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BACKGROUND OF THE INVENTION

15 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 1I, 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

20  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

25  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).

30 The Janus kinases (JAK) are a family of tyrosine kinases consisting of Jakl1, Jak2,
Jak3 and TYK2. The JAKSs play a critical role in cytokine signaling. The down-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



chem cal stress, signaling by agents including e.g., cytokines and growh
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15 MMARY 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, R3
OR1 1
NR'R?
20 Formula (I)

wherein

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

Ho: :F jij/ \@
s HO , Or s

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

25 or



R1 and R2 are each independently H -(G-C4)alkyl, -(C2-C8)alkenyl,
-(C2-C8) al kynyl , wherein -(C -C4)al kyl can be further substituted with one
or nore hyorowyestiohal ogen; or Rl and R2, together with POE/UR@OKI4D whi ch
they are @t e 5 ; < [%[Hp r ef el | Cor'd.N,
provi ded l?lh‘r/ltétlta (ﬁ\?\htgﬁétk% \Ié%mlsg\l tg %Ogg?r)l‘gfrh%g\/it}%& a?%?at a{;ct)(?n glratm%& %lyb%(%érd;?zridne
ring, thenssieonthadibeageringnpiohglepilpenazh Re and RJ taethebeithuhd Netoragoinonal | y
substituted Wlil'gehri-(Cre C4)a kilrl , -(%;}CY) cayzcl oal k%ln, glrlyl ror ,aC){| , Wherein
-(Cr mpéﬂ%%@ m-‘(&i@@?@?‘?‘t‘{/@ 8&?‘12}1, Q%Ps?ria}frat%ﬁw o4 %E@@Bg@% but edéw:th
one or MEstned QXN -(8CIARP, AT, I( % ac§Pwherefd (- a ,
-(C3-C7) cyclloal kyl, E)r1 a4?yl 91 g?i g ﬁ%gﬁﬁ%?; gSriag H -(eCr (Cgl) é?agy,k 4

- C( CH3) 2-(RE:yclonlkRY aryjoouéyd edn b aubstitvetl Wh bge b, mR¥ hiydrdRy, baloga®(@HE 2~ R6,
and t hat &Y\,S]aianS is Hor -(G-C4)alkyl, R4 is R7, wherein R4 and RS cannot
be both K%Yt he sane time; R6is H -(C C4)al kyl, phenyl, or wherein Rl
and R2 argg iag, defim bogec, Riclbaikywher #yn R8 and RO are each independently
H -OH -0 (G d((355) a?ﬂzl;}?,bje- CI—I?8 RlRZ?AmV\h?ryei n Rl and R2 are as defined
above; R®) if brordach occurrence independently is hydrogen, or -(G-C

3) al kyl ; X [ cyl lh6 - (&, al kyl , or Yk B 87
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pr oviided R%hatd thixewkampoid #or %CP@Q)’alklyl,-R4 is R7, wherein R* and R® cannot be both R’ at

4,4' - (Hex- 3-ene-3,4-diyl)bis(2-((diethylam no)nethyl)phenol); I1.
4, 4" - ( Et Kghwme thmefi y| ) bi s(2- ((di et hyl ami no) net hyl ) phenol ) ;

R® is H, -(C,-Cy)alkyl, phenyl, or

HO
R4
wherein R and R” are as defined above;
15 R’is
R9
R9
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, Or 5
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;-C3)alkyl;
20 R'"isH, acyl, tosyl, -(C;-C4)alkyl, or aryl;
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);
II. 4,4'-(Ethene-1,2-diyl)bis(2-((diethylamino)methyl)phenol);
25 III. 5,5-(Hex-3-ene-3,4-diyl)bis(2-((dimethylamino)methyl)phenol);
IV. 4,4-(Hex-3-ene-3,4-diyl)bis(2-((dimethylamino)methyl)phenol);
V. 4,4'-(Ethene-1,2-diyl)bis(2-((dimethylamino)methyl)phenol);



I , 5' - (Hex-3-ene- 3, 4-di yl ) bi s(2-((di met hyl am no) net hyl ) phenol ); 1V.

I 5

4,4" - (Hex-3-ene-3,4-diyl)bis(2-((di net hyl am no) net hyl ) phenol ); V.

4, 4' - (Et woeolo/@sdoyl ) bi s(2- ((di met hyl am no) net hyl ) phen®CYx/U82009/067402

4, 4" - (Hex- 3- engr 3,4 airv) Y hi s62r 4:(di,eth j Hﬁ]\;@( D VI,

4,4' - (Et hene- IW% gfﬂ'y%’%% %%Eé?(&délgﬁh@fj;%h%obnetl pllllp)elir)ﬁg'%?(;%’or VI,

4, 4' - (Et hene- VIR- didy{Hthérse P2 {dpyiytigR(Hiethlaglimsinaghly))phaod) pr | n one
enbodi ment of_ the co unds_of Formula (), Rl 1 ydrogen. | n anot her
enbod ment, _RIBLT 67" BaBH<obadhy Bne (pradidederyDemiRll agen, methyl or
ethyl. In one enbodi nent of the conpounds of Fornula (1), R3is H In
anot her enbodi nent, one of R4 and R5 is R7. In a separ at e enbodi nent, R7 is
I n oné enbodi ente enbodimesorfpbenaspaindiof hernaul{ (I), R Rés hysirdgen. Inmnathet her

enbodi nent , RS i b .l n one enbodinent, R8 i.s. - - NR1R2 ~and i s hydroxy,
where Ry ARl U AR o mE i REPe LSy i bSO R10"  oF - each
occurrence i ndgpeOE@RsdidhchSoHEESHFRINAS o BéMMIa (1), R*ADPL MesinRIR REbIBMont,
Rland R2 for each occurrence independently are -(CGrC 4)alkyl. In still
anot her enbofiRnend R RIR ahda Rparasgembedimgnt R ishe N-atom to which they are
attached forma piperidinyl, pyrrolidinyl or imdazolyl ring, wherein R10
is the sane for each occurrence. In one enbodingnt, RLO is ethyl. In
anot her enbodi nent, RlL and R2 independently ar¢g ethyl or isopropyl. In
anot her enbodi nent, Rl and R2 together w N-atomto which they are

O

i

attached forma pyrrolidinyl _o_r RioﬁL@[@zol | g anot her enbodi nent, R4
is H In certain enbodinents; RS 1s R7. | enbodi nent, R8 is hydroxy
and RO is -CH -NR1LR2, wherein Rland R2 are“defined i.n Formula (I). In one

enbodi ment, R10 is nethyl. In another enbodinent, RL and R2 for each

occur,,ence i ndependentl.y are. -(Cl-4)alk or d oget.her with the
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het er ocy Ghitedinhéd@ R’ i6 FRMObREEMBSREAITRALS, -ARL-NR'R? 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
15  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.

20 In another embodiment, R* is H. In certain embodiments, R’ is R". 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'%is methyl. In another embodiment, 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’

25  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 group (Group (A))
consisting of

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



and R2 independently are propyl or isopropyl, when R10 is H or ethyl, and
R10 is the sane for each occurrence. In another enbodi nent, when R10 is
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but - 2-

ge'ltjheneeneé § I(?th (]Zé(d(}g? %elk}{ylilfg f&I)IC

' 910but - 2- ene- 12) 3 ijl(éthéﬂbl-BQ%}(litﬂﬂ,(Mﬂﬂpﬂl@lﬁlln mmm)ﬁh)amﬁmﬂb) 0)

'-(but-2-ene-2, 3-di | am no) met hyl ) phenol ) ; p)
- (hex- 3- ene- 13 A-4( t)ﬂo?rse(%(deﬁdﬁéri(ﬂ;ﬂdawp%faﬁwwe}bﬂ 611191 q)

e LR IRk,
- (But - 2- ene-), Slréd-l(lydt)QberE:QZ_%(dp)y/llltnSII2+((:Hlmeihylalrr[m<b)melt})}{b}]mm1) t)
- (Hex-3-ene- 3 4 5(‘i (Blll.t) I;Se(g 3-d ylgbrlso(|2l(?dlethylagnnn§ ? Eeno :
15 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);
20 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);

orOooakraoaaaaannooah
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y) 5,5'-(Hex-3-ene-3,4-diyl)bis(2-((diisopropylamino)methyl)phenol);

25 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);

30 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

35 j)) 4,4-(Ethene-1,2-diyl)bis(2-((1H-imidazol-1-yl)methyl)phenol);

5



) 5 5 -(Ethene-1,2-diyl)bis(2-(pyrrolidin-I-ylnmethyl)phenol); v)
But - 2-ene-2, 3-diyl)bis(2-(pyrrolidin-I-ylmethyl)phenol); w)

XWO-20108068714- di yl ) bi s(2- (pyrrolidin-I-yl methyl) pRemalSpe09:0$7402
NS g%ﬁ@*‘%“%’cx‘}"%‘%hi pgceplalld ARPLAMAMOR (B PRENO1 ) )
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He
Bu
He
Et
Bu
Butcis2 afd Gams- Sodieyd dftths C@mpddidi sopr opy! ami no) met hyl ) phenol ) ; cc)

Hex- 3-ene- 3, 4-di yl ) bi s(2-((diisopropyl am no) rret hyI ) phenol ) ; dd)

Et hene- Ity 2néthyd a)sPéo% (Be (dv@hﬁ&%[a@é%%%%ﬂw?)) )); €e)

But - 2- ene- 2, 3-di yl ) bi s(2- ((1 Hi m dazol yl)nethyl) enol); ff)

Hex- 3-ene-3, 4-diyl ) bis(2-((l Himgazol -1-yl) net hyl )phenol); gg)

Et hene- 1, 2-diyl)bis(2-((I Himdazpl-I-yl)methyl)phenol); hh)

But - 2- ene 2,3-diyl)bis(2-(gHimdazol -ds-yl) met hyl ) phenol ); ii)

, (Hex3ene34d|yl)b|s(2((l -1 -yl )met hyl )phenol); and jj)
4,4' - (Ethene-I,2-diyl)bis(2-((IHim -yl) met hyl ) phenol ); or a

phar maceut i cal I y acceptable salt, es| drate or solvate thereof. The
chem cal nane of each conpound presenteg b1t expressly enconpasses both
cis- and trans- isoners of the compound, |In another aspect, the invention
relates to a conmpound of Formula (I1): Eormula (11) wherein RlL and R2 are
each kndependently H, -(C C4)al kyl, -(C~¢Bjal kenyl, -(C2-C8)al kynyl,
wherein -(G -C4)al kyl can be further substituted with one or nore hydroxy
or hal ogen; or Formula (II)
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4,4' -
4,4' -
4,4' -
4,4' -
5,5'
5,5'
5,5'
4,4' -
4,4' -

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

10 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

15 substituted with -(C,-Cy)alkyl, -(C5-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;-
Csy)alkyl;
R’ is H, -(C;-Cy)alkyl, -(C5-Cy)cycloalkyl, aryl;
R*is H or R7;

