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Vimentin as a Biomarker for the Progression of Myeloproliferative Neoplasms

CROSS-REFERENCE TO RELATED APPLICATIONS

This application claims the benefit of U.S. Provisonal Patent Application No.
61/513, 314, filed July 29, 2011, the contents of which are incorporated herein by

reference in their entirety.

STATEMENT OF RIGHTS TO INVENTIONS MADE UNDER FEDERALLY
SPONSORED RESEARCH

This work was supported in part by a National Institutes of Health/NHLBI
Grant, Grant No. RO1-HL67277. The government has certain rights in the invention.

BACKGROUND OF THE INVENTION

Protein kinases constitute a large family of structurally related enzymes that
are responsible for the control of a variety of signal transduction processes within the
cell. (See, Hardie, G. and Hanks, S. The Protein Kinase Facts Book, I and II,
Academic Press, San Diego, Calif.: 1995). The kinases may be categorized into
families by the substrates they phosphorylate (e.g., protein-tyrosine, protein-
serine/threonine, lipids, etc.). Sequence motifs have been identified that generally
correspond to each of these kinase families (See, for example, Hanks, S. K., Hunter,
T., FASEB J. 1995, 9, 576-596; Knighton et al., Science 1991, 253, 407-414; Hiles et
al., Cell 1992, 70, 419-429; Kunz et al., Cell 1993, 73, 585-596; Garcia-Bustos et al.,
EMBO J. 1994, 13, 2352-2361).

In general, protein kinases mediate intracellular signaling by effecting a
phosphoryl transfer from a nucleoside triphosphate to a protein acceptor that is
involved in a signaling pathway. These phosphorylation events act as molecular
on/off switches that can modulate or regulate the target protein biological function.
These phosphorylation events are ultimately triggered in response to a variety of
extracellular and other stimuli (e.g., environmental stress, chemical stress, signaling
by agents including e.g., cytokines and growth factors).

The Janus kinases (JAK) are a family of tyrosine kinases consisting of Jak1,

Jak2, Jak3 and TYK2. The JAKSs play a critical role in cytokine signaling. The down-
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stream substrates of the JAK family of kinases include the signal transducer and
activator of transcription (STAT) proteins. JAK/STAT signaling has been implicated
in the mediation of many abnormal immune responses such as allergies, asthma,
autoimmune diseases such as transplant rejection, theumatoid arthritis, amyotrophic
lateral sclerosis and multiple sclerosis as well as in solid and hematologic
malignancies such as leukemias and lymphomas. The pharmaceutical intervention in
the JAK/STAT pathway has been reviewed [Frank, Mol. Med. 5, 432-456 (1999) &
Seidel et al., Oncogene 19, 2645-2656 (2000)].

Jakl, Jak2, and TYK?2 are ubiquitously expressed, while Jak3 is
predominantly expressed in hematopoietic cells. Jak3 binds exclusively to the
common cytokine receptor gamma-chain and is activated by IL-2, IL-4, IL-7, IL-9,
and IL-15. The proliferation and survival of murine mast cells induced by IL-4 and
IL-9 have, in fact, been shown to be dependent on Jak3- and gamma-chain-signaling
(Suzuki et al., Blood 96, 2172-2180 (2000)).

While certain known Jak2 inhibitor compounds have been proposed for
therapeutic uses, these compounds often suffer limitations due, in part, to their lack of
target specificity. As such, there is a need for therapeutic agents that are useful in
mediating Jak2-mediated disease but are devoid of the side effect and selectivity

limitations of existing agents.

SUMMARY OF THE INVENTION

The invention provides compounds that can be used for treating Jak2-mediated

diseases and disorders in a subject, and methods and uses thereof.

In one aspect, the invention relates to a compound of Formula (I):

R4
RS R®
OR1 1
NR'R?2
Formula (I)

wherein

R! and R? are each independently H, -(C;-Cy)alkyl, -(C,-Cs)alkenyl, -(C,-Cg)alkynyl,
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wherein -(C,-Cy)alkyl can be further substituted with one or more hydroxy or
halogen;

or

R' and R?, together with the N-atom to which they are attached, to form a 5-
membered or 6-membered heterocyclic ring, provided that when R' and R* together
with the N-atom form a piperazine ring, the second nitrogen on the piperazine ring
can be further optionally substituted with -(C;-Cy,)alkyl, -(Cs-C;)cycloalkyl, aryl or
acyl, wherein —(C;-Cy)alkyl, -(Cs-C7)cycloalkyl, aryl or acyl can be substituted with
one or more hydroxy, halogen or —(C;-Cs)alkyl;

R’ is H, -(C;-Cy)alkyl, -(C5-Cy)cycloalkyl, or aryl;

R*is H or R7;

R’ is H, -(C,-Cy)alkyl, -C(CHz),-R®, or R’; provided that when R* is H, R is R’ or -
C(CH:),-R®, and that when R is H or -(C,-Cy)alkyl, R* is R’, wherein R* and R’
cannot be both R’ at the same time;

R®is H, -(C;-Cy)alkyl, phenyl, or

HO

R2\N

/

R4

wherein R and R” are as defined above;
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7.
R'i1s

—(CHR %5 R®

R9

i—(R1)C=CR" R®

2

wherein R® and R® are each independently H, -OH, -O-(C;-C,)alkyl, —CH2—NR1R2,

5  wherein R! and R? are as defined above;

R'? for each occurrence independently is hydrogen, or —(C;-Cs)alkyl;

R s H, acyl, tosyl, -(C;-Cy)alkyl, or aryl;

or a pharmaceutically acceptable salt, ester, hydrate or solvate thereof;

provided that the compound is not:

10 L.
IL.

111

IV.

V.

15 VI
VIIL

VIIL

4.,4'-(Hex-3-ene-3,4-diyl)bis(2-((diethylamino)methyl)phenol);
4.4'-(Ethene-1,2-diyl)bis(2-((diethylamino)methyl)phenol);
5,5'-(Hex-3-ene-3,4-diyl)bis(2-((dimethylamino)methyl)phenol);
4.4'-(Hex-3-ene-3,4-diyl)bis(2-((dimethylamino)methyl)phenol);
4.4'-(Ethene-1,2-diyl)bis(2-((dimethylamino)methyl)phenol);
4,4'-(Hex-3-ene-3,4-diyl)bis(2-((diethylamino)methyl)phenol);
4.,4'-(Ethene-1,2-diyl)bis(2-((diethylamino)methyl)phenol); or
4,4'-(Ethene-1,2-diyl)bis(2-(pyrrolidin-1-ylmethyl)phenol).

In one embodiment of the compounds of Formula (I), R"" is hydrogen. In

20  another embodiment, R'? for each occurrence independently is hydrogen, methyl or

ethyl.

In one embodiment of the compounds of Formula (I), R” is H. In another

embodiment, one of R*andR’isR’. Ina separate embodiment, R’is

R9

[}
—R'")C=CR" RS
!
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In one embodiment of the compounds of Formula (I), R* is R’. In another
embodiment, R’ is H. In one embodiment, R®is —CH2—NR1R2 and R’ is hydroxy,
where R' and R are defined in Formula (I). In one embodiment, R' for each
occurrence independently is hydrogen or methyl. In another embodiment, R' and R*
for each occurrence independently are -(C,-Cy)alkyl. In still another embodiment, R’
and R* together with the N-atom to which they are attached form a piperidinyl,

pyrrolidinyl or imidazolyl ring, wherein R'®is the same for each occurrence.

In one embodiment, R'%is ethyl. In another embodiment, R' and R?
independently are ethyl or isopropyl. In another embodiment, R' and R* together with

the N-atom to which they are attached form a pyrrolidinyl or imidazolyl ring.

In another embodiment, R*is H. In certain embodiments, R%isR’. In one
embodiment, R® is hydroxy and R” is -CH,-NR'R?, wherein R' and R” are defined in
Formula (I). In one embodiment, R s methyl. In another embodiment, R! and R for
each occurrence independently are -(C,_y)alkyl, or R' and R together with the N-atom
to which they are attached form a 5-membered or 6-membered heterocyclic ring. In
another embodiment, R' and R* independently are propyl or isopropyl, when R'® is H
or ethyl, and R' is the same for each occurrence. In another embodiment, when R!%js
ethyl, R' and R* together with the N-atom to which they are attached form a

piperidinyl, pyrrolidinyl or imidazolyl ring.

In certain embodiments, the compound is selected from the group (Group (A))
consisting of
a) 4,4'-(but-2-ene-2,3-diyl)bis(2-((diethylamino)methyl)phenol);
b) 5,5-(but-2-ene-2,3-diyl)bis(2-((diethylamino)methyl)phenol);
c) 5,5-(but-2-ene-2,3-diyl)bis(2-((dimethylamino)methyl)phenol);
d) 5,5'-(ethene-1,2-diyl)bis(2-((diethylamino)methyl)phenol);
e) 5,5-(ethene-1,2-diyl)bis(2-((dimethylamino)methyl)phenol);
f) 5,5'-(ethene-1,2-diyl)bis(2-(piperidin-1-ylmethyl)phenol);
g2) 5,5'-(but-2-ene-2,3-diyl)bis(2-((diethylamino)methyl)phenol).2HCI;
h) 5,5'-(but-2-ene-2,3-diyl)bis(2-((dimethylamino)methyl)phenol).2HCI;
1) 5,5-(ethene-1,2-diyl)bis(2-((diethylamino)methyl)phenol).2HCI;
J)  5,5'-(ethene-1,2-diyl)bis(2-((dimethylamino)methyl)phenol).2HCI;
k) 5,5'-(ethene-1,2-diyl)bis(2-(piperidin-1-ylmethyl)phenol).2HCI;
1) 5,5-(but-2-ene-2,3-diyl)bis(2-((dimethylamino)methyl)phenol);
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m) 5,5'-(ethene-1,2-diyl)bis(2-((dimethylamino)methyl)phenol);

n) 4,4'-(but-2-ene-2,3-diyl)bis(2-((dimethylamino)methyl)phenol);
o) 5,5'-(but-2-ene-2,3-diyl)bis(2-((diethylamino)methyl)phenol);

p) 5.5-(hex-3-ene-3,4-diyl)bis(2-((diethylamino)methyl)phenol);

q) 5.5'-(ethene-1,2-diyl)bis(2-((diethylamino)methyl)phenol);

r) 4,4'-(but-2-ene-2,3-diyl)bis(2-((diethylamino)methyl)phenol);

s) 5,5-(But-2-ene-2,3-diyl)bis(2-(pyrrolidin-1-ylmethyl)phenol);

t) 5,5'-(Hex-3-ene-3,4-diyl)bis(2-(pyrrolidin-1-ylmethyl)phenol);

u) 5,5'-(Ethene-1,2-diyl)bis(2-(pyrrolidin-1-ylmethyl)phenol);

v) 4,4'-(But-2-ene-2,3-diyl)bis(2-(pyrrolidin-1-ylmethyl)phenol);

w) 4,4'-(Hex-3-ene-3,4-diyl)bis(2-(pyrrolidin-1-ylmethyl)phenol);

x) 5,5'-(But-2-ene-2,3-diyl)bis(2-((diisopropylamino)methyl)phenol);
y) 5,5'-(Hex-3-ene-3,4-diyl)bis(2-((diisopropylamino)methyl)phenol);
z) 5,5'-(Ethene-1,2-diyl)bis(2-((diisopropylamino)methyl)phenol);

aa) 4,4'-(But-2-ene-2,3-diyl)bis(2-((diisopropylamino)methyl)phenol);
bb) 4,4'-(But-2-ene-2,3-diyl)bis(2-((diisopropylamino)methyl)phenol);
cc) 4,4'-(Hex-3-ene-3,4-diyl)bis(2-((diisopropylamino)methyl)phenol);
dd) 4,4'-(Ethene-1,2-diyl)bis(2-((diisopropylamino)methyl)phenol);

ee) 5,5'-(But-2-ene-2,3-diyl)bis(2-((1H-imidazol-1-yl)methyl)phenol);
ff) 5,5'-(Hex-3-ene-3,4-diyl)bis(2-((1H-imidazol-1-yl)methyl)phenol);
gg) 5,5'-(Ethene-1,2-diyl)bis(2-((1H-imidazol-1-yl)methyl)phenol);

hh) 4,4'-(But-2-ene-2,3-diyl)bis(2-((1H-imidazol-1-yl)methyl)phenol);
i1) 4,4'-(Hex-3-ene-3,4-diyl)bis(2-((1H-imidazol-1-yl)methyl)phenol); and
j)) 4,4-(Ethene-1,2-diyl)bis(2-((1H-imidazol-1-yl)methyl)phenol);

or a pharmaceutically acceptable salt, ester, hydrate or solvate thereof.

The chemical name of each compound presented herein expressly

encompasses both cis- and trans- isomers of the compound.

In another aspect, the invention relates to a compound of Formula (II):
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R4
R R3
OR11
NR'R?
Formula (II)

wherein

R' and R? are each independently H, -(C,-Cy)alkyl, -(C,-Cg)alkenyl, -(C,-
Cg)alkynyl,

HO: :‘; Xj/ m
* HO ’Or *

wherein -(C;-Cy)alkyl can be further substituted with one or more hydroxy or
halogen;

or

R' and R? together with the N-atom to which they are attached, to form a 5-membered
or 6-membered heterocyclic ring, provided that when R' and R* together with the N-
atom form a piperazine ring, the second nitrogen on the piperazine ring can be further
optionally substituted with -(C;-Cy)alkyl, -(C3-C7)cycloalkyl, aryl or acyl, wherein —
(Ci-Cy)alkyl, -(C5-C7)cycloalkyl, aryl or acyl can be substituted with one or more
hydroxy, halogen or —(C;-Cs)alkyl;

R’ is H, -(C;-Cy)alkyl, -(C5-Cy)cycloalkyl, aryl;

R*is H or R7;

R’ is H, -(C,-Cyalkyl, -C(CH3),-R®, or R/, provided that when R* is H, R*is R’ or -
C(CHa),-R®, and that when R’ is H or -(C;-Cy)alkyl, R* is R’, wherein R* and R’
cannot be both R’ at the same time;

R®is H, -(C;-Cy)alkyl, phenyl, or
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HO

R2\N

. 1 2 .
wherein R and R” are as defined above;

7.
R'i1s

R9

—(CHR %5 R® !
i—(R!)C=C(R" R®

wherein R® and R® are each independently H, -OH, -O-(C;-C,)alkyl, —CH2—NR1R2,
wherein R! and R? are as defined above;

R'? for each occurrence independently is hydrogen, or —(C;-Cs)alkyl;

R s H, acyl, tosyl, -(C;-Cs)alkyl, or aryl;

or a pharmaceutically acceptable salt, ester, hydrate or solvate thereof.

In certain embodiments, a compound of Formula (I) or Formula (I1) is not a
compound of the following group consisting of: 4,4'-(hex-3-ene-3,4-diyl)bis(2-
((diethylamino)methyl)phenol) (“G6); 4,4'-(hexane-3,4-diyl)bis(2-
((diethylamino)methyl)phenol) (also as “D1); 4-benzyl-2-
((diethylamino)methyl)phenol (also as “D2”); 2,2'-
(methylazanediyl)bis(methylene)bis(4-methylphenol) (also as “D3”); 2-
((dimethylamino)methyl)-4-(4-(4-hydroxyphenyl)hexan-3-yl)phenol (also as “D4”);
2,2'-(piperazine-1,4-diylbis(methylene))bis(4-ethylphenol) (also as “D5”); 2,2'-
(piperazine-1,4-diylbis(methylene))bis(4-methylphenol) (also as “D6”); 6,6'-
(methylazanediyl)bis(methylene)bis(2-methylphenol) (also as “D77); 2,2'-(2-hydroxy-
5-(4-(4-hydroxyphenyl)hex-3-en-3-yl)benzylazanediyl)diethanol (also as “D107); 2-
((dimethylamino)methyl)-4-(2-phenylpropan-2-yl)phenol (also as “D11”); 2-
cyclohexyl-6-((diethylamino)methyl)-4-tert-pentylphenol (also as “D12”); 3-
((diethylamino)methyl)-5-tert-pentylbiphenyl-2-ol (also as “D13”); 5-tert-butyl-3-
((diethylamino)methyl)biphenyl-2-ol (also as “D14”); 3-

8
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((dimethylamino)methyl)biphenyl-2-ol (also as “D217); 2-((diethylamino)methyl)-4-
(4-(4-methoxyphenyl)hex-3-en-3-yl)phenol (also as “D22”); 2-
((benzylamino)methyl)-4,6-dimethylphenol (also as “D23”); 2-cyclohexyl-6-
((diethylamino)methyl)-4-(2-phenylpropan-2-yl)phenol (also as “D25”); 2-
((dimethylamino)methyl)-4-(4-(4-methoxyphenyl)hex-3-en-3-yl)phenol (also as
“D28”); 5,5'-(hexane-3,4-diyl)bis(2-((dimethylamino)methyl)phenol) (also as “D30”).

In certain embodiments, the invention provides a compound selected from the
group (Group B) consisting of: 4,4'-(Hex-3-ene-3,4-diyl)bis(2-
((diethylamino)methyl)phenol); 4,4'-(Ethene-1,2-diyl)bis(2-
((diethylamino)methyl)phenol); 4,4'-(but-2-ene-2,3-diyl)bis(2-
((diethylamino)methyl)phenol); 5,5'-(but-2-ene-2,3-diyl)bis(2-
((diethylamino)methyl)phenol); 5,5'-(but-2-ene-2,3-diyl)bis(2-
((dimethylamino)methyl)phenol); 5,5'-(ethene-1,2-diyl)bis(2-
((diethylamino)methyl)phenol); 5,5'-(ethene-1,2-diyl)bis(2-
((dimethylamino)methyl)phenol); 5,5'-(ethene-1,2-diyl)bis(2-(piperidin-1-
ylmethyl)phenol); 5,5'-(but-2-ene-2,3-diyl)bis(2-
((diethylamino)methyl)phenol).2HCI; 5,5'-(but-2-ene-2,3-diyl)bis(2-
((dimethylamino)methyl)phenol).2HCI; 5,5'-(ethene-1,2-diyl)bis(2-
((diethylamino)methyl)phenol).2HCI; 5,5'-(ethene-1,2-diyl)bis(2-
((dimethylamino)methyl)phenol).2HCI; 5,5'-(ethene-1,2-diyl)bis(2-(piperidin-1-
ylmethyl)phenol).2HCI; 5,5'-(but-2-ene-2,3-diyl)bis(2-
((dimethylamino)methyl)phenol); 5,5'-(ethene-1,2-diyl)bis(2-
((dimethylamino)methyl)phenol); 4,4'-(but-2-ene-2,3-diyl)bis(2-
((dimethylamino)methyl)phenol); 5,5'-(but-2-ene-2,3-diyl)bis(2-
((diethylamino)methyl)phenol); 5,5'-(hex-3-ene-3,4-diyl)bis(2-
((diethylamino)methyl)phenol); 5,5'-(ethene-1,2-diyl)bis(2-
((diethylamino)methyl)phenol); 4,4'-(but-2-ene-2,3-diyl)bis(2-
((diethylamino)methyl)phenol); 5,5'-(But-2-ene-2,3-diyl)bis(2-(pyrrolidin-1-
ylmethyl)phenol); 5,5'-(Hex-3-ene-3,4-diyl)bis(2-(pyrrolidin-1-ylmethyl)phenol);
5,5'-(Ethene-1,2-diyl)bis(2-(pyrrolidin-1-ylmethyl)phenol); 4,4'-(But-2-ene-2,3-
diyl)bis(2-(pyrrolidin-1-ylmethyl)phenol); 4,4'-(Hex-3-ene-3,4-diyl)bis(2-(pyrrolidin-
1-ylmethyl)phenol); 5,5'-(But-2-ene-2,3-diyl)bis(2-
((diisopropylamino)methyl)phenol); 5,5'-(Hex-3-ene-3,4-diyl)bis(2-
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((diisopropylamino)methyl)phenol); 5,5'-(Ethene-1,2-diyl)bis(2-
((diisopropylamino)methyl)phenol); 4,4'-(But-2-ene-2,3-diyl)bis(2-
((diisopropylamino)methyl)phenol); 4,4'-(But-2-ene-2,3-diyl)bis(2-
((diisopropylamino)methyl)phenol); 4,4'-(Hex-3-ene-3,4-diyl)bis(2-
((diisopropylamino)methyl)phenol); 4,4'-(Ethene-1,2-diyl)bis(2-
((diisopropylamino)methyl)phenol); 5,5'-(But-2-ene-2,3-diyl)bis(2-((1H-imidazol-1-
yD)methyl)phenol); 5,5'-(Hex-3-ene-3,4-diyl)bis(2-((1H-imidazol-1-
yDmethyl)phenol); 5,5'-(Ethene-1,2-diyl)bis(2-((1H-imidazol-1-yl)methyl)phenol);
4.4'-(But-2-ene-2,3-diyl)bis(2-((1H-imidazol- 1-yl)methyl)phenol); 4,4'-(Hex-3-ene-
3,4-diyl)bis(2-((1H-imidazol-1-yl)methyl)phenol); 4,4'-(Ethene-1,2-diyl)bis(2-((1H-
imidazol-1-yl)methyl)phenol); 5,5'-(Hex-3-ene-3,4-diyl)bis(2-
((dimethylamino)methyl)phenol); 4,4'-(Hex-3-ene-3,4-diyl)bis(2-
((dimethylamino)methyl)phenol); 4,4'-(Ethene-1,2-diyl)bis(2-
((dimethylamino)methyl)phenol); 4,4'-(Hex-3-ene-3,4-diyl)bis(2-
((diethylamino)methyl)phenol); and 4,4'-(Ethene-1,2-diyl)bis(2-
((diethylamino)methyl)phenol); and 4,4'-(Ethene-1,2-diyl)bis(2-(pyrrolidin-1-
ylmethyl)phenol);

or a pharmaceutically acceptable salt, ester, hydrate or solvate thereof.

The name of each compound presented in Group (B) is meant to expressly

encompass both cis- and trans- isomers of the compound.

