)-13-
sulfanyl)-6-(thiazol-2-yl)thieno[2,3-b]|pyridin-4-yl)benzoic
acid. Followed standard hydrolysis procedure using
SW209127 as the starting material to give bright green solid
in 84% isolated yield. 'H NMR (400 MHz, CDCL,) § 8.16
(d, J=8.4 Hz, 2H), 8.05 (s, 1H), 7.95 (d, J=3.2 Hz, 1H),
7.68-7.55 (m, 2H), 7.52 (d, J=3.2 Hz, 1H), 3.40-3.24 (m,
1H), 3.24-3.04 (m, 1H), 1.83-1.65 (m, 2H), 1.55-1.37 (m,
2H), 0.93 (t, J=7.3 Hz, 3H). ESI-MS (m/z): 458.1 [M+H]".
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[0519] SW209282. 4-(3-amino-2-(butyl(11-oxidanyl)-13-
sulfanyl)-6-(thiazol-2-yl)thieno[2,3-b]|pyridin-4-y1)-N,N-di-
methylbenzamide. Followed standard amide bond coupling
procedure using SW209281 as the starting material and
dimethylamine hydrochloride as the coupling reagent. The
product was purified using automated flash chromatography
(20% hexane, 80% EtOAc) to give bright green solid in 59%
isolated yield '"H NMR (400 MHz, CDCl,) 8 8.03 (s, 1H),
7.91 (d, I=3.2 Hz, 1H), 7.66-7.44 (m, 5H), 3.36-3.21 (m,
1H), 3.14 (s, 3H), 3.13-3.06 (m, 1H), 3.02 (s, 3H), 1.81-1.64
(m, 2H), 1.55-1.41 (m, 2H), 0.93 (t, J=7.3 Hz, 3H). ESI-MS
(m/z): 485.1 [M+H]*.
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[0520] 2-(((butylthio)methyl)thio)-3-cyano-6-(thiophen-
2-yl)isonicotinic acid. Followed standard hydrolysis proce-
dure using ethyl 2-(((butylthio)methyl)thio)-3-cyano-6-
(thiophen-2-yl)isonicotinate as the starting material to give
isolated product in 94% yield. "H NMR (400 MHz, CDCl,)
8 10.65 (s, 1H), 7.95 (s, 1H), 7.76 (dd, J=3.8, 1.1 Hz, 1H),
7.57 (dd, J=5.0, 1.0 Hz, 1H), 7.17 (dd, J=5.0, 3.7 Hz, 1H),
4.46 (s, 2H), 2.72 (1, J=7.2 Hz, 2H), 1.67-1.55 (m, 2H), 1.40
(h, J=7.4 Hz, 2H), 0.90 (t, J=7.3 Hz, 3H). ESI-MS (m/z):
365.0 [M+H]*.
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[0521] 2-(((butylthio)methyl)thio)-3-cyano-N,N-dim-
ethyl-6-(thiophen-2-yl)isonicotinamide. Followed standard
amide bond coupling procedure using 2-(((butylthio)methyl)
thio)-3-cyano-6-(thiophen-2-yl)isonicotinic acid as the start-
ing material and dimethylamine as the coupling reagent. The
crude material was purified using automated flash chroma-
tography (20% EtOAc, 80% hexanes) to give product in
53% isolated yield. "H NMR (400 MHz, Chloroform-d) &
7.67 (d, J=3.8 Hz, 1H), 7.54 (d, J=5.0 Hz, 1H), 7.34 (s, 1H),
7.15 (t, J=4.8, 3.9, 0.7 Hz, 1H), 4.49 (s, 2H), 3.16 (s, 3H),
2.98 (s, 3H), 2.72 (t, 2H), 1.62 (p, J=7.7 Hz, 2H), 1.41 (h,
J=7.3 Hz, 2H), 0.90 (t, J=7.7, 7.0 Hz, 3H). ESI-MS (nv/z):
392.1 [M+H]*.

[0522] 2-(((butyl(11-oxidanyl)-13-sulfanyl)methyl)thio)-
3-cyano-N,N-dimethyl-6-(thiophen-2-yl)isonicotinamide.
Followed standard oxidation procedure using 2-(((butylthio)
methyl)thio)-3-cyano-N,N-dimethyl-6-(thiophen-2-y1)
isonicotinamide as the starting material to give solid product
in 85% isolated yield. 'H NMR (400 MHz, CDCl,) 8 7.67
(d, J=3.8 Hz, 1H), 7.54 (d, J=5.0 Hz, 1H), 7.34 (s, 1H),
7.20-7.06 (m, 1H), 4.49 (s, 2H), 3.16 (s, 3H), 2.98 (s, 3H),
2.72 (t, 2H), 1.62 (p, J=7.7 Hz, 2H), 1.41 (h, J=7.3 Hz, 2H),
0.90 (t, I=7.7, 7.0 Hz, 3H). ESI-MS (m/z): 408.1 [M+H]*.

SW209283.

[0523] 3-amino-2-(butyl(11-oxidanyl)-13-
sulfanyl)-N,N-dimethyl-6-(thiophen-2-yl)thieno[2,3-b|pyri-
dine-4-carboxamide. t-BuOK (6.5 mg, 0.058 mmol) was
added to a solution of 2-(((butyl(11-oxidanyl)-13-sulfanyl)
methyl)thio)-3-cyano-N,N-dimethyl-6-(thiophen-2-y1)

isonicotinamide (39.2 mg, 0.962 mmol) in DMF (380 pL)
and the solution was heated at 35° C. for 40 minutes. The
reaction mixture was diluted with EtOAc and washed with
10% AcOH, then several times with H,O. The organic layer
was separated and dried over Na,SO,, filtered, and concen-
trated under reduced pressure. The crude material was
isolated using automated flash chromatography (20%
hexanes, 80% EtOAc) to give the final product in 20%
isolated yield. 'H NMR (400 MHz, Chloroform-d) & 7.66
(dd, J=3.8, 1.1 Hz, 1H), 7.52-7.42 (m, 2H), 7.13 (dd, J=5.0,
3.7 Hz, 1H), 3.34-3.23 (m, 1H), 3.21 (s, 3H), 3.15-3.02 (m,
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1H), 2.96 (s, 3H), 1.79-1.62 (m, 2H), 1.55-1.36 (m, 2H),
0.93 (t, 1=7.3 Hz, 3H). ESI-MS (m/z): 408.1 [M+H]*.

[0524] SW212366. 4-(3-amino-2-(butylsulfinyl)-6-(thi-
azol-2-ylthieno[2,3-b]pyridin-4-yl)benzyl dimethylglyci-
nate. N,N-Dimethylglycine (3.5 mg, 0.034 mmol), 1-ethyl-
3-(3-dimethylaminopropyl)carbodiimide (6.5 mg, 0.034
mmol), and DMAP (4.1 mg, 0.0334 mmol) were added to
SW209510 (10 mg, 0.023 mmol) and dissolved in DMF
(270 pL). The reaction mixture stirred at room temperature
overnight, then neutralized with 1M NaOH, washed with
H,O and extracted with EtOAc. The organic layer was dried
over Na,SO,, filtered and concentrated under reduced pres-
sure. The crude product was purified using flash chroma-
tography (7% MeOH, 93% DCM) to give a quantitative
yield of green solid product 'H NMR (400 MHz, CDCl,) &
8.02 (s, 1H), 7.90 (d, J=3.2 Hz, 1H), 7.56-7.43 (m, SH), 5.25
(s, 2H), 4.61 (s, 2H), 3.35-3.27 (m, 1H), 3.26 (s, 2H),
3.16-3.04 (m, 1H), 2.37 (s, 6H), 1.78-1.63 (m, 2H), 1.55-1.
39 (m, 2H), 0.93 (t, J=7.3 Hz, 3H). ESI-MS (m/z): 529.1
[M+H]".

O\)k
O/

‘N

[0525] Methyl 2-(4-formylphenoxy)acetate. To a solution
of 4-hydroxybenzaldehyde (3.0 g, 25 mmol) in acetone
(61.4 mL), K,CO; (5.43 g, 39.3 mmol) was added and the
mixture was stirred vigorously. Methylbromoacetate (2.8
ml, 29 mmol) was added and the mixture was stirred for 3.5
hrs at room temperature. The reaction mixture was concen-
trated down under reduced pressure then washed with H,O
and extracted with EtOAc. The organic layer was separated,
dried over Na,SO,, filtered, and concentrated to give a
colorless oil that solidified under vacuum in 82% isolated
yield. 'H NMR (400 MHz, CDCl,) & 9.87 (s, 1H), 7.82 (d,
J=8.8 Hz, 2H), 6.98 (d, J=8.7 Hz, 2H), 4.70 (s, 2H), 3.79 (s,
3H). ESI-MS (m/z): 195.1 [M+H]".
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[0526] Methyl (E)-2-(4-(3-0x0-3-(thiazol-2-yl)prop-1-en-
1-y1) phenoxy)acetate. 2-acetylthiazole (534 L., 5.15 mmol)
was added to a solution of methyl 2-(4-formylphenoxy)
acetate (1.0 g, 5.2 mmol) in MeOH (11 mL) under N,.
NaOMe (279 mg, 5.15 mmol) was added last and the
reaction mixture stirred at room temperature overnight. The
reaction mixture was filtered, and the precipitate was washed
with small amount of MeOH then diluted with DCM and
washed with H,O. The organic layer was separated, dried
over Na,SO,, filtered, and concentrated under reduced pres-
sure. This gave solid product in 21% isolated yield. *"H NMR
(400 MHz, Chloroform-d) 9 8.03 (d, J=3.0 Hz, 1H), 7.95 (d,
J=15.9 Hz, 1H), 7.82 (d, J=16.0 Hz, 1H), 7.70-7.61 (m, 3H),
6.92 (d, J=8.8 Hz, 2H), 4.67 (s, 2H), 3.80 (s, 3H). ESI-MS
(m/z): 304.1 [M+H]".

[0527] Methyl 2-(4-(2-(((butylthio)methyl)thio)-3-cyano-
6-(thiazol-2-yl)pyridin-4-yl)phenoxy)acetate. EtOH (495
ul) was added to 2-cyanothioacetamide (49.5 mg, 0.494
mmol) and methyl(E)-2-(4-(3-0x0-3-(thiazol-2-yl)prop-1-
en-1-yl)phenoxy)acetate (50 mg, 0.16 mmol), followed by 1
drop of piperidine. The reaction mixture stirred at 80° C. for
4 hours then was concentrated under reduced pressure and
the crude was carried forward to the next step. Followed the
standard alkylation procedure, using methyl 2-(4-(3-cyano-
6-(thiazol-2-yl1)-2-thioxo-1,2-dihydropyridin-4-yl)phenoxy)
acetate as the starting material and butyl(chloromethyl)
sulfane as the alkylating reagent. The crude product was
purified using automated flash chromatography (20%
EtOAc, 80% hexanes) to give solid product in 70% isolated
yield. "H NMR (400 MHz, CDCI,) 8 7.96 (s, 1H), 7.95 (d,
J=3.1 Hz, 1H), 7.62 (d, J=8.8 Hz, 2H), 7.54 (d, J=3.1 Hz,
1H), 7.02 (d, J=8.8 Hz, 2H), 4.69 (s, 2H), 4.49 (s, 2H), 3.81
(s, 3H), 2.73 (t,J=7.3 Hz, 2H), 1.68-1.56 (m, 2H), 1.46-1.34
(m, 2H), 0.89 (t, I=7.3 Hz, 3H). ESI-MS (m/z): 486.1
[M+H]™".
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[0528] Methyl 2-(4-(2-(((butyl(11-oxidanyl)-13-sulfanyl)
methyl)thio)-3-cyano-6-(thiazol-2-yl)pyridin-4-yl)phenoxy)
acetate. Followed the standard oxidation procedure using
methyl  2-(4-(2-(((butylthio)methyl)thio)-3-cyano-6-(thi-
azol-2-y)pyridin-4-yl)phenoxy)acetate as the starting mate-
rial. The crude product was purified using automated flash
chromatography (50% EtOAc, 50% hexanes). ‘H NMR (400
MHz, CDCl;) & 7.97 (s, 1H), 7.90 (d, I=3.1 Hz, 1H), 7.57
(d, I=8.8 Hz, 2H), 7.52 (d, J=3.1 Hz, 1H), 6.98 (d, J=8.8 Hz,
2H), 4.65 (s, 2H), 4.62 (d, J=13.1 Hz, 1H), 4.37 (d, J=13.1
Hz, 1H), 3.75 (s, 3H), 2.96-2.84 (m, 1H), 2.81-2.71 (m, 1H),
1.76 (p, I=7.6 Hz, 2H), 1.51-1.33 (m, 2H), 0.88 (t, J=7.3 Hz,
3H). ESI-MS (m/z): 502.1 [M+H]".

[0529] SW212365. Methyl 2-(4-(3-amino-2-(butyl(11-0x-
idanyl)-13-sulfanyl)-6-(thiazol-2-yl)thieno[2,3-b]pyridin-4-
ylphenoxy)acetate. Methyl 2-(4-(2-(((butyl(11-oxidanyl)-
13-sulfanyl)methyl)thio)-3-cyano-6-(thiazol-2-yl)pyridin-4-
yDphenoxy)acetate (80 mg, 0.16 mmol) and t-BuOK (10.7
mg, 0.0954 mmol) were combined in a vial that was evacu-
ated and backfilled with N, three times, then DMF (627 uL)
was added and N, was bubbled through the solution. The
reaction mixture was stirred at room temperature for about
10 minutes and then was diluted with EtOAc and washed
with 10% AcOH. The organic layer was washed several
times with water, dried over Na,SO,, filtered, and concen-
trated. The crude product was purified using automated flash
chromatography (30% EtOAc, 70% hexanes) to give green
solid with 56% isolated yield. 'H NMR (400 MHz, CDCl,)
8 7.97 (s, 1H), 7.89-7.86 (m, 1H), 7.47 (d, J=3.1 Hz, 1H),
7.46-7.37 (m, 2H), 7.02 (d, I=8.5 Hz, 2H), 4.70 (s, 2H), 4.66
(s, 2H), 3.82 (s, 3H), 3.34-3.18 (m, 1H), 3.16-3.01 (m, 1H),
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1.77-1.64 (m, 2H), 1.51-1.38 (m, 2H), 0.92 (1, I=7.3 Hz,
3H). ESI-MS (m/z): 502.1 [M+H]+

[0530] SW212364. 2-(4-(3-amino-2-(butyl(11-oxidanyl)-
13-sulfanyl)-6-(thiazol-2-yl)thieno[2,3-b]|pyridin-4-yl)phe-
noxy)ethan-1-ol. Followed the same procedure as for
2-(((butylthio)methyl)thio)-4-(4-(hydroxymethyl)phenyl)-
6-(thiazol-2-yl)nicotinonitrile using SW212365 as the start-
ing material to give a quantitative yield of desired product
'"H NMR (400 MHz, CDCls) 8 8.01 (s, 1H), 7.90 (d, J=3.2
Hz, 1H), 7.48 (d, J=3.1 Hz, 1H), 7.46-7.35 (m, 2H), 7.07-
6.99 (m, 2H), 4.69 (s, 2H), 4.18-4.11 (m, 2H), 4.04-3.96 (m,
2H), 3.34-3.23 (m, 1H), 3.17-3.04 (m, 1H), 1.80-1.61 (m,
2H), 1.53-1.40 (m, 2H), 0.93 (t, J=7.3 Hz, 3H). ESI-MS
(m/z): 474.1 [M+H]".
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[0531] SW212363. 2-(4-(3-amino-2-(butyl(11-oxidanyl)-
13-sulfanyl)-6-(thiazol-2-yl)thieno[2,3-b|pyridin-4-yl)phe-
noxy)acetic acid. Followed the standard hydrolysis proce-
dure using SW212365 as the starting material to give a
quantitative yield. 'H NMR (400 MHz, MeOD) 8 7.98 (s,
1H), 7.94 (d, J=3.2 Hz, 1H), 7.74 (d, J=3.2 Hz, 1H), 7.46 (d,
J=8.4 Hz, 2H), 7.14 (d, J=8.9 Hz, 2H), 4.67 (s, 2H),
3.35-3.24 (m, 1H), 3.16-3.04 (m, 1H), 1.78-1.57 (m, 2H),
1.55-1.43 (m, 2H), 0.95 (t, J=7.3 Hz, 3H). ESI-MS (m/z):
488.1 [M+H]".

Synthesis of Chloromethyl Thio Ethers

[0532]
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[0533] 4-mercaptobutyl acetate. Porcine lipase (2.35 g)
was added to a solution of 4-mercapto-1-butanol (2.45 g,
23.10 mmol) in ethyl acetate (42.0 ml). The reaction was
heated at 30° C. for 6 days. Despite incomplete conversion
the mixture was filtered and condensed. Purification was
carried out on an automated flash chromatography system in
100% DCM to give oil in 84% yield. 'H NMR (400 MHz,
CHCl,) 9 4.08 (t, J=6.2 Hz, 2H), 2.57 (q, J=7.1 Hz, 2H), 2.05
(s, 3H), 1.85-1.59 (m, 4H), 1.36 (t, J=7.9 Hz, 1H).