20 R’isH, -(C,-Cyalkyl, -C(CH3),-R®, or R, provided that when R” is H, R® is R” or -C(CHs),-
R6, and that when R®is H or -(C1-Cyalkyl, R*is R7, wherein R* and R cannot be both R’ at
the same time;

R® is H, -(C,-Cy)alkyl, phenyl, or



R1 and R2 together with the Natomto which they are attached, to forma

5-nmenbered or 6- nenbered heterocyclic ring, provided that when RL and R2

t oget her wipthiwdeg7iIN- at om form a pi perazine ring, the seeomasaimieyen on the
pi perazine ring can be further optionatly substituted with -(C C4)al kyl,
-(C3-C7)cycl oal kyl, aryl or acyl, wherei Ccr C4)al kyl, -(C3-

C7) cycl oal kyl , aryl or acyl can be subst gd with one or nore hydroxy,

hal ogen or -(C 1- G)alkyl; RBis H -(e~CHalkyl, -(C3-C7)cycl oal kyl,

aryl; RAis Hor R7; R5 is H -(C -c4f%4lkyll, -C(CH3)2-R6, or R7, provided

that when R4 is H, R5 is R7 or -C(CH3)2- RG, and that when R5 is H or
-(G-C4)alkyl, R4 is R7, wherein R4 ang—R5 cannot be both R7 at the sane

time; R6 is H, -(Cr Cn)alkyl phenyl, orfherein Rl and R2 are as defined
above; R7 is wherein R8 and R9 are each i'ndependently H, -OH -O (Cr

C4) al kyl ,whetdil? RNRARR? amhgrdefiReRdbosed R2 are as defined above; R10 for each
occurrence independently is hydrogen, or -(G-C 3)alkyl; RL 1is H acyl,

t osyl, -@gﬂscn)alkyl, or aryl; or a pharmaceutically acceptable salt,

ester, hydrate or solvate thereof. In certain enbodinents, a conpound of
Formula (I) or Formula (I1) is not a conpound of the follow ng group
consisting of: 4,4'-(hex-3-enex3, 4-diyl)bi s(2-

((di et hyl am no) net hyl ) phenol ) A" G6"); 4, 4'-(hexane- 3, 4-di yl }bi s(2-

((di et hyl am no) net hyl ) phe also as "D);

4- benzyl - 2- ((di et-hydmifire Hmhenol Qalso as "D2")
’Iene)bls(4-ﬁﬁﬁhyﬂbﬁ‘-a so—as "D3"); 2-

2 2' - (nethylazanedlyl)b|s\
(dlngthylanlno)nethyl) 4-(4- (4- hydro&yphenyl)hexan 3- pfienol (al so as
n mll : 2 2| Py

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;-Ca)alkyl;

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

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

In certain embodiments, a compound of Formula (I) or Formula (II) 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-

15  ((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 “D37); 2-
((dimethylamino)methyl)-4-(4-(4-hydroxyphenyl)hexan-3-yl)phenol (also as “D47); 2,2'-
(piperazine-1,4-diylbis(methylene))bis(4-ethylphenol) (also as “D57); 2,2'-(piperazine-1,4-
diylbis(methylene))bis(4-methylphenol) (also as “D6”); 6,6'-

20  (methylazanediyl)bis(methylene)bis(2-methylphenol) (also as “D7”); 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

25  as “D14”); 3-((dimethylamino)methyl)biphenyl-2-ol (also as “D217); 2-
((diethylamino)methyl)-4-(4-(4-methoxyphenyl)hex-3-en-3-yl)phenol (also as “D227); 2-
((benzylamino)methyl)-4,6-dimethylphenol (also as “D23”); 2-cyclohexyl-6-



(p per azi ne-1,4-diyl bi s(met hyl ene)) bi s(4-et hyl phenol) (also as "D5");
2 (plpera2|ne |, 4- diyl bi s(nmethyl ene)) bi s(4-net hyl phenol) (also as
D6 ); 6,80 zo(mshyl azanedi yl ) bi s( net hyl ene) bi s( 2- met hylppmarsedop/o6AE0 as

ydr oy pREIST SRS frenylpropana dchengl @lse 85 oP25% 20 oc vy o) 2.

(2 (di rrFt Ex{caulmemmmndsme)h%y@ -24- p?quilwplmwl)ﬁewBéenmeﬂ?;bhﬁhal (lals?als DDBT)) 5. [5)12 )
CyCl ohexy am no). net tert penty eno al SO as ";

5 (L ot Kbt aa‘yéw S s oy gherppd 1l B3ED o™ baaty

tert-butyl - (di et hyl am no) net hyl ) bi phenyl -2-0ol (al so as "D14");

((di met hy| arhl ﬁ@}%? %P(}lmepﬁeﬂwn@napn pravidss gsomppynd selegted from the group

di e

oy SR LM e 6 b e S R PAS ket o Ko Eigho 20 29
. c y ([:) I2 g h $E§hlen€>1 (2t diyBbik2- (:(imbﬁ@)alfmhdﬂ)yﬂe)hﬂ)pwnqih enyd(putapare-23ydiyipigpol (al so
((di et hyddigth Hampiremethy Dahqngly AP eV RS S dishviaginpsrehyiPeardo as

" D28" ) % > (but@&i@f@ iyl n{‘% %23( diRkil Binlihd r?h)ﬂhélmlfl%) Rihle) PREAANDLs é@a' SO

as " . I'n Certaln e I ments, the I'nverition provi es a conpoun
sel eCt ed ({dlﬁhyl'alfmmogmothpl)pl@‘mUpS ,B)—(edums1 132 dry@bmf2 ((dimethylamino)methyl)phenol);

E'Z hiher B hsLE  BbR b R R Rara &R b aishyels -

b h I
- bﬂﬁﬁ&tﬁﬂgﬂ%@“‘g‘h’m Areosy ?'Ete ”“‘?Zﬁ?%ﬁ????ﬁ%ﬁeﬁgf’) 3

(but((dzmethelamlm)me;hy)l)tph@(oiwa@l et -fsthener hadmaitis(E) phenol ) ;

t 2-di vl henol
- { ot RERGR ST Y Bpdop E DR AR R FEMY Bnenol )
- ( et hem@ethy &ndncy)hieth Bct(cﬂ] meci; dl Sl(d:théﬁeﬂpkialyﬂl)bﬁ)ﬂ@mplﬁémdm 1-
p

but - 2- ene- 2, 3-di ((dl et hyl am no) net hyl ) phenol ) . 2HC ;
l{gbuty Imethigpengl) @&{ﬂl) %ﬁs zt 2 eper2red il biskR-H Byrash Hymnopraetby ) pimael); 5.5

A T

- (et h(ﬂi]lﬁedhyﬁﬂﬂn(y)h)eﬁlﬁﬁ)ﬁer(cﬂ)) |5€5r'-l(ld1t¥2=d:1§el-2‘®4tdli'5§l}b)s(2)henol ). 2HO ;

- but((d%et}elylamlno?methyl)pheno ); 5 g( ? Ie)rcr%t en)é:I ?? érln d?ﬁ?blsé hyl)phenol); 5, 5" -
((diethylamino)methyl)phenol); 5,5'-(ethene-1,2-diyl)bis(2-((diethylamino)methyl)phenol);

20  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'-

25  (Hex-3-ene-3,4-diyl)bis(2-((diisopropylamino)methyl)phenol); 5,5'-(Ethene-1,2-diyl)bis(2-

5-
3-
((
2-
a

5”915”_‘”}”915”5”5”915”4>"
U1 U1 U1 01 U1 U101 01T U101

((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-

30  ((diisopropylamino)methyl)phenol); 5,5'-(But-2-ene-2,3-diyl)bis(2-((1H-imidazol-1-
yDmethyl)phenol); 5,5'-(Hex-3-ene-3,4-diyl)bis(2-((1H-imidazol-1-yl)methyl)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-
yDmethyl)phenol); 4,4'-(Ethene-1,2-diyl)bis(2-((1H-imidazol-1-yl)methyl)phenol); 5,5'-(Hex-

35  3-ene-3,4-diyl)bis(2-((dimethylamino)methyl)phenol); 4,4'-(Hex-3-ene-3,4-diyl)bis(2-

8



et hene- 1, 2-diyl)bis(2-((di net hyl am no) net hyl ) phenol);
"-(but-2-ene-2,3-diyl)bis(2- ((dinmethylam no)nethyl)phenol);

- (butw@-2e10062718- di yl ) bi s(2- ((di et hyl am no) net hyl ) plR€malSp909/067402

-(h - 4-di ' . A4 i - 0Q): et hyl ) phenol ) ;

{ or nshaeStsrfo o) el LR AERA SO D enoly

-( but(é&méﬂl@l-a&iﬁe)giey}iﬁ)ghsmﬂ}; @(M{Héhlylegafi&:mhﬁrﬂa)bhyl-) phenol ) ;

- (But - 2- -2, 3-di i s(2- , idin-I-vyl hyl ) phenol ) ;
i P e e P R G

-(Et 7 TWok i = L GHasak-1yd . )14, 4" - (But - 2-
2. 3 Qg B B D BRAG ML B Gl IR Rl £, - (B

' - f HewliBetbplpl®ndbdi y| ) bi s(2- (pyrrolidinl- ylnethyl)phenol);

' - (But - 2- -2, 3-diyl ) bi -((dii | am t hyl ) phenol ); 5,5 -
- eREAETRTHR R phetp S Sy PR RS RACHS PRstmol) -
"-(Ethene-1_, 2-diyl)bis(2- ((diisopropylamng nethylﬁ henol ) ;
'%&LZeﬁﬁ@ﬁW%@@m@W%£%W% hB)YREOh{R SpEeHy epcompass

'-(BU%@af&QQmam%thMhhag%famcﬁﬁ%bhﬁﬂpfOpy'a”?nO)ﬂEthyl)phenol):
'-(Hex-3-ene-3,4-diyl)bis(2- ((diisopropylam no)nethyl)phenol) ;

, 4' - (Et hene- = dj I - [y 1 :
T But - 2- oAb YbBubietts, b ORI CRL B LR SRR Bt dup (Group

' 10Hex®)3- ene- 3, 4-diyl ) bis(2-( (I Hi mdazol -I-yl)net hyl )phenol); 5,5"-
hene-1,2-diyl)bis(2-((l Himdazol-I1-yl)nethyl)phenol):
" But) 2t e ¢ B-Sip O P i s o e gl o
- (Hex-3-ene- 3, 4-diyl)bos(2-((I Himdazol-1yl) methyl)phenol) ;
-(Ethene-1, 2-diyl)bis(R-(( | Himdazol-1-
- (Hex- 3-ene- 3, 4-di y|ADi Ndiet hyl am\g
- (Hex- 3-ene- 3, 4-di yl 2- ((di met hylam n

ch -~ ((diNget hyl am™io) e

- (Et henés, 1'% d vy p
s(2- ((diethyl am no)nethyl) phenol

T__
aRPaOUAGOOET

E

ARRRPORBRCCORARROTORD NUIOS OO R

sassrans~bToaoasrnnad

- (Hex- 3- ene- 3, K
- ( Bt here-N 2 diNrbig#2- ((di et hyl ami no) net hyl ) phenol ) ; 2 OH
-(Ethene- 1,2-diyl)bis(2-( gyr rolidin- 1- Yl nmet hyll)lphenol ; X