In certain embodiments, the compound is selected from the following group
(Group C):
1) (Z)- and (E)-4,4'-(Ethene-1,2-diyl)bis(2-((diethylamino)methyl)phenol) (“NB-1"):

s 20
D > OO

2) (Z)- and (E)-4.,4'-(But-2-ene-2,3-diyl)bis(2-((diethylamino)methyl)phenol) (“NB-
2”):

10
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k gees

3) (Z)- and (E)-5,5'-(But-2-ene-2,3-diyl)bis(2-((diethylamino)methyl)phenol) (“NB-
379):

h

N
T
HO )
| o 7 CH (
/(:C\N/\ N~
N
5 4) (Z)- and (E)-5,5-(But-2-ene-2,3-diyl)bis(2-((dimethylamino)methyl)phenol)
(“NB-47):

\ 7/

/

5) (Z)- and (E)-5,5'-(Ethene-1,2-diyl)bis(2-((diethylamino)methyl)phenol) (“NB-
579):

U )

-

10
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6) (Z)- and (E)-5,5'-(Ethene-1,2-diyl)bis(2-((dimethylamino)methyl)phenol) (“NB-
6”):

5 7) (Z)- and (E)-5,5'-(Ethene-1,2-diyl)bis(2-(piperidin-1-ylmethyl)phenol) (“NB-
7’):

@ oS

8) (Z)- and (E)-5,5'-(But-2-ene-2,3-diyl)bis(2-
10 ((diethylamino)methyl)phenol).2HCI (“NB-8”):

- )
® S oYl
~ )
~

9) (Z)- and (E)-5,5'-(But-2-ene-2,3-diyl)bis(2-
((dimethylamino)methyl)phenol).2HCI (“NB-9”):

12



WO 2013/019655 PCT/US2012/048635

PN
~
HO N, 2HCI T
| - / OH
LT (L
~
AN o 2HCI

10) (Z)- and (E)-5,5'-(Ethene-1,2-diyl)bis(2-((diethylamino)methyl)phenol).2HCI
(“NB-107):

U -

RODUT OH
OOC ey

5 11) (Z)- and (E)-5,5'-(Ethene-1,2-diyl)bis(2-
((dimethylamino)methyl)phenol).2HCI1 (“NB-117):

OH

N

2

12) (Z)- and (E)-5,5'-(Ethene-1,2-diyl)bis(2-(piperidin-1-ylmethyl)phenol) (“NB-

127):
9 O
HO G "o O N OH
O 2HCI
N
O I\O 2HCI
10 ~ OH

13
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13) (Z) and (E)-4,4'-(But-2-ene-2,3-diyl)bis(2-((dimethylamino)methyl)phenol)
GGNB 137’)

HO \N/
O )

N

14)  (Z) and (E)-5,5-(Ethene-1,2-diyl)bis(2-(pyrrolidin-1-ylmethyl)phenol) (“NB-

5
oo

HO

(P

”H

15) (Z) and (E)-4,4'-(Ethene-1,2-diyl)bis(2-((dimethylamino)methyl)phenol) (“NB-
157):

14
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PN and

16) (Z) and (E)-5,5'-(But-2-ene-2,3-diyl)bis(2-(piperidin-1-ylmethyl)phenol) (“NB-
167):

and

17)  (Z) and (E)-(5,5'-(but-2-ene-2,3-diyl)bis(2-(pyrrolidin-1-ylmethyl)phenol)
(“NB-177):

15
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QO

N
@ T C
N
POV N
HO
and Q;

18) (Z) and (E)-5,5'-(Ethene-1,2-diyl)bis(2-(morpholinomethyl)phenol) (“NB-
187):

O

&

IS
o

N
HO ! /

~
Q

19) (Z) and (E)-5,5'-(But-2-ene-2,3-diyl)bis(2-(morpholinomethyl)phenol) (“NB-
197):

16
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o
(e o)

20)  (Z) and (E)-4,4'-(Ethene-1,2-diyl)bis(2-(piperidin-1-ylmethyl)phenol) (“NB-
207):

HO
QOO0
and

ALy

21)  (Z) and (E)-4,4'-(Ethene-1,2-diyl)bis(2-(pyrrolidin-1-ylmethyl)phenol)

(“NB-217):

HO N

LT
oIS

HO
OH ;
10 22) (Z) and (E)-4,4'-(Ethene-1,2-diyl)bis(2-(morpholinomethyl)phenol)(“NB-22"):

17
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Q Joo
e
23) (Z) and (E)-4,4'-(Hex-3-ene-3,4- dlyl)bls(2 ((dimethylamino)methyl)phenol)

(*“NB-23"):
o] \N/

e
JUoV
OO

24)  (Z) and (E)-4,4'-(Hex-3-ene-3,4-diyl)bis(2-(pyrrolidin-1-ylmethyl)phenol)
(“NB-247):

18
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e

and
HO
OH :

25)  (Z) and (E)-4,4'-(Hex-3-ene-3,4-diyl)bis(2-(piperidin- 1-ylmethyl)phenol)

(“NB-257):

O
SOV

OO

20) (Z) and (E)-4,4'-(Hex-3-ene-3,4-diyl)bis(2-(morpholinomethyl)phenol) (“NB-
26”):

19
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A

and

N
O k/o
OH )

27)  (Z) and (E)-4,4'-(But-2-ene-2,3-diyl)bis(2-(piperidin-1-ylmethyl)phenol)

(“NB-277):

e
O g and

g ee)

28)  (Z) and (E)-4,4'-(But-2-ene-2,3-diyl)bis(2-(pyrrolidin-1-ylmethyl)phenol)
(“NB-287):

20
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R,
OO

MQ

29) (Z) and (E)-2-((Diethylamino)methyl)-4-(4-(4-hydroxyphenyl)hex-3-en-3-
ylhphenol (“NB-29”):

3 e

2

\

30) (Z) and (E)-4,4'- (Hex 3-ene-3,4-diyl)diphenol (“NB-30")
oud
O F O A O
and OH;
31) (Z) and (E)-4,4'- (But 2-ene-2,3-diyl)diphenol (“NB-317):

P
OH

2

10 32)  (Z) and (E)-3,3'-(Ethene-1,2-diyl)diphenol (“NB-32"):
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OH
OH
HO O
HO Z and :

33)  (Z) and (E)-3,3'-(But-2-ene-2,3-diyl)diphenol (“NB-33"):

O OH
HoOH
HO
and ;

34)  (Z) and (E)-4,4'-(Ethene-1,2-diyl)diphenol (“NB-34"):

OH

HO
HO O
5 F and on; and

35) (Z) and (E)-4,4'-(Hex-3-ene-3,4-diyl)bis(2-((diethylamino)methyl)phenol) (“G6”):

T
0T
~

N
BN
and
N
OH k :

e
@

or a pharmaceutically acceptable salt, ester, hydrate or solvate thereof.

10 In still another embodiment, the compound is selected from the group (Group
(D)) consisting of NB-1, NB-2, NB-3, NB-4, NB-5, NB-6, NB-7, NB-§, NB-9, NB-
10, NB-11, and NB-12 (as above defined), or a pharmaceutically acceptable salt,

ester, hydrate or solvate thereof.

Another aspect of the invention relates to a compound of Formula (III):
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R11

\O
Ry
N - R2
Rs R
Formula (III)

wherein
R' and R? are each independently H, -(C,-Cy)alkyl, -(C,-Cg)alkenyl, -(C»-
5 Cyg)alkynyl,

HO jij/ \O
HO or

2 2 2

wherein -(C;-Cy)alkyl can be further substituted with one or more hydroxy or
halogen;
or
10 R' and R?, together with the N-atom to which they are attached, form a 5-
membered or 6-membered heterocyclic ring, provided that when R' and R*
together with the N-atom form a piperazine ring, the second nitrogen on the
piperazine ring can be further optionally substituted with -(C,-Cy)alkyl, -(Cs-
Cy)eycloalkyl, aryl or acyl, wherein —(C;-Cy)alkyl, -(C5-C7)cycloalkyl, aryl or
15 acyl can be substituted with one or more hydroxy, halogen or —(C;-Cs)alkyl;
R s H, acyl, tosyl, -(C;-Cs)alkyl, or aryl;
R*and R’ are H or Ru, provided that one of R*and R’ is H, and the other is

RZ.
R"7is
20
R11 T'I'I
| :
O
| X R | | N R’
:_C(R10)_CH(R10) I | i_(CHR1O)2 | |
1 N ! N
Z \R2 or / \RZ
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wherein the aryl group to which both R* and R’ are attached is meta or para to
the ~OR'! in the aromatic ring of R'%;
R'? is hydrogen, or —(C;-Cs)alkyl;
or a pharmaceutically acceptable salt, ester, hydrate or solvate thereof;
provided that the compound is not:
i. 4,4-(Hex-3-ene-3,4-diyl)bis(2-((diethylamino)methyl)phenol); or
ii. 4,4'-(Ethene-1,2-diyl)bis(2-((diethylamino)methyl)phenol); or
iii. 5,5'-(Hex-3-ene-3,4-diyl)bis(2-((dimethylamino)methyl)phenol); or
iv. 4,4'-(Hex-3-ene-3,4-diyl)bis(2-((dimethylamino)methyl)phenol); or
v. 4,4'-(Ethene-1,2-diyl)bis(2-((dimethylamino)methyl)phenol); or
vi. 4,4'-(Hex-3-ene-3,4-diyl)bis(2-((diethylamino)methyl)phenol); or
vii. 4,4'-(Ethene-1,2-diyl)bis(2-((diethylamino)methyl)phenol); or
viii. 4,4'-(Ethene-1,2-diyl)bis(2-(pyrrolidin-1-ylmethyl)phenol).

The invention also provides a method for treating or preventing a Jak2
mediated disease or disorder in a subject. In certain embodiments, the method
includes the step of administering to the subject an effective amount of a compound
selected from Formulae (I), (II) and (III) as above defined, or a pharmaceutically
acceptable salt, ester, hydrate or solvate thereof , such that the Jak2 mediated disease
or disorder is treated or prevented in the subject. In certain embodiments, the
compound administered to the subject is a compound of Formula (1) or Formula (I11),
or a pharmaceutically acceptable salt, ester, hydrate or solvate thereof.

In one embodiment, the compound is selected from Group (A), (B), (C) or (D)
as above defined, or a pharmaceutically acceptable salt, hydrate or solvate thereof. In
another embodiment, the compound is selected from Group (B), or a pharmaceutically
acceptable salt, hydrate or solvate thereof. In another embodiment, the compound is a
compound selected from Group (C) or a pharmaceutically acceptable salt, hydrate or
solvate thereof. In still another embodiment, the compound is a compound of Group

(D) or a pharmaceutically acceptable salt, hydrate or solvate thereof.

In one embodiment, the compound of the invention is administered to the
subject at a dose between about 0.001 mg/Kg/day and about 200 mg/Kg/day, or
between about 0.001 mg/Kg/day to about 30 mg/Kg/day. In certain embodiments, the

compound of the invention is administered to the subject at a dose between about 0.1

24



10

15

20

25

30

WO 2013/019655 PCT/US2012/048635

mg/Kg/day and about 10 mg/Kg/day. In one embodiment, the compound is
administered to the subject at a dose about 1 mg/Kg/day.

In one embodiment, the method also includes administering to the subject an
additional therapeutic agent. In one embodiment, the compound of the invention and
the additional therapeutic agent are administered simultaneously. In another
embodiment, the compound of the invention and the additional therapeutic agent are

administered sequentially.

In one embodiment, the Jak2-mediated disease or disorder is polycythemia
vera, essential thrombocythemia, or angiogenic myeloid metaplasia. In another
embodiment, the Jak2 mediated disorder is a cardiac disease or disorder. In certain
embodiments, the cardiac disease or disorder is selected from the group of cardiac

hypertrophy, cardiac ischemia-reperfusion, and heart failure.

In another embodiment, the compound is also an inhibitor of the Jak2-V617F

mutant.

In another embodiment, the compound of Formula (I), Formula (II) or
Formula (III) as above defined or a pharmaceutically acceptable salt, hydrate or
solvate thereof inhibits Jak2 autophosphorylation. In another embodiment, the
compound of Formulae (I), (II) and (III) as above defined, or a pharmaceutically
acceptable salt, hydrate or solvate thereof does not inhibit c-Src or Tyk2
autophosphorylation as effectively as Jak2 autophosphorylation.

Yet in another embodiment, the subject is identified as having a Jak2-V617F
mutant(s).

In another aspect, the invention provides a method of treating or preventing
cancer in a subject. The method comprises administering to the subject an effective
amount of a compound of Formula (I), (II) or (II), or a pharmaceutically acceptable
salt, hydrate or solvate thereof, such that cancer is treated or prevented. In certain
embodiments, the compound is a compound selected from Group (A), (B), (C) or (D)
as above defined, a pharmaceutically acceptable salt, hydrate or solvate thereof. In
one embodiment, the compound is a compound selected from Group (B), or a
pharmaceutically acceptable salt, hydrate or solvate thereof. In another embodiment,
the compound is a compound selected from Group (C), or a pharmaceutically

acceptable salt, hydrate or solvate thereof. In still another embodiment, the
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compound is a compound selected from Group (D), or a pharmaceutically acceptable
salt, hydrate or solvate thereof.
In one embodiment, the compound of the invention is administered to the

subject at a dose between about 0.001 mg/Kg/day and about 200 mg/Kg/day, or

5  between about 0.001 mg/Kg/day and about 30 mg/Kg/day. In certain embodiments,
the compound of the invention is administered to the subject at a dose between about
0.1 mg/Kg/day and about 10 mg/Kg/day. In certain embodiments, the compound is
administered to the subject at a dose about 1 mg/Kg/day.

One aspect is a method of treating a subject with a vimentin-dependent cancer,

10 comprising:
identifying a subject in need of treatment;
administering to said subject a JAK-2 inhibitor compound;
determining vimentin expression in the subject.

One aspect is, a method of treating a subject with a vimentin-dependent
15  cancer, comprising:
determining vimentin expression in a subject;
administering to said subject a JAK-2 inhibitor compound; and
comparing the vimentin expression levels in said subject before and after
administration of said JAK-2 inhibitor compound, wherein following administration
20  of the JAK-2 inhibitor compound, a decrease in vimentin expression in the subject
relative to vimentin expression level prior to administration of the JAK-2 inhibitor
compound indicates treating said disease.
One aspect is, A method of treating a subject with a vimentin-dependent

cancer, comprising:

25 administering to said subject a JAK-2 inhibitor compound that is identified

as capable of decreasing vimentin expression; and

determining vimentin expression in the subject, and wherein following
administration of the JAK-2 inhibitor compound, there is a decrease in vimentin

expression in the subject, thereby treating said disease.

30 One aspect is, A method of treating a subject with a disease, comprising:
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administering a JAK-2 inhibitor compound that is identified as capable of
decreasing vimentin expression, wherein following said administration, there is a

decrease in vimentin expression, thereby treating said disease.

One aspect is, a method of any described herein, wherein said JAK-2 inhibitor
5  compound is administered in a therapeutically effective amount or a pharmaceutically
acceptable salt or prodrug thereof, or a pharmaceutical composition comprising a
therapeutically effective amount or a pharmaceutically acceptable salt or prodrug
thereof, to the subject, thereby treating said disease or cancer.
One aspect is, a method of any described herein, wherein the JAK-2 inhibitor

10 compound is a compound of any of the formulae herein.

One aspect is, a method of monitoring the treatment of a subject diagnosed

with a disease, comprising:
determining vimentin expression in said subject;
administering to said subject a JAK-2 inhibitor compound; and

15 comparing vimentin expression in said subject both before and after

administration of said JAK-2 inhibitor compound.

One aspect is a method of treating a subject with a vimentin-dependent cancer,

comprising:
administering to said subject a JAK-2 inhibitor compound;
20 determining vimentin expression in the subject;

using the vimentin expression result to determine whether a change in the

treatment regimen is necessary.

One aspect is a method of treating a subject with a vimentin-dependent cancer,

comprising:
25 administering to said subject a JAK-2 inhibitor compound;
determining vimentin expression in the subject;

wherein the vimentin expression result indicates a change in the treatment

regimen is necessary.
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One aspect is that wherein a change is selected from JAK-2 inhibitor
compound dosage amount, JAK-2 inhibitor compound dosage administration timing,
ceasing administration of the JAK-2 inhibitor compound, discontinuance of
administration of a therapeutic agent, or co-administration of an additional therapeutic

agent.

In one embodiment, the cancer is selected from the group of leukemias,
lymphomas, myelomas, and solid tumors. In another embodiment, the cancer is
selected from the group of chronic myelogenous leukemia (CML), acute myeloid

leukemia (AML), and acute promyelocytic leukemia (APL).

In another aspect, the invention provides a method for reducing Jak2-
dependent cell growth. The method comprises contacting a cell (e.g., in vitro or in
vivo, e.g., in a subject) with a Jak-2 inhibitor, wherein the inhibitor is a compound of
Formula (I), (II) or (III) as above defined, or a pharmaceutically acceptable salt,
hydrate or solvate thereof. In certain embodiments, the compound is selected from
Group (A), (B), (C) or (D) as above defined, or a pharmaceutically acceptable salt,
hydrate or solvate thereof. In one embodiment, the compound is a compound of
Group (B), or a pharmaceutically acceptable salt, hydrate or solvate thereof. In
certain embodiments, the compound is a compound of Group (C), or a
pharmaceutically acceptable salt, hydrate or solvate thereof. Still another embodiment
provides that the compound is a compound of Group (D), or a pharmaceutically
acceptable salt, hydrate or solvate thereof.

In one embodiment, the compound of the invention is administered to the cell
or subject at a dose between about 0.001 mg/Kg/day and about 200 mg/Kg/day, or
between about 0.001 mg/Kg/day and about 30 mg/Kg/day. In certain embodiments,
the compound of the invention is administered to the subject at a dose between about
0.1 mg/Kg/day and about 10 mg/Kg/day. In certain embodiments, the compound is

administered to the subject at a dose about 1 mg/Kg/day.

Another aspect of the invention provides a method of inhibiting Jak2 in a
subject identified as being in need of such treatment. The method comprises
administering to the subject an effective amount of a compound of Formula (1), (II) or
(III), or a pharmaceutically acceptable salt, hydrate or solvate thereof, such that Jak2
is inhibited in the subject. In certain embodiments, the compound is selected from

Group (A), (B), (C) or (D) as above defined, a pharmaceutically acceptable salt,
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hydrate or solvate thereof. In certain embodiments, the compound is a compound of

Group (C) or (D), or a pharmaceutically acceptable salt, hydrate or solvate thereof.

In one embodiment, the compound is administered to the subject identified as
in need of treatment at a dose between about 0.001 mg/Kg/day and about 200
mg/Kg/day, or between about 0.001 mg/Kg/day and about 30 mg/Kg/day. In certain
embodiments, the compound is administered to the subject at a dose between about
0.1 mg/Kg/day and about 10 mg/Kg/day. In certain embodiments, the compound is
administered to the subject at a dose about 1 mg/Kg/day.

In another aspect, the invention provides a method of treating a hematological
disease or disorder in a subject. The method comprises administering to the subject an
effective amount of a compound of Formula (I), (II) or (III), or a pharmaceutically
acceptable salt, hydrate or solvate thereof, such that the hematological disease or
disorder is treated. In certain embodiments, the compound is selected from Group (A),
(B), (C) or (D) as above defined, or a pharmaceutically acceptable salt, hydrate or
solvate thereof. In certain embodiments, the compound is a compound selected from
Group (C) or (D), or a pharmaceutically acceptable salt, ester, hydrate or solvate

thereof.

The invention also provides a pharmaceutical composition, wherein the
composition comprises a compound capable of modulating Jak2 activity, or a
pharmaceutically acceptable ester, salt, or prodrug thereof, together with a
pharmaceutically acceptable carrier. In one embodiment, the compound is a
compound of Formula (II) or a pharmaceutically acceptable salt, ester, hydrate or
solvate thereof. In certain embodiments, the compound is a compound of Formula (I)
or (III) as above defined, or a pharmaceutically acceptable salt, ester, hydrate or
solvate thereof. In certain embodiments, the compound is selected from Group (A),
(B), (C) or (D) as above defined, or a pharmaceutically acceptable salt, hydrate or
solvate thereof. In one embodiment, the compound is a compound of Group (B), or a
pharmaceutically acceptable salt, ester, hydrate or solvate thereof. In another
embodiment, the compound is a compound selected from Group (C), or a
pharmaceutically acceptable salt, ester, hydrate or solvate thereof. In still another
embodiment, the compound is a compound selected from Group (D), or a

pharmaceutically acceptable salt, ester, hydrate or solvate thereof.
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The invention also provides a kit for treating or preventing a Jak2-related
disease or disorder in a subject. The kit includes at least one compound capable of
modulating Jak?2 activity, and instructions for use in treating or preventing the Jak2-
related disease or disorder, wherein the compound is a compound of Formula (I), (II)
or (III) as above defined, or a pharmaceutically acceptable salt, ester, hydrate or
solvate thereof. In certain embodiments, the compound is selected from Group (A),
(B), (C) or (D) as above defined, a pharmaceutically acceptable salt, ester, hydrate or
solvate thereof. In one embodiment, the compound is a compound selected from
Group (B), or a pharmaceutically acceptable salt, ester, hydrate or solvate thereof. In
another embodiment, the compound is a compound selected from Group (C), or a
pharmaceutically acceptable salt, ester, hydrate or solvate thereof. In yet another
embodiment, the compound is a compound selected from Group (D), or a
pharmaceutically acceptable salt, ester, hydrate or solvate thereof.

In one embodiment, the Jak2-related disease or disorder is selected from the
group consisting of cancer, hematological disorders and cardiac disorders.

In another aspect, the invention provides a use of a compound of any of the
formulae herein for the manufacture of a medicament. In certain embodiments, the
medicament is a medicament for the treatment of a Jak2-related disease or disorder
(e.g., cancer, a hematological disease or disorder, and the like).

The invention also provides methods for designing, evaluating and identifying
compounds which bind to the binding pockets of Jak2. Other aspects and

embodiments of the invention are disclosed infra.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention is further described below with reference to the following non-

limiting examples and with reference to the following figures, in which:

FIG 1 depicts data demonstrating the ability of a JAK-2 inhibitor (e.g., G6) to

induce cleavage of the intermediate filament protein vimentin.

FIG 2 depicts data demonstrating the ability of a JAK-2 inhibitor (e.g., G6) to

induce cleavage of the intermediate filament protein vimentin.
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FIG 3 depicts data demonstrating the ability of a JAK-2 inhibitor (e.g., G6) to
induce cellular redistribution and aggregation of vimentin intermediate filament

within HEL cells.
FIG 4 depicts data demonstrating G6-induced degradation is JAK2-mediated.

FIG 5 depicts data demonstrating the ability of a JAK-2 inhibitor (e.g., G6) to
induce cleavage of the intermediate filament protein vimentin is independent of de

novo protein synthesis and caspase activity, but mediated by calpain protease.

FIG 6 depicts data demonstrating that mobilization of intercellular calcium
ions is both essential and sufficient for the cleavage of the intermediate filament

protein vimentin.

FIG 7 depicts data demonstrating that the cleavage of the vimentin
intermediate filaments is sufficient to reduce viability of JAK2-V617F expressing

HEL cells.

FIG 8 depicts data demonstrating the ability of a JAK-2 inhibitor (e.g., G6) to

cleave vimentin is conserved in vivo.

DETAILED DESCRIPTION OF THE INVENTION

The invention is directed to treatment, diagnostic, and monitoring methods
relating to vimentin and use of compounds with structures as defined in Formula (I).
In certain embodiments, the compound is a compound of Formula (III). These
compounds are capable of modulating Jak2 binding interactions. The invention also
relates to compounds as defined in Formula (II) that can be used as inhibitors of Jak2
activities, and the compounds can also inhibit Jak2 mutants by targeting Jak2

interactions.

The invention also relates, at least in part, to the discovery that the compounds
delineated infra demonstrate selective interactions with certain targets (e.g., selective

for Jak2 or Jak 2 mutants) for various disease therapies.

1. DEFINITIONS
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Before further description of the invention, and in order that the invention may
be more readily understood, certain terms are first defined and collected here for
convenience.

As used in the specification and claims, the singular form "a", "an" and "the"
include plural references unless the context clearly dictates otherwise. For example,

the term "a cell” includes a plurality of cells, including mixtures thereof. The term "a

nucleic acid molecule" includes a plurality of nucleic acid molecules.