S cl
A0” NN

[0534] 4-((chloromethyl)thio)butyl acetate. Hydrogen
chloride gas was bubbled for 40 minutes into 4-mercapto-
butyl acetate (2.84 g, 19.2 mmol) which had been cooled in
a dry ice/acetone bath and until the internal temperature
stabilized before paraformaldehyde (0.815 g, 27.17 mmol)
was slowly added using a solid addition funnel. The reaction
was stirred cold for 3 hours during which hydrogen chloride
bubbling was continued and then ceased as the reaction was
warmed gently to ambient temperature and stirred overnight.
The crude mixture was diluted with minimal DCM. The
aqueous phase was removed and the organic layer was
washed with brine and dried over Na,SO,, filtered and
condensed to give an oil in 62% yield. 'H NMR (400 MHz,
CHCL,) 4.75 (s, 2H), 4.10 (t, J=6.0 Hz, 2H), 2.95-2.66 (m
2H), 2.06 (s, 3H), 1.85-1.67 (m, 4H).
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[0535] 4-((((3-cyano-4-phenyl-6-(thiophen-2-yl)pyridin-
2-yD)thio)methyl)thio)butyl acetate. A mixture of 4-((chlo-
romethyl)thio)butyl acetate (602.3 mg, 3.1 mmol), 4-phe-
nyl-6-(thiophen-2-yl)-2-thioxo-1,2-dihydropyridine-3-
carbonitrile (352.2 mg, 1.2 mmol) and triethylamine (250
ml, 1.8 mmol) in acetonitrile (1.2 ml) was refluxed for three
hours. The crude mixture was then condensed and purified
on an automated flash chromatography system in 0-40%
EtOAc/hexanes. Fractions containing the desired product
were further purified on an automated flash chromatography
in 0-30% EtOAc/hexanes to give a clear oil in 41% yield. 'H
NMR (400 MHz, CHCl,) 8 7.72 (dd, J=3.7, 1.1 Hz, 1H),
7.64-7.59 (m, 2H), 7.55 (dt, J=5.6, 2.3 Hz, 4H), 7.44 (s, 1H),
7.17 (dd, J=5.0,3.8 Hz, 1H), 4.55 (s, 2H), 4.11-4.02 (m, 2H),
2.86-2.63 (m, 2H), 2.05 (s, 3H), 1.77 (t, J=3.4 Hz, 4H).
ESI-MS (nv/z): 455.1 [M+H]*.
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[0536] 2-((((4-hydroxybutyl)thio)methyl)thio)-4-phenyl-
6-(thiophen-2-yDnicotinonitrile. K,CO; (157.7 mg, 1.14
mmol) was added to a solution of 4-((((3-cyano-4-phenyl-
6-(thiophen-2-yl)pyridin-2-y1)thio)methyl)thio)butyl
acetate. (245.4 mg, 0.54 mmol) in methanol (8.0 ml) and
water (2.0 ml) and the reaction was stirred for 2 hours. The
mixture was dried then diluted with EtOAc and washed
twice with water and then brine. The organic layer was dried
over Na,SO,, filtered and concentrated under reduce pres-
sure to give desired product in 71% yield. '"H NMR (400
MHz, CDCl,) § 7.72 (dd, J=3.7, 1.1 Hz, 1H), 7.61 (dd,
J=6.6, 3.0 Hz, 2H), 7.54 (dd, J=5.1, 2.2 Hz, 4H), 7.43 (s,
1H), 7.16 (dd, J=5.0, 3.8 Hz, 1H), 4.55 (s, 2H), 3.67 (t, ]1=6.2
Hz, 2H), 2.80 (t, J=7.1 Hz, 2H), 1.84-1.63 (m, 4H). ESI-MS
(m/z): 413.1 [M+H]".
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[0537] 4-((((3-cyano-4-phenyl-6-(thiophen-2-yl)pyridin-
2-yDthio)methyl)sulfinyl)butyl acetate. Acetic acid (370 ul)
and hydrogen peroxide (29 ul, 30% solution in water) were
added to the solution of 4-((((3-cyano-4-phenyl-6-(thio-
phen-2-yl)pyridin-2-yl)thio)methyl)thio)butyl acetate (85.2
mg, 0.19 mmol) in chloroform (370 pl). The reaction mix-
ture was stirred at 32° C. for 90 min. Once complete, the
reaction was diluted with chloroform and washed with
saturated NaHCO; solution, and extracted three times with
chloroform. The combined organic layers was dried over
Na,SO,, filtered and concentrated under reduce pressure to
give designed product in 94% yield. 'H NMR (400 MHz,
CDCl,) 8 7.77 (d, J=3.8 Hz, 1H), 7.62 (dd, J=4.1, 2.3 Hz,
2H), 7.60-7.54 (m, 4H), 7.51 (s, 1H), 7.19 (dd, J=5.0, 3.8 Hz,
1H), 4.78 (d, I=13.0 Hz, 1H), 4.44 (d, J=13.0 Hz, 1H), 4.11
(t, J=6.4 Hz, 2H), 3.03 (dt, J=12.9, 8.0 Hz, 1H), 2.87 (dt,
J=12.8, 7.3 Hz, 1H), 2.05 (s, 3H), 2.03-1.77 (m, 4H).
ESI-MS (nv/z): 471.1 [M+H]".
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[0538] SW209129. 4-((3-amino-4-phenyl-6-(thiophen-2-
yDthieno[2,3-b]pyridin-2-yl)sulfinyl)butyl acetate. Potas-
sium tert-butoxide (9.7 mg, 0.086 mmol) was added to a
solution of 4-((((3-cyano-4-phenyl-6-(thiophen-2-yl)pyri-
din-2-yl)thio)methyl)sulfinyl)butyl acetate (58.2 mg, 0.12
mmol) in DMF (490 ul). The reaction mixture was stirred at
35° C. for 45 minutes, then diluted with EtOAc and washed
several times with water. The aqueous layer was also back-
extracted. The combined organic layer was washed with
brine, dried over Na,SO,, filtered and concentrated under
reduce pressure. Purification was carried out using auto-
mated flash chromatography in 0-90% EtOAc/hexanes to
give the desired product in 44% yield. '"H NMR (400 MHz,
CDCl,) 9 7.63-7.49 (m, 5H), 7.45 (dd, J=4.9, 1.1 Hz, 2H),
7.41 (s, 1H),7.10(dd, J=5.0, 3.7 Hz, 1H), 4.59 (bs, 2H), 4.08
(t, J=5.8 Hz, 2H), 3.39-3.23 (m, 1H), 3.10 (ddd, J=12.8, 8. 4,
6.2 Hz, 1H), 2.03 (s, 3H), 1.96-1.72 (m, 4H). ESI-MS (m/z):
471.1 [M+H]*.

OAc

[0539] SW209128. 4-((3-amino-4-phenyl-6-(thiophen-2-
yDthieno[2,3-b]pyridin-2-yl)sulfonyl)butyl acetate. Isolated
as the over oxidation product from 4-((3-amino-4-phenyl-
6-(thiophen-2-yl)thieno[2,3-b|pyridin-2-yD)sulfinyl)butyl
acetate in 13.5% yield.

[0540] 'HNMR (400 MHz, CDCl;) 8 7.71 (dd, 1=3.7, 1.1
Hz, 1H), 7.61-7.55 (m, 3H), 7.53-7.44 (m, 4H), 7.15 (dd,
J=5.0, 3.7 Hz, 1H), 5.10 (s, 2H), 4.06 (t, J=6.3 Hz, 2H),
3.32-3.18 (m, 2H), 2.02 (s, 3H), 1.98-1.87 (m, 2H), 1.77 (dt,
J=8.6, 6.4 Hz, 2H). ESI-MS (m/z): 487.1 [M+H]".

OH
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[0541] SW209271. 4-((3-amino-4-phenyl-6-(thiophen-2-
yDthieno[2,3-b]pyridin-2-yl)sulfinyl)butan-1-ol. K,CO,
(12.5 mg, 0.09 mmol) was added to a solution of SW209129
(18.7 mg, 0.04 mmol) in methanol (470 ul) and water (100
ul) and the reaction was stirred for 2.5 hours. The mixture
was dried then diluted with EtOAc and washed twice with
water and then brine. The organic layer was dried over
Na,SO,, filtered and concentrated under reduce pressure to
give desired product in 80% yield. 'H NMR (400 MHz,
CDCl;) & 7.62 (d, J=1.1 Hz, 1H), 7.60-7.50 (m, 4H),
7.49-7.41 (m, 3H), 7.11 (dd, J=5.0, 3.7 Hz, 1H), 4.68-4.44
(s, 2H), 3.67 (t, J=6.1 Hz, 2H), 3.42-3.27 (m, 1H), 3.13 (ddd,
J=12.9, 8.4, 6.9 Hz, 1H), 1.93-1.65 (m, 4H). ESI-MS (nv/z):
429.0 [M+H]*.
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[0542] 4-((((3-cyano-4-phenyl-6-(thiophen-2-yl)pyridin-
2-yD)thio)methyl)thio)butyl methanesulfonate. A solution of
triethylamine (38 pl, 0.28 mmol) in anhydrous DCM (1.0
ml) is cooled in an ice bath before the addition of 2-((((4-
hydroxybutyl)thio)methyl)thio)-4-phenyl-6-(thiophen-2-yl)
nicotinonitrile (40.6 mg, 0.098 mmol) followed by dropwise
addition of methanesulfonyl chloride (17.5 pl, 0.23 mmol).
After 30 minutes the crude mixture was washed with brine
and dried over Na,SO,, filtered and condensed to give
desired product in 98% yield. 'H NMR (400 MHz, CDCl,)
87.74 (dd, J=3.9, 1.1 Hz, 1H), 7.64-7.50 (m, 7H), 7.17 (dd,
J=5.1, 3.8 Hz, 1H), 5.46 (s, 2H), 4.01-3.78 (m, 2H), 2.65
(ddd, J=10.1, 5.3, 1.9 Hz, 2H), 2.52-2.37 (m, 4H). ESI-MS
(m/z): 491.1 [M+H]".
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[0543] 2-((((4-chlorobutyl)thio)methyl)thio)-4-phenyl-6-
(thiophen-2-yD)nicotinonitrile. Lithium chloride (32.0 mg,
0.75 mmol) was added to a solution of 4-((((3-cyano-4-
phenyl-6-(thiophen-2-yl)pyridin-2-yl)thio )methyl)thio)
butyl methanesulfonate (21.8 mg, 0.044 mmol) in DMF (0.4
ml). The reaction went to completion within two days. The
mixture was diluted with EtOAc and washed several times
with water and then brine. The organic layer was dried over
Na,SO,, filtered and condensed. Purification was performed
on an automated chromatography system in 0-40% EtOAc/

S
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hexanes and gave the desired product in 76% yield. 'H NMR
(400 MHz, CDCl,) 8 7.72 (dd, J=3.7, 1.1 Hz, 1H), 7.62 (dd,
J=6.5,3.0 Hz, 2H), 7.59-7.52 (m, 4H), 7.44 (s, 1H), 7.17 (dd,
J=5.0,3.8 Hz, 1H), 4.56 (s, 2H), 3.56 (t, I=6.3 Hz, 2H), 2.80
(t, I=7.0 Hz, 2H), 1.95-1.79 (m, 4H). ESI-MS (m/z): 431.0
[M+H]".

S

N o}
| V4 | x5 §/
F

CN

Cl

[0544] 2-((((4-chlorobutyl)sulfinyl)methyl)thio)-4-phe-

nyl-6-(thiophen-2-yl)nicotinonitrile. Acetic acid (70 ul) and
hydrogen peroxide (5.2 pl, 30% solution in water) were
added to the solution of 2-((((4-chlorobutyl)thio)methyl)
thio)-4-phenyl-6-(thiophen-2-yl)nicotinonitrile (14.6 mg,
0.034 mmol) in chloroform (70 pl). The reaction mixture
was stirred at 32° C. for 40 min and then diluted with
chloroform and was washed with saturated NaHCO; solu-
tion and extracted three times with chloroform. The com-
bined organic layers was dried over Na,SO,, filtered and
concentrated under reduce pressure to give designed prod-
uct. '"H NMR (400 MHz, CDCl,) 8 7.77 (d, J=3.8 Hz, 1H),
7.62 (dd, J=6.6, 2.9 Hz, 2H), 7.57 (q, J=4.5, 3.1 Hz, 4H),
7.51 (s, 1H), 7.19 (t, J=4.4 Hz, 1H), 4.77 (d, J=13.0 Hz, 1H),
4.47 (d, I=13.0 Hz, 1H), 3.58 (t, J=6.2 Hz, 2H), 3.03 (dt,
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J=13.2, 7.7 Hz, 1H), 2.87 (dt, J=13.4, 7.0 Hz, 1H), 2.16-1.87
(m, 4H). ESI-MS (n/z): 447.1 [M+H]*.

Cl

[0545] SW209329. 2-((4-chlorobutyl)sulfinyl)-4-phenyl-
6-(thiophen-2-yl)thieno[2,3-b]pyridin-3-amine. A basic
methanolic solution (1.0 mg, 0.018 mmol of potassium
hydroxide in 12.0 pl water and 57.5 pl methanol) was
transferred to a vial containing a solution of 2-((((4-chlo-
robutyl)sulfinyl)methyl)thio)-4-phenyl-6-(thiophen-2-y1)
nicotinonitrile (12.4 mg, 0.028 mmol) in dimethylforma-
mide (91.5 pl). The reaction was heated at 38° C. for 30
minutes, before being cooled, diluted with EtOAc and
washed several times with water, then brine. The organic
layer was dried over Na,SO,, filtered and condensed. The
crude mixture was purified using an automated chromatog-
raphy system in 0-60% EtOAc/hexanes. Isolated
yield=65%. '"H NMR (400 MHz, CDCl,) 8 7.64 (d, J=3.7
Hz, 1H), 7.61-7.50 (m, 4H), 7.50-7.43 (m, 3H), 7.12 (1,
J=4.4 Hz, 1H), 4.59 (s, 2H), 3.66-3.47 (m, 2H), 3.40-3.24
(m, 1H), 3.20-3.06 (m, 1H), 1.95 (q, J=5.6 Hz, 4H). ESI-MS
(m/z): 447.0 [M+H]".
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[0546] 3-mercaptopropyl acetate. Porcine lipase (5.52 g)
was added to a solution of 3-mercapto-1-propanol (5.03 g,
54.6 mmol) in ethyl acetate (70 ml). The reaction was heated
at 28° C. for 12 days. Despite incomplete conversion the
mixture was filtered and condensed. Purification was carried
out on an automated flash chromatography system in 100%
DCM to give oil in 66% yield. "H NMR (400 MHz, CHCL,)
84.17 (t,1=6.2 Hz, 2H), 2.60 (q, J=7.4 Hz, 2H), 2.05 (s, 3H),
1.93 (p, J=6.6 Hz, 2H), 1.39 (t, J=8.1 Hz, 2H).

HS\/\/ S\/Cl

[0547] 3-((chloromethyl)thio)propane-1-thiol. Hydrogen
chloride gas was bubbled for 60 minutes into 3-((chlorom-
ethyl)thio)propane-1-thiol (4.80 g, 35.7 mmol) which had
been cooled in a dry ice/acetone bath and until the internal
temperature stabilized before paraformaldehyde (1.59 g,
53.3 mmol) was slowly added using a solid addition funnel.
The reaction was stirred cold for 1.5 hours during which
hydrogen chloride bubbling was continued and then ceased
as the reaction was warmed gently to ambient temperature
and stirred overnight. The crude mixture was diluted with
minimal DCM. The aqueous phase was removed and the
organic layer was washed with brine and dried over Na,SO,,
filtered and condensed to give an oil in 80% yield of a
mixture of 2.4:1 desired monomer chloride to diacetate
dimer. 'H NMR (400 MHz, CHCI,) 8 4.74 (s, 2H), 4.17 (1,
J=6.4 Hz, 2H), 2.91-2.77 (m, 2H), 2.06 (d, J=1.0 Hz, 3H),
2.03-1.94 (m, 2H).

| Y, AN
[}\g \/S\\\
Z CN

[0548] 3-((((3-cyano-4-phenyl-6-(thiophen-2-yl)pyridin-
2-yD)thio)methyl)thio)propyl acetate. Prepared analogously
to  4-((((3-cyano-4-phenyl-6-(thiophen-2-yl)pyridin-2-yl1)
thio)methyl)thio)butyl acetate in 26% yield(isolated). "H
NMR (400 MHz, CHCl,) 8 7.72 (dd, J=3.8, 1.1 Hz, 1H),
7.66-7.58 (m, 2H), 7.54 (dd, J=4.2, 2.9 Hz, 4H), 7.44 (d,
J=1.3 Hz, 1H), 7.17 (dd, J=5.0, 3.8 Hz, 1H), 4.55 (s, 2H),
4.18 (t, J=6.3 Hz, 2H), 2.84 (t, J=7.3 Hz, 2H), 2.05 (s, 3H),
2.05-1.97 (m, 2H). ESI-MS (m/z): 441.0 [M+H]*.

S
| N s o
/ | A \/ +S/
/ CN \\\
OAc
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[0549] 3-((((3-cyano-4-phenyl-6-(thiophen-2-yl)pyridin-
2-yDthio)methyl)sulfinyl)propyl acetate. Prepared analo-
gously to 4-((((3-cyano-4-phenyl-6-(thiophen-2-yl)pyridin-
2-yl)thio)methyl)sulfinyl)butyl acetate in 90% yield. 'H
NMR (400 MHz, CHCL,) 8 7.77 (dd, J=3.7, 1.1 Hz, 1H),
7.68-7.60 (m, 2H), 7.57 (ddd, J=6.9, 4.5, 2.0 Hz, 4H), 7.51
(s, 1H), 7.19 (dd, J=5.0, 3.8 Hz, 1H), 4.81 (d, J=13.1 Hz,
1H), 4.44 (d, J=13.1 Hz, 1H), 4.22 (td, J=6.3, 1.3 Hz, 2H),
3.09 (dt, J=13.0, 8.1 Hz, 1H), 2.89 (dt, J=13.1, 7.1 Hz, 1H),
2.28-2.17 (m, 2H), 2.04 (s, 3H). ESI-MS (m/z): 457.1
[M+H]".

OAc

[0550] SW209273. 3-((3-amino-4-phenyl-6-(thiophen-2-
yDthieno[2,3-b]pyridin-2-yl)sulfinyl)propyl acetate. Pre-
pared analogously to 4-((3-amino-4-phenyl-6-(thiophen-2-
yDthieno[2,3-b]pyridin-2-yl)sulfinyl)butyl acetate in 37%
yield. '"H NMR (400 MHz, CHCI,) § 7.62-7.52 (m, 5H),
7.45 (dd, J=5.0, 1.1 Hz, 2H), 7.41 (s, 1H), 7.10 (dd, J=5.0,
3.7 Hz, 1H), 4.65-4.56 (s, 2H), 4.27-4.14 (m, 2H), 3.42-3.25
(m, 1H), 3.15 (dt, J=12.9, 7.7 Hz, 1H), 2.09 (ddd, J=7.5, 6.2,
1.3 Hz, 2H), 2.05 (s, 3H). ESI-MS (m/z): 457.1 [M+H]".