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

00T SR

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

. 50¢
» Saee @t
e U
~~

4) (Z)- and (E)-5,5'-(But-2-ene-2,3-diyl)bis(2-((dimethylamino)methyl)phenol) (“NB-4"):



or a pharmaceutically acceptable salt, ester, hydrate or solvate thereof.
The nanme of each conpound presented in Goup (B) is neant to expressly
enconpasswbanty/sBae and trans- isoners of the conpound. PCH/USRE0MAETH02
enbodi nents, the chrrpound is selected fromthe follow ng group (G oup 10
O: 1) (- and N
(E)-4, 4" -(Et hene-A,
(Z)- and (B)-4,4" -
("NB-2"): 153) f¢
(E)-5,5" -(But - 2-end
4) (2)- and
(E)-5,5" -(But-2-ene- 2
("NB-4"):5) (2)- ang
(B)-5,5" - (Ethene-1,"2-diyl ) br's(2-9{(di et hyl ami no) net hyl ) phenol ) ("NB-5"): 6)
(Z)- and (E)-5,5" -(Ethene-1,2-diyl)bis(2-((di nethylam no)nethyl) phenol)
"NB-6") :

7 « »
(B 55 (EDh a7k a5 i el 2 s G sy rminongr P REdeae) (VReS ¥y g
Z)- and

§E§-5, 5' -(But-hene-z, 3-diyl)bis(2-((diethylam no)net hyl) phenol ). 2HC
("NB-8"):9) \(\Z),N and ;§

(E)-5,5 - (But-2-ene-2, 3-diyl)bis(2-((di‘mef

("NB-9"): 10yo(Z) -\ and
(E)-5,5" - (Etheny D
10"): H) (2)- a
(E)-5,5" - (Et hene-

dly|)bIS(2 ((di et hyl am no) met hyl ) phenol) ("NB-1"): 2)
-2-ene- 2, 3- dlyl)bi\s ’

yl am no) net hyl ) phenol ). 2HC

et hyl ) phenol ). 2HC (" NB-

S ( N(fﬁ$nethzl P ) phenoldH2He (" NB-
11"): 12) (2)- anc 0

(BE)-5,5"-(Ethene-1, ‘ i peridin-I- NNB- 12"): 13)
(Z) and (E)-4,4' -(But- 2ene23d|yl)b|s(2((dlrrethylam 0) methyl Mhenol )
(" NB-13" ) 6)144)- Ad (1ysls- Ethene 1,2-diyD)bis(2-((dimethylamino)methyl)phenol) (“NB-6”
(E)-5,5' tﬁzene % dly bi s(2- (gy)rré |((d| n- Iyy rre)hyl )ﬂenol))( NB-)14 )
15) (2 and (E) -4, 4 |(Et hene I 2-diyl)bis(2-((dimethyl am no) net hyI ) phenol)
("NB-15"): 16) (2
(E)-5,5" -(But-2-ené-2,
("NB-16"):17) (Z)pgn J
(BE)-(5,5" -(but-2-enexg gli yl ) bi s(2-(pyrrolidie
("NB-17"): 18) (2) and HO |
(E)-5,5" - (Ethene-1, 2-thy i S porpheT | nomet hyl ) phenol ) ") NnA19)
(2) and (E)-5,5' -(But-2-ene- i i ™~
("NB-19"):20) (2) and X
(E)- 454" - (Et hene-1, 2-di yl Ybi s(2- (piPeri di n-1 -yl net hyl ) phenol ) ("NB-20"):
7) (Z)- and (E)-5,5'-(Ethene-1,2-diyl)bis(2-(piperidin-1-ylmethyl)phenol) (“NB-7"):

9
& OO

x

di yl) bi s(2-(pi peN, T

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

10



21) (2) and (E)-4,4'-(Ethene-1,2-diyl)bis(2-(pyrrolidin-I-ylnethyl)phenol)
("NB-21"): 22) (2) and

(E) -4, 4" -wathwies1192- di yl ) bi s(2- (nor phol i nonmet hyl ) phenolPLTrusBe264023) ( 2)
and (E)-4,4" - X-3-ene- 3, 4-di yl ) bi s(2-((di met hyl am no) met hyl ) phenol ) (" NB-
23"): 24) (2

(E)-4, 4" - (Hex-3nene-3, 4-diyl) bi s(2-(pyrro| idin-I
24"): 25) I(_g)\}an
(E)-4, 4" - (He¥o3-

-yl et hyl ) phenol ) (" NB-

("NB-27"): 28) (2) and
(E)-4,4" -(But-2-€
28"):29) (2 and
(E)-2-((Di et hyl am no) nmet hyl ) - 4- (4- ( 4- hydr oxyphenyl ) hex- 3- en- 3-yl ) phenol
("NB-29"): 9) 3B) a@Z)(E)aﬁn,d -(BR)t-245 g2, B eyl yids(21ielie thy dimihg)dieghépbénal ). NBCBO" ) -
31) (2 and (? ﬁg (But - 2-ene- 2, 3-diyl )di phenol ("NB-31"): 32) (2) and
(B)-3,3 -(Eth ok | % diyl)di phenol ("NB-32"): 33) (2 and

(E)-3,3 -(But-2-epe-2,3-diyl)di phenol ("NB-33"):34) (2) and

(BE)-4,4"-(E hene , 2- d|yI)d| phenol ("NB-34"): 35) (Z) and

(E)-4,4" - (Hex- 3<% ene 3,4-diyl)bis(2-((diethylam no)nethyl)phenol) ("G"): or
a phar maceut i %Iy ccept abl e salt, ester™yudrate or solvate thereof. In
still another empdihgntHCIt he corrpound I|S se i

(D)) consisting of NB-2 NB- 3, NB-4, B \B- 2
NB-10 NB-11, and™® /d'eflnedﬁo, or a phar
accept abl e salt, 5

invention rel ates

f Formul a (III):mmuIa

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

U w

2HCI |
HO\(j
/ 9
LOCT =~ 00
A OH K 2HCI N~

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

10 :
12) (Z)- and (E)-5,5'-(Ethene-1,2-diyl)bis(2-(piperidin-1-ylmethyl)phenol) (“NB-12"):

11



wherein R1 and R2 are each independently H, -(G -C4)al kyl, -(C2-C8)al kenyl,
-(C2-C8)al kynyl, wherein -(G -C4)al kyl can be further substituted wth one
or nore hyorowyesriohal ogen; or RL and R2, together w thPCRAISRBOANOGTINE O Whi ch
they are attached, fexm a 5-nmenbered or 6-nenbered heterocyclic ring,
provided that when[Rl gnd R2 together with the N-atom for piper azi ne
ring, the second niNtraogen on the piperazine ring can be ' tiopally
substituted with{-(G™-C4)al kyl, -(C3-C7)cyglal , Lwheyein -
(G -A)al kyho - (& -C7)c%gloalkyl aryk” or acy S t uteed Wrth one

or nore hydrox Ioge ©r -(CG-C 3) Iky \ 5 H, acyl, tosyl,

-(G -A4)al kyl, ryl; R4 and _R5 are R provi ded that one of R4
and R5 is H, and i SNR1L R12 s mhereln t hét SVyI group to which
both R4 and R5 ang a hed i § neja or para to the ORL 1 in the aromatic

ring of R12 ; RI10 h dr og@n, -(O C 3)al kyl; or a pharnmaceutically

23?7;%";3'13%52@3@ (B)ad- BV 3L A i SO B Sty a?nfuno RS L Nl LR

, 4' - (Hex- 3-ene- 3, 4-di ylpbi s(2- ((di et hyl am no) net hyl ) phenol ); or ii.
4,4' - (Ethene-1,2-diyl)big(2 dLethyIanino)nethyl)phenol) or iii.
5,5"' - (Hex- 3- ene- 3, 4-di M (di met hyl am no) net hyl ) phenol ); or iv.
4, 4" - (Hex- 3-ene- 3, 4-di k(dlnethqug1no) et hyl ) phenol ) or v.
4, 4" - (Et hene- "R diSH S i i ¥ ) hgnol ) ; orwi .
4,4' - (Hex- 3-ene- [ //ois(2-((diethy|aninn

P or 7N oH
14) (Z) and (E)-5,5'-(Ethene-1,2-diyl)bis(2-(pyrrolidin-1-ylmethyl)phenol) (“NB-14"):

L
. DO
@ >
Cr HO O 7 and @

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

HO

oal

A

and

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

12



vii. 4,4 -(Ethene-I,2-diyl)bis(2-((diethylam no)nethyl)phenol); orviii.
4,4 - (Ethene-1,2-diyl)bis(2-(pyrrolidin-I-ylnmethyl)phenol). The invention
al so prowogesieesBdhod for treating or preventing a JakPCrRase@vwmdr4d: sease
or disorder in a subject. In certain enbodi nen t he net hod includes the
step of adm nistering to the subject an effective|anount of a conpound
selected fromFornulae (1), (Il) a I11) as\above defined, or a
pharmaceutically acceptable salt, [estern, hydrat® or solvate thereof , such
that the Jak2 nedi ated di sease or_xdi sguder is tkeatgd or prevented in the

subject. In certain enbodinents,
is a conpound of Forrmula (1) or

t he~conpound ad ered to the subject
Forngia (I11), g gceutical by

acceptabl e salt, ester, hydrate Sol vat e t heregof . ment, the
conmpound is selected from G oup , (B), (© or (D) as labovge delrined, or a
phar maceuti cal | y_acce ydrate or sol vate thereof. >n anot her
enbodi nent, theg conpounti ted fromGoup (B), or a pharmaceytically
acceptabl e salf, hydratg solyate thereof. In another enbodi nept, the
conmpound is a oung” sef*ectefl from G oup (C) or a pharnaceutically
acceptabl e salt, hydrate or solvate thereaodnd In still another enbodimnent,

t he conpound is a conpound of G aoup (D). a pharmaceutjcal ly acceptabl e
sai v hydrac e @ nRTES S (herest 2T AbOh LBy THE GRHPERANBI Tt he
invention is admnistered to the subject at/a\dose between about 0.001
ng/ Kg/ day and about 200 ng/Kg/dgi:;gr bet about 0. 001 ny/Kg/day to

about 30 ng/Kg/day. In certain enboyi nents, e conpound of the invention
is adm nistered to the subject 4 en.a@about 0.1 ng/ Kg/day and
about 10 ng/ Kg/day. In one emjodi nent, the cony ) i sjadm nistered to the

(%)
c
k=)
®
o
—
N
—
®
o
o
(%2}
®
Y
o
o
c
—
H
&
=
£
<
>
o
>
®
®

i ncludes adm nistering to t pj ect an addPti omal c agent. In
one enbodi nent, the conmpound
t herapeutic a%fifj-r. 5 i stered sinmultaneously. f anbodi nment ,

t he
and Q .