"o "o

In this disclosure, "comprises,” "comprising," "containing" and "having" and

the like can have the meaning ascribed to them in U.S. Patent law and can mean "
includes," "including,"” and the like; "consisting essentially of" or "consists
essentially” likewise has the meaning ascribed in U.S. Patent law and the term is
open-ended, allowing for the presence of more than that which is recited so long as
basic or novel characteristics of that which is recited is not changed by the presence of
more than that which is recited, but excludes prior art embodiments.

The term “administration” or “administering” includes routes of introducing
the compound of the invention to a subject to perform their intended function.
Examples of routes of administration that may be used include injection
(subcutaneous, intravenous, parenterally, intraperitoneally, intrathecal), oral,
inhalation, rectal and transdermal. The pharmaceutical preparations may be given by
forms suitable for each administration route. For example, these preparations are
administered in tablets or capsule form, by injection, inhalation, eye lotion, ointment,
suppository, etc. administration by injection, infusion or inhalation; topical by lotion
or ointment; and rectal by suppositories. Oral administration is preferred. The
injection can be bolus or can be continuous infusion. Depending on the route of
administration, the compound of the invention can be coated with or disposed in a
selected material to protect it from natural conditions which may detrimentally effect
its ability to perform its intended function. The compound of the invention can be
administered alone, or in conjunction with either another agent as described above or
with a pharmaceutically-acceptable carrier, or both. The compound of the invention
can be administered prior to the administration of the other agent, simultaneously with
the agent, or after the administration of the agent. Furthermore, the compound of the
invention can also be administered in a pro-drug form which is converted into its

active metabolite, or more active metabolite in vivo.
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The phrase “in combination with” is intended to refer to all forms of
administration that provide an a compound of the invention (e.g. a compound selected
from Formula (I), Formula (II) or Formula (III)) together with a second agent, such as
a second compound selected from Formula (1), Formula (II) or Formula (IIl), or an
existing therapeutic agent used for a particular disease or disorder, where the two are
administered concurrently or sequentially in any order.

The term *“‘alkyl” refers to the radical of saturated aliphatic groups, including
straight-chain alkyl groups, branched-chain alkyl groups, cycloalkyl (alicyclic)
groups, alkyl substituted cycloalkyl groups, and cycloalkyl substituted alkyl groups.
The term alkyl further includes alkyl groups, which can further include oxygen,
nitrogen, sulfur or phosphorous atoms replacing one or more carbons of the
hydrocarbon backbone, e.g., oxygen, nitrogen, sulfur or phosphorous atoms. In
preferred embodiments, a straight chain or branched chain alkyl has 30 or fewer
carbon atoms in its backbone (e.g., C,-Cs for straight chain, C;-C5 for branched
chain), preferably 26 or fewer, and more preferably 20 or fewer, and still more
preferably 4 or fewer. Likewise, preferred cycloalkyls have from 3-10 carbon atoms
in their ring structure, and more preferably have 3, 4, 5, 6 or 7 carbons in the ring
structure.

Moreover, the term alkyl as used throughout the specification and sentences is
intended to include both “unsubstituted alkyls” and “substituted alkyls,” the latter of
which refers to alkyl moieties having substituents replacing a hydrogen on one or
more carbons of the hydrocarbon backbone. Such substituents can include, for
example, halogen, hydroxyl, alkylcarbonyloxy, arylcarbonyloxy, alkoxycarbonyloxy,
aryloxycarbonyloxy, carboxylate, alkylcarbonyl, alkoxycarbonyl, aminocarbonyl,
alkylthiocarbonyl, alkoxyl, phosphate, phosphonato, phosphinato, cyano, amino
(including alkyl amino, dialkylamino, arylamino, diarylamino, and alkylarylamino),
acylamino (including alkylcarbonylamino, arylcarbonylamino, carbamoyl and
ureido), amidino, imino, sulthydryl, alkylthio, arylthio, thiocarboxylate, sulfates,
sulfonato, sulfamoyl, sulfonamido, nitro, trifluoromethyl, cyano, azido, heterocyclyl,
alkylaryl, or an aromatic or heteroaromatic moiety. It will be understood by those
skilled in the art that the moieties substituted on the hydrocarbon chain can
themselves be substituted, if appropriate. Cycloalkyls can be further substituted, e.g.,
with the substituents described above. An “alkylaryl” moiety is an alkyl substituted
with an aryl (e.g., phenylmethyl (benzyl)). The term “alkyl” also includes unsaturated
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aliphatic groups analogous in length and possible substitution to the alkyls described
above, but that contain at least one double or triple bond respectively.

Unless the number of carbons is otherwise specified, “lower alkyl” as used
herein means an alkyl group, as defined above, but having from one to ten carbons,
more preferably from one to six, and still more preferably from one to four carbon
atoms in its backbone structure, which may be straight or branched-chain. Examples
of lower alkyl groups include methyl, ethyl, n-propyl, i-propyl, tert-butyl, hexyl,
heptyl, octyl and so forth. In preferred embodiment, the term “lower alkyl” includes a
straight chain alkyl having 4 or fewer carbon atoms in its backbone, e.g., C;-C, alkyl.

The terms “alkoxyalkyl,” “polyaminoalkyl” and “thioalkoxyalkyl” refer to
alkyl groups, as described above, which further include oxygen, nitrogen or sulfur
atoms replacing one or more carbons of the hydrocarbon backbone, e.g., oxygen,
nitrogen or sulfur atoms.

The terms “alkenyl” and “alkynyl” refer to unsaturated aliphatic groups
analogous in length and possible substitution to the alkyls described above, but that
contain at least one double or triple bond, respectively. For example, the invention
contemplates cyano and propargyl groups.

The term “aryl” as used herein, refers to the radical of aryl groups, including
5- and 6-membered single-ring aromatic groups that may include from zero to four
heteroatoms, for example, benzene, pyrrole, furan, thiophene, imidazole, benzoxazole,
benzothiazole, triazole, tetrazole, pyrazole, pyridine, pyrazine, pyridazine and
pyrimidine, and the like. Aryl groups also include polycyclic fused aromatic groups
such as naphthyl, quinolyl, indolyl, and the like. Those aryl groups having
heteroatoms in the ring structure may also be referred to as “aryl heterocycles,”
“heteroaryls” or “heteroaromatics.” The aromatic ring can be substituted at one or
more ring positions with such substituents as described above, as for example,
halogen, hydroxyl, alkoxy, alkylcarbonyloxy, arylcarbonyloxy, alkoxycarbonyloxy,
aryloxycarbonyloxy, carboxylate, alkylcarbonyl, alkoxycarbonyl, aminocarbonyl,
alkylthiocarbonyl, phosphate, phosphonato, phosphinato, cyano, amino (including
alkyl amino, dialkylamino, arylamino, diarylamino, and alkylarylamino), acylamino
(including alkylcarbonylamino, arylcarbonylamino, carbamoyl and ureido), amidino,
imino, sulfthydryl, alkylthio, arylthio, thiocarboxylate, sulfates, sulfonato, sulfamoyl,
sulfonamido, nitro, trifluoromethyl, cyano, azido, heterocyclyl, alkylaryl, or an

aromatic or heteroaromatic moiety. Aryl groups can also be fused or bridged with
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alicyclic or heterocyclic rings which are not aromatic so as to form a polycycle (e.g.,
tetralin).

The term "associating with" refers to a condition of proximity between a
chemical entity or compound, or portions thereof, and a binding pocket or binding site
on a protein. The association may be non-covalent (wherein the juxtaposition is
energetically favored by hydrogen bonding or van der Waals or electrostatic
interactions) or it may be covalent.

The term "binding pocket", as used herein, refers to a region of a molecule or
molecular complex, that, as a result of its shape, favorably associates with another
chemical entity or compound.

The language “biological activities” of a compound of the invention includes
all activities elicited by compound of the invention in a responsive cell. It includes
genomic and non-genomic activities elicited by these compounds.

“Biological composition” or “biological sample” refers to a composition
containing or derived from cells or biopolymers. Cell-containing compositions
include, for example, mammalian blood, red cell concentrates, platelet concentrates,
leukocyte concentrates, blood cell proteins, blood plasma, platelet-rich plasma, a
plasma concentrate, a precipitate from any fractionation of the plasma, a supernatant
from any fractionation of the plasma, blood plasma protein fractions, purified or
partially purified blood proteins or other components, serum, semen, mammalian
colostrum, milk, saliva, placental extracts, a cryoprecipitate, a cryosupernatant, a cell
lysate, mammalian cell culture or culture medium, products of fermentation, ascites
fluid, proteins induced in blood cells, and products produced in cell culture by normal
or transformed cells (e.g., via recombinant DNA or monoclonal antibody technology).
Biological compositions can be cell-free. In a preferred embodiment, a suitable
biological composition or biological sample is a red blood cell suspension. In some
embodiments, the blood cell suspension includes mammalian blood cells. Preferably,
the blood cells are obtained from a human, a non-human primate, a dog, a cat, a horse,
a cow, a goat, a sheep or a pig. In preferred embodiments, the blood cell suspension
includes red blood cells and/or platelets and/or leukocytes and/or bone marrow cells.

The term “chiral” refers to molecules which have the property of non-
superimposability of the mirror image partner, while the term “achiral” refers to

molecules which are superimposable on their mirror image partner.
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The term “diastereomers” refers to stereoisomers with two or more centers of
dissymmetry and whose molecules are not mirror images of one another.

The term “effective amount” includes an amount effective, at dosages and for
periods of time necessary, to achieve the desired result, e.g., sufficient to treat a
disorder delineated herein. An effective amount of a compound of the invention may
vary according to factors such as the disease state, age, and weight of the subject, and
the ability of the compound of the invention to elicit a desired response in the subject.
Dosage regimens may be adjusted to provide the optimum therapeutic response. An
effective amount is also one in which any toxic or detrimental effects (e.g., side
effects) of the compound of the invention are outweighed by the therapeutically
beneficial effects.

The language “therapeutically effective amount” of a compound of the
invention refers to an amount of an agent which is effective, upon single or multiple
dose Jak2-mediated disorder, or in prolonging the survivability of the patient with
such a Jak2-mediated disorder beyond that expected in the absence of such treatment.

A therapeutically effective amount of a compound of the invention (i.e., an
effective dosage) may range from about 0.001 to about 100 mg/kg body weight, or
about 0.1 to about 10 mg/kg body weight.. The skilled artisan will appreciate that
certain factors may influence the dosage required to effectively treat a subject,
including but not limited to the severity of the disease or disorder, previous
treatments, the general health and/or age of the subject, and other diseases present.
Moreover, treatment of a subject with a therapeutically effective amount of a
compound of the invention can include a single treatment or, preferably, can include a
series of treatments. In one example, a subject is treated with a compound of the
invention in the range of between about 0.1 to 100 mg/kg body weight, one time per
week for between about 1 to 10 weeks. Certain examples are one time per week for
between 2 to 8 weeks, and for between about 3 to 7 weeks. It will also be appreciated
that the effective dosage of a compound of the invention used for treatment may
increase or decrease over the course of a particular treatment.

By “agent” is meant a polypeptide, polynucleotide, or fragment, or analog
thereof, small molecule, or other biologically active molecule.

The term “enantiomers” refers to two stereoisomers of a compound which are
non-superimposable mirror images of one another. An equimolar mixture of two

enantiomers is called a “racemic mixture” or a “racemate.”
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The term “haloalkyl” is intended to include alkyl groups as defined above that
are mono-, di- or polysubstituted by halogen, e.g., fluoromethyl and trifluoromethyl.

The term “halogen” designates -F, -Cl, -Br or —I.

The term “hydroxyl” means -OH.

The term “heteroatom’ as used herein means an atom of any element other
than carbon or hydrogen. Preferred heteroatoms are nitrogen, oxygen, sulfur and
phosphorus.

The term “hematological disease or disorder” is meant to refer to a disease or
disorder of the blood or blood forming tissues.

The term “cancer” is meant to refer to any disease that is caused by or results
in inappropriately high levels of cell division, inappropriately low levels of apoptosis,
or both. Examples of cancers include, without limitation, leukemias (e.g., acute
leukemia, acute lymphocytic leukemia, acute myelocytic leukemia, acute
myeloblastic leukemia, acute promyelocytic leukemia, acute myelomonocytic
leukemia, acute monocytic leukemia, acute erythroleukemia, chronic leukemia,
chronic myelocytic leukemia, chronic lymphocytic leukemia), polycythemia vera,
lymphomas (Hodgkin's disease, non-Hodgkin's disease), Waldenstrom's
macroglobulinemia, heavy chain disease, and solid tumors such as sarcomas and
carcinomas (e.g., fibrosarcoma, myxosarcoma, liposarcoma, chondrosarcoma,
osteogenic sarcoma, chordoma, angiosarcoma, endotheliosarcoma,
lymphangiosarcoma, lymphangioendotheliosarcoma, synovioma, mesothelioma,
Ewing's tumor, leiomyosarcoma, rhabdomyosarcoma, colon carcinoma, pancreatic
cancer, breast cancer, ovarian cancer, prostate cancer, squamous cell carcinoma, basal
cell carcinoma, adenocarcinoma, sweat gland carcinoma, sebaceous gland carcinoma,
papillary carcinoma, papillary adenocarcinomas, cystadenocarcinoma, medullary
carcinoma, bronchogenic carcinoma, renal cell carcinoma, hepatoma, nile duct
carcinoma, choriocarcinoma, seminoma, embryonal carcinoma, Wilm's tumor,
cervical cancer, uterine cancer, testicular cancer, lung carcinoma, small cell lung
carcinoma, bladder carcinoma, epithelial carcinoma, glioma, astrocytoma,
medulloblastoma, craniopharyngioma, ependymoma, pinealoma, hemangioblastoma,
acoustic neuroma, oligodenroglioma, schwannoma, meningioma, melanoma,
neuroblastoma, and retinoblastoma). Lymphoproliferative disorders are also

considered to be proliferative diseases.
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The phrase “treating cancer” refers to the killing of malignant, or cancerous,
cells. By treating is meant causing in the subject cell death in the tumor.
Alternatively, “treating” cancer means arresting or otherwise ameliorating symptoms
of cancer in the subject.

The language “improved biological properties” refers to any activity inherent
in a compound of the invention that enhances its effectiveness in vivo. In a preferred
embodiment, this term refers to any qualitative or quantitative improved therapeutic

property of a compound of the invention, such as reduced toxicity.

The term "cell proliferative disorder” includes disorders involving the
undesired or uncontrolled proliferation of a cell. Examples of such disorders include,
but are not limited to, tumors or cancers (e.g., solid tumors such as breast, ovarian,
prostate, lung (small cell and non-small cell), thyroid, pancreatic, breast or colon),
sarcoma, leukemia, myeloma, lymphoma, or melanoma.

The term “optionally substituted” is intended to encompass groups that are
unsubstituted or are substituted by other than hydrogen at one or more available
positions, typically 1, 2, 3, 4 or 5 positions, by one or more suitable groups (which
may be the same or different). Such optional substituents include, for example,
hydroxy, halogen, cyano, nitro, C;-Cgalkyl, C,-Cs alkenyl, C,-Cgalkynyl, C;-
Cgalkoxy, C,-Csalkyl ether, C3-Cgalkanone, C;-Cgalkylthio, amino, mono- or di-(C1-
Cgalkyl)amino, haloC;-Cgalkyl, haloC;-Csalkoxy, C;-Csalkanoyl, C,-Csalkanoyloxy,
C,-Cgalkoxycarbonyl, -COOH, -CONH,, mono- or di-(C; -Cgalkyl)aminocarbonyl, -
SO,NH,, and/or mono or di(C;-Cgalkyl)sulfonamido, as well as carbocyclic and
heterocyclic groups. Optional substitution is also indicated by the phrase “substituted
with from 0 to X substituents,” where X is the maximum number of possible
substituents. Certain optionally substituted groups are substituted with from O to 2, 3
or 4 independently selected substituents (i.e., are unsubstituted or substituted with up
to the recited maximum number of substituents).

The term “isomers” or “stereoisomers” refers to compounds which have
identical chemical constitution, but differ with regard to the arrangement of the atoms
or groups in space.

The term “modulate” refers to an increase or decrease, €.g., in the ability of a
cell to proliferate in response to exposure to a compound of the invention, e.g., the

inhibition of proliferation of at least a sub-population of cells in an animal such that a
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desired end result is achieved, e.g., a therapeutic result. In certain preferred examples,
the modulation is an inhibition. The term “inhibition” means decrease, suppress,
attenuate, diminish, arrest, or stabilize the target activity, e.g. cell proliferation. In
certain examples, the invention features compounds that modulate Jak?2 activity.

The term "obtaining" as in "obtaining a compound" is intended to include
purchasing, synthesizing or otherwise acquiring the compound.

The phrases “parenteral administration” and “administered parenterally” as
used herein means modes of administration other than enteral and topical
administration, usually by injection, and includes, without limitation, intravenous,
intramuscular, intraarterial, intrathecal, intracapsular, intraorbital, intracardiac,
intradermal, intraperitoneal, transtracheal, subcutaneous, subcuticular, intraarticulare,
subcapsular, subarachnoid, intraspinal and intrasternal injection and infusion.

The terms “polycyclyl” or “polycyclic radical” refer to the radical of two or
more cyclic rings (e.g., cycloalkyls, cycloalkenyls, cycloalkynyls, aryls and/or
heterocyclyls) in which two or more carbons are common to two adjoining rings, e.g.,
the rings are “fused rings”. Rings that are joined through non-adjacent atoms are
termed “bridged” rings. Each of the rings of the polycycle can be substituted with
such substituents as described above, as for example, halogen, hydroxyl,
alkylcarbonyloxy, arylcarbonyloxy, alkoxycarbonyloxy, aryloxycarbonyloxy,
carboxylate, alkylcarbonyl, alkoxycarbonyl, aminocarbonyl, alkylthiocarbonyl,
alkoxyl, phosphate, phosphonato, phosphinato, cyano, amino (including alkyl amino,
dialkylamino, arylamino, diarylamino, and alkylarylamino), acylamino (including
alkylcarbonylamino, arylcarbonylamino, carbamoyl and ureido), amidino, imino,
sulthydryl, alkylthio, arylthio, thiocarboxylate, sulfates, sulfonato, sulfamoyl,
sulfonamido, nitro, trifluoromethyl, cyano, azido, heterocyclyl, alkyl, alkylaryl, or an
aromatic or heteroaromatic moiety.

The term “polycythemia vera” is meant to refer to a disease characterized by
an abnormal increase in blood cells (primarily red blood cells) due to excess
production of the cells by the bone marrow.

The term “essential thrombocythemia” is meant to refer to a blood disorder
characterized by the overproduction of platelets by megakaryocytes in the bone
marrow.

The term “primary myelofibrosis” is meant to refer to a disorder of the bone

marrow, in which the marrow is replaced by fibrous (scar) tissue.
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The term “prodrug” or “pro-drug” includes compounds with moieties that can
be metabolized in vivo. Generally, the prodrugs are metabolized in vivo by esterases
or by other mechanisms to active drugs. Examples of prodrugs and their uses are well
known in the art (See, e.g., Berge et al. (1977) “Pharmaceutical Salts”, J. Pharm. Sci.
66:1-19). The prodrugs can be prepared in situ during the final isolation and
purification of the compounds, or by separately reacting the purified compound in its
free acid form or hydroxyl with a suitable esterifying agent. Hydroxyl groups can be
converted into esters via treatment with a carboxylic acid. Examples of prodrug
moieties include substituted and unsubstituted, branch or unbranched lower alkyl ester
moieties, (e.g., propionoic acid esters), lower alkenyl esters, di-lower alkyl-amino
lower-alkyl esters (e.g., dimethylaminoethyl ester), acylamino lower alkyl esters (e.g.,
acetyloxymethyl ester), acyloxy lower alkyl esters (e.g., pivaloyloxymethyl ester),
aryl esters (phenyl ester), aryl-lower alkyl esters (e.g., benzyl ester), substituted (e.g.,
with methyl, halo, or methoxy substituents) aryl and aryl-lower alkyl esters, amides,
lower-alkyl amides, di-lower alkyl amides, and hydroxy amides. Preferred prodrug
moieties are propionoic acid esters and acyl esters. Prodrugs which are converted to
active forms through other mechanisms in vivo are also included.

The language “a prophylactically effective amount” of a compound refers to
an amount of a compound of the invention any formula herein or otherwise described
herein which is effective, upon single or multiple dose administration to the patient, in
preventing or treating a disorder delineated herein

The language “reduced toxicity” is intended to include a reduction in any
undesired side effect elicited by a compound of the invention when administered in
Vivo.

The term “sulfhydryl” or “thiol” means —SH.

The term “subject” includes organisms which are capable of suffering from a
Jak2-mediated disorder or who could otherwise benefit from the administration of a
compound of the invention, such as human and non-human animals. Preferred
humans include human patients suffering from or prone to suffering from a Jak2-
mediated disorder, disorder delineated herein, or associated state, as described herein.
The term “non-human animals” of the invention includes all vertebrates, e.g.,
mammals, e.g., rodents, e.g., mice, and non-mammals, such as non-human primates,

e.g., sheep, dog, cow, chickens, amphibians, reptiles, etc.
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The term “a Jak2-mediated disease or disorder” is meant to a disease or
disorder mediated by or associated with Jak2 or a Jak2 mutant.

The term “susceptible to a Jak2-mediated disease or disorder” is meant to
include subjects at risk of developing a Jak2-mediated disease/disorder, e.g., Jak2-
mediated, i.e., subjects suffering from Jak2-mediated disease/disorder, subjects
having a family or medical history of Jak2-mediated disease/disorder, and the like.

29 <

The phrases “systemic administration,” “administered systemically”,
“peripheral administration” and “administered peripherally” as used herein mean the
administration of a compound of the invention, drug or other material, such that it
enters the patient's system and, thus, is subject to metabolism and other like processes,
for example, subcutaneous administration.

With respect to the nomenclature of a chiral center, terms “d” and “1”
configuration are as defined by the IUPAC Recommendations. As to the use of the
terms, diastereomer, racemate, epimer and enantiomer will be used in their normal
context to describe the stereochemistry of preparations.

As used herein, “diagnosing” or “identifying a patient or subject having”
refers to a process of determining if an individual is afflicted with a disease or
ailment, for example a cancer, as defined herein. In one embodiment, to diagnose a
JAK2-V617F mediated dependent cancer, the occurrence of vimentin over-expression
is determined (e.g., from subject sampling and genetic analysis of such sample). A
JAK-2 mediated cancer is also diagnosed by determining if at least one cellular
function that facilitates cell and/or tumor viability is altered upon reduction of
vimentin expression. In certain embodiments, the dependence of a tumor on JAK2
can be detected by the adminstration of a JAK?2 inhibitor compound to a patient,
followed by assessment of the patient’s disease status (i.e., vimentin expression

levels).

In one embodiment, tumors are identified by submitting a patient’s tumor
tissue to gene expression profiling, determining if vimentin is expressed and/or at

what level.