OAc

[0551] SW209272. 3-((3-amino-4-phenyl-6-(thiophen-2-
yDthieno[2,3-b]pyridin-2-yl)sulfonyl)propyl acetate. Iso-
lated as the over oxidation product from 3-((3-amino-4-
phenyl-6-(thiophen-2-yl)thieno[2,3-b|pyridin-2-yl)sulfinyl)
propyl acetate in 7% yield. 'H NMR (400 MHz, CHCL,) &
7.72 (d, I=3.8 Hz, 1H), 7.62-7.53 (m, 3H), 7.54-7.45 (m,
4H), 7.15 (dd, J=5.0,3.8 Hz, 1H), 5.12 (s, 2H), 4.15 (t, I=6.2
Hz, 2H), 3.39-3.19 (m, 2H), 2.25-2.12 (m, 2H), 2.03 (s, 3H).
ESI-MS (nv/z): 457.1 [M+H]".
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OH

[0552] SW209274. 3-((3-amino-4-phenyl-6-(thiophen-2-
yDthieno[2,3-b]pyridin-2-yl)sulfinyl)propan-1-ol. Was pre-
pared analogously to SW209271. 4-((3-amino-4-phenyl-6-
(thiophen-2-yl)thieno[2,3-b|pyridin-2-yl)sulfinyl)butan-1-
ol in 84% yield. "H NMR (400 MHz, CHCI,) 8 7.63 (dd,
J=3.7, 1.1 Hz, 1H), 7.55 (p, J=4.6, 3.2 Hz, 4H), 7.46 (dd,
J=5.0, 1.1 Hz, 2H), 7.43 (s, 1H), 7.11 (dd, J=5.0, 3.7 Hz,
1H), 4.60 (s, 2H), 3.77 (t, J=5.8 Hz, 2H), 3.49-3.33 (m, 1H),
3.21 (dt, J=13.5, 6.9 Hz, 1H), 2.13-1.98 (m, 2H). ESI-MS
(m/z): 415.1 [M+H]".

OH

[0553] 2-((((3-hydroxypropyl)thio)methyl)thio)-4-phe-
nyl-6-(thiophen-2-yl)nicotinonitrile. Prepared analogously
to 2-((((4-hydroxybutyl)thio)methyl)thio)-4-phenyl-6-(thio-
phen-2-yl)nicotinonitrile in 98% yield. "H NMR (400 MHz,
CHCIL,) 7.71 (dd, J=3.8, 1.1 Hz, 1H), 7.63-7.57 (m, 2H),
7.55-7.50 (m, 4H), 7.41 (s, 1H), 7.15 (dd, J=5.0,3.8 Hz, 1H),
4.54 (s, 2H), 3.76 (t, J=6.1 Hz, 2H), 2.88 (t, J=7.1 Hz, 2H),
1.93 (ddd, J=13.2, 7.1, 6.1 Hz, 2H), 1.88-1.80 (m, 1H).
ESI-MS (nmv/z): 399.1 [M+H]*.

OMe

[0554] 2-((((3-methoxypropyl)thio)methyl)thio)-4-phe-
nyl-6-(thiophen-2-yl)nicotinonitrile. Sodium hydride (micro
spatula tipful) was added to an ice-cooled solution of
2-((((3-hydroxypropyl)thio)methyl)thio)-4-phenyl-6-(thio-
phen-2-yl)nicotinonitrile(41.6 mg, 0.10 mmol) in DMF(1.0
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ml). The mixture was stirred cold for 15 minutes before the
addition of methyl iodide (34 ml, 0.55 mmol). The mixture
was stirred cold in the melting ice-bath for 2 hours, then
diluted with EtOAc and washed several times with water
and then brine. The organic layer was dried over Na,SO,,
filtered and condensed. Purification was carried out on an
automated flash chromatography system in 0-40% EtOAc/
hexanes with an isolated yield of 56%. "H NMR (400 MHz,
CHCl,) 6 7.72 (dd, I=3.8, 1.1 Hz, 1H), 7.61 (dd, J=6.6, 3.1
Hz,2H), 7.57-7.51 (m, 4H), 7.43 (s, 1H), 7.17 (dd, J=5.0,3.8
Hz, 1H), 4.55 (s, 2H), 3.49 (t, J=6.1 Hz, 2H), 3.34 (s, 3H),
2.85 (t, J=7.3 Hz, 2H), 1.95 (ddd, J=13.4, 7.3, 6.1 Hz, 2H).
ESI-MS (nmv/z): 413.1 [M+H]*.

OMe

[0555] 2-((((3-methoxypropyD)sulfinyl)methyl)thio)-4-

phenyl-6-(thiophen-2-yl)nicotinonitrile. Prepared analo-
gously to 4-((((3-cyano-4-phenyl-6-(thiophen-2-yl)pyridin-
2-yl)thio)methyl)sulfinyl)butyl acetate in 71% yield. 'H
NMR (400 MHz, CHCL,) 8 7.76 (dd, J=3.8, 1.1 Hz, 1H),
7.65-7.58 (m, 2H), 7.56 (td, J=4.6, 2.0 Hz, 4H), 7.49 (s, 1H),
7.18 (dd, J=5.0, 3.8 Hz, 1H), 4.73 (d, J=13.1 Hz, 1H), 4.47
(d, I=13.0 Hz, 1H), 3.54 (qt, J=9.5, 5.8 Hz, 2H), 3.34 (s, 3H),
3.14 (dt,J=13.1,7.9 Hz, 1H), 2.89 (ddd, J=13.1, 8.0, 6.4 Hz,
1H), 2.20-2.08 (m, 2H). ESI-MS (m/z): 429.1 [M+H]*.

OMe

[0556] SW209276. 2-((3-methoxypropyl)sulfinyl)-4-phe-
nyl-6-(thiophen-2-yl)thieno[2,3-b|pyridin-3-amine. Was
prepared analogously to SW209329. 2-((4-chlorobutyl)
sulfinyl)-4-phenyl-6-(thiophen-2-yl)thieno[2,3-b]pyridin-3-
amine. Isolated yield=48%. 'H NMR (400 MHz, CHCL,) §
7.64 (ddd, J=7.2, 3.8, 1.7 Hz, 2H), 7.58-7.52 (m, 4H),
7.48-7.42 (m, 2H), 7.12 (qd, J=3.7, 1.8 Hz, 1H), 4.57 (s, 2H),
3.50 (td, J=6.1, 1.6 Hz, 2H), 3.40-3.29 (m, 4H), 3.26-3.13
(m, 1H), 2.09-1.95 (m, 2H). ESI-MS (m/z): 429.1 [M+H]".
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OMs

[0557] 3-((((3-cyano-4-phenyl-6-(thiophen-2-yl)pyridin-
2-yD)thio)methyl)thio)propyl methanesulfonate. Prepared
analogously to 4-((((3-cyano-4-phenyl-6-(thiophen-2-yl)
pyridin-2-yl)thio)methyl)thio)butyl methanesulfonate in
quantitative yield. "H NMR (400 MHz, CHCl,) § 7.69 (t,
J=3.3 Hz, 1H), 7.63-7.55 (m, 2H), 7.52 (p, J=3.6, 3.0 Hz,
4H), 7.41 (q,J=2.6,2.2 Hz, 1H), 7.14 (p, J=3.4, 2.5 Hz, 1H),
4.52 (q,J1=2.2 Hz, 2H), 4.40-4.22 (m, 2H), 2.99 (s, 3H), 2.86
(td, I=7.2,4.8 Hz, 2H), 2.10 (qt, I=6.4, 2.3 Hz, 2H). ESI-MS
(m/z): 477.0 [M+H]".

Cl

[0558] 2-((((3-chloropropyl)thio)methyl)thio)-4-phenyl-
6-(thiophen-2-yl)nicotinonitrile. Prepared analogously to
2-((((4-chlorobutyl)thio)methyl)thio)-4-phenyl-6-(thio-
phen-2-yl)nicotinonitrile. Purification was performed using
an automated flash chromatography system in 0-50%
EtOAc/hexanes with an isolated yield of 69%. '"H NMR
(400 MHz, CHCl,) 8 7.72 (dd, J=3.7, 1.1 Hz, 1H), 7.64-7.59
(m, 2H), 7.57-7.53 (m, 4H), 7.44 (s, 1H), 7.17 (dd, I=5.0, 3.8
Hz, 1H), 4.56 (s, 2H), 3.68 (t, J=6.3 Hz, 2H), 2.93 (t, I=7.0
Hz, 2H), 2.15 (p, J=6.7 Hz, 2H). ESI-MS (m/z): 417.0
[M+H]".

Cl

[0559] 2-((((3-chloropropyl)sulfinyl)methyl)thio)-4-phe-

nyl-6-(thiophen-2-yl)nicotinonitrile. Prepared analogously
to 2-((((4-chlorobutyl)sulfinyl )methyl)thio)-4-phenyl-6-
(thiophen-2-yl)nicotinonitrile in 90% yield. 'H NMR (400
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MHz, CHCL) 8 7.76 (dd, J=3.8, 1.1 Hz, 1H), 7.62 (dq.
J=7.1, 2.6, 2.2 Hz, 2H), 7.59-7.53 (m, 4H), 7.51 (s, 1H), 7.18
(dd, J=5.0, 3.8 Hz, 1H), 4.74 (d, J=13.1 Hz, 1H), 4.51 (d,
J=13.1 Hz, 1H), 3.79-3.63 (m, 2H), 3.28-3.16 (m, 1H),
3.04-2.88 (m, 1H), 2.43-2.31 (m, 2H). ESI-MS (m/z): 433.0
[M+H]*.

[0560] SW209330.  2-((3-chloropropyl)sulfinyl)-4-phe-
nyl-6-(thiophen-2-yl)thieno[2,3-b|pyridin-3-amine. Pre-
pared analogously to SW209329. 2-((4-chlorobutyl)sulfi-
nyl)-4-phenyl-6-(thiophen-2-yl)thieno[2,3-b[pyridin-3-
amine. Purification on an automated chromatography system
in 0-60% EtOAc/hexanes gave the desired in 88% yield. 'H
NMR (400 MHz, CHCl,) 8 7.57 (h, J=5.7, 5.3 Hz, 1H), 7.45
(t, J=6.0 Hz, OH), 7.40 (s, OH), 7.09 (t, J=4.4 Hz, OH), 4.61
(s, OH), 3.67 (td, J=6.4, 3.2 Hz, OH), 3.40 (dt, J=14.1, 7.3
Hz, OH), 3.24 (dt, J=13.1, 7.6 Hz, OH), 2.25 (p, J=7.0 Hz,
OH). ESI-MS (nv/z): 433.0 [M+H]".

[0561] 2-((((3-fluoropropyl)thio)methyl)thio)-4-phenyl-6-
(thiophen-2-yD)nicotinonitrile. Kryptofix 222 (44.4 mg,
0.012 mmol), KF (6.1 mg, 0.10 mmol) and K,CO; (3.0 mg,
0.022 mmol) were charged to a vial containing 3-((((3-
cyano-4-phenyl-6-(thiophen-2-yl)pyridin-2-yl)thio)methyl)
thio)propyl methanesulfonate (54.2 mg, 0.11 mmol). DMF
(1.1 ml) was added and the reaction was heated at 85° C. for
65 minutes. The cooled mixture was diluted with EtOAc and
washed several times with water and then brine. The organic
layer was dried over Na,SO,, filtered and condensed.
Yield=96%. Crude product was carried forward. 'H NMR
(400 MHz, CHCl,) 8 7.72 (dd, J=3.7, 1.1 Hz, 1H), 7.64-7.59
(m, 2H), 7.54 (dd, J=4.9, 2.2 Hz, 4H), 7.43 (s, 1H), 7.17 (dd,
J=5.1,3.7 Hz, 1H), 4.63 (t, J=5.7 Hz, 1H), 4.55 (s, 2H), 4.51
(t, J=5.8 Hz, 1H), 3.67 (t, J=6.3 Hz, 2H), 2.91 (dt, J=11.2,
7.1 Hz, 1H), 2.14 (p, J=6.7 Hz, 1H). ESI-MS (m/z): 401.1
[M+H]".



US 2023/0136730 Al

[0562] 2-((((3-fluoropropyl)sulfinyl)methyl)thio)-4-phe-
nyl-6-(thiophen-2-yl)nicotinonitrile. Acetic acid (215 pl)
and hydrogen peroxide (16.75 pl, 30% solution in water)
were added to the solution of 2-((((3-fluoropropyl)thio)
methyl)thio)-4-phenyl-6-(thiophen-2-yl)nicotinonitrile
(43.3 mg, 0.034 mmol) in chloroform (215 pl). The reaction
mixture was stirred at 32° C. for 50 min and then diluted
with chloroform and was washed with saturated
NaHCO;solution and extracted three times with chloroform.
The combined organic layers was dried over Na,SO,, fil-
tered and concentrated under reduce pressure in 94% yield.
ESI-MS (nv/z): 417.1 [M+H]*.

[0563] SW209331. 2-((3-fluoropropyl)sulfinyl)-4-phenyl-
6-(thiophen-2-yl)thieno[2,3-b]pyridin-3-amine. =~ Prepared
analogously to SW209329. 2-((4-chlorobutyl)sulfinyl)-4-
phenyl-6-(thiophen-2-yl)thieno[2,3-b]pyridin-3-amine. The
crude mixture was purified preoperatively in 4% MeOH/
DCM. Isolated yield=32%. '"H NMR (400 MHz, CHCl5) &
7.68 (dd, J=3.8, 1.1 Hz, 1H), 7.56 (q, J=2.7 Hz, 4H),
7.53-7.44 (m, 3H), 7.14 (dd, J=5.1, 3.7 Hz, 1H), 4.65 (1d,
J=5.8,3.2 Hz, 1H), 4.60 (s, 2H), 4.53 (td, J=5.8, 3.1 Hz, 1H),
3.40 (dt, J=13.0, 7.3 Hz, 1H), 3.24 (dt, J=13.1, 7.6 Hz, 1H),
2.19 (dtt, J=26.4, 7.5, 5.7 Hz, 2H). ESI-MS (nv/z): 417.1
[M+H]".

CN
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[0564] 2-((((3-cyanopropyl)thio)methyl)thio)-4-phenyl-6-
(thiophen-2-yD)nicotinonitrile. A solution of 3-((((3-cyano-
4-phenyl-6-(thiophen-2-yl)pyridin-2-yl)thio)methyl)thio)
propyl methanesulfonate (54.6 mg, 0.11 mmol) and KCN
(76.9 mg, 1.18 mmol) in DMF (1.14 ml) was heated at 85°
C. for 4 hours. The cooled mixture was diluted with EtOAc
and washed several times with water and then brine. The
organic phase was dried over Na,SO,, filtered and con-
densed. Yield=89%. 'H NMR (400 MHz, CHCl,) 8 7.71 (d,
J=3.5 Hz, 1H), 7.60 (dt, J=6.4, 2.0 Hz, 3H), 7.54 (qt, J=5.6,
2.5 Hz, 4H), 7.44 (d, I=1.4 Hz, 1H), 7.16 (ddd, J=5.2, 3.8,
1.5 Hz, 1H), 4.53 (d, J=1.7 Hz, 2H), 2.93-2.82 (m, 2H), 2.52
(td, J=7.1, 1.4 Hz, 2H), 2.09-1.92 (m, 2H). ESI-MS (m/z):
408.1 [M+H]".

CN

[0565] 2-((((3-cyanopropyl)sulfinyl)methyl)thio)-4-phe-
nyl-6-(thiophen-2-yl)nicotinonitrile. Acetic acid (205 pl)
and hydrogen peroxide (15.6 pl, 30% solution in water) were
added to the solution of 2-((((3-cyanopropyl)thio)methyl)
thio)-4-phenyl-6-(thiophen-2-yl)nicotinonitrile (41.1 mg,
0.10 mmol) in chloroform (205 pl). The reaction mixture
was stirred at 32° C. for 70 min and then diluted with
chloroform and was washed with saturated NaHCO; solu-
tion and extracted three times with chloroform. The com-
bined organic layers was dried over Na,SO,, filtered and
concentrated under reduce pressure in 91% yield. ESI-MS
(m/z): 424.1 [M+H]*.

CN

[0566] SW209332. 4-((3-amino-4-phenyl-6-(thiophen-2-
yDthieno[2,3-b]pyridin-2-yl)sulfinyl)butanenitrile. Prepared
analogously to SW209329. 2-((4-chlorobutyl)sulfinyl)-4-
phenyl-6-(thiophen-2-yl)thieno[2,3-b]pyridin-3-amine. The
crude mixture was purified preparatively in 4% MeOH/
DCM. Isolated yield=45%. "H NMR (400 MHz, CHCl,) S
7.65 (d, I=3.7 Hz, 1H), 7.60-7.51 (m, 4H), 7.51-7.44 (m,
3H), 7.13 (t, J=4.4 Hz, 1H), 4.64 (s, 2H), 3.41 (dt, J=14.0,
7.3 Hz, 1H),3.19 (dt, J=13.3, 7.5 Hz, 1H), 2.59 (t, J=7.1 Hz,
2H), 2.20 (p, J=7.3 Hz, 2H). ESI-MS (m/z): 424.0 [M+H]".
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Example 4

Analysis of the Mechanism of 15-PGDH Inhibition by
SW033291 and Related Compounds

[0567] The following Example provides data relating to
the mechanism of action by which SW033291 inhibits
15-PGDH.

[0568] Duplicate titrations of 15-PGDH Inhibitor
(SW033291) were run at 4 different concentrations of
15-PGDH(24 nM, 12 nM, 6 nM, 3 nM). Reactions contained
the indicated concentration of enzyme, 250 uM NAD(+), 25
uM PGE-2, and were assembled and incubated at room
temperature for 3 minutes.

[0569] FIGS. 21 (A-B) show the shift in IC,, value with
changing enzyme concentration. The result is indicative of a
tight-binding mode of inhibition with dependency on
enzyme: inhibitor stoichiometry, rather than on the absolute
concentration of the inhibitor. In all cases, the IC,, values
are less than the enzyme concentration, indicating that nM
drug is almost fully bound by the enzyme.