18) (Z) and (E)-5,5'-(Ethene-1,2-diyl)bis(2-(morpholinomethyl)phenol) (“NB-18"):
©)
[Nj
Yy
SR
/ OH
HO O
OH
@ |
T )
P %
HO O ’

and

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

13



conpound of the invention and the additional therapeutic agent are
adm ni stered sequentially. In one enbodi nent, the Jak2-nedi ated di sease or
di sorder WO 2pulog8hemni a vera, essential thronbocyt hem &CTAS2@H5BIIENI C
nyel oi d nmet apl asia. |In anot her enbodi nent, e Jak2 nedi ated disorder is a
cardi ac disease or disorder. In certain enEEd'nents t he cardi ac di sease or
di sorder is selected fromthe gr f car hypertrophy, cardiac

i scheni areperfusion, and heart failude. In ahother enbodinent, the conpound
is also an inhibitor of the Ja y.anot her enbodinent t he
conpound of Forrmula (I), Forrmula (I1) or Fornu III) as above deflned or

H

Jak2aut ophosphoryl ati on. H » er enbodi nent, \ | 1 of Fornmul ae
(r)y, (rr) and (111) as ned, or a pharnaceutica 7 accept abl e
salt, hydrate ' her edf does not inhibit c-Src or Tyk2

aut ophosphoryl
anot her enbodi® is identified as having a J 617F

mutant (s). In another aspect,! the invemid on provides a netho T freating
or preventing cancer in a subject. The nethod congalses adm ni stering to

the subj @8 akZeridEitve (Bhsntrd 2otiyBbisGnipensridinot-yimetubrieppl) | (YB-L00F
(1), or a pharnaceutically aifjjiable salt, hydrate or sol vate thereof,

el y as Jak2 aut ophosphoryl ati ;}Yet in

such that cancer is treated or{ preyented. In certain enbodinents, the
conpound is a conmpound sel ecte om G oup (A, (B, (C or (D as above
defined, a pharmaceutically ay cep'able salt, hydrate or solvate thereof. In

one enbodlnent t he conpound a conpound sel ect ed fromGoup (B), or a
phar maceuti cal I y acceptabl e , hydrate or solvate thereof. In another
enbodi nent, the_comnpou a_gonpound sel ected from Goup (C, or a
pharnaceutlcal y ccec e sglt, hydrate or solvate thereof. In stil
another enbodlnen t »«-»-nd is a conpound selected fromGoup (D), or
a pharmaceuti caMy -cceptable salt, angdrate or sol vate thereof.

O@

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

=

HO N

T
oIS

HO.
OH ;

22) (Z) and (E)-4,4'-(Ethene-1,2-diyl)bis(2-(morpholinomethyl)phenol)(“NB-22"):
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I n one enbodi ment, the conpound of the invention is adm nistered to the
subj ect at a dose between about 0.001 ny/Kg/day and about 200 ny/Kg/day, or
bet ween alwoup10e808 ny/ Kg/ day and about 30 ng/ Kg/ day. | RCTAISREN0/067402

enbodi nents, the conpound of the vention is adm nistered to the subject
at a dose between about 0.1 ng/ day and about 10 ng/Kg/day. In certain
enbodi nents, the conpound is ad n| tered to the subject at a dose about 1
ng/ Kg/ day. I n one enbodi nent, "¢ he
| eukem as, | ynphonas, nyelonas
t he cancer is selected from

ancer is selected fromthe group of
d solid tunors. In another enbodi nent,
froup of chronig_nyel ogenous | eukem a

(CW), acute nyeloid Ieukenla ), and ocyte | eukem a (APL).
I n anot her aspe the Y provi des (e

Jak2- dependentj cel met hod conprises contacti ng "(e.g.
in vitro or inWWiyo._e i a subject with a Jak-2 inhib rein

the inhibitor is a conpound of For mul " 1), (11) or (l111) as above def i'ned,
or a phangpceuy) sl (By-42CcgERL-3Rine-3aktyl) bRyl @iketBylafolfia I)?%Mf (“NB-
certain enbodi nents, the conpound is selected from G oup (B), (O or
(D) as aBdve deflned or a pharnaceutlcally acceptabl e salt, hydrate or

sol vate thereof. In one enbodi nent, 9/conpound is a conpound of G oup
(B), or a pharmaceutically accephabrewsalt hydrate or solvate thereof. In
certain enbodi nents, the conpoundlis a\ conpound of G oup (C, or
apharmaceutical ly acceptable sal drate or solvate thereof. Stil

anot her enbodi nent provi des that conpound is a conpound of Goup (D),
or a pharmaceutically ,accept , hydrate or solvate thereof. In one
enbodi nent, the conpound e inyention is adm nistered to the cell or
subj ect at a dose bet 001 pg/ Kg/ day and about 200 ng/ Kg/ day, or

bet ween about 0. 00 » 1 about 30 ng/Kg/day. In certain
enbodi nents, the conpound of thel invention is adm nistered to the subject
at a dose between about 0.1 g/ day andarsbout

Ho
@

T

5 OH :

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

247):
HO Q
@ .
and OH ;
25) (Z) and (E)-4,4'-(Hex-3-ene-3,4-diyl)bis(2-(piperidin-1-ylmethyl)phenol) (“NB-
10 25”):

15



10 ng/ Kg/day. In certain enbodi nents, the conpound is adm nistered to the
subj ect at a dose about 1 ny/Kg/day. Another aspect of the invention
provi des wWorzetdws710f i nhi biting Jak2 in a subject identpCras2@s/obaong in

need of such treatnent. The d conprises adm nistering to the subject
an effective anobunt of a conppundy, of Formula (1), (Il) or (Ill), or a
pharmaceutical |y acceptable s / hydrate or solvate thereof, such that

Jak2 is inhibited in the subject
selected from Goup (A, ( '
pharnaceutlcally acceptabl t,
enbodi nents, t d i conpound of Goup (C or (D), or a
pharnaceutlcally b hydrate or solvate thereof. In one

‘ vinistered to the subject identified as in
need of treatnent at a dose bet ween about 0.001 ng/ Kg/ day and about 200
ng/ Kg/ day, or betmeen about 0. 001 nﬁw*g/day and about 30 ng/Kg/day. In
certain e he._conmpound is adnministered to the subject at a dose

In certain enbodi nents, the conpound is
or (D) as above defined, a
hydrate or solvate thereof. In certain

bet ween y and about 10 ng/Kg/day. In certain embodi nents,
t he conpaund suhj ect at a dose about 1 ng/Kg/day. In
anot her aspeéct, ; 6vi dgs anet hod of treating a hematol ogi ca
di sease or disorder in a The netlhod conprises adm nistering to the
subj ect an effective anount a gnpowhd; of Formula (1), (I1) or (111), or

he. hemmtBl gl CAF LT SaaaNBr Sei€or 1P PE AR FE CYRENTD drBartrent o,
t he conpound is selected fron1§j:j§ (A) (B), (© or (D as above defi ned,

or a pharmaceutically acceptab hydrate or solvate thereof. In
certain enbodi nents, the conpo IS a conpound sel ected from G oup (C) or
(D), or a pharnaceutlcally ac eptabl e salt, ester, hydrate or solvate

t her eof .
2 C
L/N Vs N/ﬁ
L

and :

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

ool Pl

28)  (Z) and (E)-4,4-(But-2-ene-2,3-diyl)bis(2-(pyrrolidin-1-ylmethyl)phenol)  (“NB-
287):
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The invention al so provides a pharmaceutical conposition, wherein the
conposition conprises a conpound capabl e of nodul ating Jak2 activity, or a
phar mmcewpcaloogsaecept abl e ester, salt, or prodrug thePedfUS2000064b2r Wt h
a pharmaceutically acceptable c {er. In oneenbodi ment, the conpound is a
conpound of Forrmula (I1) or a pEEf}aceutically acceptable salt, ester,
hydrate or solvate thereof. Ip vtai n enbodi nents, the conpound is a
conmpound of Forrmula (I) or (II{l) as above defined, or a pharnaceutically
acceptabl e salt, ester, hydra solvate thereof. In certain enbodi nents,
the conpound is selected fro pup (A), (B), (C or (D as above defined,
or a pharmaceuti cal bl & salt, hy te 0 3 vate thereof. In one
enbodi nent, th a ¢onpound of@up @ a phar maceutl caI |y
accept abl e sald & h AN Ot

t he conpound i T 5
acceptable salt, ester, hydrate or saldvate thereof

enbodi nent, the c ound sel ected fro

et SR Sk SR e oo AR S L N
|nvent|oq“ﬁkggwprOV|des a kit for treating or preventing a Jak2-rel ated

di sease or disorder in a subject The kit includes at | east one conpound
capabl e of nodul ati ng Jak2 act'V|ty, and instructions for use in treating
or preventing the Jak2-rel at edidi sease or di sorder, wherein the conmpound is
a conmpound of Formula (1), ( br (I'11) as above deflned or a

phar maceuti cal | @.eptﬁale sol vare thereof. In

In stil

certain enbodi nen onpo nd is sel ecfed f ¢ (B), (O or
(D) as above defi eutj cal : , hydrate or
sol vate thereo In one enboolne t, the conpound Is a conp sel ect ed
from Goup (B), or a pharnaceutlcally acceptabl e salt by drate or

sol vate thereof. In another” enbodi memt, the conmpound”is a co pounet;sel ect ed

(1o 000 O S by MPIRESUEPL Lt RERERIEDLE =l g7for, Mydrate o

selected from Goup (D, Pr a pharnaceutlcally acceptable salt, ester,

hydrate or sol vate thereqgf.
HO
ﬂlii F ﬂlii
and

31) (Z) and (E)-4,4'-(But-2-ene-2,3-diyl)diphenol (“NB-317):

HO
@ -
- ®
and OH

32) (Z) and (E)-3,3' (Ethene 1,2- dlyl)dlphenol (*“NB-32"):

|

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

HO

OH J
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I n one enbodi ment, the Jak2-related di sease or disorder is selected from
the group consisting of cancer, hematol ogi cal disorders and cardi ac

di sor der swol2n10am8tiher aspect, the invention provides a RE€E/Uskoog/ocanpound of
any of the fornulae herein r de manufacture of a medicanent. In certain
enbodi nents, the nedi cang Y~ a nmedi canent for the treatnment of a
Jak2-rel ated di sease or er (e.g cance a hemat ol ogi cal di sease or
di sorder, and the R he”1 nventi on al s@ i deg net hods for designing,
eval uating and idg to the binding pockets of
Jak2. O her aspe _2pe d| ments of &b n ar€ h.5Cl osed

i nfra. BRI EF DES f rther described
bel ow with reference to tfhe followipg non-linting exa and wi th
reference to the following figures, in which: FIG1 (a-f) depi cts a Bone
Mar r ow Ardd) ysi(8) and @)-ddepEdese-li2t dighdipbler®Cl UNB-34fierein the ratio of