In another embodiment, patients that are candidates for JAK2 inhibitor
compound therapy are identified by obtaining tumor tissue before and during
administration of the JAK2 inhibitor and examining the tissue for vimentin

expression, and/or protein expression of other genes.
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2. COMPOUNDS

In one aspect, the invention provides a compound of Formula (I):

R4
RS R®
OR1 1
NR'R?2
Formula (I)

wherein

R! and R? are each independently H, -(C;-Cy)alkyl, -(C,-Cs)alkenyl, -(C,-Cg)alkynyl,

HO: :‘; Xj/ m
* HO ’Or *

wherein -(C;-Cy)alkyl can be further substituted with one or more hydroxy or

halogen;

or

R' and R?, together with the N-atom to which they are attached, to form a 5-
membered or 6-membered heterocyclic ring, provided that when R' and R* together
with the N-atom form a piperazine ring, the second nitrogen on the piperazine ring
can be further substituted with —(C;-C,)alkyl, -(C5-Cy)cycloalkyl, aryl or acyl,
wherein —(C;-Cy)alkyl, -(C3-C7)cycloalkyl, aryl or acyl can be substituted with one or
more hydroxy, halogen or —(C;-Cs)alkyl;

R’ is H, -(C;-Cy)alkyl, -(C5-Cy)cycloalkyl, aryl;

R*is H or R7;

R’ is H, -(C,-Cyalkyl, -C(CH3),-R®, or R/, provided that when R* is H, R*is R’ or -
C(CH:),-R®, and that when R’ is H or -(C;-Cy)alkyl, R* is R’, wherein R* and R’
cannot be both R’ at the same time;

R® is H, -(C;-Cy)alkyl, phenyl, or
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HO

R2\N

/

Ry

. 1 2 .
wherein R and R” are as defined above;

7.
R'i1s

R9

—(CHR %5 R®

R9

'
—(R!)C=CR" R®
'

wherein R® and R® are each independently H, -OH, -O-(C;-C,)alkyl, —CH2—NR1R2,

wherein R and R” are as defined above;

R!? for each occurrence is hydrogen, or —(C;-Cj)alkyl;

10 R'"isH, acyl, tosyl, -(C,-Cy)alkyl, or aryl;

or a pharmaceutically acceptable salt, ester, hydrate or solvate thereof;

provided that the compound is not:

L.

IL.

15 I1I.
IV.

V.

VI

VIIL

20 VIIL

4.,4'-(Hex-3-ene-3,4-diyl)bis(2-((diethylamino)methyl)phenol); or
4.4'-(Ethene-1,2-diyl)bis(2-((diethylamino)methyl)phenol); or
5,5'-(Hex-3-ene-3,4-diyl)bis(2-((dimethylamino)methyl)phenol); or
4,4'-(Hex-3-ene-3,4-diyl)bis(2-((dimethylamino)methyl)phenol); or
4.,4'-(Ethene-1,2-diyl)bis(2-((dimethylamino)methyl)phenol); or
4,4'-(Hex-3-ene-3,4-diyl)bis(2-((diethylamino)methyl)phenol); or
4.,4'-(Ethene-1,2-diyl)bis(2-((diethylamino)methyl)phenol); or
4,4'-(Ethene-1,2-diyl)bis(2-(pyrrolidin-1-ylmethyl)phenol).

In one embodiment, R'® for each occurrence independently is hydrogen,

methyl or ethyl. In another embodiment, R'" is H.
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In certain embodiments of the compounds of Formula (I), R is H. In another

embodiment, one of R*andR’isR’.Tna separate embodiment, R’is

R9

i—R)C=CR" R®

In one embodiment, R*isR’. In another embodiment, R’ is H. In certain
embodiments, R® is -CH,-NR'R* and R’ is hydroxy, wherein R' and R* are defined in
Formula (I). In one embodiment, R'? for each occurrence independently is hydrogen
or methyl. In another embodiment, R' and R* for each occurrence independently are -
(C-Cyalkyl. In still another embodiment, R! and R? together with the N-atom to
which they are attached to form a piperidinyl, pyrrolidinyl or imidazolyl ring, wherein

10 -
R " is the same for each occurrence.

In another embodiment, R'? is ethyl. In yet another embodiment, R' and R* for
each occurrence independently are ethyl, or isopropyl. In certain embodiments, R' and
R’ together with the N-atom to which they are attached form a pyrrolidinyl or

imidazolyl ring.

In another embodiment, R*is H. In certain embodiments, R%isR’. In one
embodiment, R®is hydroxy and R’ is —CH2—NR1R2, wherein R! and R* are defined in
Formula (I). In one embodiment, R s methyl. In certain embodiments, R' and R*
for each occurrence independently are -(C))alkyl, or R' and R* together with the N-
atom to which they are attached form a 5-membered or 6-membered heterocyclic ring.
In another embodiment, R' and R independently are propyl or isopropyl, when R'? is
H or ethyl, and R'%is the same for each occurrence. In another embodiment, when R
is ethyl, R' and R* together with the N-atom to which they are attached form a

piperidinyl, pyrrolidinyl or imidazolyl ring.

In certain embodiments, the compound is selected from the following group
(Group (A)):
a) 4,4'-(but-2-ene-2,3-diyl)bis(2-((diethylamino)methyl)phenol);
b) 5,5'-(but-2-ene-2,3-diyl)bis(2-((diethylamino)methyl)phenol);
c) 5,5-(but-2-ene-2,3-diyl)bis(2-((dimethylamino)methyl)phenol);
d) 5,5'-(ethene-1,2-diyl)bis(2-((diethylamino)methyl)phenol);
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e) 5,5'-(ethene-1,2-diyl)bis(2-((dimethylamino)methyl)phenol);

f) 5,5'-(ethene-1,2-diyl)bis(2-(piperidin-1-ylmethyl)phenol);

g) 5,5-(but-2-ene-2,3-diyl)bis(2-((diethylamino)methyl)phenol).2HCI;
h) 5,5'-(but-2-ene-2,3-diyl)bis(2-((dimethylamino)methyl)phenol).2HCI;
1) 5,5-(ethene-1,2-diyl)bis(2-((diethylamino)methyl)phenol).2HCI;
j)  5,5-(ethene-1,2-diyl)bis(2-((dimethylamino)methyl)phenol).2HCI;
k) 5,5'-(ethene-1,2-diyl)bis(2-(piperidin-1-ylmethyl)phenol).2HCI;

1) 5,5'-(but-2-ene-2,3-diyl)bis(2-((dimethylamino)methyl)phenol);
m) 5,5'-(ethene-1,2-diyl)bis(2-((dimethylamino)methyl)phenol);

n) 4.,4'-(but-2-ene-2,3-diyl)bis(2-((dimethylamino)methyl)phenol);
0) 5,5-(but-2-ene-2,3-diyl)bis(2-((diethylamino)methyl)phenol);

p) 5.5-(hex-3-ene-3,4-diyl)bis(2-((diethylamino)methyl)phenol);

q) 5.5'-(ethene-1,2-diyl)bis(2-((diethylamino)methyl)phenol);

r) 4,4'-(but-2-ene-2,3-diyl)bis(2-((diethylamino)methyl)phenol);

s) 5,5-(But-2-ene-2,3-diyl)bis(2-(pyrrolidin-1-ylmethyl)phenol);

t) 5,5'-(Hex-3-ene-3,4-diyl)bis(2-(pyrrolidin-1-ylmethyl)phenol);

u) 5,5'-(Ethene-1,2-diyl)bis(2-(pyrrolidin-1-ylmethyl)phenol);

v) 4,4'-(But-2-ene-2,3-diyl)bis(2-(pyrrolidin-1-ylmethyl)phenol);

w) 4,4'-(Hex-3-ene-3,4-diyl)bis(2-(pyrrolidin-1-ylmethyl)phenol);

x) 5,5'-(But-2-ene-2,3-diyl)bis(2-((diisopropylamino)methyl)phenol);
y) 5,5'-(Hex-3-ene-3,4-diyl)bis(2-((diisopropylamino)methyl)phenol);
z) 5,5'-(Ethene-1,2-diyl)bis(2-((diisopropylamino)methyl)phenol);

aa) 4,4'-(But-2-ene-2,3-diyl)bis(2-((diisopropylamino)methyl)phenol);
bb) 4,4'-(But-2-ene-2,3-diyl)bis(2-((diisopropylamino)methyl)phenol);
cc) 4,4'-(Hex-3-ene-3,4-diyl)bis(2-((diisopropylamino)methyl)phenol);
dd) 4,4'-(Ethene-1,2-diyl)bis(2-((diisopropylamino)methyl)phenol);

ee) 5,5'-(But-2-ene-2,3-diyl)bis(2-((1H-imidazol-1-yl)methyl)phenol);
ff) 5,5'-(Hex-3-ene-3,4-diyl)bis(2-((1H-imidazol-1-yl)methyl)phenol);
gg) 5,5'-(Ethene-1,2-diyl)bis(2-((1H-imidazol-1-yl)methyl)phenol);

hh) 4,4'-(But-2-ene-2,3-diyl)bis(2-((1H-imidazol-1-yl)methyl)phenol);
i1) 4,4'-(Hex-3-ene-3,4-diyl)bis(2-((1H-imidazol-1-yl)methyl)phenol);
j)) 4,4-(Ethene-1,2-diyl)bis(2-((1H-imidazol-1-yl)methyl)phenol);

and a pharmaceutically acceptable salt, ester, hydrate or solvate thereof.
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The name of each compound above-listed is meant to encompass both cis- and

trans- isomers of the compound.

In another embodiment, the invention relates to a compound of Formula (II):

R4
RS, R3
OR1 1
NR'R?
Formula (II)

wherein

R' and R? are each independently H, -(C;-Cy)alkyl, -(C»-Cg)alkenyl, -(C-

HO: :‘; Xj/ m
* HO ’Or *

wherein -(C;-Cy)alkyl can be further substituted with one or more hydroxy or

Cyg)alkynyl,

halogen;

or
R' and R? together with the N-atom to which they are attached, to form a 5-
membered or 6-membered heterocyclic ring, provided that when R' and R*
together with the N-atom form a piperazine ring, the second nitrogen on the
piperazine ring can be further substituted with —(C;-Cy)alkyl, -(Cs-
Cy)cycloalkyl, aryl or acyl, wherein —(C;-Cy)alkyl, -(Cs-C7)cycloalkyl, aryl or
acyl can be substituted with one or more hydroxy, halogen or —(C;-Cs)alkyl;
R’ is H, -(C;-Cy)alkyl, -(C5-Cy)cycloalkyl, aryl;

R*is H or R7;

R’ is H, -(C,-Cyalkyl, -C(CHz),-R®, or R’, provided that when R” is H, R’ is
R or -C(CH3),-R®, and that when R’ is H or -(C;-C)alkyl, R* is R’, wherein
R* and R® cannot be both R at the same time;

R®is H, -(C;-Cy)alkyl, phenyl, or
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HO

Ra—p
4
wherein R! and R? are as defined above;
R’ is

R9

—(CHR %5 R®

—R')C=CR'" R®

wherein R® and R’ are each independently H, -OH, -O-(C,-Cy)alkyl, -CH,-
NRIRZ, wherein R' and R” are as defined above;

R'? for each occurrence independently is hydrogen, or —(C;-Cs)alkyl;

R s H, acyl, tosyl, -(C;-Cy)alkyl, or aryl;

or a pharmaceutically acceptable salt, hydrate or solvate thereof.

In particular, the invention relates to a compound of Group B consisting of
4.,4'-(Hex-3-ene-3,4-diyl)bis(2-((diethylamino)methyl)phenol), 4,4'-(Ethene-1,2-
diyl)bis(2-((diethylamino)methyl)phenol), 4,4'-(but-2-ene-2,3-diyl)bis(2-
((diethylamino)methyl)phenol), 5,5'-(but-2-ene-2,3-diyl)bis(2-
((diethylamino)methyl)phenol), 5,5'-(but-2-ene-2,3-diyl)bis(2-
((dimethylamino)methyl)phenol), 5,5'-(ethene-1,2-diyl)bis(2-
((diethylamino)methyl)phenol), 5,5'-(ethene-1,2-diyl)bis(2-
((dimethylamino)methyl)phenol), 5,5'-(ethene-1,2-diyl)bis(2-(piperidin-1-
ylmethyl)phenol), 5,5'-(but-2-ene-2,3-diyl)bis(2-((diethylamino)methyl)phenol).2HCI,
5,5'-(but-2-ene-2,3-diyl)bis(2-((dimethylamino)methyl)phenol).2HCI; 5,5'-(ethene-
1,2-diyl)bis(2-((diethylamino)methyl)phenol).2HCI; 5,5'-(ethene-1,2-diyl)bis(2-
((dimethylamino)methyl)phenol).2HCI; 5,5'-(ethene-1,2-diyl)bis(2-(piperidin-1-
ylmethyl)phenol).2HCI; 5,5'-(but-2-ene-2,3-diyl)bis(2-
((dimethylamino)methyl)phenol); 5,5'-(ethene-1,2-diyl)bis(2-
((dimethylamino)methyl)phenol); 4,4'-(but-2-ene-2,3-diyl)bis(2-
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((dimethylamino)methyl)phenol); 5,5'-(but-2-ene-2,3-diyl)bis(2-
((diethylamino)methyl)phenol); 5,5'-(hex-3-ene-3,4-diyl)bis(2-
((diethylamino)methyl)phenol); 5,5'-(ethene-1,2-diyl)bis(2-
((diethylamino)methyl)phenol); 4,4'-(but-2-ene-2,3-diyl)bis(2-
((diethylamino)methyl)phenol); 5,5'-(But-2-ene-2,3-diyl)bis(2-(pyrrolidin-1-
ylmethyl)phenol); 5,5'-(Hex-3-ene-3,4-diyl)bis(2-(pyrrolidin-1-ylmethyl)phenol);
5,5'-(Ethene-1,2-diyl)bis(2-(pyrrolidin- 1-ylmethyl)phenol); 4,4'-(But-2-ene-2,3-
diyl)bis(2-(pyrrolidin-1-ylmethyl)phenol); 4,4'-(Hex-3-ene-3,4-diyl)bis(2-(pyrrolidin-
1-ylmethyl)phenol); 5,5'-(But-2-ene-2,3-diyl)bis(2-
((diisopropylamino)methyl)phenol); 5,5'-(Hex-3-ene-3,4-diyl)bis(2-
((diisopropylamino)methyl)phenol); 5,5'-(Ethene-1,2-diyl)bis(2-
((diisopropylamino)methyl)phenol); 4,4'-(But-2-ene-2,3-diyl)bis(2-
((diisopropylamino)methyl)phenol); 4,4'-(But-2-ene-2,3-diyl)bis(2-
((diisopropylamino)methyl)phenol); 4,4'-(Hex-3-ene-3,4-diyl)bis(2-
((diisopropylamino)methyl)phenol); 4,4'-(Ethene-1,2-diyl)bis(2-
((diisopropylamino)methyl)phenol); 5,5'-(But-2-ene-2,3-diyl)bis(2-((1H-imidazol-1-
yD)methyl)phenol); 5,5'-(Hex-3-ene-3,4-diyl)bis(2-((1H-imidazol-1-
yDmethyl)phenol); 5,5'-(Ethene-1,2-diyl)bis(2-((1H-imidazol-1-yl)methyl)phenol);
4.4'-(But-2-ene-2,3-diyl)bis(2-((1H-imidazol- 1-yl)methyl)phenol); 4,4'-(Hex-3-ene-
3,4-diyl)bis(2-((1H-imidazol-1-yl)methyl)phenol); 4,4'-(Ethene-1,2-diyl)bis(2-((1H-
imidazol-1-yl)methyl)phenol); 5,5'-(Hex-3-ene-3,4-diyl)bis(2-
((dimethylamino)methyl)phenol); 4,4'-(Hex-3-ene-3,4-diyl)bis(2-
((dimethylamino)methyl)phenol); 4,4'-(Ethene-1,2-diyl)bis(2-
((dimethylamino)methyl)phenol); 4,4'-(Hex-3-ene-3,4-diyl)bis(2-
((diethylamino)methyl)phenol), 4,4'-(Ethene-1,2-diyl)bis(2-
((diethylamino)methyl)phenol), and 4,4'-(Ethene-1,2-diyl)bis(2-(pyrrolidin-1-
ylmethyl)phenol);

or its pharmaceutically acceptable salt, hydrate or solvate thereof.

Unless otherwise provided, the chemical name of each compound herein is

meant to expressly encompass both cis- and trans- isomers of the compound.

In certain embodiments, the invention provides a compound selected from the

following group (Group C):
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1) (Z)- and (E)-4,4'-(Ethene-1,2-diyl)bis(2-((diethylamino)methyl)phenol) (“NB-17):

s 20y
9 > 0 ¢

2) (Z)- and (E)-4.,4'-(But-2-ene-2,3-diyl)bis(2-((diethylamino)methyl)phenol) (“NB-
2”):

oy T 0

3) (Z)- and (E)-5,5'-(But-2-ene-2,3-diyl)bis(2-((diethylamino)methyl)phenol) (“NB-
37):

D
~ N
: X0
C SN
O T O N
N N

4) (Z)- and (E)-5,5'-(But-2-ene-2,3-diyl)bis(2-((dimethylamino)methyl)phenol)
10 (“NB-47):
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) \T
/ OH
- M
~N
N OH

5) (Z)- and (E)-5,5'-(Ethene-1,2-diyl)bis(2-((diethylamino)methyl)phenol) (“NB-5"):

~
\ /

6) (Z)- and (E)-5,5'-(Ethene-1,2-diyl)bis(2-((dimethylamino)methyl)phenol) (“NB-
5 6”):

7) (Z)- and (E)-5,5'-(Ethene-1,2-diyl)bis(2-(piperidin-1-ylmethyl)phenol) (“NB-
7’):
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HO
HO X OH
@ N
x OH

8) (Z)- and (E)-5,5"-(But-2-ene-2,3-diyl)bis(2-
((diethylamino)methyl)phenol).2HCI (“NB-8”):

)

~ N

HO /\N
| AN 2HCI ) - O / OH (
//©f\N/\ |O
Nv
§ o K 2HCI

9) (Z)- and (E)-5,5'-(But-2-ene-2,3-diyl)bis(2-
((dimethylamino)methyl)phenol).2HCI (“NB-9”):

10) (Z)- and (E)-5,5'-(Ethene-1,2-diyl)bis(2-((diethylamino)methyl)phenol).2HCI
10 (“NB-107):
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2HCI N
11) (Z)- and (E)-5,5'-(Ethene-1,2-diyl)bis(2-

((dimethylamino)methyl)phenol).2HC1 (“NB-11"):

OH
AN
5 12) (Z)- and (E)-5,5'-(Ethene-1,2-diyl)bis(2-(piperidin-1-ylmethyl)phenol) (“NB-
127):
HO
” Oehan:
O 2HCI
N
O N 2HCI
x

OH

13) (Z) or (E)-4,4'-(But-2-ene-2,3-diyl)bis(2-((dimethylamino)methyl)phenol)
10 (“NB-137):
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PN and

14)  (Z) and (E)-5,5-(Ethene-1,2-diyl)bis(2-(pyrrolidin-1-ylmethyl)phenol) (“NB-

147):

HO and

15) (Z) and (E)-4,4'-(Ethene-1,2-diyl)bis(2-((dimethylamino)methyl)phenol) (“NB-
157):
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HO

HO
(o

and

16) (Z) and (E)-5,5'-(But-2-ene-2,3-diyl)bis(2-(piperidin-1-ylmethyl)phenol) (“NB-
167):

and

17)  (Z) and (E)-(5,5'-(but-2-ene-2,3-diyl)bis(2-(pyrrolidin-1-ylmethyl)phenol)
(“NB-177):
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O OH . O / O OH
P |
and Q;

18) (Z) and (E)-5,5'-(Ethene-1,2-diyl)bis(2-(morpholinomethyl)phenol) (“NB-
187):

(J

O o
SBOVEN
9
DOy
.
@

19) (Z) and (E)-5,5'-(But-2-ene-2,3-diyl)bis(2-(morpholinomethyl)phenol) (“NB-
197):
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,(\O .
> >
TIIA e

20)  (Z) and (E)-4,4'-(Ethene-1,2-diyl)bis(2-(piperidin-1-ylmethyl)phenol) (“NB-
207):

2

HO N

00T

ALy

21)  (Z) and (E)-4,4'-(Ethene-1,2-diyl)bis(2-(pyrrolidin-1-ylmethyl)phenol)
(“NB-217):
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2

HO N

o

HO
O 0

22) (Z) and (E)-4,4'-(Ethene-1,2-diyl)bis(2-(morpholinomethyl)phenol)(“NB-22"):

and

O D
OH .

2

o]

Q)

O
Qo

S

23) (Z) and (E)-4,4'-(Hex-3-ene-3,4-diyl)bis(2-((dimethylamino)methyl)phenol)
(“NB-23"):

and
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HO \N/
U
JOo
and
HO

\;‘\E\(\‘
/N A O N/

|

24)  (Z) and (E)-4,4'-(Hex-3-ene-3,4-diyl)bis(2-(pyrrolidin-1-ylmethyl)phenol)

(“NB-247):

o

25)  (Z) and (E)-4,4'-(Hex-3-ene-3,4-diyl)bis(2-(piperidin- 1-ylmethyl)phenol)
(“NB-257):

2
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HOQ

~

and
HO
N
OH :

26) (Z) and (E)-4,4'-(Hex-3-ene-3,4-diyl)bis(2-(morpholinomethyl)phenol) (“NB-
26”):

QI
SUW

27)  (Z) and (E)-4,4'-(But-2-ene-2,3-diyl)bis(2-(piperidin-1-ylmethyl)phenol)
(“NB-277):

and

L

2
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HOQ

O O and

AL A

28)  (Z) and (E)-4,4'-(But-2-ene-2,3-diyl)bis(2-(pyrrolidin-1-ylmethyl)phenol)
(“NB-287):

HO N

L
C\N O g and

HO.
- OO O
OH )

29) (Z) and (E)-2-((Diethylamino)methyl)-4-(4-(4-hydroxyphenyl)hex-3-en-3-
ylhphenol (“NB-29”):

Ho |O ﬁ HO
\)” O 7 \/“
and OH

2
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30) (Z) and (E)-4,4'-(Hex-3-ene-3,4-diyl)diphenol (“NB-307")

OH

/ OO

and OH
3D (Z) and (E)-4,4'-(But-2-ene-2,3-diyl)diphenol (“NB-317):
OH
HO
Ho O
F
7 ®
and OH;

32)  (Z) and (E)-3,3'-(Ethene-1,2-diyl)diphenol (“NB-32"):

O OH
OH

-

HO 7 and :

33)  (Z) and (E)-3,3'-(But-2-ene-2,3-diyl)diphenol (“NB-33"):

/‘\! “‘D/ How OH
HO
and ;

34)  (Z) and (E)-4,4'-(Ethene-1,2-diyl)diphenol (“NB-34"):
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O HO
® A ®
F and

35) (Z) and (E)-4,4'-(Hex-3-ene-3,4-diyl)bis(2-((diethylamino)methyl)phenol) (“G6”):

Jk

I T
T

5 or a pharmaceutically acceptable salt, ester, hydrate or solvate thereof.

on; and

In one embodiment, the compound is selected from the group (Group (D))
consisting of NB-1, NB-2, NB-3, NB-4, NB-5, NB-6, NB-7, NB-§, NB-9, NB-10,
NB-11 and NB-12, or a pharmaceutically acceptable salt, ester, hydrate or solvate

thereof.
10 In still another embodiment, the compound is a compound of Formula (I1I):
R”
: N—R2
1
Formula (III)
wherein
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R' and R? are each independently H, -(C,-Cy)alkyl, -(C,-Cg)alkenyl, -(C»-

Cyg)alkynyl,

HO jij/ \O
HO or

2 2 2

wherein -(C;-Cy)alkyl can be further substituted with one or more hydroxy or

halogen;

E—C(R1°)—(R1°)C

il.