[0570] FIGS. 22 (A-B) show the enzymatic activity fol-
lowing dialysis of 15-PGDH and of 15-PGDH treated with
SW033291. Graph A) shows activity pre-dialysis and post-
dialysis of 15-PGDH protein treated with either DMSO or
with SW033291. For dialysis, a 500 ulL dialysis bag con-
tained 64 pg of 15-PGDH at 4 uM concentration, SW033291
at 15 uM concentration, DMSO 1.6%, 1 mM NAD(+), 50
mM Tris pH 7.5, 0.01% Tween 20. The control reaction
omitted SW033291. The 15-PGDH—SW033291 mixture
was dialyzed against two 1 L buffer exchanges of 12 hours
each, with dialysis buffer containing: 50 mM Tris-HCl
pH7.5, 40 mM NaCl, 0.1 mM DTT, 0.01% Tween-20. Both
at the start and at the conclusion of dialysis, a 1 pulL sample
was removed and added to 200 ul of assay buffer of 50 mM
Tris-HCI pH7.5, 0.01% Tween 20, 150 uM NAD(+), 20 uM
PGE2. Generation of NADH was followed in a fluorescent
plate reader at 340 nM excitation and 485 nM emission as
measured every 30 seconds for 15 minutes. Relative enzy-
matic activity of 15-PGDH was determined by the rate of
NADH generation over time [Niesen, 2010 #1676].

[0571] Graph B replots the data as % inhibition of
15-PGDH activity in SW033291 treated 15-PGDH mea-
sured pre-dialysis versus post-dialysis.

[0572] Under the conditions of the assay SW033291
inhibited 91% of 15-PGDH pre-dialysis, and 85% of
15-PGDH activity post-dialysis—that is dialysis did not
reverse the inhibition of 15-PGDH. Control 15-PGDH pro-
tein that was dialyzed in the absence of SW033291 remained
fully active.

[0573] FIGS. 23(A-B) show (A) atupper right the reaction
rates for 15-PGDH in the presence of a graded set of
increasing concentrations of SW033291. In the graph at
upper right P is the NADH concentration as a proxy for
15-keto-PGE2. (P+S) is the starting PGE2 concentration of
20 uM. The assay was carried out in the presence of 10 nM
recombinant 15-PGDH. In the graph at lower left (B), Vo is
the initial velocity of the reaction in the absence of
SW033291, and Vi is the initial velocity of the reaction in
the presence of the corresponding concentration of
SW033291. The line shows the curve generated by fitting
the data to the Morrison equation. The curve fitting yields a
calculated a Ki“?? value of 0.1015 nM. The dashed line
intersects the X axis at 8.5 nM. This represents the point at
which [inhibitor]|=[active enzyme] showing that the enzyme
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preparation contains 85% active enzyme. In the Morrison
equation, Ki is the binding affinity of the inhibitor; [S] is
substrate concentration; and Km is the concentration of
substrate at which enzyme activity is at half maximal. Note
that IC,,, is the functional strength of the inhibitor. Whereas
the IC,, value for a compound may vary between experi-
ments depending on experimental conditions, the Ki is an
absolute value. Ki is the inhibition constant for a drug; the
concentration of competing ligand in a competition assay
which would occupy 50% of the receptors if no ligand were
present.

[0574] FIGS. 24(A-B) show duplicate titrations of
15-PGDH Inhibitor (SW033291) that were run at 6 different
concentrations of PGE2 (1.25 uM-40 uM). In the graph at
top, Y-axis is % inhibition of the reaction by SW033291. The
X-axis is the concentration of SW033291 in nM. Reactions
contain 5.0 nM added 15-PGDH, 250 uM NAD(+), and
indicated concentrations of PGE-2, were assembled and
incubated at room temperature for 60 minutes. The Km for
PGE?2 is approximately 5 uM, and reactions run with PGE2
concentrations below 5 uM go very slowly making it diffi-
cult to quantitate inhibition by SW033291. However, in
reactions with PGE2 at concentrations of 5 uM-40 puM, the
1C,, for SW033291 is unaffected by the increasing PGE2
concentration, showing that the inhibition is noncompeti-
tive.

[0575] FIG. 25 shows the structure activity relationships
of'analogues of SW033291 versus their IC50 against recom-
binant 15-PGDH. The optical isomers of SW033291 were
separated by preparative HPLC using a 10 mmx250 mm
Chiralcel ODH column, 5% isopropanol in hexanes, 1
ml./min. The ‘A’ isomer is the faster eluting isomer, and has
been assigned as the (-)-(S)-enantiomer. The ‘B’ isomer is
the slower eluting isomer and has been assigned as the
(+)-(R)-enantiomer.

[0576] The analogue family shows that SW033291, with a
4 carbon side chain, is 2-fold more potent than SW208080
(5 carbon side chain), 15-fold more potent than SW208081
(6 carbon side chain), and 100-fold more potent than
SW208079 (1 carbon side chain). SW033291 is also 20-fold
more potent than SW208078, the analogue that converts the
sulfoxide group to a sulfone.

[0577] FIG. 26 shows structures of additional SW033291
analogs that convert the sulfoxide group to a ketone, an
amide, an ester, or a carboxylic acid. Also shown is structure
SW206980 that deletes the phenyl ring from SW033291.
[0578] FIGS. 27(A-C) show graphs that show the level of
compound’s activity in inducing the 15-PGDH-luciferase
fusion reporter in three different test cell line backgrounds,
V9m, [.S174T, and V503. Each compound was tested at two
concentrations, 2.5 uM, and 7.5 uM. Y-axis is luciferase
activity.

[0579] At 2.5 uM-7.5 pM, SW206980, that deletes the
phenyl group of SW033291, shows activity comparable to
SW033291 in all three reporter lines.

[0580] Structures that have converted the sulfoxide group
to a ketone, amide, ester, or carboxylic acid show major loss
of activity in inducing the reporter.

[0581] FIG. 28 shows graphs that show the percent of
15-PGDH enzyme activity that is inhibited at 2.5 pM and at
7.5 uM by each of the 5 test compounds. SW206980 that
deletes the phenyl group of SWO033291, shows at these
concentrations similar potency to SW03291 in inhibiting
15-PGDH activity.
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[0582] Structures that have converted the sulfoxide group
to a ketone, amide, ester, or carboxylic acid show major loss
of activity as 15-PGDH inhibitors.

[0583] FIGS. 29(A-B) show a titration curve that plots
percent inhibition of 15-PGDH enzyme activity at different
concentrations of SW033291 and SW0206980.

[0584] FIGS. 30(A-B) show that SW206980 binds directly
to 15-PGDH and markedly shifts its melting curve. Shown
at left is the melt curve of 15-PGDH as reflected by
fluorescence of the hydrophobic dye SYPRO Orange.
Shown at right is the negative first derivative of the melt
curve.

[0585] Three conditions are plotted, that of 10 uM
15-PGDH, that of 10 uM 15-PGDH plus 10 uM SW206980,
and that of 10 uM 15-PGDH plus 125 uM NADH plus 10
UM SW206980. The melting temperature, as reflected by the
inflection point of the curve at right is shifted by 20° C.,
from 48-degrees up to 68-degrees, in the presence of
SW206980 and NADH, reflecting that SW206980 directly
binds to and markedly stabilizes the tertiary structure of
15-PGDH, in a manner requiring the presence of the NADH
cofactor.

[0586] FIGS. 31(A-C) show further analogues of
SW033291 that build on the previous finding that removal of
the SW033291 phenyl ring (SW206980) retained activity.
The new analog (SW206992) adds a nitrogen to the left-
hand ring.

[0587] Table 2 provides a comparison of the properties of
SW033291, SW206980, and SW206992.

TABLE 2

Summary of three SW033291 analogs

SW033291 SW206980 SW206992
ICso 1.59 nM 097 1M 1.411 nM
Time to inhibition (10 nM) ~5 mins ~2 mins ~2 mins
A Tm (NADH) 19° C. 15.5° C. 19° C.
Concentration for Full Cell ~100 nM >300 1M >1 uM

Line Reporter Induction
Hepatocyte stability
Toxicity

Stable > couple hrs T1/2 = 80 mins

>10 pM >75uM 7.5 uM

[0588] Time to inhibition refers to the time needed to
inhibit the generation of NADH by 15-PGDH from the
moment with drug is added into the reaction mix. Delta Tm
refers to the shift in melting temperature of recombinant
15-PGDH in the presence of drug (with cofactor NADH also
present). Concentration of Full Cell Line Reporter Induction
refers to the concentration of drug that needs to be added to
reporter cell line to achieve maximal induction of the
15-PGDH-luciferase gene fusion reporter cassette, as mea-
sured by luciferase assays. Hepatocyte stability refers to the
half-life of compound in the presence of hepatocytes in
culture. Toxicity refers to the concentration of compound
needed to decrease cell numbers in a cell culture assay.
[0589] FIGS. 32(A-C) show titration of induction by
SW033291 of the 15-PGDH-luciferase gene fusion reporter
in three different cell line backgrounds. In general between
80-160 nM SW033291 exposure for 24 hours is needed to
induce maximal reporter induction.

[0590] FIGS. 33(A-C) show titration of induction by
SW206980 of the 15-PGDH-luciferase gene fusion reporter
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in three different cell line backgrounds. In general =300 nM
SW206980 exposure for 24 hours is needed to induce
maximal reporter induction.

[0591] FIGS. 34(A-C) show titration of induction by
SW206992 of the 15-PGDH-luciferase gene fusion reporter
in three different cell line backgrounds. In general =1000 nM
SW206992 exposure for 24 hours is needed to induce
maximal reporter induction.

[0592] FIGS. 35(A-C) show the shift in the melt curve of
recombinant 15-PGDH protein (10 pM) by 20 uM
SW033291, SW206980, and SW206992 in the presence of
the cofactor NAD (+)(100 uM). Control melting temperature
is 49 degrees centigrade. SW033291 shifts the melting
temperature to 63 degrees. SW206980 shifts the melting
temperature to 61 degrees. SW206992 shifts the melting
temperature to 59 degrees. Thus all three compounds
directly bind to 15-PGDH and markedly increase the melt-
ing temperature of the protein, with the order of the tem-
perature shifts being SW033291>SW206980>SW206992.

[0593] FIGS. 36(A-B) show the shift in the melt curve of
recombinant 15-PGDH protein (10 uM) by 20 uM
SW033291, SW206980, and SW206992 in the presence of
the cofactor NADH (100 uM). Control melting temperature
is 55 degrees centigrade. SW033291 shifts the melting
temperature to 74 degrees. SW206980 shifts the melting
temperature to 70.5 degrees. SW206992 shifts the melting
temperature to 68.5 degrees. Thus all three compounds
directly bind to 15-PGDH and markedly increase the melt-
ing temperature of the protein, with the order of the tem-
perature shifts being SW033291>SW206980>SW206992.

[0594] FIGS. 37(A-C) show a titration curve of 15-PGDH
inhibitor compounds in an assay measuring effect on PGE2
levels in the medium of A549 cells that have been stimulated
with IL1-beta. Highest PGE2 levels, 3000 pg/ml, are
achieved with SW033291, with maximal effect attained at
2.5 uM compound. Next highest PGE2 level, 2500 pg/ml are
achieved with SW206980, with maximal effect attained at
7.5 uM compound. Lowest induction, to 2100 pg/ml PGE2
is achieved with SW206992, with maximal effect attained at
2.5 uM. In these reactions, A549 cells were maintained in
F12K medium supplemented with 10% fetal calf serum
(FBS) and 50 pg/mL gentamicin in a humidified atmosphere
containing 5% CO, at 37° C. Cells were plated in 24-well
plates (0.5 mL per well) at about 100,000 cells per well in
duplicate and grown for 24 h before stimulation with I[.-10
(1 ng/mL) overnight (16 h) to generate PGE2. SW033291
and its analogs were added at the indicated concentrations,
and the incubation continued for 8 h. Medium was collected,
and the level of PGE2 was analyzed by enzyme immuno-
assay. Data were analyzed from results of three independent
experiments.

[0595] FIGS. 38(A-C) show assays of cellular toxicity on
A549 cells at 24 hours of 15-PGDH inhibitors as assayed by
CellTiter-Glo measurement. No effect on CellTitre-Glo lev-
els is seen by concentrations of up to 10 uM of SW033291,
SW206980, and SW2206992.

[0596] FIG. 39 shows structures of 7 SW033291 ana-
logues, SW208064, SW208065, SW208066, SW208067,
SW208068, SW208069, SW208070.

[0597] Table 3 provides tabular summary of the properties
of 4 analogues, SW208064, SW208065, SW208066,
SW208067, and in particular lists the IC;,, for each of these
4 compounds against 2.5 nM recombinant 15-PGDH.
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TABLE 3
Summary of four SW033291 analogs from UTSW set 8

SWO033291 SW2068064 SW208065 SW208066 SW208067
1Cs4 1.23 nM 151.4 nM 4.865 nM 1.368 nM 2.395 nM
Time to ~5 mins
inhibition
(10 nM)
A Tm (NADH) 19° C. 5° C. 13° C. 16.5° C. 16.5° C.
Concentration ~100 nM ~600 nM ~100 nM ~100 nM ~500 nM
for Full Cell
Line Reporter
Induction
Hepatocyte Stable >
stability couple hrs
Toxicity >10 uM
[0598] Time to inhibition refers to the time needed to Example 5

inhibit the generation of NADH by 15-PGDH from the
moment with drug is added into the reaction mix. Delta Tm
refers to the shift in melting temperature of recombinant
15-PGDH in the presence of drug (with cofactor NADH also
present). Concentration of Full Cell Line Reporter Induction
refers to the concentration of drug that needs to be added to
reporter cell line to achieve maximal induction of the
15-PGDH-luciferase gene fusion reporter cassette, as mea-
sured by luciferase assays. Hepatocyte stability refers to the
half-life of compound in the presence of hepatocytes in
culture. Toxicity refers to the concentration of compound
needed to decrease cell numbers in a cell culture assay.
[0599] FIG. 40 provides graphical summary showing the
activity of each of the compounds in inducing a 15-PGDH-
luciferase fusion gene reporter introduced into three differ-
ent colon cancer cell lines, VOm, L.S174T, and V503. Results
are measured by assay of luciferase activity after exposure
of cells to compound at either 2.5 uM or 7.5 uM compounds
concentration.

[0600] FIG. 41 provides graphical summary showing the
activity of each of the compounds in inhibiting the enzy-
matic activity of recombinant 15-PGDH enzyme when com-
pound is added at 2.5 uM and at 7.5 pM. 100% inhibition
corresponds to complete inhibition of the enzyme.

[0601] FIG. 42 shows measurement of IC for inhibiting
2.5 nM of recombinant 15-PGDH when incubated across a
range of concentrations of SW208064, SW208065,
SW208066, and SW208067. Y-axis of each graph records
percent inhibition of the 15-PGDH enzymatic activity. 100%
Inhibition corresponds to complete inhibition of the enzyme.
X-axis of each graph records the log of the inhibitor con-
centration expressed in nM.

[0602] FIG. 43 shows the dose response curve for induc-
tion of a 15-PGDH-luciferase fusion gene reporter in the
VI9m cell line background of SW033291, SW208064,
SW208065, SW208066, and SW208067. Concentrations are
in nM.

[0603] FIG. 44 Shows titration curves of 15-PGDH inhibi-
tor compounds in an assay measuring effects on PGE2 levels
in the medium of A549 cells that have been stimulated with
IL1-beta in the same experimental design described for FIG.
37. At 100 nM concentration of drug, the highest levels of
PGE2 in the medium are achieved by treating cells with
SW208066 or with SW208067, after which the next highest
level of PGE2 in the medium is achieved by treating cells
with SW033291.

Analysis of Toxicity of SW033291

[0604] Table 4 shows a summary of a group of 8-12 week
old male FVB mice in control or SW033291 treatment arms
assessed for toxicity of SW033291, with 6 mice in each arm
of the study.

TABLE 4

Baseline Characteristics FVB male mice-8-12 weeks old

Toxicity Study WT-Control WT-Treatment p-value

Number 6 6

Sex M M

Age (Days) 73.7.1 4.7 73.2 £ 5.0 0.465

Weight (gm) 275 =24 26.8 = 3.1 0.412
[0605] FIG. 45 shows the daily weights of a group of 8-12

week old FVB mice treated with vehicle or with SW033291
IP at 5 mg/kg twice daily for 21 days. SW033291 was
administered in a vehicle of 10% Ethanol, 5% Cremophor
EL, 85% DS5SW at a concentration of 125 ug/200 ul. As
shown, both vehicle and drug treated mice show equal
weight gain during the 21 day period, with no evidence for
SW033291 reducing mouse weight. N=6 mice in both the
SW033291 treated and the vehicle treated arms.

Example 6

Analysis of Effect of SW033291 on Bone Marrow Function

[0606] This Example shows effects of SW033291 on bone
marrow function.

[0607] FIGS. 46(A-C) show analysis of bone marrow of
wild-type mice versus mice that are homozygous genetic
knockouts for 15-PGDH (PGDH-/- mice). Total bone mar-
row cellularity and percent of Scal+/c-Kit+ cells in lineage
negative (SKL) cells are the same in both sets of mice.
However, bone marrow from 15-PGDH-/- mice shows an
approximately 50% increase in numbers of hematopoietic
colonies generated when marrow is plated into methylcel-
Iuose. 15-PGDH knockout mice are denoted by label PGDH
mice and by label 15-PGDH. WT denotes wild-type mice.
[0608] FIG. 47 shows assay in which bone marrow is
harvested from a wild-type mouse, and incubated ex vivo on
ice for 2 hours with either SW033291 (0.5 uM), or 1 uM
PGE2 or 1 uM 16,16-dimethyl PGE2 (dmPGE2). Treated
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marrow is again then plated into methylcellulose for count-
ing of hematopoietic colonies. SW033291 treated marrow
again shows an approximately 50% increase in the number
of bone marrow derived colonies generated. Under these
conditions, a lesser increase is seen in marrow treated with
PGE2, and a slightly greater increase is seen in marrow
treated with dmPGE2.