Myel oid cells: Erythoid celdys is 1.11; |(b) depicts 114 HEL cell having
been treated with DVBO, wh rein the ratio of Myeloid cells: Erythoid cells
is 0.47; | (c) depicts 234A-3EL ceIIs havr ng been treated with 0.1 ng/kg G5,
wherernthe rati o of Ivyel "B Qi d cells is 0.3; |(d) depicts 344
HEL cells havijgg beg kg G5, wherein the ratio of

Myel oid cells: 7 } } 444 HEL cells having
been treated with eloid cells: Erythoid
cells is 1.2; I(f] 2 524%&@ havi ng been tregfed w.th 10 ng/ kg G5,
wherein the ratio of Myeloid ce Erythoid cells is 1. 1 FI G 2 depicts

t he resul3ts(Bdhodi(By4héaiexB-enerBidbdiyBbid@k@d o Tamide)peinica ypih e ) (‘€& ’):
proliferation; FIG 3 depicts that the tine required for G656 to inhibit

Jak2- V617F dependent cell [Proliferation by 50%

wrthl

and

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

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
10 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):

R11

\

Rs

Rs Ry

18



FIG 4 depicts the results showing that G inhibits Jak2-V617F dependent HEL
cell proliferation in both a dose and tine dependent manner; FIG 5 depicts
t he resulwe 28toane8Tg t hat NB- | inhibits Jak2 V617F depend€mtUuskiml/ocabht
proliferation; FIG 6 depicts the resi) %hfynng that NB-2 inhibits

Jak2- V617F dependent HEL cell prollferatl FIG 7 depicts the results
show ng t hat w@6relras no effect on c-Src tyr05|ne ki nase activity; FIG 8
depicts the rgsult§ denonst rati ng.that duce numb
ner easi ng cBY R Bt 255058 Bty B Ep ot ni skl deetistkmyl
demonstrating that G bl ocks Jak2-V617F dependent megakaryocyte col ony
formation; FIG 10 depicts
and NB-2 reduce pathol ogic q Q¥ a po yeyt hegd a vera patlent in
a dose-dependent manner; ¥ depi ct e in vivo ts denonstrating
that G reduces the percentagr of bl as el |'s in periphggal blood in a
dose- dependent manner;FIG 12 i's a d?aph depi ct9¥ng in vi‘vo'test results
de”Dn§trat'ng\MﬂﬁﬁnQﬁhRﬁyﬁkﬁQﬁntﬁhﬂﬂﬁEﬂﬁﬁhﬁai@ﬂH%ﬁQoP@@ﬁ#ﬁ%ﬁ%ﬂ %Qﬁ@?§t'0
of Myeloid cells: Erythoid s at a m ni mum dose of y; 13 is
a graph depictirng in VIVO test results denonstrating that GB treatnent
correlates w uced t hr oi not | ture
ey hrof d cel IR AR et 3t Paedicafilh 1P pich Yol 0 Diefes Forbg grpbere Sr
dermonstrat i ng ¢tRahb&Rd h@t‘ék&?c@h&ﬁ@g PRVEEI WA AIHn 1§ 'Oand et pRh@RitH @k Natofrl G
15 depicts the results of a nunber * of conpounds tested in Jak2-V617F
aut ophosphor ylfein & pipgszig ring, the second nitrogen on the piperazine ring can be further
10 optionally substituted with -(C;-Cy)alkyl, -(C5-Cy)cycloalkyl, aryl or acyl, wherein —
(C1-Cyalkyl, -(C5-Cy)cycloalkyl, aryl or acyl can be substituted with one or more
hydroxy, halogen or —(C;-Cs)alkyl;
R''is H, acyl, tosyl, -(C;-Cy)alkyl, or aryl;

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

I
——(CHR'9), |

N N
F e or F e
wherein the aryl group to which both R* and R’ are attached is meta or para to the —

E C(R')—=CH(R"9

OR'! in the aromatic ring of R'%;
20 R'?is hydrogen, or —(C;-C3)alkyl;
or a pharmaceutically acceptable salt, ester, hydrate or solvate thereof;
provided that the compound is not:
1. 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
25 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
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DETAI LED DESCRI PTI ON OF THE | NVENTI ON The invention is directed to
conpounds with novel structures as defined in Formula (1). In certain
enbodi mrerwe,20te8onpound i s a conmpound of Forrula (111 PCTHse@s/o6@pounds

are capabl e_.of ,no in i, ndi. Hgy: | mt i The invention al so
relates to g%h%%ﬁﬁﬁgggéhgg'i%é%gﬁﬁﬂkggw%?3%?%@§D?ﬁ%?bban be used as

inhibitors of Jak2 activities, and the conpounds can al so inhibit Jak2

mut ants by targeting Jak2 interactions, The conpounds of the inyention are
candi dat es as T%S\}%‘fenflﬁ%?é%{ﬁw@?s&ﬂﬁﬁgo 5y tepiang ST RieNtipe adh RYAG K 2-

medi at ed gli.&a%€1i Qbde i S QLG Eot. MAEIhIREholimdds, BRY hdhBd Hcldel Bledkd di sease
types where Jak2 and Jak2 tants play a significant role. The invention

al so pel atlesistating @abe sulpeqhan effe¢tovetaneudt stosmnpount a¢letthe froonpoumids (1),

del i neat in denonstrate sel ective interactions wth certain targets
(o g s B Foehe et S Moirmiraneey forrolFithear Soable or @b os.
1. DEFI Nifdr624S sRaf @aend yaohaedises alsbakio? Qisetdet Rardafiedtpr@Rnted R8l tHeubjeeter
that the invention nay be nore readily understood, certain terns are first

defined dnderénn pabpdithentsy eicompewii/admiaisteacd (ndhesebdedt i & ¢ranppyad iof Femiilan
and cl ai , i lar form"a". “an" "the" include plural . references
o ess- 1 g Esarage P8 oRlafhe Brsat caile s Burt AR Rl h wlBLE S

cel 1 '10i ncl udegn anpbmbadiidelt, @fe @eipgosind isneled@d FHMIGréUp @9, Re®af(DJhe term
"a nucleic acid nolecule" includes a plurality of nucleic acid nolecul es.
In this @Peva &died oraghappicsadcallyagespinblessalghydrate o salivate teereefnn anofhigr ng”
and the | i i i 1 nd
can moan PECAER IR forh TSR ARG IR, [9) bRF Motk fa TPACRbubB R
of " or " dtgdsicsirsobasahticaf. Iy Aindthdremtodithas, thé eompanidrig a asmpoloeikeiaeted. S.

Patent | aw and the termis open-ended, | ow ng for the presence of nore
than t hat"ShBERR §)08g; SResoh gzl ot or ‘b erears B itk of _
that j9hi ghodnsy &ﬁﬁ&cﬁﬁeﬁt,sth@%mgbéﬁtgﬁq Bhpolfd Bf 6RRPED) Bf a PREMaEORRAfifPat  Whi ch
is recited, but excludes prior

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
20  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 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
25  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
30  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 (I1II) as

above defined or a pharmaceutically acceptable salt, hydrate or solvate thereof inhibits Jak2

20



art enbodi nents. The term "adm ni stration” or "adm ni stering” includes
routes of introducing the conpound of the invention to a subject to perform
t hei r i ntwoadeth/dsmeti on. Exanpl es of routes of adm ni st PaTiusR0Wla40BY be
used i ncl Nl i S i aLan I

i ntraper iay g) ggﬁgﬁﬁ%&g@ fgnt egiaé% )@@Bg&rﬁge}l{, ﬁ\e{%@bﬁgg ,Ofrpect a{leegﬂéh%l?lgingg)e?srml :
The phar niboeuddfmad, q@raqharmideotillyaycdpeabdd o hipdrafe@i v8lvsateithabbfelobonoteach

adm ni stratjon route. For exanple, these preparations are adm nistered in
tablets SRNIBA Y B THrF Ut RAOPP YR GhS GiffiTHY ey iaéﬁ%k%%‘/‘@ﬂh{%ﬂh_@mlat&nn_t ment,
SUPPOSI tOry, & in AT cfibbdinl i (Y sibficeRllAificlal HliRR 98- QBRIAL T on)
topical by lotion or ointnent; and rectal by suppositories. O al

adm nbst mattagts).i s preferred. The injection can be bolus or can be

cont ot |14k DEREUEL 18- 050U BB LS Sk R IR

protect ishbjfsét@%@ﬁl’éﬂl'b@|cpﬁ1?ﬂ§’éstajdﬁﬁ§isﬁéﬁh§tb (B ¥ulbl8dtlah PRRE @ A&t 6E4 1tS
ability to performits intended function. The conpound of the invention can
be adm nicomeper! eff ksmulail). () erdbilliee & Pbrrmaceticelly hecepahlstsrlirhydegmor as

descri bed above. Obe Wy BRAL TRCSILS &.ﬁ%"%%%@?ﬁ%&?i ceniidihéilts. both. The
conpound "0 he TRVenti on can be adm nitst efe prior to e qdmini strati on
of the otbgpo@gERtacofipdlihd eetdstym\Grbtip t AR (BYeDS or (@) adhbsVe defi@ed, a

adm nistration of the agent. Furthernore, the conpound of the invention can
al so be XBANHCcsutEsalY apsePEbET BltdhXskate OF PRIVME Ereread. embedimept.dh¢ t s active
nmet abol i r i i i i Lpation
wtnt s FrpSind BacRbhes ik apbi hob ) ¥ pRORLURIE pocpERELET. an
conpound hgfiratch@ sohmenheeof. (Ia.agothar eobbmenk, geleatpednd rsamorgronmd sel¢dtgd

Formula (I1) or Formula (I111)) together wit econd ent, such as a
second cé‘m@ﬁwps@e%&ae@aﬁpﬁﬁ%ﬁgmca%% Sﬁbﬁwﬁaﬁ qr|89§%6rtﬁ?f8?ﬂﬁpaﬂ_ 1),
or a'iseX'aﬁSﬂhQﬂerﬁlﬂﬁﬁﬁE’ﬁ?{h‘e‘éoﬁ‘%@ﬁ'ﬁd 4SRIndpBlin@sdididd ithatod) pSRASLaOr di sorder,
where the two are adm nistered concurrently or sequentially in any order.