1ii.

1v.

vi.

or

R' and R?, together with the N-atom to which they are attached, to form a 5-
membered or 6-membered heterocyclic ring, provided that when R' and R*
together with the N-atom form a piperazine ring, the second nitrogen on the
piperazine ring can be further substituted with -(C;-C,)alkyl, -(Cs-
Cy)eycloalkyl, aryl or acyl, wherein —(C;-Cy)alkyl, -(C5-C7)cycloalkyl, aryl or
acyl can be substituted with one or more hydroxy, halogen or —(C;-Cs)alkyl;
R s H, acyl, tosyl, -(C;-Cs)alkyl, or aryl;

R*and R’ are H or Ru, provided that one of R*and R’ is H, and the other is
R

12.
R1is

O
X Ry i |
| | i——(CHR®) |
1
]

G NS F N,

Rz, or R

wherein the aryl group to which both R* and R’ are attached can be meta or
para to the —OR' in the aromatic ring of R'%;

R s hydrogen, or —(C;-Cs)alkyl;

or a pharmaceutically acceptable salt, ester, hydrate or solvate thereof;
provided that the compound is not:
4,4'-(Hex-3-ene-3,4-diyl)bis(2-((diethylamino)methyl)phenol); or
4.4'-(Ethene-1,2-diyl)bis(2-((diethylamino)methyl)phenol); or
5,5'-(Hex-3-ene-3,4-diyl)bis(2-((dimethylamino)methyl)phenol); or
4.4'-(Hex-3-ene-3,4-diyl)bis(2-((dimethylamino)methyl)phenol); or
4.4'-(Ethene-1,2-diyl)bis(2-((dimethylamino)methyl)phenol); or
4.,4'-(Hex-3-ene-3,4-diyl)bis(2-((diethylamino)methyl)phenol); or
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vii. 4,4'-(Ethene-1,2-diyl)bis(2-((diethylamino)methyl)phenol); or
viii. 4,4'-(Ethene-1,2-diyl)bis(2-(pyrrolidin-1-ylmethyl)phenol).

In one embodiment, R'" is hydrogen in Formula (III). In another embodiment,

R'? for each occurrence is hydrogen, methyl or ethyl.

. 12 .
In one embodiment, R~ is

_C(R1O)_(R1O)C |

F ’l“\

In one embodiment of the compounds of formula (IIT), R* is R'* and R’ is H.
In one embodiment, the aryl group to which R* and R’ are attached is meta to the —

OR'! in the aromatic ring of R'.

In one embodiment of the compounds of formula (IIT), R' for each occurrence
is hydrogen or methyl. In another embodiment, R' and R for each occurrence are -
(Ci-Cy)alkyl. In still another embodiment, R! and R? together with the N-atom to
which they are attached form a piperidinyl, pyrrolidinyl or imidazolyl ring, wherein

10 -
R " is the same for each occurrence.

In one embodiment, R'%is ethyl. In another embodiment, R' and R? are ethyl,
or isopropyl. In another embodiment, R' and R* together with the N-atom to which
they are attached form a pyrrolidinyl or imidazolyl ring.

In certain embodiments, R*is H and R’ is R, In one embodiment, the aryl

group to which R* and R’ are attached is para to the —OR'" in the aromatic ring of R'.

In one embodiment, R!%js methyl. In another embodiment, R' and R? for
each occurrence are -(C;_C,)alkyl, or R' and R? together with the N-atom to which
they are attached form a 5-membered or 6-membered heterocyclic ring. In another
embodiment, when R'%isH or ethyl and R'% is the same for each occurrence, R!and
R? are propyl or isopropyl. In another embodiment, when R'® is ethyl, R' and R*
together with the N-atom to which they are attached form a piperidinyl, pyrrolidinyl

or imidazolyl ring.

The names for the compounds herein are meant to expressly encompass both

cis- and trans- isomers of each of these compounds.
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In one embodiment, the compound is a stilbene or stilbenoid derivative.

In another embodiment, the compound is (Z) or (E)-4,4'-(hex-3-ene-3,4-
diyl)bis(2-((diethylamino)methyl)phenol) (“G6”), or a pharmaceutically acceptable

salt, ester, hydrate or solvate thereof.

Also, the compounds of the invention may contain one or more asymmetric
centers and thus occur as racemates and racemic mixtures, single enantiomers,
individual diastereomers and diastereomeric mixtures. All such isomeric forms of
these compounds are expressly comtemplated. The compounds of the invention may
also be represented in multiple tautomeric forms, in such instances, the invention
expressly includes all tautomeric forms of the compounds described herein. All such
isomeric forms of such compounds are expressly included. Crystal forms of the

compounds described herein are also included.

The compounds of the invention are capable of modulating (e.g., inhibiting or
stimulating) (directly or indirectly) Jak2-binding activity and methods using the
compounds thereof. Other aspects of the compounds and methods include those
wherein the subject is identified as having the Jak2-V617F mutant; wherein the
subject is identified as having the K603Q, D620E or C644S mutation in the Jak2 JH2
domain; wherein the subject is identified as having the K603Q, D620E and C644S
mutations in the Jak2 JH2 domain; or wherein the subject is identified as having the
K603Q, D620E and C644S mutations in the Jak2 JH2 domain and is identified as not
having the Jak2-V617F mutant.

The invention also relates to pharmaceutically acceptable esters, salts,

solvates, hydrates or prodrugs thereof of the compounds delineated above.

Naturally occurring or synthetic isomers can be separated in several ways
known in the art. Methods for separating a racemic mixture of two enantiomers
include chromatography using a chiral stationary phase (see, e.g., “Chiral Liquid
Chromatography,” W.J. Lough, Ed. Chapman and Hall, New York (1989)).
Enantiomers can also be separated by classical resolution techniques. For example,
formation of diastereomeric salts and fractional crystallization can be used to separate
enantiomers. For the separation of enantiomers of carboxylic acids, the
diastereomeric salts can be formed by addition of enantiomerically pure chiral bases

such as brucine, quinine, ephedrine, strychnine, and the like. Alternatively,
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diastereomeric esters can be formed with enantiomerically pure chiral alcohols such
as menthol, followed by separation of the diastereomeric esters and hydrolysis to
yield the free, enantiomerically enriched carboxylic acid. For separation of the optical
isomers of amino compounds, addition of chiral carboxylic or sulfonic acids, such as
camphorsulfonic acid, tartaric acid, mandelic acid, or lactic acid can result in

formation of the diastereomeric salts.

The compounds of the invention can be prepared according to a variety of
emthods, some of which are known in the art. Methods of synthesizing the
compounds of the invention are exemplified in Example 1; other methods of
preparation will be apparent to one of ordinary skill in the art. Methods for optimizing
reaction conditions, if necessary minimizing competing by-products, are known in the
art. The methods may also additionally include steps, either before or after the steps
described specifically herein, to add or remove suitable protecting groups in order to
ultimately allow synthesis of the compounds herein. In addition, various synthetic
steps may be performed in an alternate sequence or order to give the desired
compounds. Synthetic chemistry transformations and protecting group methodologies
(protection and deprotection) useful in synthesizing the applicable compounds are
known in the art and include, for example, those described in R. Larock,
Comprehensive Organic Transformations, VCH Publishers (1989); T.W. Greene and
P.G.M. Wuts, Protective Groups in Organic Synthesis, 3" Ed., John Wiley and Sons
(1999); L. Fieser and M. Fieser, Fieser and Fieser’s Reagents for Organic Synthesis,
John Wiley and Sons (1994); and L. Paquette, ed., Encyclopedia of Reagents for
Organic Synthesis, John Wiley and Sons (1995) and subsequent editions thereof.

Also, the invention provides compounds which associate with or bind to the
kinase binding pocket of Jak2 defined by one or more of the following residues;
GLN14 LEU15 GLY16 LYS17 GLY21 SER22 VAL39 ALA40 VAL41 ARGS57
ILE70 ARG86 ILES88 MET89 GLU90 TYR91 LEU92 PRO93 TYR94 GLY95
LEU97 ARG98 ALA138 THR139 ARG140 ILE152 GLY 153 ASP154 PHE155, or a
Jak2 protein-protein binding partner binding pocket (including targets where Jak2
mediates a biological process or mechanism) that are useful in the methods described
herein. In one aspect, the interaction of the test compound and the Jak2 kinase domain
comprises one H-bond acceptor interaction with Glu90 and one H-bond donor

interaction with Leu92. Without wishing to be bound by any theory, it appears that
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these interactions may be important in contributing to activity of certain potent Jak2

inhibitors.

3. USES OF THE COMPOUNDS OF THE INVENTION

Somatic mutations in the Jak?2 allele are described in virtually all patients
diagnosed with polycythemia vera (PV), and about 50% of patients with essential
thrombocythemia (ET) and chronic idiopathic myelofibrosis (CIMF) (Kaushansky, K.
Best Pract Res. Clin. Haematol. 2007, 20:5-12). The most common Jak2 mutation is
the result of a G = T point mutation at nucleotide 1849 within exon 12, resulting in a
phenylalanine substation for valine at codon 617 (V617F). The mutation is located in
the JAK homology 2 (JH2) negative regulatory domain and its presence results in
increased Jak?2 kinase activity that is unresponsive to the negative feedback
mechanisms that govern normal cell growth. A causal role for the mutation is
supported in vivo by murine transfection studies resulting in erythrocytosis and
myelofibrosis in recipient animals (Lacout C. et al. Blood 2006, 108: 1652-1660).
Additional somatic, Jak2 gain-of-function mutations have been detected in exon 12 in
patients with V617F negative erythrocytosis (Zhang SJ, Int J. Lab. Hematol. 2007,
29:71-72) (See also PCT Patent Application No.: PCT/US08/007073, the contents of
which are incorporated herein by reference).

The present inventors have now discovered a class of small molecules that are
novel Jak?2 tyrosine kinase inhibitors. In particular, in certain embodiments, a Jak2
small molecule inhibitor is a compound of Formula (II) as above defined, or its
pharmaceutically acceptable salt, ester, hydrate or solvate thereof. In one
embodiments, the In certain embodiments, the Jak2 small molecule inhibitor is a
compound of Formula (I). In certain embodiments, the inhibitor is a compound of
Formula (IIT). In certain embodiments, the Jak2 small molecule inhibitor is a
compound of Group (A), (B), (C) or (D) as above defined, its pharmaceutically
acceptable salt, hydrate or solvate thereof. In one embodiment, the compound is a
compound of Group (B), or a pharmaceutically acceptable salt, ester, hydrate or
solvate thereof. In another embodiment, the compound is a compound selected from
Group (C), or a pharmaceutically acceptable salt, ester, hydrate or solvate thereof. In
still another embodiment, the compound is a compound selected from Group (D), or a

pharmaceutically acceptable salt, ester, hydrate or solvate thereof.
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In yet another embodiment, the compound is a stilbene or stilbenoid
derivative. In one embodiment, the compound is (E) or (Z)-4,4'-(hex-3-ene-3,4-
diyl)bis(2-((diethylamino)methyl)phenol), or a pharmaceutically acceptable salt, ester,

hydrate or solvate thereof.

In another aspect, the invention provides methods for treating a subject for a
Jak2-mediated disease or disorder (e.g., polycythemia vera, essential
thrombocythemia, angiogenic myeloid metaplasia), by administering to the subject an
effective amount of a compound of the invention. In one embodiment, the compound
of the invention is a compound of Formula (II). In another embodiment, the

compound administered to the subject is a compound of Formula (I) or (III).

In certain embodiments, the compound is selected from Group (A), (B), (C) or
(D) as above described, or its pharmaceutically acceptable salt, ester, hydrate or
solvate thereof. In one embodiment, the compound is a compound selected from
Group (B), or a pharmaceutically acceptable salt, ester, hydrate or solvate thereof. In
another embodiment, the compound is a compound selected from Group (C), or a
pharmaceutically acceptable salt, ester, hydrate or solvate thereof. In still another
embodiment, the compound is a compound selected from Group (D), or a

pharmaceutically acceptable salt, ester, hydrate or solvate thereof.

In yet another embodiment, the compound is a stilbene or stilbenoid
derivative. In another embodiment, the compound is (E) or (Z)-4,4'-(hex-3-ene-3,4-
diyl)bis(2-((diethylamino)methyl)phenol), or a pharmaceutically acceptable salt, ester,

hydrate or solvate thereof.

In certain embodiments, the compound of the invention is administered to a
subject at a dose between about 0.001 mg/Kg/day and about 200 mg/Kg/day. In
another embodiment, the compound of the invention is administered to the subject at a
dose between about 0.1 mg/Kg/day and about 10 mg/Kg/day. In one embodiment, the
compound of the invention is administered to the subject at a dose about 1

mg/Kg/day.

The compounds of the invention may either directly or indirectly modulate
having Jak2 or Jak2 mutant activity can be contacted with a compound of the
invention to inhibit disease or disorder processes or modulation of the Jak2 metabolic

cascade. Contacting cells or administering the compounds of the invention to a
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subject is one method of treating a cell or a subject suffering from or susceptible to

unwanted or undesired Jak2 or a Jak2 mutant mediated disorder.

In one embodiment, the compounds of the invention may either directly or
indirectly modulate having Jak2 or Jak2 mutant activity by inhibiting Jak2
autophosphorylation. In another embodiment, the compounds of the invention do not
inhibit c-Src or Tyk2 autophosphorylation as effectively as Jak2 autophosphorylation.
In aspects, the compounds demonstrate a level of Jak2 (or Jak2 mutant)
autophosphorylation inhibition that is at least 2-, 5-, 10-, 25-, 50- or 100-fold higher
than c-Src or Tyk2 autophosphorylation inhibition.

In certain embodiments, the methods of the invention include administering to
a subject a therapeutically effective amount of a compound of the invention in
combination with another pharmaceutically active compound. In certain
embodiments, such an effective amount is at a dose between about 0.001 mg/Kg/day
and about 200 mg/Kg/day, between about 0.001 mg/Kg/day and about 30 mg/Kg/day.
In another embodiment, the compound of the invention is administered to the subject
at a dose between about 0.1 mg/Kg/day and about 10 mg/Kg/day. In one embodiment,
the compound of the invention is administered to the subject at a dose about 1

mg/Kg/day.

Examples of pharmaceutically active compounds include compounds known
to treat proliferative disorders, e.g., anticancer agents, antitumor agents,
antiangiogenesis agents, chemotherapeutics, antibodies, etc. Other pharmaceutically
active compounds that may be used can be found in Harrison's Principles of Internal
Medicine, Thirteenth Edition, Eds. T.R. Harrison et al. McGraw-Hill N.Y., NY; and
the Physicians Desk Reference 50th Edition 1997, Oradell New Jersey, Medical
Economics Co., the complete contents of which are expressly incorporated herein by
reference. The compound of the invention and the pharmaceutically active compound
may be administered to the subject in the same pharmaceutical composition or in

different pharmaceutical compositions (at the same time or at different times).

In certain embodiments, the compound of the invention can be used in
combination therapy with an existing anti-cancer therapeutics. Conventional treatment
regimens include, for example, radiation, drugs, or a combination of both. In addition

to radiation, the following drugs, usually in combinations with each other, are often
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used to treat acute leukemias: vincristine, prednisone, methotrexate, mercaptopurine,
cyclophosphamide, and cytarabine. Other examples include, for example,
doxorubicin, cisplatin, taxol, 5-fluorouracil, etoposid, etc., which demonstrate
advantages (e.g., chemosensitization of cells) in combination with the compounds
described herein. In chronic leukemia, for example, busulfan, melphalan, and
chlorambucil can be used in combination. Proteosome inhibitors (e.g., MG-132),
hydroxyureas (e.g., Hydrea or hydroxycarbamide) or kinase inhibitors (e.g.,
GLEEVEC) can also be used in combination with the compounds herein. Most
conventional anti-cancer drugs are highly toxic and tend to make patients quite ill
while undergoing treatment. Vigorous therapy is based on the premise that unless

every cancerous cell is destroyed, the residual cells will multiply and cause a relapse.

Determination of a therapeutically effective anti-proliferative amount or a
prophylactically effective anti-proliferative amount of the compound of the invention,
can be readily made by the physician or veterinarian (the “attending clinician”), as
one skilled in the art, by the use of known techniques and by observing results
obtained under analogous circumstances. The dosages may be varied depending upon
the requirements of the patient in the judgment of the attending clinician; the severity
of the condition being treated and the particular compound being employed. In
determining the therapeutically effective anti-proliferative amount or dose, and the
prophylactically effective anti-proliferative amount or dose, a number of factors are
considered by the attending clinician, including, but not limited to: the specific
disorder involved; pharmacodynamic characteristics of the particular agent and its
mode and route of administration; the desired time course of treatment; the species of
mammal; its size, age, and general health; the specific disease involved; the degree of
or involvement or the severity of the disease; the response of the individual patient;
the particular compound administered; the mode of administration; the bioavailability
characteristics of the preparation administered; the dose regimen selected; the kind of
concurrent treatment (i.e., the interaction of the compound of the invention with other

co-administered therapeutics); and other relevant circumstances.

Treatment can be initiated with smaller dosages, which are less than the
optimum dose of the compound. Thereafter, the dosage may be increased by small
increments until the optimum effect under the circumstances is reached. For

convenience, the total daily dosage may be divided and administered in portions

70



10

15

20

25

30

WO 2013/019655 PCT/US2012/048635

during the day if desired. A therapeutically effective amount and a prophylactically
effective anti-proliferative amount of a compound of the invention is expected to vary
from about 0.1 milligram per kilogram of body weight per day (mg/kg/day) to about
200 mg/kg/day. In certain embodiments, such a dosage is between about 0.001
mg/Kg/day and about 30 mg/Kg/day. In another embodiment, the dosage is between
about 0.1 mg/Kg/day and about 10 mg/Kg/day. In one particular embodiment, the
dosage is about 1 mg/Kg/day.

Compounds of the invention used in the prevention or treatment of disease or
disorders in animals, e.g., dogs, chickens, and rodents, may also be useful in treatment
of tumors in humans. Those skilled in the art of treating tumors in humans will know,
based upon the data obtained in animal studies, the dosage and route of administration

of the compound to humans.

In yet another aspect, the invention provides the use of a compound of any of
the formulae herein, alone or together with one or more additional therapeutic agents
in the manufacture of a medicament, either as a single composition or as separate
dosage forms, for treatment or prevention in a subject of a disease, disorder or
symptom set forth herein. Another aspect of the invention is a compound of the
formulae herein for use in the treatment or prevention in a subject of a disease,

disorder or symptom thereof delineated herein.

The identification of those patients who are in need of prophylactic treatment
for Jak2-mediated disorders is well within the ability and knowledge of one skilled in
the art. Certain of the methods for identification of patients which are at risk of
developing Jak2-mediated disorders which can be treated by the subject method are
appreciated in the medical arts, such as family history, and the presence of risk factors
associated with the development of that disease state in the subject patient. A
clinician skilled in the art can readily identify such candidate patients, by the use of,
for example, clinical tests, physical examination and medical/family history.

A method of assessing the efficacy of a treatment in a subject includes
determining the pre-treatment extent of a Jak2-mediated disorder by methods well
known in the art (e.g., determining tumor size or screening for cancer markers where
the Jak2-mediated disorder is present) and then administering a therapeutically
effective amount of an inhibitor of cell proliferation (e.g., those described herein)

according to the invention to the subject. After an appropriate period of time after the

71



10

15

20

25

30

WO 2013/019655 PCT/US2012/048635

administration of the compound (e.g., 1 day, 1 week, 2 weeks, one month, six
months), the extent of the Jak2-mediated disorder is determined again. Certain
embodiments provide that the determination takes place within 24 to 72 hours of the
administration. One embodiment provides that the determination takes place within
48 hours of the administration.

The modulation (e.g., decrease) of the extent or invasiveness of the Jak2-
mediated disorder indicates efficacy of the treatment. The extent or invasiveness of
the Jak2-mediated disorder may be determined periodically throughout treatment. For
example, the extent or invasiveness of the Jak2-mediated disorder may be checked
every few hours, days or weeks to assess the further efficacy of the treatment. A
decrease in extent or invasiveness of the Jak2-mediated disorder indicates that the
treatment is efficacious. The method described may be used to screen or select
patients that may benefit from treatment with an inhibitor of a Jak2-mediated
disorder.

As used herein, “obtaining a biological sample from a subject,” includes
obtaining a sample for use in the methods described herein. A biological sample is
described above.

Yet another aspect presents a method to identify a compound that modulates
the interaction of Jak2-mediated binding partner, or specific domains thereof. The
method may include obtaining the crystal structure of a Jak2-mediated binding
partner, or specific domains thereof (optionally apo form or complexed) or obtaining
the information relating to the crystal structure of a Jak2-mediated binding partner, or
specific domains thereof (optionally apo form or complexed), in the presence and/or
absence of the test compound. Compounds may then be computer modeled into or on
the Jak2-mediated binding partner, or specific domains thereof binding site of the
crystal structure to predict stabilization of the interaction between the Jak2-mediated
binding partner, or specific domains thereof and the test compound. Once potential
modulating compounds are identified, the compounds may be screened using cellular
assays, such as the ones identified herein and competition assays known in the art (see
also PCT Publication WO2008/153900, the contents of which are incorporated herein
by reference). Compounds identified in this manner are useful as therapeutic agents.

In another aspect, a compound of the formulae herein is packaged in a
therapeutically effective amount with a pharmaceutically acceptable carrier or diluent.

The composition may be formulated for treating a subject suffering from or
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susceptible to a Jak2-mediated disorder, and packaged with instructions to treat a

subject suffering from or susceptible to a Jak2-mediated disorder.

In another aspect, the invention provides methods for inhibiting cell
proliferation. In one embodiment, a method of inhibiting cell proliferation (or a Jak2-
mediated disorder) according to the invention includes contacting cells with a
compound capable of modulating Jak2 or a Jak2-mediated binding partner, or specific
domains thereof. In either embodiment, the contacting may be in vitro, e.g., by
addition of the compound to a fluid surrounding the cells, for example, to the growth
media in which the cells are living or existing. The contacting may also be by directly
contacting the compound to the cells. Alternately, the contacting may be in vivo, e.g.,
by passage of the compound through a subject; for example, after administration,
depending on the route of administration, the compound may travel through the
digestive tract or the blood stream or may be applied or administered directly to cells

in need of treatment.

In certain embodiments, the methods includes contacting cells with
compounds of the invention for from 24 to 72 hours. In another embodiment, the

methods includes contacting cells with compounds of the invention up to 48 hours.