[0609] FIGS. 48(A-C) show a study of C57BL/6] mice
treated with IP SW033291 administered in a vehicle of 10%
Ethanol, 5% Cremophor EL, 85% D5W at a dose of 5 mg/kg
or 20 mg/kg. Panel A shows mouse bone marrow cellularity,
white blood count (wbc), red blood count (rbe) and platelets
counts. Panel B shows percent of Scal+/c-Kit+ cells in
lineage negative (SKL) cells are unchanged in SW033291
treated mice. Panel C shows that marrow from SW033291
treated mice gives rise to approximately 30% increase in
numbers of hematopoietic colonies generated when marrow
is plated into methylcelluose. Experimental conditions are
noted on the figure.

[0610] FIGS. 49(A-B) show analysis of marrow from
CD45.2 antigen marked C57BL/6J mice that were treated
with SW033291 5 mg/kg IP daily for 3 doses in a vehicle of
10% Ethanol, 5% Cremophor EL, 85% D5W or that were
treated with vehicle alone. On day 3 mice were sacrificed,
marrow flushed and mixed at a 1:1 ratio with vehicle treated
CD45.1 marrow. 2 million whole BM cells were injected
into the tail vein of lethally irradiated CD45.1 mice and
percent chimerism measured via flow cytometry at weeks 8,
12, 16. As shown, at weeks 12 and 16 the percent blood
chimerism of CD45.2 marked cells was significantly
increased in recipient mice whose CD45.2 marked marrow
was harvested from SW033291 treated donor mice, as
opposed to vehicle control treated donor mice. In other
words, marrow from SW033291 treated mice demonstrated
long term increased fitness in competition with control
marrow. In particular, at week 16 CD45.2 harvested from
SW033291 treated mice show a significant increase in
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500,000 cells. 3 control and 3 SW033291 mice are assessed
under each condition. The experimental design is depicted in
FIG. 50.

[0612] Table 6 shows the number of surviving mice in
each cohort over the first 19 days of study. Under the
conditions of the mouse colony during this study, control
mice receiving 100,000-500,000 cells are all dead between
days 4-13 of study. In contrast, two SW033291 treated mice
receiving 500,000 cells remain alive on day 19 of the study
and are presumed to have full hematopoietic reconstitution.
Thus treatment with the 15-PGDH inhibitor SW033291
promoted survival of mice receiving a bone marrow trans-
plant, an observation consistent with SW033291 enabling
more rapid and complete hematopoietic reconstitution in the
transplanted mice. Other 15-PGDH inhibitors with activity
similar to SW033291 would be predicted to have similar
activity in supporting hematopoietic reconstitution. Treat-
ment with SW033291 also enabled mice to be successfully
transplanted with a smaller inoculum of donor bone marrow
than the 1,000,000 cells that are standardly needed. These
observations suggest SW033291, as well as other similar
15-PGDH inhibitors, is able to support successtul transplan-
tation with smaller numbers of donor stem cells. Such
activity would be of particular utility in settings, such as
transplantation with umbilical cord stem cells, in which
donor cell numbers are limited. Improved survival of trans-
planted mice treated with SW033291 suggests efficacy of
SW033291, and of similar 15-PGDH inhibitors, as replace-
ments for, or in enabling decreased use of, other treatments
or growth factors commonly employed in support of patients
receiving bone marrow, hematopoietic stem cell, and cord
blood stem cell transplants. Improved survival of trans-
planted mice treated with SW033291 is consistent with
SW033291, and by extension other similar 15-PGDH inhibi-
tors, having activity in reducing infections in the trans-
planted mice, and/or in promoting recovery of mice intes-
tines from damage by radiation, and/or in reducing
pulmonary toxicity from radiation.

TABLE 5

Mouse survival

13- 14-  15- 16- 17- 18 19- 20- 21- 22- 23- 24- 25- 26- 1-
Mar. Mar. Mar. Mar. Mar Mar Mar Mar Mar Mar Mar Mar. Mar Mar ... Aprn
Day Day Day Day Day Day Day Day Day Day Day Day Day Day Day

Treatment Cell number 0 1 2 3 5 6 7 8 9 10 11 12 13 19

Control 1x 1075 3 3 3 2 0

Control 2x 1075 3 3 3 3 3 2 1 0

Control 5% 1075 3 3 3 3 3 3 2 1 1 1 3 1 3 0

SW033291 1 x 1075 3 3 3 3 2 1 0

SW033291 2 x 1075 3 3 3 3 3 3 2 2 2 2 2 2 1 0

SW033291 5 x 1075 3 3 3 3 3 3 3 3 2 2 2 2 2 2 2

contribution to B and T cell populations, suggesting marrow Example 7

from SW033291 treated mice promotes earlier reconstitu-
tion of lymphoid populations and earlier return to immune
competence.

[0611] In an additional study, C57BL/6] mice are irradi-
ated with 11Gy on day 0, followed by treatment with
SW033291 5 mg/kg IP twice daily (bid) in a vehicle of 10%
Ethanol, 5% Cremophor EL, 85% D5W, or with vehicle only
for 21 days. Mice treated with vehicle or with SW033291 all
receive an allograft of marrow from a donor C57BL/6]
mouse at a dose of either 100,000 cells, 200,000 cells,

Analysis of Effect of SW033291 on Radiation Survival

[0613] This Example shows studies of the effect of
SW033291 in mice receiving whole body irradiation.

[0614] Table 5 shows the results of a study of 15 week old
C57BL/6] female mice irradiated with 7Gy, 9Gy, or 11Gy,
and receiving daily SW033291 5 mg/kg IP in a vehicle of
10% Ethanol, 5% Cremophor EL, 85% D5W for 7 doses, or
receiving vehicle alone. The table shows the number of mice
surviving on sequential days of the study. Under the condi-
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tions of the mouse colony during this experiment, mice
receiving a lethal dose of 11Gy lived 48 hours longer if
treated with SW033291 than if receiving vehicle control,
with control mice all dead on day 8; whereas SW033219
treated mice were all dead on day 10.
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(2008), in which the median and left lateral lobes are
resected, and then liver regeneration is observed via hyper-
trophy of the remaining right and caudate lobes. The total
resection is of approximately 70% of the mouse liver mass.
In these studies mice were euthanized using carbon dioxide

TABLE 6
102 10/3  10/4 10/5 10/6 10/7 10/8 10/9 10/10 10/11 10/12 10/13 10/23
Radiation Treatment Day Day Day Day Day Day Day Day Day Day Day Day Day Day
Dose Am 0 5 6 7 8 9 0 11 12 13 14 15 16 25
7 Gy Saline 3 3 3 3 3 3 3 3 3 3 3 3 Looks
Healthy
SW033291 3 3 3 3 3 3 3 3 3 3 3 3 Looks
Healthy
9 Gy Saline 3 3 3 3 3 3 3 3 2 1 1 0
SW033291 3 3 3 3 3 3 3 3 2 2 1 0
11 Gy Saline 3 3 3 2 0
SW033291 3 3 3 3 3 2 0
[0615] Table 7 shows the number of mice surviving on inhalation. The mouse body was weighed in its entirety. The

sequential days of a study of mice treated at 11Gy treated
with either vehicle control or with SW033291 IP, in a
vehicle of 10% Ethanol, 5% Cremophor EL, 85% D5W,
with SW033291 administered either at 5 mg/kg daily for 7
days, 5 mg/kg daily throughout the study, or at 5 mg/kg
twice daily for 7 days. Again mice treated with SW033291
on any of these dosing schedules live on average 1-2 days
longer than mice receiving vehicle control. The activity of
SW033291 in promoting resistance to toxic effects of radia-
tion may extend to SW033291 and other similar 15-PGDH
inhibitors in promoting resistance to other similar toxic
insults including but not limited to Cytoxan, fludarabine,
chemotherapy and immunosuppressive therapy.

liver was removed from the mouse; the necrotic remnant
from the surgical resection was trimmed; and the regener-
ated liver was weighed.

[0618] FIG. 52(A-D) show an anatomical view of the
mouse liver. Pictures at left are pre-operative views, and
those at right are post-resection views. The upper two
pictures show anterior view of liver and at left display the
median lobe and a part of the Lateral lobe. The lower two
pictures show Inferior view of liver and at left display the
Lateral lobe. In the partial hepatectomy procedure, the
median and lateral lobes are resected as shown at right.
[0619] FIG. 53(A-D) at left reiterates photographs of the
immediate post-hepatectomy views of the mouse liver, with

TABLE 7
Friday =~ Wed.  Thurs. Friday Saturday Sunday Monday
Treatment 12-Oct 17-Oct 18-Oct  19-Oct  20-Oct  21-Oct  22-Oct
Conditions Day0 Day5 Day6 Day7 Day8 Day9 Dayl10
11 Gy Saline 2 2 2 2 0
(7 days,
1 dose daily)
11 Gy SW033291 3 3 3 3 2 1 0
(1 dose/daily)
for 7 days
11 Gy SW033291 3 3 3 3 3 2 0
(1 dose/daily,
continuous
every day)
11 Gy Saline 3 3 3 2 1 0 0
(7 days,
2 dose/daily
11 Gy SW033291 3 3 3 3 3 2 0
(7 days,
2 dose daily)
Example 8 anterior view at top and inferior view at bottom. Figure at

Analysis of Effect of SW033291 on Liver Regeneration Post
Partial Hepatectomy

[0616] This Example shows studies assessing the effect of
SW033291 on liver regeneration in mice following partial
hepatectomy.

[0617] FIG. 51 shows a drawing of the anatomy of the
mouse liver and of the partial hepatectomy procedure
described in Mitchell et al., Nature Protocols, 3, 1167-1170

top right shows the in situ view of the regenerated liver on
post-operative day (POD) 10, showing hypertrophy of the
remnant right and caudate lobes. Photograph at lower right
shows the anterior view of the regenerated liver after
removal from the mouse body. Whitish region at the upper
right liver edge is the necrotic stump from the resection, and
is trimmed prior to weighing.

[0620] The first study was performed in 10 week old male
C57BL/6] mice, receiving daily SW033291 5 mg/kg [Pina
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vehicle of 10% Ethanol, 5% Cremophor EL, 85% D5W,
versus vehicle alone, and assessed daily for liver regenera-
tion with 5 control and 5 SW033291 recipient mice sacri-
ficed on each time point. In this study, ketamine anesthesia
was employed.

[0621] FIG. 54(A-B) show micrograph of the hematoxylin
and eosin stained liver on post-operative day 3 (POD 3) in
the SW033291 treated mouse versus the control mouse, with
mitotic figures marked by yellow arrows in the SW033291
treated mouse liver at left and by green arrows in the control
mouse liver at right.

[0622] FIG. 55 shows a graph of the number of mitosis per
high powered field in livers of SW033291 treated versus
control mice on post-operative days two through five (2D-
5D). Mitotic figures were counted in 10 high powered fields
(40x) from each of 5 livers per SW033291 or control mice
per day. SW033291 treated mice demonstrated significantly
increased hepatic mitosis versus controls on days 3 and 4.
[0623] Table 8 shows the numbers of mitosis per random
high powered field counted in livers of control versus
SW033291 treated mice on post-operative days 2 through 5
(2D-5D). SW033291 treated mice show significantly
increased numbers of mitotic liver cells on post-operative
days 3 and 4.

TABLE 8
Mitotic index
(40x) mean + SD Control SW033291 p-value
2D 0.7000 = 0.1933 1.240 = 0.2330 0.0915
3D 2.000 = 0.4364 6.160 = 0.3250 <0.0001
4D 2.560 = 0.2242 4.560 = 0.7190 0.0107
5D 0.2000 = 0.1069  0.2400 = 0.08718 ns

[0624] FIG. 56 shows the liver to body weight ratios
attained following partial hepatectomy in control versus
SW033291 treated C57Bl/6j mice injected at 5 mg/kg
SW033291 1P daily (qd) starting on post-operative day 0 and
continuing throughout. Graph displays values from post-
operative days 2-7 (POD 2-7). The SW033291 qd injection
group of mice attain a higher liver to body weight ratio from
post-operative days 4-7, with the increase being statistically
significant on post-operative day 4 and day 7.

[0625] An additional group of mice received SW033291 5
mg/kg twice daily (bid) and were analyzed on post-operative
day 3, with the data graphed as POD3b. This group of mice
also showed a statistically significant increase in liver to
body weight ratio compared to control mice.

[0626] Another study was performed testing the effects of
SW033291 given 5 mgkg IP twice daily (bid) on liver
regeneration in C57BL/6J mice. 10 mice were used in the
control and 10 mice in the drug treated arm for analysis of
each time point of the study. The study again employed 10
week old male mice receiving daily SW033291 5 mg/kg IP
in a vehicle of 10% Ethanol, 5% Cremophor EL, 85% D5W,
versus vehicle alone, with 10 drug treated and 10 control
mice sacrificed daily for comparison. In this study ketamine
anesthesia was employed.

[0627] FIG. 57 shows graph of the liver to body weight
ratio attained following partial hepatectomy in control ver-
sus SW033291 treated C57BL/6] mice injected at 5 mg/kg
SW033291 IP twice daily (bid) starting at 1 hour post-
surgery and continued throughout. Graph displays values
from post-operative days 2-7 (POD 2-7). The SW033291 bid
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injected group of mice show a statistically significant higher
liver to body weight ratio versus control mice on post-
operative days 3, 4, and 7.

[0628] FIG. 58 reprises the graph of the liver to body
weight ratio attained following partial hepatectomy in con-
trol mice versus in mice treated with sw033291 5 mg/kg IP
twice daily. In data enclosed within the blue box, drug was
started 1 hour following surgery, and significant increases in
liver to body weight ratio are seen in drug treated mice from
post-operative day (POD) 3 onward. In data enclosed within
the red box, the first dose of sw033291 is delivered com-
mencing 1 hour before surgery, and significant increase in
liver to body weight ratio is seen as early as post-operative
day 1, the day following the surgery.

[0629] FIGS. 59(A-B) show graphs of the serum ALT
levels following partial hepatectomy in one control mouse
versus one mouse treated with sw033291 at 5 mg/kg IP
twice daily (bid). Post-operative day 1 values are compared
at left, and post-operative day 2-7 values are compared at
right. ALT values are lower in the drug treated mouse.
[0630] FIG. 60 shows graph of serum bilirubin levels
following partial hepatectomy in one control mouse versus
one mouse treated with SW033291 at 5 mg/kg IP twice daily
(bid) from post-operative days (POD) 1-7.

[0631] In another study, SW033291 was tested in the
partial hepatectomy model using the FVB strain of mice
administered SW033291 5 mg/kg IP twice daily (bid),
administered in a vehicle of 10% Ethanol, 5% Cremophor
EL, 85% D5W, using 5 treated mice versus 5 control mice
treated with vehicle alone for analysis at each time point
from post-operative day (POD) 1-7. In this study ketamine
anesthesia was employed.

[0632] FIG. 61 shows a graph of the liver to body weight
ratio of attained following partial hepatectomy in FVB mice
treated with 5 mg/kg IP SW033291 versus control mice
treated with vehicle alone. SW033291 treated mice show
increased liver to body weight ratio from post-operative
days 2-7, with the increase being statistically significant on
POD, 2,3, 4 and 7.

[0633] In another study, SW033291 was tested in a partial
hepatectomy model using the FVB strain of mice adminis-
tered SW033291 5 mg/kg IP twice daily (bid), starting 1
hour before surgery. 10 week old male mice were employed,
with 10 treated mice and 10 control mice used for analysis
at each time point from post-operative day (POD) 1-7. In
this study isoflurane anesthesia was employed. Vehicle
treated 15-PGDH knockout (KO) mice were also used as an
additional comparator. FIG. 62 shows a graph depicting the
pre-operative body weights of the FVB mice used for
analysis of liver regeneration on post-operative days 2, 3, 4
and 7. SW033291 and control treated mice used on each day
are well matched.

[0634] FIG. 63 shows a graph depicting the weight of the
resected liver segment (resected LWt) from mice treated
with either SW033291 or vehicle control and assayed for
liver regeneration on post-operative days (POD) 2, 3, 4, and
7. Weight of the resected livers is well matched between
control and drug treated mice on each day, except on day 7,
when the weight of the resected liver was greater in the
SW033291 treated than in the control mice.

[0635] FIG. 64 shows a graph depicting the liver weights
attained (Regenerated_I.Wt) post partial hepatectomy in
SW033291 and control mice on post-operative days 2, 3, 4
and 7 (POD 2, 3, 4, 7). SW033291 treated mice show
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significantly greater liver weights versus control mice at all
time points, with SW033291 treated mice having approxi-
mately 25% greater liver weight on post-operative day 7
than control mice.

[0636] FIG. 65 shows a graph depicting the liver to body
weight ratios attained (LBWR) post partial hepatectomy in
SW033291 and control mice on post-operative days 2, 3, 4
and 7 (POD 2, 3, 4, 7). SW033291 treated mice show
significantly greater liver to body weight ratios versus
control mice at all time points, with SW033291 treated mice
having approximately 20% greater liver to body weight ratio
on post-operative day 7 than control mice.

[0637] FIG. 66 shows “box and whisker” plot comparing
liver to body weight ratio’s on post-operative day 4 follow-
ing partial hepatectomy of FVB mice treated twice daily
with SW033291 5 mg/kg or with vehicle control, with 10
mice in each arm. Thick bars denote population median.
Upper box margin denotes lower boundary of the highest
quartile. Lower box margin denotes upper boundary of the
lowest quartile. SW033291 treated mice show a significantly
increased liver to body weight ratio at P=0.004.

[0638] FIG. 67 shows “box and whisker” plot comparing
liver to body weight ratio’s on post-operative day 7 follow-
ing partial hepatectomy of FVB mice treated twice daily
with SW033291 5 mg/kg or with vehicle control, with 10
mice in each arm. Thick bars denote population median.
Upper box margin denotes lower boundary of the highest
quartile. Lower box margin denotes upper boundary of the
lowest quartile. SW033291 treated mice show a significantly
increased liver to body weight ratio at P=0.001.