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 and about 30 mg/Kg/day. In certain embodiments, the compound of the invention
20  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 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
25  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, €.g., in a subject)
with a Jak-2 inhibitor, wherein the inhibitor is a compound of Formula (I), (II) or (III) as

30  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
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The term"alkyl" refers to the radical of saturated aliphatic groups,
i ncl udi ng straightchain al kyl groups, branched-chain al kyl groups,
cycl oal kywoQalowsyabi c) groups, al kyl substituted cycl oalPK¥iUuSgeoo0pzp2 and

cycl oal kyh, $hRakdHY GBI sall! PURSe of BVAE P& e<yn b iemboBghdpges al kyl
IC p’rt%@r U@%R §3{

groups, can I nc oxygen, nitrogen, ur or phosphorous
at ons r epr@ddesghainke armpoine icacdhopsundfof tGreugidly, ocaphomabatichibons;ceptable,
oxygen, nitrogen, sulfur or phosphorous atons. In preferred enbodi nents, a
strai ght SeidYA'4F Obh s ®aeChai n al kyl has 30 or fewer carbon atoms in its

backbone (€. 9.y ofid e/ B8ifrRhe, Hle' RnHing BRI ineRtSBR dadinilelach et &nairn)

preferably 26 or fewer, and nore preferably 20 or fewer, and still nore
pr ef ebablsybjdctaut adeswehetwedrkabaus@ 00 hmefleg/dedamslaboon?00ying/Kdday, br batweerl 0

carbon atons jnb.thej i ng ,Sstructure d re preferably have 3, 4, 5 6
or 7 car aone 4 mER ey e bt g BhY e el ukerly R Soriquigd of

t hr oughoufe fnlentfRas hdrhGaddrod tine s BLANE BSsel et EHneibE .1 end/RElddd endasdut
"unsubstituted al kyl s" and "substituted alkyls,” the latter of which refers

to al kyl lRuongKigakyhldergingubodimenshitee ¢ampponsil mégadeinih'ysmr@g@rt%wtxiﬁvé algr dotor e
car bons %kogq%mh%gg&farbon backbone. Such substituents can include, for
exanpl e, dfoge ,z%yd?oxyl, al kyl car bonyl oxy, aryl carbonyl oxy,

al koxycar bonyl oxy, aryl oxycarbonyl oxy,. carboxyl ate, .al kyl carbonyl|,

21 KodYcar bony iAol Auest s I omar o kG e arB oL i ReRE RS S hset,
phosphonadyifitd asBhhH & Roed ©F 3G rAFHER. ThGbHEH BQm?ﬁi%}é lad /i fering to the

di al kyl am no, arylam no, diarylamno, and alkyl aryl am no), acylam no

(i ncl udi ngbiastienlctlgetbegmennt aba cempowrlrds dieymalai(ho(IDcarHhnoya phatoacgusicaldy) |

am dino, L mingy. sl £hydeyl oplirl Shio, Atk hio. (i peanhexyhate, jsul fates,
sul f onat O, @J?Fanny YASGIf dnant db, ni%ro, JI uor onet hyl, cyénd, azi do,

het er ocy @kithin ealblsilin@yd, the@onddud BnRlet@d FFonh Sr&IPOA) (Bt i®) JFPDEhYabove Wi | |
be understood by those skilled in the art that the noieties substituted on

t he Rydr detipesba PEaRaseiaslly Reqeptablecsaltpeydsytp of palvdte thersof. Appttapt i at e.
st . . .
Gocer bed RS g KRRt o ity G DO HRRIELAERER o1 oy

descri bed above. ubstitute
(e.g., pheseplatit danl hydyate oy kolyate Theedfer m "al kyl " al so i ncl udes unsat ur at ed
al i phatic groups

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

20  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
25  ordisorder 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 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
30  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 Jak?2 activity, or a pharmaceutically acceptable

ester, salt, or prodrug thereof, together with a pharmaceutically acceptable carrier. In one
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anal ogous in | ength and possible substitution to the al kyls descri bed
above, but that contain at |east one double or triple bond respectively.
Unl ess t hworeormiaes710f car bons is otherw se specified, "|@agUsadoepb740as used
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one to f@Blllt es@r igdraat on®lvate ihesohds khmiﬁeﬁlbbtﬂimdufsethewbhlpbum ab:errqionad ght
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The t &r ngC) at {xapabéyd definegairpgrimmoaicktydally anceptabie v, kxzxiw'aldxyd)waueelfl@coft 0

al kyl escribed above, which f | ude .oxygen trogen or
aul T ur *ad8RRe PRRRARRRG Uhrergp ol Baimuhd ob Rt By AT R Do s Rbone.

€. 0., OXYe&ptabM altO8ReY, RBydritelok %lvﬁ%@ﬁﬁeofmﬁaﬁ&héﬁrﬁtﬁhhﬁm{'me@61&1 oddkiy Ryl "
refer to unsaturated aliphati c&%roups anal ogous in | ength and p055| bl e

subst i t utcpeporrs sersted| fkgm Srdes (r)i petipkasoecutisyity adseptalo nalaicstenthyleéser one
doubl e or ltvaeegilereobfo nfi 1'ilea511881 1]1180(}/11’1’1659 Iihe%)ﬁ)%l ougd 1s.t ahgon%lp'?o\{l%g selgg{%d Erom

cont enpl 4t €8 ccyano and propargyl groups erm ™ aryl™ as’used herein,

refeng t@Gbhg(DAdi & ghardfacaltchllPhaep@bleisal| dscr 1y dbate angbleate ferdder ed
single-ring aromatic groups that may include fromzero to four heteroatons,

for exanpl e, DdfzRyfalionglse pravides grhitfor treatigine pecyeningidtdiaclalrd isren ol e,
b th f
enzot hi gzl &y d%&ﬁﬂ@ééerhe 16t gﬁﬁh@at 1%{ &%eoé po%}{&'%& of%S@qﬂtglg Jak?r yeyeli o

pyri dazi ne and i ne groupsal so I nc
fused ar antdétiiyc agat olEsctRme Iﬁorase mapbettimglo,r pmylemmﬂg/tlhcz Jakddelapdd disgade b]l'mhsd)rﬂkle
Those aryl

r s havi ng. het eroat in the rj ucture | so be
referred W?f‘a thegogpop @rao%%g Wé‘%lé? g%@ﬁgg i 5)15% ﬁté%Vérdggg‘%ﬂiﬁchs " The
aromgi c ghhﬂ&c%&aﬁ? aSHBBbid slzﬂte&tét hiitste OF sdIP4E tHe'réb@ Hﬁ%bﬂélﬁ@ﬁlb%ﬁﬁbn%lmh
substituents as described above, as Tor exanple, halogen, hydroxyl, alkoxy,

al ky| car tlengdnopoynd ar selesgadomy Casyg (2, Kb (Crort{®Ny abagye 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

20  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.

25 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
30  compounds which bind to the binding pockets of Jak2. Other aspects and embodiments of the

invention are disclosed infra.
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aryl oxycar bonyl oxy, carboxyl ate, al kyl carbonyl, al koxycarbonyl,
am nocar bonyl, al kyl t hi ocarbonyl, phosphate, phosphonato, phosphi nat o,
cyano, anwaao(wessiladi ng al kyl am no, dial kyl am no, aryl &@eiras2o00dioarsyt ani no,

and al kylgykaiE o Ip1aON BRTRG: DRIGKHEERY 2l kyl carbonyl ani no,

aryl carb , , amdino, imno, sulfhydryl,

al kylthio, arylthio, .thi boxyl at ulfate sul fopato, sulfa .

aul Tonant do. . ainebenpbr s ape eved vefthi h STl el Dy @ A B nEar 1
or an ar eRmhpes fiid Heth gsfoRNENRL the fdTivehy fighey lin @hadkps can al so be fused or
bridged wth alicyclic or heterocyclic rings which are not aromatic so as

to forma pol yqyal @ f) Bedets alBthnk Mirfow AhBEsise @) d3&EO GhRdakdAB D 1'whBEigr S to
a condition of proximty between a chem ¢al entity or conpound, or portions
t her edf , thawitia obMdiaid cglbse Ketthaid cpilnidilnlg ; sli(bledepirtal py dERicall hThieg dsgoci at i on

may be ngn-cqva rei.n . the.ju sition_is energeticall.y.favored by
it ogen taRa i IMSANTRE dedfed 8t VERRH SR E et BT RER S B o
be coval entiA HIE c&18IHivingi Hedh 08atB@GA@L0. I mafkUSEdviesifithe rafie beMyeldid gellsegi on
of a nolecul e or nolecular conplex, that, as a result of its shape,

h

f avor abl FradeidieHs &0.3 k() dapisthat4 GRBwelahavarg beep tatedsrifoliAame/RmE06! anguage
"bi ol ogi Vit esy - t. i-nvention . ingl (1

act i vi 11 et tefalp BEMyBleiPcARTBRMN Bine R st TRl M e el Ravine |

i ncl udes bgenoedted it 10@me/ke GONwherant thy irdtioast M dlgidtcels: IBrythbrisells mpdunds .

"Bi ol ogi cal. canposition” or "biological sanple” refers to a _conpasition

cont ai ni M§PIE dér e daYing heanetrgatedoyithil & prsysenEp swhasein the sgp of Mysepid cells:

conposi tiggpgoidtelivse; 1 for exanpl e, mammalian blood, red cell concentrates,
pl at el et concentrates, |eukocyte concentrates, blood cell proteins, blood

pl asma, pl at e'ﬁ@'z{#}%%f%@%ﬁ%us ﬁlo%ﬁ‘g tH ‘8}%%1?1%{ ?atk%ilv 0 cféﬁérpcie ?‘HELfc]E:ﬁ[“hgny

fractionation o , a supernatant from an ractronation o
pl asma, raerapbasma protein fractions, purified or partially purified
bl ood proteins or other conmponents, serum

15 FIG 3 depicts that the time required for G6 to inhibit Jak2-V617F dependent cell
Proliferation by 50%.

FIG 4 depicts the results showing that G6 inhibits Jak2-V617F dependent HEL cell

proliferation in both a dose and time dependent manner;

FIG 5 depicts the results showing that NB-1 inhibits Jak2-V617F dependent HEL cell

20  proliferation;

FIG 6 depicts the results showing that NB-2 inhibits Jak2-V617F dependent HEL cell

proliferation;
FIG 7 depicts the results showing that G6 has no effect on c-Src tyrosine kinase
activity;
25 FIG 8 depicts the results demonstrating that G6 reduces cell numbers by increasing

cellular apoptosis;

FIG 9 depicts the ex vivo results demonstrating that G6 blocks Jak2-V617F dependent

megakaryocyte colony formation;

FIG 10 depicts the ex vivo results demonstrating that G6, NB-1 and NB-2 reduce

30  pathologic cell growth from a polycythemia vera patient, in a dose-dependent manner;

FIG 11 depicts the in vivo results demonstrating that G6 reduces the percentage of

blast cells in peripheral blood in a dose-dependent manner;
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senmen, mamalian colostrum mlk, saliva, placental extracts, a
cryoprecipitate, a cryosupernatant, a cell |ysate, mammalian cell culture
or cul t urworetiuesT10pr oduct s of fernentation, ascites fl BCH/USRIONET4NS

i nduced in bl oduct. ' | or
t ransf or ned cgﬁﬁsﬁ'(%e%g.rﬁp ﬁ\f;flé gﬁpgg gic n%?on%%\%g%ﬁ&%gb{&rl}%g%{: E%Aaﬁ(}%%tv ?%%(E@E{m
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bl ood cel Fn%léﬁs@aé'hsi on. In soneenbodi nents, the bl ood cell suspension

i ncludes manmal i an bl ood cel|s. Preferably, the blood cells are obtained
from a human, FAGHdrs hgraph dspichag & Vi gegesutsdgmongryipedeat Gb Eeapment goat, a
sheepzor i - r ' - I i.OR..

el des FgR silh BARLE LA ST AE R b G, ARl R R TTRRRT AN,
marrow cel | s. term"chiral." refers to | ecul es whi ve th roperty
of nonsuper § maaddis pErbepRiing o Et EshSylR BRR St Sl

"achi ral spreef & hta)mlyewegémsatyw ch are superinposable on their mrror

i mage partner. The term "diastereonmers” refers to stereoisoners with two or
nore centers GGAISSRYINELE YesBRGoMRRELIRVF 86MbEShdR & AN JAX- Y8 71 mages of
one another. The term"effective amount” includes an anmount effective, at
dosages antpphesphpelitmdsisely. ti ne necessary, to achieve the desired result,
€.9g. sufficient to treat a disorder delineated herein. An effective anount
of a gorrpound of the invention may vary according to factors such as the

di sease PELLILEHYDESTRIPYEINIGE PHEUNS/ BvPjoa¢t, and the ability of the
conmpound of the invention to elicit a desired response in the subject.