In certain embodiments, a method of inhibiting a Jak2-mediated disorder in a
subject includes administering an effective amount of a compound of the invention
(i.e., a compound described herein) to the subject. The administration may be by any
route of administration known in the pharmaceutical arts. The subject may have a
Jak2-mediated disorder, may be at risk of developing a Jak2-mediated disorder, or
may need prophylactic treatment prior to anticipated or unanticipated exposure to a
conditions capable of increasing susceptibility to a Jak2-mediated disorder, e.g.,

exposure to carcinogens or to ionizing radiation.

The subject may be at risk of a Jak2-mediated disorder, may be exhibiting
symptoms of a Jak2-mediated disorder, may be susceptible to a Jak2-mediated

disorder and/or may have been diagnosed with a Jak2-mediated disorder.

If the modulation of the status indicates that the subject may have a favorable
clinical response to the treatment, the subject may be treated with the compound. For
example, the subject can be administered therapeutically effective dose or doses of the

compound.

73



10

15

20

25

30

WO 2013/019655 PCT/US2012/048635

The methods can be performed on cells in culture, e.g. in vitro or ex vivo, or
on cells present in an animal subject, e.g., in vivo. Compounds of the invention can
be initially tested in vitro using primary cultures of proliferating cells, e.g.,

transformed cells, tumor cell lines, and the like.

In another aspect, the methods herein include those: wherein a compound of
the invention is administered to a subject for treating or preventing Jak2 mediated
disease or disorder; or wherein a compound of the invention is administered to a
subject to reduce Jak2-dependent cell growth; wherein a compound of the invention is
administered to a subject for treating a hematological disease or disorder; wherein a

compound of the invention is adminstered to a subject for treating cancer.

Methods delineated herein include those wherein the subject is identified as in
need of a particular stated treatment. Identifying a subject in need of such treatment
can be in the judgment of a subject or a health care professional and can be subjective
(e.g. opinion) or objective (e.g. measurable by a test or diagnostic method). In other
methods, the subject is pre-screened or identified as in need of such treatment by

assessment for a relevant marker or indicator of suitability for such treatment.

The methods can be performed on cells in culture, e.g. in vitro or ex vivo, or
on cells present in an animal subject, e.g., in vivo. Compounds of the invention can
be initially tested in vitro using cells or other mammalian or non-mammalian animal
models. Alternatively, the effects of a compound of the invention can be characterized

in vivo using animals models.

4. PHARMACEUTICAL COMPOSITIONS

The invention also provides a pharmaceutical composition, comprising an
effective amount of a compound of the invention and a pharmaceutically acceptable
carrier. In a further embodiment, the effective amount is effective to treat a Jak2-

mediated disease or disorder, as described previously.

In an embodiment, the compound of the invention is administered to the
subject using a pharmaceutically-acceptable formulation, e.g., a pharmaceutically-
acceptable formulation that provides sustained delivery of the compound of the

invention to a subject for at least 12 hours, 24 hours, 36 hours, 48 hours, one week,
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two weeks, three weeks, or four weeks after the pharmaceutically-acceptable

formulation is administered to the subject.

In certain embodiments, these pharmaceutical compositions are suitable for
topical or oral administration to a subject. In other embodiments, as described in
detail below, the pharmaceutical compositions of the invention may be specially
formulated for administration in solid or liquid form, including those adapted for the
following: (1) oral administration, for example, drenches (aqueous or non-aqueous
solutions or suspensions), tablets, boluses, powders, granules, pastes; (2) parenteral
administration, for example, by subcutaneous, intramuscular or intravenous injection
as, for example, a sterile solution or suspension; (3) topical application, for example,
as a cream, ointment or spray applied to the skin; (4) intravaginally or intrarectally,
for example, as a pessary, cream or foam; or (5) aerosol, for example, as an aqueous

aerosol, liposomal preparation or solid particles containing the compound.

The phrase “pharmaceutically acceptable” refers to those compound of the
invention, compositions containing such compounds, 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.

The phrase “pharmaceutically-acceptable carrier” includes pharmaceutically-
acceptable material, composition or vehicle, such as a liquid or solid filler, diluent,
excipient, solvent or encapsulating material, involved in carrying or transporting the
subject chemical from one organ, or portion of the body, to another organ, or portion
of the body. Each carrier is “acceptable” in the sense of being compatible with the
other ingredients of the formulation and not injurious to the patient. Some examples
of materials which can 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 carboxymethyl

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, safflower 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
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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) phosphate buffer solutions; and (21) other

non-toxic compatible substances employed in pharmaceutical formulations.

Wetting agents, emulsifiers and lubricants, such as sodium lauryl sulfate and
magnesium stearate, as well as coloring agents, release agents, coating agents,
sweetening, flavoring and perfuming agents, preservatives and antioxidants can also

be present in the compositions.

Examples of pharmaceutically-acceptable antioxidants include: (1) water
soluble antioxidants, such as ascorbic acid, cysteine hydrochloride, sodium bisulfate,
sodium metabisulfite, sodium sulfite and the like; (2) oil-soluble antioxidants, such as
ascorbyl palmitate, butylated hydroxyanisole (BHA), butylated hydroxytoluene
(BHT), lecithin, propyl gallate, alpha-tocopherol, and the like; and (3) metal chelating
agents, such as citric acid, ethylenediamine tetraacetic acid (EDTA), sorbitol, tartaric

acid, phosphoric acid, and the like.

Compositions containing a compound of the invention include those suitable
for oral, nasal, topical (including buccal and sublingual), rectal, vaginal, aerosol
and/or parenteral administration. The compositions may conveniently be presented in
unit dosage form and may be prepared by any methods well known in the art of
pharmacy. The amount of active ingredient which can be combined with a carrier
material to produce a single dosage form will vary depending upon the host being
treated, the particular mode of administration. The amount of active ingredient which
can be combined with a carrier material to produce a single dosage form will
generally be that amount of the compound which produces a therapeutic effect.
Generally, out of one hundred per cent, this amount will range from about 1 per cent
to about ninety-nine percent of active ingredient, e.g., from about 5 per cent to about

70 per cent, e.g., from about 10 per cent to about 30 per cent.

Methods of preparing these compositions include the step of bringing into
association a compound of the invention with the carrier and, optionally, one or more
accessory ingredients. In general, the formulations are prepared by uniformly and
intimately bringing into association a compound of the invention with liquid carriers,

or finely divided solid carriers, or both, and then, if necessary, shaping the product.
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Compositions of the invention suitable for oral administration may be in the
form of capsules, cachets, pills, tablets, lozenges (using a flavored basis, usually
sucrose and acacia or tragacanth), powders, granules, or as a solution or a suspension
in an aqueous or non-aqueous liquid, or as an oil-in-water or water-in-oil liquid
emulsion, or as an elixir or syrup, or as pastilles (using an inert base, such as gelatin
and glycerin, or sucrose and acacia) and/or as mouth washes and the like, each
containing a predetermined amount of a compound of the invention as an active

ingredient. A compound may also be administered as a bolus, electuary or paste.

In solid dosage forms of the invention for oral administration (capsules,
tablets, pills, dragees, powders, granules and the like), the active ingredient is mixed
with one or more pharmaceutically-acceptable carriers, such as sodium citrate or
dicalcium phosphate, and/or any of the following: (1) fillers or extenders, such as
starches, lactose, sucrose, glucose, mannitol, and/or silicic acid; (2) binders, such as,
for example, carboxymethylcellulose, alginates, gelatin, polyvinyl pyrrolidone,

sucrose and/or acacia; (3) humectants, such as glycerol; (4) disintegrating agents, such

as agar-agar, calcium carbonate, potato or tapioca starch, alginic acid, certain silicates,
and sodium carbonate; (5) solution retarding agents, such as paraffin; (6) absorption
accelerators, such as quaternary ammonium compounds; (7) wetting agents, such as,
for example, acetyl alcohol and glycerol monostearate; (8) absorbents, such as kaolin
and bentonite clay; (9) lubricants, such a talc, calcium stearate, magnesium stearate,
solid polyethylene glycols, sodium lauryl sulfate, and mixtures thereof; and (10)
coloring agents. In the case of capsules, tablets and pills, the pharmaceutical
compositions may also comprise buffering agents. Solid compositions of a similar
type may also be employed as fillers in soft and hard-filled gelatin capsules using
such excipients as lactose or milk sugars, as well as high molecular weight

polyethylene glycols and the like.

A tablet may be made by compression or molding, optionally with one or
more accessory ingredients. Compressed tablets may be prepared using binder (for
example, gelatin or hydroxypropylmethyl cellulose), lubricant, inert diluent,
preservative, disintegrant (for example, sodium starch glycolate or cross-linked
sodium carboxymethyl cellulose), surface-active or dispersing agent. Molded tablets
may be made by molding in a suitable machine a mixture of the powdered active

ingredient moistened with an inert liquid diluent.
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The tablets, and other solid dosage forms of the pharmaceutical compositions
of the invention, such as dragees, capsules, pills and granules, may optionally be
scored or prepared with coatings and shells, such as enteric coatings and other
coatings well known in the pharmaceutical-formulating art. They may also be
formulated so as to provide slow or controlled release of the active ingredient therein
using, for example, hydroxypropylmethyl cellulose in varying proportions to provide
the desired release profile, other polymer matrices, liposomes and/or microspheres.
They may be sterilized by, for example, filtration through a bacteria-retaining filter, or
by incorporating sterilizing agents in the form of sterile solid compositions which can
be dissolved in sterile water, or some other sterile injectable medium immediately
before use. These compositions may also optionally contain opacifying agents and
may be of a composition that they release the active ingredient(s) only, or
preferentially, in a certain portion of the gastrointestinal tract, optionally, in a delayed
manner. Examples of embedding compositions which can be used include polymeric
substances and waxes. The active ingredient can also be in micro-encapsulated form,

if appropriate, with one or more of the above-described excipients.

Liquid dosage forms for oral administration of the compound of the invention
include pharmaceutically-acceptable emulsions, microemulsions, solutions,
suspensions, syrups and elixirs. In addition to the active ingredient, the liquid dosage
forms may contain inert diluents commonly used in the art, such as, for example,
water or other solvents, solubilizing agents and emulsifiers, such as ethyl alcohol,
isopropyl alcohol, ethyl carbonate, ethyl acetate, benzyl alcohol, benzyl benzoate,
propylene glycol, 1,3-butylene glycol, oils (in particular, cottonseed, groundnut, corn,
germ, olive, castor and sesame oils), glycerol, tetrahydrofuryl alcohol, polyethylene

glycols and fatty acid esters of sorbitan, and mixtures thereof.

In addition to inert diluents, the oral compositions can include adjuvants such
as wetting agents, emulsifying and suspending agents, sweetening, flavoring,

coloring, perfuming and preservative agents.

Suspensions, in addition to the active compound of the invention may contain
suspending agents as, for example, ethoxylated isostearyl alcohols, polyoxyethylene
sorbitol and sorbitan esters, microcrystalline cellulose, aluminum metahydroxide,

bentonite, agar-agar and tragacanth, and mixtures thereof.
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Pharmaceutical compositions of the invention for rectal or vaginal
administration may be presented as a suppository, which may be prepared by mixing
one or more compounds of the invention with one or more suitable nonirritating
excipients or carriers comprising, for example, cocoa butter, polyethylene glycol, a
suppository wax or a salicylate, and which is solid at room temperature, but liquid at
body temperature and, therefore, will melt in the rectum or vaginal cavity and release

the active agent.

Compositions of the invention which are suitable for vaginal administration
also include pessaries, tampons, creams, gels, pastes, foams or spray formulations

containing such carriers as are known in the art to be appropriate.

Dosage forms for the topical or transdermal administration of a compound of
the invention include powders, sprays, ointments, pastes, creams, lotions, gels,
solutions, patches and inhalants. The active compound of the invention may be mixed
under sterile conditions with a pharmaceutically-acceptable carrier, and with any

preservatives, buffers, or propellants which may be required.

The ointments, pastes, creams and gels may contain, in addition to a
compound of the invention, excipients, such as animal and vegetable fats, oils, waxes,
paraffins, starch, tragacanth, cellulose derivatives, polyethylene glycols, silicones,

bentonites, silicic acid, talc and zinc oxide, or mixtures thereof.

Powders and sprays can contain, in addition to a compound of the invention,
excipients such as lactose, talc, silicic acid, aluminum hydroxide, calcium silicates
and polyamide powder, or mixtures of these substances. Sprays can additionally
contain customary propellants, such as chlorofluorohydrocarbons and volatile

unsubstituted hydrocarbons, such as butane and propane.

The compound of the invention can be alternatively administered by aerosol.
This is accomplished by preparing an aqueous aerosol, liposomal preparation or solid
particles containing the compound. A nonaqueous (e.g., fluorocarbon propellant)
suspension could be used. Sonic nebulizers are preferred because they minimize

exposing the agent to shear, which can result in degradation of the compound.

Ordinarily, an aqueous aerosol is made by formulating an aqueous solution or
suspension of the agent together with conventional pharmaceutically-acceptable

carriers and stabilizers. The carriers and stabilizers vary with the requirements of the
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particular compound, but typically include nonionic surfactants (Tweens, Pluronics,
or polyethylene glycol), innocuous proteins like serum albumin, sorbitan esters, oleic
acid, lecithin, amino acids such as glycine, buffers, salts, sugars or sugar alcohols.

Aerosols generally are prepared from isotonic solutions.

Transdermal patches have the added advantage of providing controlled
delivery of a compound of the invention to the body. Such dosage forms can be made
by dissolving or dispersing the agent in the proper medium. Absorption enhancers
can also be used to increase the flux of the active ingredient across the skin. The rate
of such flux can be controlled by either providing a rate controlling membrane or

dispersing the active ingredient in a polymer matrix or gel.

Ophthalmic formulations, eye ointments, powders, solutions and the like, are

also contemplated as being within the scope of the invention.

Pharmaceutical compositions of the invention suitable for parenteral
administration comprise one or more compounds of the invention in combination with
one or more pharmaceutically-acceptable sterile isotonic aqueous or nonaqueous
solutions, dispersions, suspensions or emulsions, or sterile powders which may be
reconstituted into sterile injectable solutions or dispersions just prior to use, which
may contain antioxidants, buffers, bacteriostats, solutes which render the formulation

isotonic with the blood of the intended recipient or suspending or thickening agents.

Examples of suitable aqueous and nonaqueous carriers, which may be
employed in the pharmaceutical compositions of the invention include water, ethanol,
polyols (such as glycerol, propylene glycol, polyethylene glycol, and the like), and
suitable mixtures thereof, vegetable oils, such as olive oil, and injectable organic
esters, such as ethyl oleate. Proper fluidity can be maintained, for example, by the use
of coating materials, such as lecithin, by the maintenance of the required particle size

in the case of dispersions, and by the use of surfactants.

These compositions may also contain adjuvants such as preservatives, wetting
agents, emulsifying agents and dispersing agents. Prevention of the action of
microorganisms may be ensured by the inclusion of various antibacterial and
antifungal agents, for example, paraben, chlorobutanol, phenol sorbic acid, and the
like. It may also be desirable to include isotonic agents, such as sugars, sodium

chloride, and the like into the compositions. In addition, prolonged absorption of the
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injectable pharmaceutical form may be brought about by the inclusion of agents

which delay absorption such as aluminum monostearate and gelatin.

In some cases, in order to prolong the effect of a drug, it is desirable to slow
the absorption of the drug from subcutaneous or intramuscular injection. This may be
accomplished by the use of a liquid suspension of crystalline or amorphous material
having poor water solubility. The rate of absorption of the drug then depends upon its
rate of dissolution which, in turn, may depend upon crystal size and crystalline form.
Alternatively, delayed absorption of a parenterally-administered drug form is

accomplished by dissolving or suspending the drug in an oil vehicle.

Injectable depot forms are made by forming microencapsule matrices of
compound of the invention in biodegradable polymers such as polylactide-
polyglycolide. Depending on the ratio of drug to polymer, and the nature of the
particular polymer employed, the rate of drug release can be controlled. Examples of
other biodegradable polymers include poly(orthoesters) and poly(anhydrides). Depot
injectable formulations are also prepared by entrapping the drug in liposomes or

microemulsions which are compatible with body tissue.

When the compound of the invention are administered as pharmaceuticals, to
humans and animals, they can be given per se or as a pharmaceutical composition
containing, for example, 0.1 to 99.5% (more preferably, 0.5 to 90%) of active

ingredient in combination with a pharmaceutically-acceptable carrier.

Regardless of the route of administration selected, the compound of the
invention, which may be used in a suitable hydrated form, and/or the pharmaceutical
compositions of the invention are formulated into pharmaceutically-acceptable dosage

forms by conventional methods known to those of skill in the art.

Actual dosage levels and time course of administration of the active
ingredients in the pharmaceutical compositions of the invention may be varied so as
to obtain an amount of the active ingredient which is effective to achieve the desired
therapeutic response for a particular patient, composition, and mode of administration,
without being toxic to the patient. In certain embodiments, the time course of
administration of the active ingredients is from 24 to 72 hours. In one embodiment,

the time course of administration is up to 48 hours.
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A preferred dose of the compound of the invention is the maximum that a
patient can tolerate and not develop serious side effects. For example, the compound
of the invention is administered at a concentration of about 0.001 mg to about 200 mg
per kilogram of body weight, about 0.001 — about 30 mg/kg or about 0.1 mg — about
10 mg/kg of body weight. Ranges intermediate to the above-recited values are also
intended to be part of the invention. A particular example is that a compound of the

invention is administered at a dose about 1 mg/Kg/day.

6. KITS

The invention also features kits. Included in the kits are supplies and/or
reagents useful in determining vimentin expression levels in a subject.Also, optionally
included in the kits are compounds that are capable of modulating Jak2 activity. Any
compound, or one or more compounds, of the invention can be included in the kits of
the invention. In one aspect, the kit includes a compound of Formula (II) as above
defined, or a pharmaceutical formulation thereof. In certain embodiments, the kit
includes a compound of Formula (I) or (III) as above defined, or a pharmaceutical
formulation thereof. In one embodiment, the kit includes a compound of Group (A),
(B), (C), or (D) as above defined, or a pharmaceutical formulation thereof. In one
embodiment, the kit includes a compound that is a stilbene or stilbenoid derivative.

In another embodiment, the kit includes a compound of Group (B) as above-
defined, or a pharmaceutical salt, ester, solvate or prodrug thereof. In another
embodiment, the kit includes a compound of Group (D) as above-defined, or a
pharmaceutical salt, ester, solvate or prodrug thereof. In still another embodiment, the
kit includes compound G6 as above-defined, or a pharmaceutical salt, ester, solvate or
prodrug thereof.

In certain embodiments, the kit includes a compound of the invention at a
dosage of between about 0.001 mg/Kg/day and about 200 mg/Kg/day, or between
about 0.001 mg/Kg/day and about 30 mg/Kg/day. In some embodiments, the kit
includes the compound of the invention at a dosage of between about 0.1 mg/Kg/day
and about 10 mg/Kg/day. A particular example is that the compound of the invention

is included in the kit at a dosage of about 1 mg/Kg/day.
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The kits also include instructions for use in treating cancer, for use in treating
a hematological disorder, for use in treating a cardiac disorder, and for use in reducing
Jak2-dependent cell growth.

Carrier means are suited for containing one or more container means such as
vials, tubes, and the like, each of the container means comprising one of the separate
elements to be used in the method. In view of the description provided herein, those
of skill in the art can readily determine the apportionment of the necessary reagents

among the container means.

The following examples are offered by way of illustration, not by way of
limitation. While specific examples have been provided, the above description is
illustrative and not restrictive. Any one or more of the features of the previously
described embodiments can be combined in any manner with one or more features of
any other embodiments in the invention. Furthermore, many variations of the
invention will become apparent to those skilled in the art upon review of the
specification. The scope of the invention should, therefore, be determined not with
reference to the above description, but instead should be determined with reference to

the appended claims along with their full scope of equivalents.

EXAMPLES

EXAMPLE 1: Synthesis of Compounds
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The hydroxy group can be para or meta; the R', R!and R? are as defined in the present application.

Synthetic Scheme 1

Certain compounds of the invention can be prepared by the exemplary synthetic

scheme shown in Synthetic Scheme I, above.

Synthetic procedures to obtain Intermediate (I): Dry THF (180 mL) and Zinc (8
equivalents) were added into a flame dried 2 neck round bottom flask fitted with
magnetic stirrer bar and reflux condensor. TiCly (4 equivalents) was added dropwise
at 0°C. After addition of TiCly was complete, the reaction mixture was refluxed for 2
hours. The resulting brown color mixture was then cooled to 0°C and the starting
material (aldehyde or ketone) (1 equivalent), as a solution in 20 mL of dry THF, was
then added slowly. The reaction mixture was refluxed and the progress of the eraction
was monitored by TLC (2:3 mixture of ethyl acetate/hexane). Upon completion,
reaction mixture was concentrated and diluted with ethylacetate (150 mL). To the
solution in ethyl acetate, saturated K,CO; solution (100 mL) was added and allowed
to stir for 7 hours and filtered. The filtrate was extracted with ethyl acetate and the
organic layer was washed with saturate NaCl solution, water, and dried over
anhydrous Na,SO, . The concentrated crude mixture was column chromatographed
over silica gel with 1:9 mixture of ethyl acetate:hexane to receive the E and Z isomers
of Intermediate (I) as stilbene products. The stilbene products (Intermediate (1))

were dried in vacuo and characterized by 'H- and >C NMR spectroscopy.
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Synthetic procedures to obtain Product (II): Intermediate (I) (1 equivalent) was
dissolved in 15 mL of methanol in a one neck round bottom flask, paraformaldehyde
(2.1 equivalents) and appropriate amine (2.2 equivalents) was added. The reaction
mixture was allowed to reflux and the progress of the reaction was monitored using
TLC (2:3 mixture of ethylacetate:hexane). Upon completion the reaction mixture was
cooled to room temperature and concentrated in vacuo. The residue was dissolved in
ethylacetate and treated with 1M HCI solution. Aqueous phase is separated, treated
with 1M NaOH solution until pH is 7, and extracted with ethylacetate. Organic layer
was washed with saturated NaCl solution, water, dried over anhydrous Na,SO, and
concentrated in vacuo to obtain Product (II) as a mixture of E- and Z- isomers. The

Product (IT) was then characterized by "H- and ?C-NMR spectroscopy.

Both E- and Z- isomers can be synthesized through the above synthetic
scheme. Modifications of the above procedure can be used to prepare additional
compounds of the invention. For example, alternative methods for preparing

substituted alkenes can be used to prepare variants of Intermediate (I).

EXAMPLE 2

EXPERIMENTAL PROCEDURES

Drugs - G6, obtained from the National Cancer Institute/Developmental Therapeutics
Program (NCI/DTP), was solublized in dimethyl sulfoxide at a concentration of 10
mM and stored at -20°C.

Reagents - AG490, Jak Inhibitor I, PD98059 and PP2 were purchased from
Calbiochem. Cycloheximide was purchased from Fisher Scientific. Caspase Inhibitor
1 (Z-VAD (OMe)-FMK), Calpain Inhibitor V (Mu-Val-HPh- CH,F, Mu =
morpholinoureidyl; HPh = homophenylalanyl), Verapamil, BAPTA-AM, A23187

and 3’,3’-iminodipropiontrile (IDPN) were also purchased from Calbiochem.