[0639] FIG. 68 shows “box and whisker” plot comparing
liver to body weight ratios on post-operative day 4 following
partial hepatectomy of FVB mice treated twice daily with
SW033291 5 mg/kg or with vehicle control, with 10 mice in
each arm. Also shown is the liver to body weight ratio on
post-operative day 4 of 15-PGDH knockout mice (PGDH-
KO) treated with vehicle only. Thick bars denote population
median. Upper box margin denotes lower boundary of the
highest quartile. Lower box margin denotes upper boundary
of the lowest quartile. SW033291 treated mice show a
significantly increased liver to body weight ratio at P=0.001.
15-PGDH knockout mice also show greater a greater liver to
body weight ratio than do vehicle treated 15-PGDH wild-
type mice, supporting that the liver regeneration activity of
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SW033291 is mediated through inhibition of 15-PGDH. The
larger effect of 15-PGDH gene knockout suggests further
increase in effect of SW033291 may be attainable with
additional modification of dosing schedule and delivery.
[0640] FIG. 69 shows visualization of S-phase cells fol-
lowing partial hepatectomy on post-operative day 2 in livers
of SW033291 treated and vehicle treated control mice. Mice
were injected with BrdU at 50 mg/kg IP 2 hours before
sacrifice, and then S-phase cells were visualized by staining
the livers with an antibody that detects BrdU that has been
incorporated into DNA. Representative fields at 10x mag-
nification show the clear increase in numbers of BrdU
positive cells in the SW033291 treated liver.

[0641] FIG. 70 shows high powered (40x) views of rep-
resentative fields from the study of FIG. 69.

[0642] FIG. 71 shows “box and whiskers” plot comparing
percent of BrdU positive cells in livers of SW033291 treated
versus vehicle control treated mice on post-operative day 2
following partial hepatectomy. Plotted in each group are the
percent BrdU positive cells from 100 random high powered
fields (40x magnification) counted as 10 fields from each of
10 drug treated and each of 10 control vehicle treated mice.
Heavy black bars show median values of each distribution.
Upper box margin denotes lower boundary of the highest
quartile. Lower box margin denotes upper boundary of the
lowest quartile. SW033291 show a greater than 2-fold
increase in median S-phase cells on post-operative day 2
(P<0.05).

Example 9

Analysis of Effect of SW033291 on Survival Following
Acetaminophen (Tylenol) Overdose

[0643] This Example provides data showing effects of
SW033291 in mediating resistance to lethal doses of the
liver toxin acetaminophen (Tylenol).

[0644] In the study, 11 week old female C57BL/6] mice
are injected IP with a suspension of acetaminophen in
phosphate buffered saline administered at the L.D50 dose of
600 mg/kg.

[0645] Table 9 provides a tabular summary of the number
of mice surviving out of an initial cohort of 6 mice that are
all treated with acetaminophen (Tylenol) in phosphate buft-
ered saline administered IP at the L.D50 dose of 600 mg/kg.

TABLE 9
Treatment O hrs 16 hr 24 hrs 40 hrs 48 hrs 64 hrs 72 hrs 88 hr 96 hr 112 hr 120 hr
1 does/daily, First dose immediately after Tylenol injection
Saline 6 6 5 4 3 3 3 3 3 3 3
5 mg/kg 6 6 6 4 4 4 4 4 4 4 4
SW033291
2 dose/daily, First dose immediately after Tylenol injection
Saline 6 6 6 4 3 3 3 3 3 3 3
5 mg/kg 6 6 6 4 3 3 3 3 3 3 3

SW033291
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[0646] Test mice are additionally treated with SW033291
5 mg/kg IP in a vehicle of 10% Ethanol, 5% Cremophor EL,
85% DS5W beginning immediately following acetaminophen
and continued once daily, or twice daily. Control mice are
additionally treated with vehicle alone once daily or twice
daily. Survival is recorded from the 0 time point of admin-
istration of acetaminophen through 120 hours following. No

survived in the SW033291 treated cohort versus 2 of 6 mice
in the vehicle control treated cohort.

[0651] Table 12 shows a summary of the number of mice
surviving out of an initial cohort of 7 C57BL/6J 25 week old
female 15-PGDH wild-type (WT) or 7 C57BL/6J 25 week
old female 15-PGDH knockout (KO) mice treated with
acetaminophen (Tylenol) in phosphate buffered saline
administered IP at the LD50 dose of 600 mg/kg.

TABLE 12
Survival 0 hrs 16 hr 24 hrs 40 hrs 48 hrs 64 hrs 72 hrs 88 hr 96 hr 112 hr 120 hr
WT 7 7 7 5 4 3 3 3 3 3 3
KO 7 7 7 6 6 6 6 6 6 6 6

difference is noted between survival of SW033291 treated
and control mice.

[0647] Table 10 shows a summary of the number of mice
surviving out of an initial cohort of 12 eleven week old
C57BL/6] female mice that are all treated with acetamino-
phen (Tylenol) in phosphate buffered saline administered IP
at the LD50 dose of 600 mg/kg, Mice are additionally
treated with either SW033291 or vehicle control.

TABLE 10

[0652] At 120 hours post acetaminophen injection, 6 of 7
knockout mice survive versus 3 of 7 wild-type mice.
Increased survival of 15-PGDH knockout mice is consistent

with the survival benefit of SW033291 being mediated

through inhibition of 15-PGDH.

Survival 0 hrs 16 hr 24 hrs 40 hrs 48 hrs 64 hrs 72 hrs 88 hr 96 hr 112 hr 120 hr

5 mg/kg 12 12 12 11 10 10 10 10 10 10 10

SW033291

Saline 12 12 12 6 5 5 5 5 5 5 5

[0648] SWO033291 5 mg/kg was administered IP in a Example 10

vehicle of 10% FEthanol, 5% Cremophor EL, 85% D5W
twice daily (bid) beginning 48 hours prior to acetaminophen
injection and continuing for 48 hours following acetamino-
phen injection for 9 doses total. At 120 hours post acet-
aminophen injection, 10 of 12 mice have survived in the
SW033291 treated cohort versus 5 of 12 mice in the vehicle
control treated cohort, P=0.045 in a one-tailed Fisher’s exact
test. Thus pre-administration of SW033291 protects from
the lethal hepatotoxicity of acetaminophen.

[0649] Table 11 shows a summary of the number of mice
surviving out of an initial cohort of 6 eleven week old
C57BL/6] female mice that are treated with acetaminophen
(Tylenol) in phosphate buffered saline administered IP at the
LD50 dose of 600 mg/g

Analysis of Effect of SW033291 on Dextan Sodium Sulfate
(DSS) Induced Colitis

[0653] This Example provides data from studies of the
effect of SW033291 on prevention of induction of colitis in
the dextran sodium sulfate (DSS) treated mouse. In the
study, 8-12 week old FVB male mice are fed with 2% DSS
in drinking water for days 1-7, and then switched to normal
drinking water beginning on day 8, and continued through
day 22. Mice are treated with twice daily SW033291 5
mg/kg IP in a vehicle of 10% Ethanol, 5% Cremophor EL,
85% DSW, at 125 pg/200 ul, versus with vehicle alone.
Clinical scoring (body weight, rectal bleeding, stool consis-

TABLE 11
Survival 0 hrs 16 hr 24 hrs 40 hrs 48 hrs 64 hrs 72 hrs 88 hr 96 hr 112 hr 120 hr
5 mg/kg 6 6 5 4 3 3 3 3 3 3 3
SW033291
Saline 6 6 5 3 2 2 2 2 2 2 2
[0650] Mice are additionally treated with either tency) is recorded daily, endoscopic scoring (ulcer number,

SW033291 or vehicle control. SW033291 5 mg/kg was
administered IP in a vehicle of 10% Ethanol, 5% Cremophor
EL, 85% D5W twice daily (bid) beginning 3 hours prior to
acetaminophen injection and continuing at time 0 through 48
hours following acetaminophen injection for 6 total doses.
At 120 hours post acetaminophen injection 3 of 6 mice have

mucosal thickening, and vascular pattern) is assessed on
days 8, 11, 15. Mice are sacrificed on days 1, 8, 15 and 22
for assessment of colon length, colon weight, ulcer number,
ulcer area, and crypt damage.

[0654] Table 13 shows summary of the baseline properties
of'age and weight of the 24 SW033291 treated mice and the
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24 control group mice used in the study. Also provided is
baseline characteristics of 4 FVB male 15-PGDH knockout
(KO) mice that are used as a comparator group.

TABLE 13
FVB PGDH WT/KO male mice

8-12 weeks old
DSS Study WT-Control ~ WT-Treatment KO p-value
Number 24 24 4
Sex M M M
Age (Days) 741 £ 3.7 742 £ 40 739 £34  0.655
Weight (gm) 263+1.19  268:178 274=14 0391
[0655] FIG. 72 shows a graph of the average changes from

baseline weight of the cohort of control versus SW033291
treated mice across the 22 days of the study. SW033291
treated mice show greater weight at all time points, and in
particular, show faster weight gain after washout of DSS
then do the control mice, P=0.001.

[0656] FIG. 73 shows a graph of the daily Disease Activity
Index (DAI) of the cohort of control versus SW033291
treated mice across the 22 days of the study. The Disease
Activity Index is calculated as an equally weighted average
of the change from baseline weight, the consistency of stool,
and the presence of rectal bleeding, with each component
normalized to span an identical numerical range. SW033291
treated mice show a lower Disease Activity Index than do
control on each day of the study, P<0.001.

[0657] FIG. 74 shows the design of the study in which
colonoscopic examination of the left colon, up to the splenic
flexure, was performed on live mice on days 8, 11 and 15,
under isoflurane anesthesia. Daily weights of these
SW033291 treated and untreated mice were also recorded
and are shown. In addition, post-mortem colonoscopy of the
full colon was performed on two SW033291 treated and two
control treated mice on day 15, with findings confirming that
DSS induced ulcerations are largely confined to the descend-
ing colon distal to the splenic flexure.

[0658] FIGS. 75(A-B) show at bottom left the colon as
visualized during colonoscopy of a DSS treated control
mouse that shows loss of the mucosal vascular pattern and
a gross ulceration. At bottom right is shown the colonosco-
pic findings of a DSS treated mouse receiving SW033291,
with only a small ulcer and with maintenance of the normal
mucosal vascular pattern otherwise. Graph at top shows
numbers of ulcers present on days 8, 11, and 15 in the
control versus SW033291 treated mice. SW033291 treat-
ment prevents two-thirds of ulcer formation. Additional
studies of 15-PGDH knockout mice show that 15-PGDH
gene knockout prevents 95% of colon ulcer formation.
These findings support that the colitis prevention activity of
SW033291 is mediated through its activity as a 15-PGDH
inhibitor, and suggest further modifications of drug dosing
and delivery may provide added colitis prevention and
would also be expected to protect from other forms of
intestinal injury that would include toxicity from radiation,
toxicity from chemotherapy, and chemotherapy induced
mucositis.

[0659] FIG. 76 shows quantitation of ulcer burden on day
15 of DSS treated mice as determined by embedding the full
length of the formalin fixed colons of mice in paraffin
blocks, and then microscopic inspection of a random 5 pm
section along the full colon length for visualization and
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measurement of ulcerated mucosa. The graph shows that the
average length of ulcerated mucosa is 4.48 mm per colon
section in control mice (N=9 mice) and is reduced by 61%
to a length of 1.74 mm per colon section in SW033291
(drug) treated mice (N=6 mice), P=0.045. Again, 15-PGDH
gene knockout (KO) is highly effective in preventing colon
ulceration, supporting that the therapeutic effect of
SW033291 is mediated through inhibition of 15-PGDH.
[0660] FIGS. 77(A-B) show examples of scoring murine
colonic mucosa according to the Murine Endoscopic Index
of Colitis Severity (MEICS) (Becker C. et al. Gut 2005; 54:
950-954). At top (A) is shown the colonoscopic findings and
MEICS scoring for a DSS treated mouse receiving
SW033291. At bottom (B) is shown the colonoscopic find-
ings and MEICS scoring of a DSS treated mouse receiving
vehicle only.

[0661] FIG. 78 shows graphs of the MEICS scores for
DSS treated mice receiving SW033291 (treatment) versus
vehicle (control). MEICS scores show significantly less
colitis activity in SW033291 treated mice on days 8, 11 and
15 of the study.

[0662] In addition to the gross visual inspection and
scoring of colitis activity by the MEICS index, full length
colons of mice were formalin fixed and paraffin embedded,
and microscopic scoring of crypt damage was performed
using the 0-4 severity scale of Cooper H S. Et al., Lab Invest.
1993; 69:238-249. For this analysis, the colons were divided
into 3 segments of proximal, middle, and distal colon, each
approximately 1.6 cm in length, with each segment was
further subdivided into 4 sections each approximately 4 mm
in length. For each section the crypt damage severity score
was multiplied by the length in mm of the damaged area,
creating a 0-16 cryptitis severity index. An average cryptitis
severity index was calculated for each segment (proximal,
middle, and distal colon), and the summed whole colon
cryptitis severity index was determined on a scale of 0-48 for
each mouse colon. In parallel with the visual MEICS score,
the microscopic cryptitis severity index on day 8 of the DSS
protocol was significantly greater in control mice (value of
9.49) than in the SW033291 treated mice (value of 3.16),
P<0.05 (data described but not shown in the figure).
[0663] FIG. 79 shows assessment of the effect of
SW033291 on maintaining DNA synthesis in the colonic
mucosa of DSS treated mice. Mice were injected with BrdU
at 100 mg/kg 1P 3 hours before sacrifice and then full length
colons were formalin fixed and embedded in paraffin.
S-phase cells, that have incorporated BrdU into DNA, were
visualized by immuno-fluorescent staining of 5 pm thick
sections with an antibody that detects the BrdU. Colonic
crypts were visualized by immuno-fluorescent staining with
an antibody to the epithelial marker E-Cadherin. Photo-
graphic insets show photomicrographs of high powered
fields taken from the mid-colon on day 8 of the DSS protocol
from control mice, SW033291 treated mice (treatment) and
15-PGDH knockout mice (KO). Red immune-fluorescence
identifies BrdU positive nuclei, and green immune-fluores-
cence identifies E-Cadherin positive colonocytes. The num-
ber of BrdU positive cell per crypt is determined by counting
the number of dual labeled red and green cells per average
crypt. Green only cells that are not in S-phase are not
counted, and red only cells, that are likely stromal cells
outside of crypts, are also not counted. On the photomicro-
graph shown crypts are displayed as vertically oriented in
control and SW033291 treated mice, and crypts are dis-
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played as horizontally oriented in the 15-PGDH knockout
mice. In the photographs the numbers of S-phase cells are
fewest in the control mice and are increased in the
SW033291 treated mice, and increased further in the knock-
out mice. In the particular photographs shown, the crypts
from control mice both lack S-phase cells and are also
visually decreased in height; whereas, crypt height is
increased in the crypts shown from SW033291 treated mice,
and crypt heights is increased further in the crypts shown
from 15-PGDH knockout mice. The graph depicts the sum
of'the average number of BrdU positive cells per crypt in the
distal colon plus the average number of BrdU positive cells
per crypt middle colons of control (Cn), SW033219 treated
(Tx), and 15-PGDH knockout mice (KO) on day 1, day 8,
and day 15 of the DSS treatment protocol. On day 8,
SW033291 treated mice demonstrate 5.7-fold greater num-
bers of BrdU positive cells than do control mice, which have
lost 85% of the day 1 value of BrdU positive cells per crypt.
15-PGDH knockout mice show no loss of BrdU positive
cells in the crypt on day 8, consistent with the protective
effect of SW033291 being mediated by inhibition of
15-PGDH.

[0664] Table 14 shows a summary of colon length (in cm)
in DSS treated mice sacrificed on days 8, 15 and 22, in
SW033291 treated mice, versus vehicle treated control mice,
versus 15-PGDH knockout (KO) mice, where shortening of
the colon is a measure of disease activity.

TABLE 14

Colon length shortening may be
correlated to severity of the colon ulceration

Time Point Control SW033291 KO P-value

Baseline 8.3 +0.2 8.4 +0.2 0.71

Day 8 6.6 + 0.4 6.6 +0.1 1.0

Day 15 7.1 +0.1 7.5 +0.1 8.5+0.1 0.001

Day 22 74+02  8.6+03 0.012
[0665] Vehicle treated control mice show significantly

greater colon shortening at day 22 versus SW033291 treated
mice, P=0.012. This comparison is also shown graphically in
FIG. 80.

[0666] Table 15 shows a summary on day of sacrifice of
mouse weights (gms) and colon lengths (cm) for DSS
treated mice receiving SW033291 or vehicle control.

TABLE 15

Vehicle SW033291 KO
Wt @ sacrifice-gm
Time Point
Baseline 263 +0.7 259+ 0.7 292 +1.3
Day 8 254 +0.7 264+ 0.5
Day 15 244 +05 25.2+09
Day 22 * 263 +0.7 282+ 05
Colon length-cm
Time Point
Baseline 83 +0.2 84+ 0.2 85+ 0.1
Day 8 6.6 +04 6.6 +0.1
Day 15 71 +0.1 75+ 0.1
Day 22 * 74 +02 8.6 + 0.3
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[0667] On day 22 SW033291 treated mice show greater
body weight and greater colon lengths, indicative of thera-
peutic effect of SW033291 in protecting against DSS
induced colitis.

Example 11

Analysis of Effect of SW033291 on Survival of Mice
Following Bone Marrow Transplant

[0668] FIG. 81 shows enhanced survival in mice receiving
a bone marrow transplant and also administered the
15-PGDH inhibitor SW033291. FIG. 81A shows the design
of the study. Mice were irradiated with a bone marrow
ablative dose of 11Gy on day 0, followed by administration
of SW033291 in 5 mg/kg twice daily by intraperitoneal
injection in a vehicle of 10% Ethanol, 5% Cremophor EL,
85% D5W at a concentration of 125 pg/200 pl. A matched
control cohort received injections with vehicle only. On day
one mice received an infusion of donor marrow at doses of
100,000 cells; 200,000 cells; or 500,000 cells. FIG. 81B
shows graphical survival curves for mice transplanted with
100,000 donor cells. FIG. 81C shows graphical survival
curves for mice transplanted with 200,000 donor cells. FIG.
81D shows graphical survival curves for mice transplanted
with 500,000 donor cells. And FIG. 81E shows tabular
survival data for all mice in the study on study day 30.
Among mice receiving 100,000 donor cells, all mice suc-
cumb, but SW033291 treated mice show an approximate
doubling of median survival. Among mice receiving 200,
000 donor cells, all control mice were dead by day 12. In
contrast, all mice receiving 200,000 donor cells plus
SW033291 survived at 30 days of observation and were
successfully engrafted. Among mice receiving 500,000
donor cells, control mice showed a 37.5% mortality;
whereas, mice receiving SW033291 again all survived.
[0669] FIG. 82 shows a set of studies conducted on
lethally irradiated mice that received 500,000 donor marrow
cells and were treated with either SW033291 at 5 mg/kg
intraperitoneal dose twice daily or with vehicle control, in a
design otherwise identical to that used for the studies of FIG.
81. FIG. 82A shows measurements on blood and bone
marrow on day 5 after transplant, with FIG. 82B showing
that SW033291 treated mice have significantly higher total
white count and FIG. 82C showing that SW033291 treated
mice have significantly higher total platelet count. The star
symbol denotes P<0.05.