Dosage r egi nerddiedigengan gdjiigsted do eompewnds aath neaeloisituctien as klefiagsbititogmula

response. A i . ng i p I | anyid Qnt detri ment al
effects ((Q g“ ?értsa?%éﬁéﬁ@gﬁ éé) &181‘c 3?’%@@&%@8@ Oécﬂ)\‘?dﬁ el n\llae@ }'oCTr%lggaer e

out wei ghedmpyuiderd bpablpedmaaldtiyig barebindinglintefat gsisSThelin@edtrmgilagelates to
"therapeutically effective amount”™ of a conmpound of the invention refers to

an arduntoBPoukisagdptinethin diermeladtly gt Fapebe wisoas Bhiiioss ofrJakdipgtivatics. asktbe

Jak2- madic@}nﬁgunds can also inhibit Jak2 mutants by targeting Jak2 interactions. The compounds of

the invention are candidates as novel therapeutic drugs for treating or preventing Jak2-
mediated disease or disorder, particularly in certain proliferation disease types where Jak2 and

Jak2 mutants play a significant role.

20 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
Before further description of the invention, and in order that the invention may be
25  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.
30 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
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di sorder, or in prolonging the survivability of the patient with such a
Jak2- nedi at ed di sorder beyond that expected in the absence of such
t r eat mrentwoARotssApeut i cal |y effective anmount of a conp@®@amaSedo9vb=02
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100" gt ke b hesR e o BretRgR QP IRital BRAOGAATIRNAY buleliitc B0
ski |l | ed arttensmxdimedts, appreciate that certain factors may influence the

dosage required to effectively treat a. subject, jncluding but not limted
to the severi th?e4Fm HETHPSELE” oF 64%}8&%111,% ﬁ%%wﬁleaa@t%wg{l%{cg{g e

gener al heahbinARAhOInvB ol o s%je%ﬂ%lﬁﬁ%rmm ALNBEd FinS AP EBxRESASESH -
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Certain exanples are one tine per week for between 2 to 8 weeks, and for

bet ween dleoexangple.ghese\pseiiagations asgjadmiribtsredha taphyys ecapsdd fermtbytibectednt ect i ve

dosage of. .a,conpound..of hventi.on used .for. treatnent may.increase or
decr oase HPLFRRE ORIRL el XERb R B8 Rl R AR AGORRET, °

pol ypept iisledatidal wpual Bplotide or eintthé@giRinkctaby aipdbaricheOenhdmsitetdtion is
nol ecul e, or other biologically active nolecule. The term "enantioners”
refers t @refGedt Brecpicstomean bsrboducesipgd bpqontHivens ixfesionnepsadingpadhgproute
mrror | . Al ro.Jaqt ur f. . ' 11S
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pol ysubstituted by halogen, e,g., fluoronethyl and trifluorqnethy|. The
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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.

20 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 (I), Formula (II) or Formula (III), or an existing therapeutic agent used
for a particular disease or disorder, where the two are administered concurrently or

25  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

30  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;-Cj;¢ for straight chain, C5-C;¢ 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

35  ring structure, and more preferably have 3, 4, 5, 6 or 7 carbons in the ring structure.
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breast can cer, OVari an cancer pros 1e cancer, 'sq uano C|n0na
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gl and carci noma, papillary carcinoma, papillary adenocarC|nonas

cyst adendédPchsiesnaycl Hedlyie wr@araéqrﬁ%ﬁﬁepr m%%%g%mele@aﬂé“ﬁ%ﬂ?aunwﬁapd cel |
car ci nong,, HepaL YT8in %'aﬁ tﬂa{%e &%{e?leQ mutul?&lo(gﬂ RE AL &LPABEN cRETLAP MR,

enbryonal “carci nona, cervical cancer; uterine cancer,
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be prol i fapalagdusan 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

20  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.

25 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

30  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,

35  tetrazole, pyrazole, pyridine, pyrazine, pyridazine and pyrimidine, and the like. Aryl groups
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di seases. The phrase "treating cancer” refers to the killing of malignant,
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C8al kyl )gl%@%tgb)é?f%lo%}qs ggé%ﬁéﬁﬁ%eﬁgﬁébdﬁ%no or h@% ?&etgglg%}][“)qin f‘%}%éﬂm do,
as wel | ase wanbooytel soas amtbrivet polpoytd (eq. getcaljpps. Opti onal substitution is
al so indicated by the phrase "sybstituted with fromO to X substituents,"
where X is thgfhﬁé@sz&?%tﬂ%ém rﬁ%&@épmcenélasgpf PRPSHRLY betweend AigpiEtlonal | y

SO, A R AR U M B ke & i e PSR
t he reci tasgbciation may be non:co-véllent (wherein the juxtaposition is energetically favored by P
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

20  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

25  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,

30  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

35  biological composition or biological sample is a red blood cell suspension. In some
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|ntracaps At T aor f PSR IRt T Ader e |ntraper|tonea

trangprach eal ,Tha lﬂélﬁu‘fe'ﬁfé:e@%sam@uﬁ’c Iiciveled ad amblﬁﬁt leBREieC bl Ak Bges AHY E@NRHbAY |
subarachn0|d i ntraspi nal _ and intrasternal ection and infusion. The

terms "p W@ﬁﬁ%f&r torgsBieye theldesirgdigpeaierg. ’rsé figient &0 tresd ardiggirdesidelineateo or
more CyClibif | Rgﬁfffx?t W8 amo%{?!nﬁﬁé&m%g&nd%}' A dE@I3Y S x&}%&eﬁﬂfg‘é@' ftﬁc\;\tg?sr yl's

and/ or heterocyclyls nore carbons are ‘comon

adj oi ni ngueh ayhe dBe:g;e statd) @ge,iand svedghe of fhesebjecti mgithe aﬁﬂﬁggsf thBadbmpownd afi ned

t hrough non-adj acent atons are terned "bridged” rings. Each of the rings of
the pol yéwnée%% B liB ARy eI A (L RPTAEE S BOB AR b FUBEER Bove,

as {95 xXAmlCue BBlAARTheRKATR¥pond!. Kith EAERRRYRRH: is 318 R LD RRIHAKY
al koxycar bonyl oxy
toxic or detrlmental 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
20  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
25  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
30  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.
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aryl oxycar bonyl oxy, carboxyl ate, al kyl carbonyl, al koxycarbonyl,
am nocar bonyl, al kyl t hi ocarbonyl, al koxyl, phosphate, phosphonato,
phosphi nawo,20y@8m9 am no (i ncluding al kyl am no, dial kpCartiSa@9/oar49t am no,

di aryl am no, ‘ vl i y 1 |faC i I am no,
aryl car bonyl a?nﬂﬁc?,%gllgalrl%%g%@glpg%e t?(gei’ h%ggﬁt%h%%% ﬁlg&)sélﬁﬁﬁ %%?%Glf

al kyl t hi ematimydledl® or biheobididaicayily ateve muolet@tes, sul fonato, sul fanoyl,

sul fonam do, nitro, trifluoromethyl, cyano, azido, heterocyc]y], alkyl,

al kyl aryl , orT&ﬁtgﬁbﬁﬁﬁmﬁnﬁFshEﬁgFHhW%h%W?%SW%W@P§?C¢W8°¥%¥W#w 8199t henmi a

vera® is (iRaHpdslk %{11%{ fn?ag%sd of ?r%%t}&ﬁaAﬁ%gﬁiﬁcﬂﬁ%&ﬁréBf BRNGLABbmbRGE ease

in blood cells (primarily red blood cells) due to excess production of the
cel | sSby chleal Honecnmamuigre” Trer ‘raremate’Ssent i al t hronbocyt hemi a” is neant to

refer to a bl aod disgrde har.acterjized. b he overprqduction of platelets
by, megakaryocy BELETT THETEE NG REPTvD e SRR A Bt Bebafs ™ ©s
meant t o pigHoerdit & polftubQltded b9hatoben, RANEITR6 MOy ddd YRL&Rd i1 marrow is

replaced by fibrous (scar) tiSsue. The term "prodrug” or "pro-drug"
i ncl udes conpdiademailatpgenr designatashBt-(daBrige—het abol i zed i n vi vo.

General ly, therhgrtgrglr‘qﬂ, g2 ng&nasl:g lH'zed in vivo by esterases or by other
mechani sns to active rugsy. rItzlxarrp es of prodrugs and their uses are well

knownoi n the ame térbEthet@ofom” BE1gE Rtei@neafslé/atdm IPhay sRERHE bthiéd thGal t s”, /
. Pharm ScL 66:1-19). The prodrugs can be prepared in situ during the
final is6PrRonSRhedagpurkeicasd heisrastomhare dEFESHrUYEeH Uy e Phosphorys.
reacting the “téﬂq?“ileﬁ&"t‘afi%{g@ éﬁé%aéeto? didofGer 2 IHC%IQEJ@C?JI‘ (&Y Q@AKo Wh ol
suitabl e esterifying agent. roxyl groups can be converted into esters
Vi a tr eatofigrtbloed ér tdeadt fooxitg tessasi d. Exanpl es of prodrug noi eties include

substituted and unsubstityted, branch or unbranched | ower al kyl ester
moi eties, (e. Jﬁil? CIPbFABSRT & AN (R A fny fisgase thif Iy seddet Brssultyin | ower

al kyly s amm o phaatet Ahicklie B Gl iidlon, iHFRSINAATIPRY Bilor GdiREds, oRBaham no
| ower al kyl' "esters” (€.g., acetyloxynethyl ester), acyl oxy wer al kyl
est ers ( dxgmplepiol adrpyisorglng, lwithout 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
20  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,
25 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
30  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

35 diseases.
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ester), aryl esters (phenyl ester), aryl-lower alkyl esters (e.g., benzyl
ester), substituted (e.g., with nethyl, halo, or nethoxy substituents) aryl
and aryl -wowero/mBkyl esters, am des, |oweral kyl am des, PdiTAISeaR06ADKY |
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undesired side effect elicited by a.c ound of the inventi on when

acm i St EPRAGTIG6 e Herb R R APRT o1 docplact RV L ERe i oty or
"subj ect " fla%ln%ﬁﬁi&Ttﬁéﬁivéﬂ@oﬂ/\/@ﬁ&lms&écﬁm@&%@él of suffering froma Jak2-
medi at ed di sorder or who coul d ot herwi se benefit fromthe administration of

a conpound of ﬁh'%‘%erh{wc%ﬂEphﬁfferaﬁu&Hls&%ef‘qﬁaﬂde%ﬂﬂsd?@é}s DHBRI AR TRlSireFheT err ed

humans i ncl ude human patients suffering fromor prone to Suffering froma
Jak2- nedivatedrallicd pralderatich sior chédl Kielpheatf sdchdsaders iorudes botcirahetdirsitat e, as

descrjbed herein. The t n- human animal s" of the i ntion jncludes
ot YT g O s gl RS et B G ovEgh P oA ARG S
such as ngR- shﬁmellpﬁﬂﬁﬁiﬁeﬁanc%age bré&3€61Peol 819 Isar&si, l&Jkkﬁlh(aeH@el(ﬁﬁ'iﬁ)h' bi ans,
reptiles, etc. The teérm "a Jak2-nedi ated di'sease or disorder” is neant to a

di sease éymalilomar demelpadivat ed by or associated with Jak2 or a Jak2 nutant.