Cell Culture - Human Erythroleukemia (HEL) cells were purchased from the
American Type Culture Collection and maintained in RPMI 1640 (Mediatech)
supplemented with 10% fetal bovine serum (FBS), penicillin, streptomycin and L-

glutamine at 37°C and 5% CO?2.
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2-D Differential In Gel Electrophoresis (2-D DIGE) — HEL cells treated either with
vehicle control DMSO or 25 M G6 for 12 hours. The cell pellets were resuspended
in ice cold buffer containing 0.3% SDS, 20 mM Tris pH 8.0, 100 mM DTT, 10 ul
protease inhibitor cocktail III (Calbiochem), 5 mM MgCl12 and 250 units of
benzonase. The cell suspension was homogenized by sonication. Protein was
precipitated with 9 volumes of ice cold 10% trichloroacetic acid (TCA) in acetone
overnight at 4°C. Precipitated proteins were then dissolved in solubilization buffer (7
M urea, 2 M thiourea, 4% CHAPS, 0.2% SDS and 20 mM Tris, pH 8.0). After
centrifugation at 43,000 rpm for 30 min, solubilized protein in the supernatant was
quantified using the EZQ Protein Assay Kit (Invitrogen). Proteins (100 pg per
sample) were minimally labeled with CyDye (GE Healthcare) as per the
manufacturer’s protocol. An internal standard, which is loaded on every gel, was
created by mixing equal amounts of protein from all samples. Proteins from the
DMSO treated samples were labeled with Cy3 (green) and the G6 treated samples
were labeled with Cy5 (red). The internal standard was labeled with Cy2 (blue). 100
ng of Cy2 labeled internal standard, 100 pg of Cy3 labeled sample, 100 pg of Cy5
labeled sample were mixed with 200 ug unlabeled internal standard. The mixture was
used to rehydrate a 24 cm pH 3 to 11 nl IPG strip (GE Healthcare) overnight in a
rehydration buffer (solubilization buffer with 100 nM DTT containing Orange G as
tracking dye) in dark at room temperature. Three independent replicates of each
sample were run on three strips. IEF was carried out in IPGphor3 unit (GE
Healthcare) as per manufacturer’s recommendation. Temperature was maintained at
19°C throughout focusing. After completion of IEF, strips were first reduced in 15 ml
of 50 mM Tris-HCI pH 6.8, 6 M Urea, 30% (v/v) glycerol 2% (w/v) SDS 100 mM
DTT for 20 min in the dark at room temperature, then alkylated in 15 ml of 50 mM
Tris-HC1 pH 6.8 6 M Urea 30% (v/v) glycerol 2% SDS 2.5% idoacetamide for 20
min. After equilibration, strips were transferred and mounted on a 8% to 16% precast
Tris Glycine polyacrylamide gel (Jule). Electrophoresis was carried out initially at
12°C at 10 mA/gel for one hour and then at constant current overnight at 12 mA/gel
and a limit of 150 V until dye front reached the bottom of the plate. Gels were then
scanned with Typhoon 9400 Variable Mode Imager (GE Healthcare). The
excitation/emission wavelengths for Cy2, Cy3 and Cy5 were 488/520, 532/580 and

633/670 nm, respectively. For each gel, images for the internal standard as well as the
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control and experimental conditions were acquired. The digital image was then
analyzed with DeCyder 2D version 7.0 GE Healthcare). Information from replicate
gels was analyzed with BVA Module (Biological Variation Analysis). Interesting
spots was selected by setting the fold difference threshold to 1.6-fold. Statistical
significance was estimated using Student’s t-test. Protein identification using

electrospray mass spectroscopy was done at the Scripps Research Institute.

Cell Lysis - Cells (~ 107) were washed with two volumes of ice-cold PBS and then
lysed in 0.8 ml of ice-cold RIPA buffer (20 mM Tris pH 7.5, 10% glycerol, 1% Triton
X-100, 1% deoxycholic acid, 0.1% SDS, 2.5 mM EDTA, 50 mM NaF, 10 mM
Na4P207, 4 mM benzamidine, and 10 pg/mL aprotinin). Protein concentrations in the
whole cell lysates were determined using a Bradford assay (Bio-Rad). Cell lysates
were then resuspended in SDS sample buffer. Whole cell lysates (~ 30 pug) were
separated by SDS-PAGE and then transferred onto nitrocellulose membranes for

analysis by western blotting.

Western Blotting — Nitrocellulose membranes were first blocked with 5%
milk/TBST solution at room temperature and then probed first with the different
indicated primary antibodies overnight at 4°C followed by the respective secondary
antibodies (1:4000, GE Healthcare). The immuno-reactive bands were then visualized
using the enhanced chemiluminescence system (Western Lightning Ultra, Perkin-
Elmer). The following antibodies were used at the indicated dilutions: vimentin
(Abcam and BD Biosciences, each at 1:500), STAT1 (Santa Cruz Biotechnology,
1:1000), and B-actin (Cell Signaling, 1:500).

Immunofluorescence — HEL cells were cultured in RPMI in 100 mm dishes and
treated with 25 uM G6 for the indicated periods of time. Following treatment, the
cells were centrifuged, washed and resuspended in 1X PBS. Cells were then plated
onto poly-L-lysine coated 8-chamber slides (Santa Cruz Biotechnology) and fixed at -
20°C in a mixture of 50% methanol and 50% acetone for 10 minutes. The fixed cells
were then permeabilized with 0.2% Triton X-100 and blocked with 5% goat serum for
30 minutes at room temperature. The samples were then incubated overnight at 4°C
with a primary antibody of mouse anti-vimentin (BD Biosciences, 1:100). The next

day, the cells were washed 4X with PBS at room temperature. The samples were then
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incubated with a FITC-conjugated anti-mouse secondary antibody (Santa Cruz
Biotechnology) for one hour at room temperature. The cells were again washed with
PBS, mounted with UltraCruz DAPI containing mounting media (Santa Cruz
Biotechnology) and sealed with a cover slip. These cells were imaged using a 100X

objective on an inverted fluorescence microscope (Olympus).

Cell Proliferation Assay — HEL cells were plated in 96-well plates and treated with
either 0.25% DMSO, 30 uM G6 or 2% IDPN for the indicated periods of time. Cell
viability was then assessed for each sample by trypan blue exclusion staining and

hemocytometer.

In vivo Animal Model — The xenograft model of Jak2-V617F expressing HEL cells
in NOD/SCID mice has been described previously (15). Briefly, 3 months old
NOD/SCID mice were randomized into 5 groups (n=6 per group). One group
consisted of naive animals that did not receive any treatment. All other groups
received a single tail vein injection of 2 x 106 Jak2-V617Fpositive HEL cells. Three
weeks after HEL cell injection, the mice developed symptoms of a fully penetrant
bone marrow malignancy. The mice then began receiving intraperitoneal injections of
either vehicle control (DMSO) or G6 at doses of 0.1, 1, and 10 mg/kg/day for the next
21 days. At the end of the three week treatment period, all groups of mice were
euthanized and bone marrow tissues were fixed in 10% neutral-buffered formalin and

embedded in paraffin.

Bone Marrow Immunohistochemistry — Paraffin embedded bone marrow sections
from each treatment group were analyzed by antivimentin immunohistochemistry.
Antigen retrieval was carried out first by microwaving at 95°C for 20 min in 1mM
EDTA-NaOH solution, pH 8.0. The section were then cooled, blocked with Protein
Block (DAKO), and incubated with antivimentin antibody (Abcam, 1:100) for 2 hours
at room temperature. Antigen-antibody comeplexes were detected using biotinylated
secondary antibodies and streptavidin-peroxidase substrate (DAKO). Stained sections
were then analyzed via a standard light microscope (Nikon) at 40X and 100X

magnifications.
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Statistical Analysis — For statistical evaluation of time-dependent response of HEL
cell viability to G6 and IDPN, a two-way analysis of variance was used. For analysis
of differential expression of proteins in 2-D DIGE, a Student’s t-test was employed.

Data were assumed to be statistically significant when p < 0.05.

RESULTS

G6 treatment induces time- and dose dependent degradation of vimentin —

The human erythroleukemia (HEL 92.1.7) cell line is homozygous for the Jak2-
V617F mutation (16,17). The presence of this mutation induces constitutively active
Jak/STAT signaling and promotes a G1/S phase transition thereby driving increased
cellular proliferation (18). We previously demonstrated that the Jak2 inhibitor, G6,
inhibits Jak2-V617F-mediated HEL cell proliferation and induces apoptosis (14,15).
However, the specific mechanisms by which G6 does this are not known. To gain
some insight into the mechanism by which G6 reduces cell viability, HEL cells were
treated for 12 hours with either vehicle control (0.25% DMSO) or 25 uM G6. To
determine the differentially expressed proteins, the protein expression profiles of
these two treatment groups were compared using two-dimensional gel electrophoresis.
One of the differentially expressed proteins, marked by arrows (Fig. 1D & E) was
excised and identified using Electro spray mass spectrometry as vimentin. We found
that the intermediate filament protein vimentin was robustly expressed in DMSO
treated control cells, but was down regulated in the G6 treated cells (Fig. 1E & F). To
confirm this, western blot analysis was performed using an anti-vimentin antibody
and the results were found to be consistent with the mass spectroscopy data; namely,
that the treatment of HEL cells with G6 resulted in the disappearance of full-length
vimentin (Fig. 1G). We also observed the appearance of low molecular weight
fragments of vimentin in the Go6 treated cells (Fig. 1G). To determine whether this
effect was time- and dose-dependent, HEL cells were treated either with 25 uM of G6
for varying lengths of time or with increasing doses of G6 for 24 hours. The whole
cell lysates were then separated on SDS-PAGE and examined by immunoblotting
with an anti-vimentin antibody. We observed that full-length vimentin was cleaved
into low molecular weight fragments with G6 treatment as a function of both time
(Fig. 2A) and dose (Fig. 2B). The same samples were then reprobed with an anti-3-
actin antibody to confirm equal protein loading and also to demonstrate the specificity

of G6 for vimentin over other cytoskeletal proteins such as p-actin. Collectively, the
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data in Figs. 1 and 2 demonstrate the ability of G6 to induce specific cleavage of the

intermediate filament protein vimentin.

G6 treatment induces marked reorganization of vimentin intermediate filaments
within cells —

We next wanted to study the effect of G6 treatment on structure and cellular
distribution of intracellular vimentin filaments. For this, HEL cells were treated with
25 uM G6 for 0, 24 and 36 hours and then vimentin protein expression was analyzed
via indirect immunoflorescence. For the O hr time point, we found that vimentin was
distributed uniformly over the cytoplasm (Fig. 3A, 3D, & 3G). However, for the 24
and 36 hr time points, vimentin had aggregated/localized in the perinuclear region of
the cell (Fig. 3B, 3E, 3H & 3C, 3F, 3I). As such, the data in Fig. 3 indicate that G6
treatment induces cellular redistribution and aggregation of vimentin intermediate

filament within HEL cells.

Go6-induced cleavage of vimentin is Jak2-mediated —

Having already demonstrated the ability of G6 to induce specific cleavage of
vimentin (Fig. 2), we next wanted to determine if this G6-induced cleavage was Jak2-
dependent. For this, HEL cells were treated for 24 hours with increasing
concentrations of three different Jak2 inhibitors; G6, AG490 and Jak Inhibitor I. As a
control, HEL cells were also treated with non-Jak?2 inhibitors; namely, the MAPK
inhibitor, PD98059 and c-Src inhibitor, PP2. Whole cell lysates were separated by
SDS-PAGE and immunoblotted with an anti-vimentin antibody. We observed that the
Jak2-specific inhibitors induced cleavage of vimentin dose-dependently (Fig. 4A)
whereas the non-Jak?2 inhibitors had no effect on full-length vimentin (Fig. 4B). The
loading of total protein was confirmed by immunoblotting the same cellular lysates
with an anti-STAT] antibody (Fig. 4A & B). Thus, from Fig. 4 we conclude that G6-

induced vimentin degradation is Jak2-mediated.

Go6-induced cleavage of vimentin is independent of de novo protein synthesis and
caspase activity, but calpain-dependent —

Given that G6 induces specific cleavage of vimentin (Fig. 2), we next wanted to
determine whether this G6- induced vimentin cleavage is dependent on denovo

protein synthesis. To assess this, HEL cells doses of cycloheximide (CHX), an
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inhibitor of protein biosynthesis, and then treated with increasing concentrations of
G6 for 24 hours. Cycloheximide inhibits protein synthesis by interfering with the
translocation step of translation elongation process of protein biosynthesis (19).
Western blot analysis of the cell lysates from the different treatment groups showed
that exposure to increasing doses of G6 induced a dose dependent cleavage of
vimentin in HEL cells which was not be blocked by pretreatment with cycloheximide
(Fig. 5A), indicating that this G6- induced cleavage process does not require de novo
protein synthesis. Vimentin is cleaved in response to G6 treatment into low molecular
weight fragments of vimentin (Fig. 2) suggesting that this process is mediated by a
protease/proteolytic enzyme. Caspases are a class of intracellular cysteine proteases
with roles in cytokine maturation, inflammation and apoptosis (20). We previously
showed that G6 causes caspase 3/7 activation in a time-dependent manner in HEL
cells (15). It has also been reported that vimentin is a caspase substrate and can be
cleaved by some caspases in vitro (21). Therefore, we wanted to determine if G6-
induced vimentin cleavage is caspase mediated. For this, we first pretreated HEL cells
with the pan-caspase inhibitor, Caspase Inhibitor I (zVAD-fmk), for 4 hours before
treating them with 30 uM and 60 uM G6 for 24 hours. The effect of caspase inhibition
on G6-dependent vimentin cleavage was then studied by western blotting the cell
lysates with an anti-vimentin antibody. We found that inhibition of caspases by
zVAD-fmk was unable to prevent G6-induced cleavage of vimentin (Fig. 5B) but was
able to block the G6-induced cleavage of PARP (Fig. 5B), another substrate known to
be cleaved by caspases (22), thereby indicating that G6-induced cleavage of vimentin
is caspase-independent. Calpain, a calcium-dependent neutral cysteine protease (23),
is yet another protease that is known to cleave vimentin (24,25). Hence, to examine
whether G6-induced vimentin cleavage is calpain-mediated, we pretreated HEL cells
with a calpain inhibitor, Calpain Inhibitor V (Mu-Val--CH,F), for 4 hours before
exposing them to increasing doses of G6 for 24 hours. Immunoblotting analysis of the
HEL cell lysates showed that calpain inhibition prevented G6- induced cleavage of
vimentin in a dose-dependent manner (Fig. 5C), proving that the protease involved in
the cleavage of vimentin in response to G6 treatment is calpain. Overall, the data in
Fig. 5 indicate that the G6-induced cleavage of intermediate filament protein vimentin
is independent of de novo protein synthesis and caspase activity, but mediated by

calpain protease.
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The mobilization of calcium is essential and sufficient for the cleavage of
intermediate

filament protein vimentin —

Given that calpain is a calcium-dependent cysteine protease, we next investigated the
role of calcium in the G6-induced vimentin cleavage process. Specifically, we first
examined the effect of inhibiting the flux of extracellular calcium into cells by
pretreating the cells with verapamil. Verapamil blocks Ca2+ channels, principally the
L-type channel, thereby interfering with the extracellular influx of calcium ions. HEL
cells were pretreated with 30 uM verapamil for 4 hours before exposure to 30 uM G6
for 24 hours. Cell lysates were then immunoblotted with an anti-vimentin antibody.
We found that inhibition of extracellular calcium ion influx into the cell via blockage
of L-type calcium channels did not have any effect on G6- induced cleavage of
vimentin (Fig. 6A). Therefore, we next studied the effect of chelating intracellular
calcium on G6-mediated vimentin cleavage. For this, we pretreated HEL cells with 10
uM BAPTA-AM for 2 hours before treatment with 30 uM G6 for 24 hours. BAPTA-
AM is membrane-permeable ester form of the calcium chelator BAPTA. Once inside
the cell, it is hydrolyzed by cytosolic esterases into its active form and can chelate
intracellular calcium. Results from the western blotting analysis showed that chelation
of intracellular calcium was sufficient to protect vimentin from G6-induced cleavage
(Fig. 6B), indicating that intracellular calcium has a critical role to play in mediating
the Go6-induced cleavage of vimentin. In the next experiment, we examined the effect
of the calcium ionophore, A23187, on vimentin protein levels within HEL cells.
A23187 is a mobile ion-carrier that forms stable complexes with divalent cations,
such as Ca2+, and can hence be used for increasing intracellular levels of Ca2+ ions.
Accordingly, HEL cells were treated with 10 uM A23187 for increasing periods of
time and the cellular lysates were then western blotted using an anti-vimentin
antibody. We found that increasing intracellular calcium levels via exposure to an
ionophore is sufficient to induce cleavage of intermediate filament protein vimentin in
HEL cells (Fig. 6C), further confirming the essential role that calcium ions play in the
vimentin cleavage process. As such, data in Fig. 6 demonstrate that mobilization of
intracellular calcium ions is both essential and sufficient for the cleavage of the

intermediate filament protein, vimentin.

Cleavage of vimentin is sufficient to reduce HEL cell viability —
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To determine how critical vimentin is to the viability of cells, we studied the effect of
vimentin cleavage on the survival of HEL cells. The drug 3’,3’- iminodipropiontrile
(IDPN) selectively disrupts vimentin intermediate filaments (26). Therefore, we
treated HEL cells either with vehicle control DMSO, 30 uM G6 or 2% IDPN for 0, 6,
12, 24 or 48 hours. At each time point, the number of viable cells in each condition
was determined and cell lysates from those same conditions were immunoblotted with
an anti-vimentin antibody in order to correlate decreased cell numbers with increased
vimentin cleavage. We found that treatment with both G6 and IDPN time dependently
decreased viable cell numbers (Fig. 7A) and this decrease in cell viability correlated
with a corresponding time-dependent cleavage of vimentin intermediate filaments in
the G6 and IDPN treated cells (Fig. 7B). Overall, the data in Fig. 7 demonstrate that
the cleavage of vimentin intermediate filaments is sufficient to reduce viability of

Jak2- V617F expressing HEL cells.

G6 treatment decreases the levels of vimentin protein, in vivo —

Our data thus far indicate that treatment of HEL cells with G6 results in the
degradation and subsequent loss of vimentin protein, in vitro. To determine if this is
conserved in vivo, HEL cells were injected into the tail vein of NOD/SCID mice and
allowed to engraft into the bone marrow over the ensuing 21 days at which time the
mice began receiving daily intraperitoneal injections of either vehicle control
(DMSO) or G6 at doses of 0.1, 1, and 10 mg/kg/day for the next 21 days. At the end
of the three week treatment period, all groups of mice were euthanized and bone
marrow was analyzed for vimentin protein levels via anti-vimentin
immunohistochemistry. Representative stained sections from each treatment group are
shown at 40X (Fig. 8A) and 100X (Fig. 8B) magnification. We found that HEL cell
injection followed by DMSO treatment resulted in a distinct increase in the expression
of vimentin protein when compared to naive animals. Treatment with 0.1 mg/kg/day
of G6 did not produce any observable change in the expression level of the protein
when compared to DMSO treated mice. However, treatment with 1 and 10 mg/kg/day
of G6 clearly reduced the levels of vimentin protein to those seen in the completely
naive mice. Hence, the data in Fig. 8 indicate G6 treatment reduces HEL cell-induced

vimentin expression in a dose dependent manner, in vivo.
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FIGURE LEGENDS

FIG 1. Identification of vimentin as a differentially expressed protein between
vehicle treated and G6 treated HEL cells. HEL cells were treated with either 0.25%
DMSO or with 25 uM of G6 for 12 h. Proteins from the internal standard (A), DMSO
treated (B), and G6 treated (C) were labeled with Cy2 (blue), Cy3 (green), and Cy5
(red), respectively. (D) An overlay of the three colored images is shown. One protein
spot, indicated by the arrow, was differentially expressed between the vehicle treated
and GO treated samples. (E) Analysis of the images obtained from the 2-D DIGE
using DeCyder 2D predicted this differentially expressed protein to be significantly
downregulated in the G6 treated samples (p = 0.01). The indicated protein was
excised and identified using electrospray mass spectrometry as vimentin. (F) HEL
cells were treated either with DMSO or 25 uM of G6 for 24 h and analyzed by
Western blotting using an anti-vimentin antibody. The same samples were also blotted
with an anti-STAT]1 antibody to confirm equal loading across all lanes. Shown is one
of three representative images.

FIG 2. G6 treatment induces time- and dose-dependent degradation of
vimentin. HEL cells were treated either with 25 ¢M of G6 for varying lengths of time
(A) or with increasing doses of G6 for 24 h (C). Cell lysates were then separated on
SDS-PAGE and immunoblottted with an antivimentin antibody. The same samples
were then reprobed with an anti-f-actin antibody to confirm equal protein loading and
also to demonstrate the specificity of G6 for vimentin over other cytoskeletal proteins
such as f-actin. Shown is one of three independent results for each. Expression of full
length vimentin was quantified using densitometry and plotted as a function of either
time (B) or dose (D) of G6 treatment. Data shown are the mean + SE from three
independent experiments. *p < 0.05 with respect to 0 h (B) or 0 uM (D).

FIG 3. G6 treatment induces marked reorganization of vimentin intermediate
filaments within cells. HEL cells, treated with 25 uM of G6 for O or 24 h, were
analyzed via indirect immunofluorescence for changes in the cellular distribution of
vimentin and f-actin in response to drug treatment. Vimentin (A and B) and f-actin
(G and H) were indirectly labeled with a FITC-conjugated secondary antibody. The
nuclei were counter stained with DAPI (C, D and I, J). The images were then merged
(E, F and K, L). Shown is one of two representative results.

FIG 4. G6-induced cleavage of vimentin is Jak2-mediated. HEL cells were

treated for 24 h with increasing concentrations of Jak2 specific inhibitors (G6,
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AG490, and Jak Inhibitor I) (A) or non-Jak?2 inhibitors (MAPK inhibitor, PD98059
and c-Src inhibitor, PP2) (B). Whole cell lysates were separated by SDS-PAGE and
immunoblotted with an antivimentin

antibody. Loading of total protein across all lanes was determined using an anti-
STAT] antibody. Shown is one of three representative blots.

FIG 5. Go6-induced cleavage of vimentin is independent of de novo protein
synthesis and caspase activity, but calpain-dependent. HEL cells were pretreated for 4
h with either cycloheximide (CHX) (A), caspase inhibitor I (zVAD) (B), or calpain
inhibitor V (C) and then treated with increasing doses of G6 for 24 h. Whole cell
lysates from the different treatment groups were then analyzed by Western blotting
with an anti-vimentin antibody.

The same lysates were also probed with an anti-f#-actin antibody to confirm equal
protein loading across all lanes. Shown is one of three representative results for each.

FIG 6. Mobilization of calcium is essential and sufficient for the cleavage of
vimentin. HEL cells were first pretreated with either 30 M verapamil for 4 h (A) or
10 uM BAPTA-AM for 2 h (B) and then treated with 30 uM G6 for 24 h. Post-
treatment, the cells were lysed, and proteins were separated by gel electrophoresis and
then immunoblotted with an anti-vimentin antibody (upper panel) or an anti-f-actin
antibody (lower panel) to confirm equal protein across all lanes. (C) HEL cells were
treated with 10 uM A23187 for the indicated periods of time. Cellular lysates were
then probed with an anti-vimentin antibody (top panel). An anti-f-actin antibody was
used as a loading control (bottom panel). Shown is a representative blot from three
independent experiments for each.