[0670] FIG. 83A shows measurements on blood and bone
marrow on day 8 after transplant. FIG. 83B shows that
SW033291 treated mice have significantly higher platelet
count than control, with drug treated mice having 77,000
platelets compared to control mice having 39,500 platelets.
The star symbol denotes P<0.05.

[0671] FIG. 84A shows measurements on blood and bone
marrow on day 12 after transplant. FIG. 84B shows that
SW033291 treated mice have significantly higher neutrophil
counts, with drug treated mice having 332 neutrophils
compared to control mice having 125 neutrophils. FIG. 84C
shows that on day 12 after transplant, SW033291 treated
mice have significantly higher hemoglobin count than con-
trols, with drug treated mice having hemoglobin level of
11.58 and control mice having hemoglobin level of 8.3.
Additionally, FIG. 84D shows SW033291 treated mice also
have significantly greater total white counts than control
mice. The star symbol denotes P<0.05.
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[0672] FIG. 85A shows measurements on blood and bone
marrow on day 18 after transplant. SW033291 treated mice
have significantly higher total white count (FIG. 85B),
lymphocyte count (FIG. 85C), and neutrophil count (FIG.
85D), with drug treated mice having 835 neutrophils and
control mice having 365 neutrophils (FIG. 85D). In com-
parison with counts on day 12, administration of SW033291
accelerates recovery of neutrophil counts by nearly 6 days
(FIG. 84B versus FIG. 85D). FIG. 84E also shows that on
day 18 drug treated mice have significantly higher platelet
counts than control mice. Last, day 18, drug treated mice
have nearly 4-fold increased percentage (FIG. 84F) and total
numbers (FIG. 85G) of SKL. marked bone marrow stem cells
than do control mice, with drug treated mice having a mean
014127 SKIL marked bone marrow cells compared to control
mice having a mean of 967 SKI. marked bone marrow cells.
The star symbol denotes P<0.05.

[0673] FIG. 86(A) shows measurement of PGE2 (pg of
PGE2/mg tissue protein) in 4 different mouse tissues (colon,
bone marrow, liver, lung) across time following IP injection
of SW033291 at 10 mg/kg. Blue bar represents baseline at
time 0, and red bars represent time course of PGE2 concen-
tration from 1-12 hours following SW033291 injection.
FIG. 86(B) shows time course of PGE2 in control mice
injected with vehicle only.

[0674] FIG. 87 shows a schema of an experiment in which
mice are lethally irradiated (IR) and 12 hours later receive a
transplant (BMT) with CFSE dye labeled bone marrow cells
(BM), and the number of transplanted cells that home and
survive in the bone marrow of the recipient mice are then
determined by FACS at 16 hours post-transplant. In different
arms of the experiment mice are treated with vehicle, with
SW033291 (10 mg/kg IP), or with SW033291 (10 mg/kg IP)
plus Indomethacin. Drugs are administered following radia-
tion, following the transplant, and again at 8 hours after the
transplant.

[0675] FIG. 88 shows a graph illustrating the percent of
CFSE dye labeled cells that have homed to the bone marrow
of mice treated as per the schema described in FIG. 87.
Treating mice with SW033291 concurrent with and follow-
ing the bone marrow transplant increases numbers of homed
cells in the recipient mouse bone marrow 3-fold. The figure
further shows that the effect of SW033291 is near com-
pletely blocked by indomethacin (Indo+SWO0), an inhibitor
of COX enzymes the produce prostaglandins. This is con-
sistent with the effect of SW033291 being mediated through
the inhibition of 15-PGDH and through the resulting
increase in tissue prostaglandins.

[0676] FIG. 89 shows a schema of an experiment in which
mice are lethally irradiated (IR) and 12 hours later receive a
transplant (BMT) with CFSE dye labeled bone marrow cells
(BM), and number of transplanted cells that home and
survive in the bone marrow of the recipient mice are then
determined by FACS at 16 hours post-transplant. In different
arms of the experiment mice are treated with vehicle, with
SW033291 (10 mg/kg IP), with SW033291 (10 mg/kg IP)
plus an antagonist of PGE2 receptor EP2 (PF-04418948), or
with SW033291 (10 mg/kg IP) plus an antagonist of PGE2
receptor EP4 (L-161,982). Drugs are administered following
radiation, following the transplant, and again at 8 hours after
the transplant.

[0677] FIG. 90 shows a graph illustrating the percent of
CFSE dye labeled cells that have homed to the bone marrow
of mice treated as per the schema described in FIG. 89.
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Treating mice with SW033291 concurrent with and follow-
ing the bone marrow transplant increases numbers of homed
cells in the recipient mouse bone marrow 2-fold. The figure
further shows that the effect of SW033291 is near com-
pletely blocked by an antagonist to the EP4 receptor (EP4+
SWO0), and is partially blocked by an antagonist of the EP2
receptor (EP2+SWO0). This is consistent with the effect of
SW033291 being mediated through the inhibition of
15-PGDH and through the resulting increase of tissue pros-
taglandins, including PGE2.

[0678] FIG. 91 shows a schema of an experiment in which
mice are injected with SW033291 twice daily IP at 10 mg/kg
for 5 doses. 2 hours following the last dose bone marrow is
harvested and sorted into SKL marked cells that are hema-
topoietic stem cell enriched and into CD45 (=) cells that are
bone marrow stroma cells. RNA was extracted and gene
expression determined relative to levels in mice injected
with vehicle control.

[0679] FIGS. 92(A-B) show graph illustrating induction of
gene expression in bone marrow SKL cells and bone marrow
stromal cells of SW033291 treated mice. Mice administered
SW033291 show a 3 fold induction in RNA expression of
CXCL12 and SCF in bone marrow SKL cells, and show a
greater than 4-fold induction of CXCL12 and SCF in
CD45(-) bone marrow stromal cells.

[0680] FIG. 93 illustrates a schema of an experiment in
which immune deficient NSG mice are lethally irradiated
(IR) and 12 hours later receive a transplant with CFSE dye
labeled buffy coat cells from human umbilical cord blood
(UCB), and number of transplanted cells that home and
survive in the bone marrow of the recipient mice are then
determined by FACS at 16 hours post-transplant. In different
arms of the experiment mice are treated with vehicle or with
SW033291. Drugs are administered following radiation,
following the transplant, and again at 8 hours after the
transplant.

[0681] FIG. 94 illustrates a graph showing the percent of
CFSE dye labeled human umbilical cord bufty coat cells that
have homed to the bone marrow of mice treated as per the
schema described in FIG. 94. Treating mice with SW033291
at the time of and following the transplant with bufly coat
from human umbilical cord blood (UCB) increases numbers
of homed human cells in the recipient mouse bone marrow
nearly 2-fold.

Example 12

Analysis of Activity of Isomers of SW033291. A 15-PGDH
Inhibitor

[0682] FIG. 95 illustrates isomers of SW033291. Shown
at top is that Sulfoxides (the S—O group) are stereogenic
such that SW033291 exists as a racemic mixture of two
non-interconverting isomers. These enantiomers were sepa-
rated by preparative HPLC to provide isomers designated as
isomer A (first eluting) and isomer B (second eluting). A 1
cm Chiralcel-ODH column resolves the enantiomers using
isopropanol in hexanes. A representative analytical HPL.C
trace is shown at bottom. Isomer A was found to consist
predominantly of the levorotatory enantiomer: [a]D=-97
(c=0.22, acetone). Isomer B was found to consist predomi-
nantly of the dextrorotatory enantiomer: [a]D=+95 (¢=0.22,
acetone). X-ray crystallography has assigned (=) isomer A as
the S isomer and B as the (R) isomer (as shown in Table 1)
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[0683] FIG. 96 illustrates plots showing thermal denatur-
ation of recombinant 15-PGDH protein using Differential
Scanning Fluorimetry with SYPRO Orange. Top panel
graphs Relative Fluorescence Units (RFU) versus tempera-
ture for recombinant 15-PGDH in presence of DMSO con-
trol, SW033291, SW033291-A (isomer A), or SW033291-B
(isomer B). Lower panel graphs-d(RFU)/dT. The melting
temperatures are indicated in the table at lower left. Only
isomer B shows that activity of SW033291 in binding to
15-PGDH and shifting the melting temperature from 50.5°
C. to 68° C.

[0684] FIGS. 97(A-C) illustrate inhibition of recombinant
15-PGDH protein enzymatic activity by SW033291 stereo-
genic isomers A and B. Graphed at left is the percent
inhibition of enzyme activity of recombinant 15-PGDH
protein versus concentration of SW033291, and the IC;,, for
inhibition. Graphed at right is the percent inhibition of
recombinant 15-PGDH versus concentration of SW033291
isomer A (top) of isomer B (bottom). As shown isomer B has
40% lower ICs, than the parent racemic mixture; whereas;
isomer A shows an IC;, 36 fold higher than the racemic
mixture. These results are consistent with the activity of
SW033291 in inhibiting 15-PGDH largely due to the activ-
ity of'isomer B. The small residual activity of isomer A may
be due to possible 3% contamination with some residual
isomer B.

[0685] FIG. 98 is a graph showing the activity in inducing
activity of a 15-PGH-luciferase fusion protein reporter in the
Vaco-9IM (VOM) cell line background of SW033291 isomers
A and B. Full activity in this assay is seen for SW033291
isomer B at 0.1 uM added compound. Some residual activity
is seen for isomer B when added at 3.2 uM concentration.
The small residual activity of isomer A may be due to
possible 3% contamination with some residual isomer B.

Example 13
[0686] Analysis of in Silico Docking of SW033291 onto
15-PGDH
[0687] FIG. 99 illustrates images showing docked pose of

SW209415 onto the 15-PGDH crystal structure. The model
shows that the sulfoxide moiety on SW209415 coordinates
with Tyr-151 in 15-PGDH, that is required for catalytic
activity of 15-PGDH and that is strictly conserved across the
family of short chain dehydrogenases. Moreover, the
SW209415 sulfoxide is also coordinated with Ser-138, that
is also required for catalytic activity of 15-PGDH and that is
highly conserved across the family of short chained dehy-
drogenases. Thus, it is expected that the core structure of
inhibitor would broadly interact and inhibit any short chain
dehydrogenase whose catalytic function depended on a
tyrosine analogous to 15-PGDH Tyr-151 and/or a serine
analogous to Ser-138.

Example 14

Analysis of Analogues of Lead Compounds SW033291, A
15-PGDH Inhibitor

[0688] This Example provides data on a group of struc-
tural analogues of SW033291. Data provided includes level
of induction of a 15-PGDH-luciferase fusion gene reporter,
recorded as % increased luciferase activity over basal level,
in three colon cancer cell lines, V9m, V503, and LS174T,
engineered to contain the reporter, and treated the compound
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(i.e., Values are recorded on a scale where 100 indicates of
doubling of luciferase activity over baseline level).

[0689] FIG. 100 shows chemical structures of a set of
seven compounds, designated SW209123 through
SW209129, that are structurally related to SW033291.
[0690] FIG. 101 shows the activity of each compound
SW209123 through SW209129 in inhibiting the enzymatic
activity of recombinant 15-PGDH protein in in vitro assays,
with the percent inhibition graphed on the Y-axis and the
Log of the compound concentration in nM graphed on the
X-axis. The inhibition curve for SW033291 is shown as a
comparator. The 1Cs,, for each compound is recorded. Two
compounds, SW209124 and SW209125, show lower 1Cy,,
and hence higher activity, than does SW033291.

[0691] FIG. 102 shows the activity of compounds
SW209123 through SW209129 in inducing PGE2 as
assayed in the medium of A549 cells that have first been
activated with IL-1beta. For comparison, also shown is
induction of PGE2 as assayed in the medium of A549 cells
that have first been activated with IL-1beta and then treated
with SW033291. Graphed are the effects of exposing the
IL-1beta stimulated A549 cells to increasing compound
concentrations of 4 nM, 20 nM, 100 nM, 500 nM, and 2500
nM. For comparison PGE2 levels are shown for DMSO
treated A549 cells and for A549 cells treated with IL-1beta
only. In this assay, SW209124 and SW209125 show
increased activity relative to SW033291 in this assay.
[0692] FIG. 103 shows activity of compound SW209123
through SW209129 in inducing luciferase activity in a
reporter cell line constructed from the Vaco 9IM (VOM)
colon cancer cell line into which a renilla luciferase cassette
has been targeted into the last coding exon of the endog-
enous 15-PGDH gene to create an in frame fusion gene
encoding a 15-PGDH-luciferease fusion protein. Activity of
SW033291 in the assay is also shown. Graphed are results
of treating the reporter cells with DMSO or with compounds
at concentrations of 39.0635 nM, 78.124 nM, 156.25 nM,
312.5 nM, 625 nM, 1250 nM, and 2500 nM.

[0693] FIG. 104 shows activity of compound SW209123
through SW209129 in inducing luciferase activity in a
reporter cell line constructed from the [L.S174T colon cancer
cell line into which a renilla luciferase cassette has been
targeted into the last coding exon of the endogenous
15-PGDH gene to create an in frame fusion gene encoding
a 15-PGDH-luciferease fusion protein. Activity of
SW033291 in the assay is also shown. Graphed are results
of treating the reporter cells with DMSO or with compounds
at concentrations of 39.0635 nM, 78.124 nM, 156.25 nM,
312.5 nM, 625 nM, 1250 nM, and 2500 nM.

[0694] FIG. 105 shows activity of compound SW209123
through SW209129 in inducing luciferase activity in a
reporter cell line constructed from the Vaco 503 (V503)
colon cancer cell line into which a renilla luciferase cassette
has been targeted into the last coding exon of the endog-
enous 15-PGDH gene to create an in frame fusion gene
encoding a 15-PGDH-luciferease fusion protein. Activity of
SW033291 in the assay is also shown. Graphed are results
of treating the reporter cells with DMSO or with compounds
at concentrations of 39.0635 nM, 78.124 nM, 156.25 nM,
312.5 nM, 625 nM, 1250 nM, and 2500 nM.

[0695] FIG. 106 shows the activity of each compound
SW209123 through SW209129 in inhibiting the enzymatic
activity of recombinant 15-PGDH protein in in vitro assays,
with the percent inhibition graphed on the Y-axis and
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compound is added at either 2.5 uM or 7.5 uM. Activity of
SW033291 in the assay is also shown.

Example 15

[0696] FIG. 107 shows chemical structures of a set of
thirteen compounds, designated set 20 with individual com-
pound identifiers ranging from SW209271 through
SW209283, that are structurally related to SW033291. For
each compound the molecular weight, tPSA, and CLogP is
also shown.

[0697] FIGS. 108 and 109 shows the activity of each
compound SW209271 through SW209283 in inhibiting the
enzymatic activity of recombinant 15-PGDH protein in in
vitro assays, with the percent inhibition graphed on the
Y-axis and the Log of the compound concentration in nM
graphed on the X-axis. The ICs, for each compound is
recorded.

[0698] FIG. 110 shows the activity of compounds
SW209271 through SW209283 in inducing PGE2 as
assayed in the medium of A549 cells that have first been
activated with IL-1beta. For comparison, also shown is
induction of PGE2 as assayed in the medium of A549 cells
that have first been activated with IL-1beta and then treated
with SW033291. Graphed are the effects of exposing the
IL-1beta stimulated A549 cells to increasing compound
concentrations of 4 nM, 20 nM, 100 nM, 500 nM, and 2500
nM. For comparison PGE2 levels are shown for DMSO
treated A549 cells and for A549 cells treated with IL-1beta
only.

[0699] FIG. 111 shows activity of compounds SW209271
through SW209283 in inducing luciferase activity in a
reporter cell line constructed from the Vaco 9IM (VOM)
colon cancer cell line into which a renilla luciferase cassette
has been targeted into the last coding exon of the endog-
enous 15-PGDH gene to create an in frame fusion gene
encoding a 15-PGDH-luciferease fusion protein. Activity of
SW033291 in the assay is also shown. Graphed are results
of treating the reporter cells with DMSO or with compounds
at concentrations of 19.5 nM, 39.0635 nM, 78.124 nM,
156.25 nM, 312.5 nM, 625 nM, and 1250 nM.

[0700] FIG. 112 shows activity of compounds SW209271
through SW209283 in inducing luciferase activity in a
reporter cell line constructed from the L.S174T colon cancer
cell line into which a renilla luciferase cassette has been
targeted into the last coding exon of the endogenous
15-PGDH gene to create an in frame fusion gene encoding
a 15-PGDH-luciferease fusion protein. Activity of
SW033291 in the assay is also shown. Graphed are results
of treating the reporter cells with DMSO or with compounds
at concentrations of 19.5 nM, 39.0635 nM, 78.124 nM,
156.25 nM, 312.5 nM, 625 nM, and 1250 nM.

[0701] FIG. 113 shows activity of compound SW209271
through SW209283 in inducing luciferase activity in a
reporter cell line constructed from the Vaco 503 (V503)
colon cancer cell line into which a renilla luciferase cassette
has been targeted into the last coding exon of the endog-
enous 15-PGDH gene to create an in frame fusion gene
encoding a 15-PGDH-luciferease fusion protein. Activity of
SW033291 in the assay is also shown. Graphed are results
of treating the reporter cells with DMSO or with compounds
at concentrations of 19.5 nM, 39.0635 nM, 78.124 nM,
156.25 nM, 312.5 nM, 625 nM, and 1250 nM.

[0702] FIG. 114 shows chemical structures of two previ-
ously described compounds, SW209125 and SW208436,
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along with a set of five compounds, designated set 21 with
individual compound identifiers ranging from SW209239
through SW209333, that are structurally related to
SW033291. For each compound the molecular weight,
tPSA, and CLogP is also shown.

[0703] FIG. 115 shows the activity of compounds
SW209125, SW208436 and set 21 compounds ranging from
SW209239 through SW209333 in inhibiting the enzymatic
activity of recombinant 15-PGDH protein in in vitro assays,
with the percent inhibition graphed on the Y-axis and the
Log of the compound concentration in nM graphed on the
X-axis. The IC50 for each compound is recorded.

[0704] FIG. 116 shows chemical structures of a set of six
compounds, designated set 23, with individual compound
identifiers ranging from SW209415 through SW209420,
that are structurally related to SW033291. For each com-
pound the molecular weight, tPSA, and CLogP is also
shown.

[0705] FIG. 117 shows the activity of set 23 compounds
ranging from SW209415 through SW209420 in inhibiting
the enzymatic activity of recombinant 15-PGDH protein in
in vitro assays, with the percent inhibition graphed on the
Y-axis and the Log of the compound concentration in nM
graphed on the X-axis. The ICs, for each compound is
recorded.

[0706] FIG. 118 shows the activity of selected set 21
compounds ranging from SW209239 through SW2093332
and set 23 compounds ranging from SW209415 through
SW209420 in inducing PGE?2 as assayed in the medium of
A549 cells that have first been activated with IL-1beta. For
comparison, also shown is induction of PGE2 as assayed in
the medium of A549 cells that have first been activated with
IL-1beta and then treated with SW033291. Graphed are the
effects of exposing the IL-1beta stimulated A549 cells to
increasing compound concentrations of 4 nM, 20 nM, 100
nM, 500 nM, and 2500 nM. For comparison PGE2 levels are
shown for DMSO treated A549 cells and for A549 cells
treated with IL-1beta only.

[0707] FIG. 119 shows activity of SW209125, SW208436
and set 21 compounds ranging from SW209239 through
SW209333 in inducing luciferase activity in a reporter cell
line constructed from the Vaco 9M (VIM) colon cancer cell
line into which a renilla luciferase cassette has been targeted
into the last coding exon of the endogenous 15-PGDH gene
to create an in frame fusion gene encoding a 15-PGDH-
luciferease fusion protein. Activity of SW033291 in the
assay is also shown. Graphed are results of treating the
reporter cells with DMSO or with compounds at concentra-
tions of 19.5 nM, 39.0635 nM, 78.124 nM, 156.25 nM,
312.5 nM, 625 nM, and 1250 nM.

[0708] FIG. 120 shows activity of SW209125, SW208436
and set 21 compounds ranging from SW209239 through
SW209333 in inducing luciferase activity in a reporter cell
line constructed from the LS174T colon cancer cell line into
which a renilla luciferase cassette has been targeted into the
last coding exon of the endogenous 15-PGDH gene to create
an in frame fusion gene encoding a 15-PGDH-luciferease
fusion protein. Activity of SW033291 in the assay is also
shown. Graphed are results of treating the reporter cells with
DMSO or with compounds at concentrations of 19.5 nM,
39.0635 nM, 78.124 nM, 156.25 nM, 312.5 nM, 625 nM,
and 1250 nM.

[0709] FIG. 121 shows activity of SW209125, SW208436
and set 21 compounds ranging from SW209239 through
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SW209333 in inducing luciferase activity in a reporter cell
line constructed from the Vaco 503 (V503) colon cancer cell
line into which a renilla luciferase cassette has been targeted
into the last coding exon of the endogenous 15-PGDH gene
to create an in frame fusion gene encoding a 15-PGDH-
luciferease fusion protein. Activity of SW033291 in the
assay is also shown. Graphed are results of treating the
reporter cells with DMSO or with compounds at concentra-
tions of 19.5 nM, 39.0635 nM, 78.124 nM, 156.25 nM,
312.5 nM, 625 nM, and 1250 nM.

[0710] FIG. 122 shows activity of set 23 compounds
ranging from SW209415 through SW209420 in inducing
luciferase activity in a reporter cell line constructed from the
Vaco IM (VOM) colon cancer cell line into which a renilla
luciferase cassette has been targeted into the last coding
exon of the endogenous 15-PGDH gene to create an in frame
fusion gene encoding a 15-PGDH-luciferease fusion protein.
Activity of SW033291 in the assay is also shown. Graphed
are results of treating the reporter cells with DMSO or with
compounds at concentrations of 39.0625 nM, 78.125 nM,
156.25 nM, 312.5 nM, 625 nM, 1250 nM, and 2500 nM.
[0711] FIG. 123 shows activity of set 23 compounds
ranging from SW209415 through SW209420 in inducing
luciferase activity in a reporter cell line constructed from the
LS174T colon cancer cell line into which a renilla luciferase
cassette has been targeted into the last coding exon of the
endogenous 15-PGDH gene to create an in frame fusion
gene encoding a 15-PGDH-luciferease fusion protein. Activ-
ity of SW033291 in the assay is also shown. Graphed are
results of treating the reporter cells with DMSO or with
compounds at concentrations of 39.0625 nM, 78.125 nM,
156.25 nM, 312.5 nM, 625 nM, 1250 nM, and 2500 nM.
[0712] FIG. 124 shows activity of set 23 compounds
ranging from SW209415 through SW209420 in inducing
luciferase activity in a reporter cell line constructed from the
Vaco 503 (V503) colon cancer cell line into which a renilla
luciferase cassette has been targeted into the last coding
exon of the endogenous 15-PGDH gene to create an in frame
fusion gene encoding a 15-PGDH-luciferease fusion protein.
Activity of SW033291 in the assay is also shown. Graphed
are results of treating the reporter cells with DMSO or with
compounds at concentrations of 39.0625 nM, 78.125 nM,
156.25 nM, 312.5 nM, 625 nM, 1250 nM, and 2500 nM.
[0713] FIG. 125 reprises the structures of SW209125, set
20 compound SW209279, and set 23 compounds
SW209415 and SW209418.

[0714] FIG. 126 shows repeat testing of the activity of
SW209125, set 20 compound SW209279, and set 23 com-
pounds SW209415 and SW209418, in inducing PGE2 as
assayed in the medium of A549 cells that have first been
activated with IL-1beta. For comparison, also shown is
induction of PGE2 as assayed in the medium of A549 cells
that have first been activated with IL-1beta and then treated
with SW033291. Graphed are the effects of exposing the
IL-1beta stimulated A549 cells to increasing compound
concentrations of 4 nM, 20 nM, 100 nM, 500 nM, and 2500
nM. For comparison PGE2 levels are shown for DMSO
treated A549 cells and for A549 cells treated with IL-1beta
only.

[0715] FIG. 127 shows testing of the activity of
SW209125, set 20 compound SW209279, and set 23 com-
pounds SW209415 and SW209418, in inducing PGE2 as
assayed in the medium of DLDI cells in media supple-
mented with arachidonic acid. For comparison, also shown
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is induction of PGE2 as assayed in the medium of DLD1
cells in media supplemented with arachidonic acid and
treated with SW033291. Graphed are the effects of exposing
the DLDI1 cells in media with arachidonic acid to increasing
compound concentrations of 4 nM, 20 nM, 100 nM, 500 nM,
and 2500 nM. For comparison PGE2 levels are shown for
DMSO treated DLDI1 cells and for DLD1 cells treated with
arachidonic acid (AA) only.

[0716] FIG. 128 shows activity of SW033291,
SW209125, set 20 compound SW209279, and set 23 com-
pounds SW209415 and SW209418, in inducing luciferase
activity in a reporter cell line constructed from the Vaco 9M
(VOM) colon cancer cell line into which a renilla luciferase
cassette has been targeted into the last coding exon of the
endogenous 15-PGDH gene to create an in frame fusion
gene encoding a 15-PGDH-luciferease fusion protein. Activ-
ity of SW033291 in the assay is also shown. Graphed are
results of treating the reporter cells with DMSO or with
compounds at concentrations ranging from (right to left) of
2.4 nM up to 2500 nM.

[0717] FIG. 129 shows activity of SW033291,
SW209125, set 20 compound SW209279, and set 23 com-
pounds SW209415 and SW209418, in inducing luciferase
activity in a reporter cell line constructed from the L.S174T
colon cancer cell line into which a renilla luciferase cassette
has been targeted into the last coding exon of the endog-
enous 15-PGDH gene to create an in frame fusion gene
encoding a 15-PGDH-luciferease fusion protein. Activity of
SW033291 in the assay is also shown. Graphed are results
of treating the reporter cells with DMSO or with compounds
at concentrations ranging from (right to left) of 2.4 nM up
to 2500 nM.

[0718] FIG. 130 shows activity of SW033291,
SW209125, set 20 compound SW209279, and set 23 com-
pounds SW209415 and SW209418 in inducing luciferase
activity in a reporter cell line constructed from the Vaco 503
(V503) colon cancer cell line into which a renilla luciferase
cassette has been targeted into the last coding exon of the
endogenous 15-PGDH gene to create an in frame fusion
gene encoding a 15-PGDH-luciferease fusion protein. Activ-
ity of SW033291 in the assay is also shown. Graphed are
results of treating the reporter cells with DMSO or with
compounds at concentrations ranging from (right to left) of
2.4 nM up to 2500 nM.

[0719] FIG. 131 shows chemical structures of a set of
seven compounds, designated set 24, with individual com-
pound identifiers ranging from SW209427 up to SW209513,
that are structurally related to SW033291. For each com-
pound the molecular weight, tPSA, and CLogP is also
shown. Also shown is the repeated structure of SW209415.
[0720] FIG. 132 shows the activity of each compound in
set 24 with compound numbers from SW209427 up to
SW209513 in inhibiting the enzymatic activity of recombi-
nant 15-PGDH protein in in vitro assays, with the percent
inhibition graphed on the Y-axis and the Log of the com-
pound concentration in nM graphed on the X-axis. The IC,
for each compound is recorded. Also shown is the repeated
assay of SW209415.

[0721] FIG. 133 shows activity of set 24 compounds, with
compound numbers from SW209427 up to SW209513, in
inducing luciferase activity in a reporter cell line constructed
from the Vaco 9M (VOM) colon cancer cell line into which
a renilla luciferase cassette has been targeted into the last
coding exon of the endogenous 15-PGDH gene to create an
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in frame fusion gene encoding a 15-PGDH-luciferease
fusion protein. Activity of SW033291 in the assay is also
shown. Graphed are results of treating the reporter cells with
DMSO or with compounds at concentrations of 19.5 nM,
39.0635 nM, 78.125 nM, 156.25 nM, 312.5 nM, 625 nM,
1250 nM, and 2500 nM.

[0722] FIG. 134 shows activity of set 24 compounds, with
compound numbers from SW209427 up to SW209513, in
inducing luciferase activity in a reporter cell line constructed
from the LS174T colon cancer cell line into which a renilla
luciferase cassette has been targeted into the last coding
exon of the endogenous 15-PGDH gene to create an in frame
fusion gene encoding a 15-PGDH-luciferease fusion protein.
Activity of SW033291 in the assay is also shown. Graphed
are results of treating the reporter cells with DMSO or with
compounds at concentrations of 19.5 nM, 39.0635 nM,
78.125 nM, 156.25 nM, 312.5 nM, 625 nM, 1250 nM, and
2500 nM.

[0723] FIG. 135 shows dose response curves for inhibition
of enzymatic activity of recombinant 15-PGDH (Y-axis)
versus log of the nM concentration of racemic SW209415
(top graph), or of the (-) isomer of SW209415 (bottom left
graph), or of the (+) isomer of SW209415 (bottom right
graph). IC,, for racemic SW209415 is 2.6 nM. IC,,, for (+)
SW209415 is 1.3 nM. IC,, for (=) SW209415 is 164 nM.
[0724] FIG. 136 shows that the enantiomers of SW209415
can be separated chromatographically using a semi-prepara-
tive Chiralpak AD HPLC column with methanol as the
mobile phase at 2.5 ml/min.

[0725] FIG. 137 illustrates a graph illustrating the induc-
tion of PGE2 that is secreted into cell culture media of A549
cells that are treated with: DMSO alone; IL1-beta alone;
IL1-beta plus racemic SW209415 (labeled SW209415);
1L1-beta plus (=) SW209415 (labeled SW209415 (-)); IL1-
beta plus (+) SW209415 (labeled SW209415 (+)); or with
1L1-beta plus SW033291 (labeled SW033291). Each of the
15-PGDH inhibitor drugs was tested as concentrations of 4
nM, 20 nM, 100 nM, 500 nM, and 2500 nM.

[0726] FIGS. 138(A-D) illustrate graphs showing induc-
tion of PGE2 (pg of PGE2/mg tissue protein) in 4 different
mouse tissues (colon, bone marrow, liver, lung) across time
following IP injection of SW209415 at 10 mg/kg. Blue bar
represents baseline at time 0, and red bars represent time
course from 1-12 hours following SW209415 injection.
[0727] FIG. 139 shows schema of an experiment in which
female C57BL/6J mice are lethally irradiated (IR) and 12
hours later receive a transplant with CFSE dye labeled bone
marrow cells from a donor C57BL/6] female mouse, and the
number of transplanted cells that home and survive in the
bone marrow of the recipient mice are then determined by
FACS at 16 hours post-transplant. In different arms of the
experiment mice are treated with vehicle, or with
SW033291 10 mg/kg IP, or with SW209415 (racemate) at 10
mg/kg IP. Drugs are administered following radiation, fol-
lowing the transplant, and again at 8 hours after the trans-
plant.

[0728] FIG. 140 illustrates a graph showing the percent of
CFSE dye labeled donor bone marrow cells that have homed
to the bone marrow of recipient mice treated as per the
schema described in FIG. 139. Treating mice with
SW033291 (labeled 291) or with SW209415 (labeled 415)
at the time of and following the transplant increases numbers
ot homed donor cells in the recipient mouse bone marrow by
approximately 2.5-fold.
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[0729] FIG. 141 shows activity of (+) SW209415 in
increasing PGE2 in mouse tissues. Shown is measurement
by Elisa of PGE2 (ng PGE2/mg of tissue protein) from 4
mouse tissues: lung, liver, colon and bone marrow. Mice
were injected [P with either vehicle control (blue bars), or
(+) SW209415 at 0.5 mg/kg (yellow bars), 1.5 mg/kg (green
bars), or 5 mg/kg (orange bars). Tissues were harvested for
PGE?2 assay at either 2 hour (2h) or 3 hour (3h) time points
following drug injection. (+) SW209415 shows induction of
PGE?2 in all 4 tissues tested, with activity seen at 2 hours, and
peak at 3 hours, and with (+) SW209415 induced peak PGE2
levels approximately double those of vehicle control.
[0730] While this invention has been particularly shown
and described with references to preferred embodiments
thereof, it will be understood by those skilled in the art that
various changes in form and details may be made therein
without departing from the scope of the invention encom-
passed by the appended claims. All patents, publications and
references cited in the foregoing specification are herein
incorporated by reference in their entirety.

1.-27. (canceled)

28. A composition for topical administration comprising:
sodium cromoglicate, an amphoteric surfactant, and an
alkoxylated cetyl alcohol, wherein the total amount of a
preservative present in the composition is about 0.2% w/w
or less.

29. The composition according to claim 28, wherein the
total amount of preservative is selected from

a) about 0.001% to about 0.2% w/w of the composition,

b) about 0.01% to about 0.15% w/w of the composition,

or

¢) about 0.1% w/w of the composition.

30. The composition according to claim 28, wherein the
preservative, if present, is not one or more of benzyl alcohol
and triclosan.

31. The composition according to claim 28, wherein the
preservative is chlorocresol.

32. The composition according to claim 28, wherein the
amphoteric surfactant is a balanced amphoteric surfactant.

33. The composition according to claim 28, wherein the
alkoxylated cetyl alcohol is polypropoxylated cetyl alcohol.

34. The composition according to claim 28, wherein the
amphoteric surfactant comprises disodium cocoamphodiac-
etate.

35. The composition according to claim 28, further com-
prising a corticosteroid.

36. The composition according to claim 28, wherein the
composition comprises an aqueous phase and an oil phase.

37. The composition according to claim 36, wherein the
composition is an oil-in-water emulsion.

38. The composition according to claim 28, wherein the
composition is a foam, a cream, an ointment, or a lotion.

39. The composition according to claim 28, packaged in
a tube, tub, bottle, or pressurized aerosol container.

40. A method for treating a skin disease or condition
comprising administering the composition according to
claim 28.

41. The method according to claim 40, wherein the skin
disease or condition comprises one or more of skin mast
cells, delayed (cellular) hypersensitivity reactions, and
inflammation.

42. The method according to claim 40, wherein the skin
disease or condition is selected from atopic dermatitis,
eczema, contact sensitivity, psoriasis, drug sensitivity reac-
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tions, aphthous ulcers, pemphigus, urticaria, urticaria pig-
mentosa, pyoderma gangrenosum, skin ulcers associated
with Crohn’s disease, burns, insect stings/bites, morphoea
(circumscribed or localised scleroderma), and sunburn.

43. The method according to claim 40, further comprising
administering a corticosteroid.

44. The method according to claim 43, wherein the
corticosteroid is incorporated into the composition or admin-
istered as a separate composition.

45. A composition for topical administration comprising:

a) sodium cromoglicate;

b) an amphoteric surfactant;

¢) an alkoxylated cetyl alcohol, and

d) a preservative in an amount selected from

1) about 0.001% to about 0.2% w/w of the composition,

i) about 0.01% to about 0.15% w/w of the composi-
tion, or

iii) about 0.1% w/w of the composition.

46. The composition of claim 45, wherein the amphoteric
surfactant comprises disodium cocoamphodiacetate; the
alkoxylated cetyl alcohol is polypropoxylated cetyl alcohol;
and the preservative is chlorocresol.

47. The composition of claim 45, further comprising a
corticosteroid.