FIG 7. Cleavage of vimentin is sufficient to reduce HEL cell viability. HEL
cells were exposed to either vehicle control (DMSO), 30 uM G6, or 2% IDPN for 0O,
6, 12, 24, or 48 h. (A) The numbers of viable cells at each time point were determined
and plotted as a function of treatment condition. (B) Cell lysates from each treatment
group were collected simultaneously and analyzed by immunoblotting with either an
anti-vimentin antibody or an anti-f-actin antibody. Shown is one of three
representative results. *p < 0.05 with respect to DMSO.

FIG 8. G6 treatment decreases the levels of vimentin protein, in vivo.
NOD/SCID mice were randomized into 5 groups (n = 6 per group). One group
consisted of naive animals that did not receive any treatment whatsoever. All other

mice received 2 x 106 HEL cells via a single tail vein injection. Three weeks after
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injection, the mice began receiving vehicle control solution (DMSO) or G6 at doses of
0.1, 1, and 10 mg/kg/day. After 3 weeks of treatment, the mice were euthanized. Anti-
vimentin immuno-histochemistry was then carried out on bone marrow sections from
the indicated groups of animals. Shown are representative stained bone marrow
sections from each treatment group at 40x (A) and 100x (B) magnifications. Also
shown is a negative control in which an IgG antibody was used in place of the anti-

vimentin primary antibody during the immune-histochemical procedure.
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The recitation of a listing of chemical groups in any definition of a variable
herein includes definitions of that variable as any single group or combination of
listed groups. The recitation of an element or an embodiment herein includes that
element or embodiment as any single element or embodiment or in combination with

any other element, embodiments or portions thereof.

The disclosures of each and every patent, patent application and publication

cited herein are hereby incorporated herein by reference in their entirety.

Although the invention has been disclosed with reference to specific
embodiments, it is apparent that other embodiments and variations of the invention
may be devised by others skilled in the art without departing from the true spirit and
scope of the invention. The claims are intended to be construed to include all such

embodiments and equivalent variations.
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We claim:

1. A compound of Formula (I):

R4
RS, R3
OR1 1
NR'R?
Formula (I)

wherein

R! and R? are each independently H, -(C;-Cyalkyl, -(C,-Cs)alkenyl, -(C,-Cg)alkynyl,

HO jij/ \O
HO or

2 2 2

wherein -(C;-Cy)alkyl can be further substituted with one or more hydroxy or
halogen;

or

R' and R?, together with the N-atom to which they are attached, to form a 5-
membered or 6-membered heterocyclic ring, provided that when R' and R* together
with the N-atom form a piperazine ring, the second nitrogen on the piperazine ring
can be further substituted with —(C;-C,)alkyl, -(C5-Cy)cycloalkyl, aryl or acyl,
wherein —(C;-Cy)alkyl, -(C3-C7)cycloalkyl, aryl or acyl can be substituted with one or
more hydroxy, halogen or —(C;-Cs)alkyl;

R’ is H, -(C;-Cy)alkyl, -(C5-Cy)cycloalkyl, aryl;

R*is H or R7;

R’ is H, -(C,-Cy)alkyl, -C(CHz),-R®, or R’; provided that when R* is H, R is R’ or -
C(CH:),-R®, and that when R’ is H or -(C;-Cy)alkyl, R* is R’, wherein R* and R’
cannot be both R’ at the same time;

R® is H, -(C;-Cy)alkyl, phenyl, or
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HO

R2\N

/

Ry

. 1 2 .
wherein R and R” are as defined above;

7.
R'i1s

R9

—(CHR %5 R®

R9

'
—(R!)C=CR" R®
'

wherein R® and R® are each independently H, -OH, -O-(C;-C,)alkyl, —CH2—NR1R2,

wherein R and R” are as defined above;

R'? for each occurrence independently is hydrogen, or —( C;-Cs)alkyl;

R s H, acyl, tosyl, -(C;-Cy)alkyl, or aryl;

or a pharmaceutically acceptable salt, ester, hydrate or solvate thereof;

provided that the compound is not:

L.

IL.
I1I.
IV.
V.
VL
VIIL
VIIL

4,4'-(Hex-3-ene-3,4-diyl)bis(2-((diethylamino)methyl)phenol); or
4.,4'-(Ethene-1,2-diyl)bis(2-((diethylamino)methyl)phenol); or
5,5'-(Hex-3-ene-3,4-diyl)bis(2-((dimethylamino)methyl)phenol); or
4,4'-(Hex-3-ene-3,4-diyl)bis(2-((dimethylamino)methyl)phenol); or
4.,4'-(Ethene-1,2-diyl)bis(2-((dimethylamino)methyl)phenol); or
4,4'-(Hex-3-ene-3,4-diyl)bis(2-((diethylamino)methyl)phenol); or
4.,4'-(Ethene-1,2-diyl)bis(2-((diethylamino)methyl)phenol); or
4,4'-(Ethene-1,2-diyl)bis(2-(pyrrolidin-1-ylmethyl)phenol).

2. The compound of claim 1, wherein R'? is H, methyl or ethyl, and R'! is H..
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3.

10.

11.

12.

13.

14.

The compound of claim 2, wherein R’ is H, and R’ is

R9

[}
—R'")C=C(R" RS
!

The compound of claim 3, wherein R" is R” and R’ is H.
The compound of claim 4, wherein R® is -CH,-NR'R?* and R’ is hydroxyl.

The compound of claim 5, wherein R'? for each occurrence independently is

hydrogen or methyl.

The compound of claim 6, wherein R' and R* for each occurrence
independently are -(C;-Cy)alkyl; or R' and R* together with the N-atom to
which they are attached form a piperidinyl, pyrrolidinyl or imidazolyl ring,

provided that R'is the same for each occurrence.

The compound of claim 5, wherein R'? is ethyl, R' and R* are ethyl or
isopropyl; or R' and R* together with the N-atom to which they are attached

form a pyrrolidinyl or imidazolyl ring.

The compound of claim 3, wherein R*is H, and R’isR’,

The compound of claim 9, wherein R® is hydroxyl and R” is -CH,-NR'R”.
The compound of claim 10, wherein R' is methyl.

The compound of claim 11, wherein R! and R? for each occurrence are -(Cy-
Cy)alkyl, or R' and R? together with the N-atom to which they are attached,

form a 5-membered or 6-membered heterocyclic ring.

The compound of claim 10, wherein R'* is H or ethyl, R' and R* are propyl or

isopropyl, provided that R' is the same for each occurrence.

The compound of claim 10, wherein R’ is ethyl, R' and R together with the
N-atom to which they are attached form a piperidinyl, pyrrolidinyl or

imidazolyl ring.
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The compound of claim 1, wherein one of R* and R’isR’.

The compound of claim 1, wherein the compound is selected from the group

of

a)

b)

9

d)

g)

h)

i)

k)

D

(Z) and (E)-4,4'-(but-2-ene-2,3-diyl)bis(2-
((diethylamino)methyl)phenol);

(Z) and (E)-5,5'-(but-2-ene-2,3-diyl)bis(2-
((diethylamino)methyl)phenol);

(Z) and (E)-5,5'-(but-2-ene-2,3-diyl)bis(2-
((dimethylamino)methyl)phenol);

(Z) and (E)-5,5'-(ethene-1,2-diyl)bis(2-((diethylamino)methyl)phenol);
(Z) and (E)-5,5"-(ethene-1,2-diyl)bis(2-
((dimethylamino)methyl)phenol);

(Z) and (E)-5,5"-(ethene-1,2-diyl)bis(2-(piperidin-1-ylmethyl)phenol);
(Z) and (E)-5,5"-(but-2-ene-2,3-diyl)bis(2-
((diethylamino)methyl)phenol).2HCI;

(Z) and (E)-5,5'-(but-2-ene-2,3-diyl)bis(2-
((dimethylamino)methyl)phenol).2HCI;

(Z) and (E)-5,5"-(ethene-1,2-diyl)bis(2-
((diethylamino)methyl)phenol).2HCI;

(Z) and (E)-5,5"-(ethene-1,2-diyl)bis(2-
((dimethylamino)methyl)phenol).2HCI;

(Z) and (E)-5,5'-(ethene-1,2-diyl)bis(2-(piperidin-1-
ylmethyl)phenol).2HCI;

(Z) and (E)-5,5'-(but-2-ene-2,3-diyl)bis(2-
((dimethylamino)methyl)phenol);

m) (Z) and (E)-5,5'-(ethene-1,2-diyl)bis(2-

n)

0)

p)

((dimethylamino)methyl)phenol);

(Z) and (E)-4,4'-(but-2-ene-2,3-diyl)bis(2-
((dimethylamino)methyl)phenol);

(Z) and (E)-5,5'-(but-2-ene-2,3-diyl)bis(2-
((diethylamino)methyl)phenol);

(Z) and (E)-5,5"-(hex-3-ene-3,4-diyl)bis(2-
((diethylamino)methyl)phenol);
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q) (Z) and (E)-5,5'-(ethene-1,2-diyl)bis(2-((diethylamino)methyl)phenol);

r) (Z)and (E)-4,4'-(but-2-ene-2,3-diyl)bis(2-
((diethylamino)methyl)phenol);

s) (Z) and (E)-5,5"-(But-2-ene-2,3-diyl)bis(2-(pyrrolidin-1-
ylmethyl)phenol);

t) (Z) and (E)-5,5'-(Hex-3-ene-3,4-diyl)bis(2-(pyrrolidin-1-
ylmethyl)phenol);

u) (Z)and (E)-5,5'-(Ethene-1,2-diyl)bis(2-(pyrrolidin-1-ylmethyl)phenol);

v) (Z) and (E)-4,4'-(But-2-ene-2,3-diyl)bis(2-(pyrrolidin-1-
ylmethyl)phenol);

w) (Z) and (E)-4,4'-(Hex-3-ene-3,4-diyl)bis(2-(pyrrolidin-1-
ylmethyl)phenol);

x) (Z) and (E)-5,5'-(But-2-ene-2,3-diyl)bis(2-
((diisopropylamino)methyl)phenol);

y) (Z) and (E)-5,5"-(Hex-3-ene-3,4-diyl)bis(2-
((diisopropylamino)methyl)phenol);

z) (Z) and (E)-5,5"-(Ethene-1,2-diyl)bis(2-
((diisopropylamino)methyl)phenol);

aa) (Z) and (E)-4,4'-(But-2-ene-2,3-diyl)bis(2-
((diisopropylamino)methyl)phenol);

bb) (Z) and (E)-4,4'-(But-2-ene-2,3-diyl)bis(2-
((diisopropylamino)methyl)phenol);

cc) (Z) and (E)-4,4'-(Hex-3-ene-3,4-diyl)bis(2-
((diisopropylamino)methyl)phenol);

dd) (Z) and (E)-4,4'-(Ethene-1,2-diyl)bis(2-
((diisopropylamino)methyl)phenol);

ee) (Z) and (E)-5,5"-(But-2-ene-2,3-diyl)bis(2-((1H-imidazol-1-
yl)methyl)phenol);

ff) (Z) and (E)-5,5"-(Hex-3-ene-3,4-diyl)bis(2-((1H-imidazol-1-
yD)methyl)phenol);

g2g)(Z) and (E)-5,5"-(Ethene-1,2-diyl)bis(2-((1H-imidazol-1-
yl)methyl)phenol);

hh) (Z) and (E)-4,4'-(But-2-ene-2,3-diyl)bis(2-((1H-imidazol-1-
yl)methyl)phenol);
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i1) 4,4'-(Hex-3-ene-3,4-diyl)bis(2-((1H-imidazol-1-yl)methyl)phenol); and
i) (Z) and (E)-4,4'-(Ethene-1,2-diyl)bis(2-((1H-imidazol-1-
yl)methyl)phenol);

or a pharmaceutically acceptable salt, ester, hydrate or solvate thereof.

17. The compound of claim 1, wherein the compound is selected from the group

consisting of

10

15

20

25

30

1) (Z) and (E)-4,4'-(Ethene-1,2-diyl)bis(2-((diethylamino)methyl)phenol);

2) (Z) and (E)-4,4'-(But-2-ene-2,3-diyl)bis(2-
((diethylamino)methyl)phenol);

3) (Z) and (E)-5,5-(But-2-ene-2,3-diyl)bis(2-
((diethylamino)methyl)phenol);

4) (Z) and (E)-5,5'-(But-2-ene-2,3-diyl)bis(2-
((dimethylamino)methyl)phenol);

5) (Z) and (E)-5,5'-(Ethene-1,2-diyl)bis(2-((diethylamino)methyl)phenol);

6) (Z) and (E)-5,5'-(Ethene-1,2-diyl)bis(2-
((dimethylamino)methyl)phenol);

7) (Z) and (E)-5,5'-(Ethene-1,2-diyl)bis(2-(piperidin-1-ylmethyl)phenol);

8) (Z) and (E)-5,5'-(But-2-ene-2,3-diyl)bis(2-
((diethylamino)methyl)phenol).2HCl;

9) (Z2) and (E)-5,5"-(But-2-ene-2,3-diyl)bis(2-
((dimethylamino)methyl)phenol).2HCI;

10) (Z) and (E)-5,5'-(Ethene-1,2-diyl)bis(2-
((diethylamino)methyl)phenol).2HCI;

11) (Z) and (E)-5,5'-(Ethene-1,2-diyl)bis(2-
((dimethylamino)methyl)phenol).2HCI;

12) 5,5'-(Ethene-1,2-diyl)bis(2-(piperidin-1-ylmethyl)phenol);

13) (Z) and (E)-4,4'-(But-2-ene-2,3-diyl)bis(2-
((dimethylamino)methyl)phenol);

14) (Z) and (E)-5,5'-(Ethene-1,2-diyl)bis(2-(pyrrolidin-1-ylmethyl)phenol);

15) (Z) and (E)-4,4'-(Ethene-1,2-diyl)bis(2-
((dimethylamino)methyl)phenol);

16) (Z) and (E)-5,5-(But-2-ene-2,3-diyl)bis(2-(piperidin-1-
ylmethyl)phenol);
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17)(Z) and (E)-5,5'-(but-2-ene-2,3-diyl)bis(2-(pyrrolidin-1-
ylmethyl)phenol);

18) (Z) and (E)-5,5'-(Ethene-1,2-diyl)bis(2-(morpholinomethyl)phenol);

19) (Z) and (E)-5,5-(But-2-ene-2,3-diyl)bis(2-
(morpholinomethyl)phenol);

20) (Z) and (E)-4,4'-(Ethene-1,2-diyl)bis(2-(piperidin-1-ylmethyl)phenol);

21)(Z) and (E)-4,4'-(Ethene-1,2-diyl)bis(2-(pyrrolidin-1-ylmethyl)phenol);

22)(Z) and (E)-4,4'-(Ethene-1,2-diyl)bis(2-(morpholinomethyl)phenol);

23)(Z) and (E)-4,4"-(Hex-3-ene-3,4-diyl)bis(2-
((dimethylamino)methyl)phenol);

24)(Z) and (E)-4,4'-(Hex-3-ene-3,4-diyl)bis(2-(pyrrolidin-1-
ylmethyl)phenol);

25)(Z) and (E)-4,4'-(Hex-3-ene-3,4-diyl)bis(2-(piperidin-1-
ylmethyl)phenol);

26)(Z) and (E)-4,4"-(Hex-3-ene-3,4-diyl)bis(2-
(morpholinomethyl)phenol);

27)(Z) and (E)-4,4'-(But-2-ene-2,3-diyl)bis(2-(piperidin-1-
ylmethyl)phenol);

28)(Z) and (E)-4,4'-(But-2-ene-2,3-diyl)bis(2-(pyrrolidin-1-
ylmethyl)phenol);

29)(Z) and (E)-2-((Diethylamino)methyl)-4-(4-(4-hydroxyphenyl)hex-3-
en-3-yl)phenol;

30) (Z) and (E)-4,4'-(Hex-3-ene-3,4-diyl)diphenol;

31)(Z) and (E)-4,4'-(But-2-ene-2,3-diyl)diphenol;

32)(Z) and (E)-3,3'-(Ethene-1,2-diyl)diphenol;

33)(Z) and (E)-3,3'-(But-2-ene-2,3-diyl)diphenol ; and

34)(Z) and (E)-4,4'-(Ethene-1,2-diyl)diphenol;

or a pharmaceutically acceptable salt, ester, hydrate or solvate thereof.

18. A compound of Formula (III):
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R11
o)
R4
N_R2
Rs R1
Formula (III)
wherein
R' and R? are each independently H, -(C;-C4)alkyl, -(C»-Cg)alkenyl, -(C,-

Cyg)alkynyl,

HO jij/ \O
HO or

2 2 2

wherein -(C;-Cy)alkyl can be further substituted with one or more hydroxy or

halogen;

__C(R'IO)_CH(R'IO)_l__

or
R' and R?, together with the N-atom to which they are attached, to form a 5-
membered or 6-membered heterocyclic ring, provided that when R' and R*
together with the N-atom form a piperazine ring, the second nitrogen on the
piperazine ring can be further substituted with -(C;-Cy,)alkyl, -(Cs-
Cy)eycloalkyl, aryl or acyl, wherein —(C;-Cy)alkyl, -(C5-C7)cycloalkyl, aryl or
acyl can be substituted with one or more hydroxy, halogen or —(C;-Cs)alkyl;
R s H, acyl, tosyl, -(C;-Cs)alkyl, or aryl;

R*and R’ are H or Ru, provided that one of R*and R’ is H, and the other is
R

12.
R1is

7 R

—(CHR1°)2—|— |

zZ—23

RZ. or R
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wherein the aryl group to which both R* and R’ are attached is meta or para to
the ~OR'! in the aromatic ring of R'%;
R'? is hydrogen, or —(C;-Cs)alkyl;
or a pharmaceutically acceptable salt, ester, hydrate or solvate thereof;
provided that the compound is not:
i. 4,4-(Hex-3-ene-3,4-diyl)bis(2-((diethylamino)methyl)phenol); or
ii. 4,4'-(Ethene-1,2-diyl)bis(2-((diethylamino)methyl)phenol); or
iii. 5,5'-(Hex-3-ene-3,4-diyl)bis(2-((dimethylamino)methyl)phenol); or
iv. 4,4'-(Hex-3-ene-3,4-diyl)bis(2-((dimethylamino)methyl)phenol); or
v. 4,4'-(Ethene-1,2-diyl)bis(2-((dimethylamino)methyl)phenol); or
vi. 4,4'-(Hex-3-ene-3,4-diyl)bis(2-((diethylamino)methyl)phenol); or
vii. 4,4'-(Ethene-1,2-diyl)bis(2-((diethylamino)methyl)phenol); or
viii. 4,4'-(Ethene-1,2-diyl)bis(2-(pyrrolidin-1-ylmethyl)phenol).

19. A compound of claim 1 selected from the group consisting of

1) (Z) and (E)-4,4'-(Ethene-1,2-diyl)bis(2-((diethylamino)methyl)phenol);

2) (Z) and (E)-4,4'-(But-2-ene-2,3-diyl)bis(2-
((diethylamino)methyl)phenol);

3) (Z) and (E)-5,5-(But-2-ene-2,3-diyl)bis(2-
((diethylamino)methyl)phenol);

4) (Z) and (E)-5,5'-(But-2-ene-2,3-diyl)bis(2-
((dimethylamino)methyl)phenol);

5) (Z) and (E)-5,5'-(Ethene-1,2-diyl)bis(2-((diethylamino)methyl)phenol);

6) (Z) and (E)-5,5'-(Ethene-1,2-diyl)bis(2-
((dimethylamino)methyl)phenol);

7) (Z) and (E)-5,5'-(Ethene-1,2-diyl)bis(2-(piperidin-1-ylmethyl)phenol);

8) (Z) and (E)-5,5'-(But-2-ene-2,3-diyl)bis(2-
((diethylamino)methyl)phenol).2HCl;

9) (Z) and (E)-5,5-(But-2-ene-2,3-diyl)bis(2-
((dimethylamino)methyl)phenol).2HCI;

10) (Z) and (E)-5,5"-(Ethene-1,2-diyl)bis(2-
((diethylamino)methyl)phenol).2HCl;

11) (Z) and (E)-5,5"-(Ethene-1,2-diyl)bis(2-
((dimethylamino)methyl)phenol).2HCI; and
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12) 5,5'-(Ethene-1,2-diyl)bis(2-(piperidin-1-ylmethyl)phenol);

or a pharmaceutically acceptable salt, ester, hydrate or solvate thereof.

20. A pharmaceutical composition comprising a compound of any of claims 1-20 and

5 apharmaceutically acceptable carrier.

21. A method of treating a subject with a vimentin-dependent cancer, comprising:
identifying a subject in need of treatment;
administering to said subject a JAK-2 inhibitor compound;

10 determining vimentin expression in the subject.

22. A method of treating a subject with a vimentin-dependent cancer, comprising:
determining vimentin expression in a subject;
administering to said subject a JAK-2 inhibitor compound; and

15 comparing the vimentin expression levels in said subject before and after
administration of said JAK-2 inhibitor compound, wherein following administration
of the JAK-2 inhibitor compound, a decrease in vimentin expression in the subject
relative to vimentin expression level prior to administration of the JAK-2 inhibitor
compound indicates treating said disease.

20

23. A method of treating a subject with a vimentin-dependent cancer, comprising:

administering to said subject a JAK-2 inhibitor compound that is identified

as capable of decreasing vimentin expression; and

determining vimentin expression in the subject, and wherein following
25  administration of the JAK-2 inhibitor compound, there is a decrease in vimentin

expression in the subject, thereby treating said disease.

24. A method of treating a subject with a disease, comprising:

administering a JAK-2 inhibitor compound that is identified as capable of
30  decreasing vimentin expression, wherein following said administration, there is a

decrease in vimentin expression, thereby treating said disease.
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25. The method of any one of claims 21-24, wherein said JAK-2 inhibitor compound

is administered in a therapeutically effective amount or a pharmaceutically acceptable
salt or prodrug thereof, or a pharmaceutical composition comprising a therapeutically
effective amount or a pharmaceutically acceptable salt or prodrug thereof, to the

subject, thereby treating said disease or cancer.

26. The method of any of claims 21-25, wherein the JAK-2 inhibitor compound is a

compound of any of claims 1-20.

27. The method of any one of claims 21-25, wherein said subject is a mammal.

28. The method of any one of claims 21-25, wherein said subject is a human.

29. The method of claim 26, wherein said therapeutically effective amount of said
JAK-2 inhibitor compound is administered by topical application, intravenous drip or
injection, subcutaneous, intramuscular, intraperitoneal, intracranial and spinal
injection, ingestion via oral route, inhalation, trans-epithelial diffusion or an

implantable, time-release drug delivery device.

30. A method of monitoring the treatment of a subject diagnosed with a disease,

comprising:
determining vimentin expression in said subject;
administering to said subject a JAK-2 inhibitor compound; and

comparing vimentin expression in said subject both before and after administration of

said JAK-2 inhibitor compound.
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