The term"susc[%@ttl bl ease or disorder"” is nmeant to

e 1.0 hat.e
i ncl ude subjects a Optélgn%% Ié\zl%tn%% ﬁsgm:fnga 9 HEARYE 4 UPE EXE 8 di sor der,

e. g., Jakdsumdiueddest,ard substituted by other than hydrogen at one or more available positions,

15 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,-Cg alkenyl, C,-Cgalkynyl, C;-Cgalkoxy, C,-Cgalkyl ether, C5-Cgalkanone, C;-
Csalkylthio, amino, mono- or di-(C1-Cgalkyl)amino, haloC;-Cgalkyl, haloC;-Cgalkoxy, C;-
Csalkanoyl, C»-Cgalkanoyloxy, C;-Cgalkoxycarbonyl, -COOH, -CONH,, mono- or di-(C; -

20  Cgalkyl)aminocarbonyl, -SO,NH,, and/or mono or di(C;-Csalkyl)sulfonamido, as well as
carbocyclic and heterocyclic groups. Optional substitution is also indicated by the phrase
“substituted with from O 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

25  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

30  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 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

35  compounds that modulate Jak2 activity.
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subj ects suffering from Jak2-nmedi ated di sease/ di sorder, subjects having a
famly or medical history of Jak2-nedi ated di sease/di sorder, and the |iKke.
The phraswe 208ys8aEM C adninistration " "adm ni stered sy®Cemsec@oloyr4p2

"per i pheral ad.nisf Ftios AN 7 {Héﬁ‘go?&&ﬁ;g&nﬁeis ASEA dnclAg: RGN e 1

mean the administration of°-a conpoun I nvention, drug o
naterlalsyﬁwahmh@atmmavamiamauh@eh@aannmds system and, thus, is subject to
met abol i sm and_other |jke processes, for, gyle su cutane?

adni ni strat i orTWF?S?Seéﬁaée@ferel&dPH@S%@n@Pét raingfered pyeptgrallyaps wved ¢ er s
"d" and ‘hlieif RRAAGHE R 0P Ad @l tB%iol SfHeP BRn RYteld1Gnd PG REATIRRIALIQNG, AS

to the use of the terns, diastereoner, racemate, epiner and enanti omer wil |
be uséd bmlmhemm,wminathbnm&xmthmﬂdﬁscnumemmheJQU@meﬂthnmsamyﬂmf
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- (G - C4) alikdtkaneotCaeBliakike Mttaartictfade, GBI ADKMAY buba¥REBAGU Nintrh FindFar@! kyl can

be further substituted with one or nore hydroxy or halogen; or Rl and R2,
together1mm¥hﬂm%emwﬁamdwﬂﬂ@mWhnch they are attached, to forma 5- menber ed

or 6- nenber eq“hté?ér%{ °§Xf’ r | nggolgcchlc r%(ﬂlcal’h9 tfer"}’h %he r%lcgl G 0% %%% her

wth the NNatomform a2|n & second trogen on

pi penazi reclid Mggsqag., lasecli)alkyllaedycﬁmn@hylts UyetbaWyhkls; ar@@rané%) abdspdeyclyls) in
-(C3-C7)cycl oal kyl, aryl or acyl, wherein -(C r C4)alkyl .
_ ( C3- C7) SYheflbayaey morg cprbogy aigCoMmQir{owo Sdissting tnesd evi- tthP oRgs B ek

h%/(cil:gO)c(%) Cy%% %@é? {hata %r?l_]o&&(ﬁ?h?(lgj%l nggll—%%cﬁntd’tomg fe Al Jﬁ}ﬁhged” 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,

15  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,

20  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.

25 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.

The term “prodrug” or “pro-drug” includes compounds with moieties that can be

30  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

35  esterifying agent. Hydroxyl groups can be converted into esters via treatment with a
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RS is H -(C C4)alkyl, -C(CH3)2-R6, or R7, provided that when R4 is H R5
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wher ei n R¥O2nt/de8716annot be both R7 at the sanme tinme; RECITAISR{)09/067402
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RO is hyﬁ\?ﬁgc),c(}gf’s %é}t}v&?ﬁpﬁgﬁ%ﬁ: mgﬁylgg%e%e 1?@%%{653(0 tﬂ%%)a'tlént, Sﬁ)re%ﬁg oft
treating a disorder delineated herein

The language “reduced toxicity” is intended to include a reduction in any undesired
15  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

20  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.

25 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

30  history of Jak2-mediated disease/disorder, and the like.

A AN Y4 L N4

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

35 administration.
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Formula (I). In one enbodi nent, R10 for each occurrence independently is
hydr ogen or nethyl. In another enbodi nent, Rland R2 for each occurrence

i ndependemOl29102068710 ( C1- C4)al kyl. In still another enbo®CwarsegooRi74and R2
together withywhe ¥ @t?cfﬂl{e%oﬂﬁhglgt d6Y, a{n%igé&té}‘}t%ﬁrﬂs L9 JRIP @mﬁlgﬁ?g[doﬂ' nyl,
pyrrolidinyl or 1 mdazolyl ring, erein Is the sanme for ea

occur r enae asldefinadbh e [RPRIHRe®MhmeRblons A&t toythe usaofire teamnotdiakeresrhadi ment ,

R1 and R2 for each occurrence independently are ethyl, or isopropyl. In
certain &MSBHTERILT 2 e%ﬁ?&@ﬁ@frW&SE@H@#W&%M@%%%WS Pchet hey are
attaChEds&ﬁ&ﬁhénﬂﬁ%%@hh%%@ﬁbn@r i mdazolyl ring. In another enbodi ment, R4
is H In certain ehbodinents, R5 is R7. In one enbodi nent, R8 is hydroxy
and RS is -CH2-NR1R2, wherein Rland R2 are defined in Fornula (1). In one
enbodi ment, R10 is nethyl. In certain enbodinents, RL and R2 for each
occurrene i ndapaRrOEMNDy are - (G _4)alkyl, or RL and R2 together with the
N-atomto which they are attached forma 5-nenbered or 6-nenbered

het erocyclic i RBE 2PRCtalistmENtigRBERTI¢RS AcomReunthef Fomuddbendent Iy are
propyl or isopropyl, when R10 is H or egfhyl, and R10 is the sane for each
occurrence. |In another enbodi nent, when|l R10O is ethyl, Rl and R2 together
with the Natomto which they aregsattached faggm a pi peridinyl, pyrrolidinyl
or imdazolyl ring. In certain enbod; ~ the conpound is selected from
the follow ng group (Goup (A): a)
4, 4" - (but-2-ene-2,3-diyl)bis(2-((die
5 5 -(but-2-ene-2,3-diyl)bis(2-((diethy eggret hyl ) phenol ) ; c)
5,5 -(but-2-ene-2, 3-diyl)bis(2-((di nmethyl am no) net hyl ) phenol); d)
5,5 -(ethene- 1,2-diyl)bis(2-((diethylalg no)nethyl)phenol); e)
5,5 -(ethene- 1, 2-diyl)bis(2-((dinethylamygagaret hyl)phenol);

Formula (I)

| no) met hyl ) phenol ) ; b)

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

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

15  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 —
(C1-Cyalkyl, -(C3-Cy)cycloalkyl, aryl or acyl, wherein —(C;-Cy)alkyl, -(C3-C;)cycloalkyl, aryl
or acyl can be substituted with one or more hydroxy, halogen or —(C;-Cs)alkyl;

20 R’is H, -(C;-Cy)alkyl, -(Cs-C7)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(CHs),-
R6, and that when R®is H or -(C1-Cyalkyl, R*is R7, wherein R* and R cannot be both R’ at
the same time;

25 R%is H, -(C,-Cy)alkyl, phenyl, or
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f) 5,5 -(ethene-1,2-diyl)bis(2-(piperidin-I-ylnmethyl)phenol); g)

55 (but 2- ene- 2 3-diyl)bis(2-((diethylam no)nethyl)phenol).2HC ; h)
5,5 - (bunvezenmmgna dlyl)bls(2-((d|nethylanino)nethyl)pmémamymmkquni)
5,5 -(ethene-1, 2-diyl)bis(2- ((dlethylanlno)nethyl)phenol) 2HC ;j )
5,5 -(ethene-1,2-diyl)bis(2-((dimethy Rp) met hyl ) phenol ). 2HO ; k)
5 5 -(ethene-I|,2-diyl)bis(2-(piperidin nmet hyl ) phenol ). 2HO ; 1)
5,5 -(but-2-ene-2,3-diyl)bis(2-((di i no) met hyl ) phenol ); m
5,5 - (et hene- 1,2-diy|)b|s(2-((dinﬁPhyIa i no) net hyl ) phenol ); n)

4,4' - (but-2-ene-2,3-diyl)bis(2-((dinethylam no)nethyl)phenol); o)

5 5 -(but-2-ene-2,3-diyl)bis(2-((di | am no) net hyl ) phenol ); p)
5,5" - (hex-3-ene-3, 4-diyl)bis(2-((di et hyl am no) net hyl ) phenol ); Q)
5,5 -(ethene- 1,2-diyl)bis(2-((diethylam no)nethyl)phenol); r)

4, 4" - (butwikren®’ AndREL kRiesihet 4ok et hyl am no) met hyl ) phenol ) ; s)

5,5" - (But -2-ene-2, 3-di yl ) bi s(2- (pyrrolldln | -yl met hyl ) phenol ); t)

5,5 - (Fbilssene 3,4-diyl)bis(2-(pyrrolidin-I-ylmethyl)phenol); u)
5,5 -(Ethene-1,2-diyl)bis(2-(pyrrglidin-I-ylmethyl)phenol); v)

4,4' - (But - 2- ene 2,3-diyl)bis(2-(pyrrolidin-I-ylnmethyl)phenol);zw

4,4 - (Hex- 3-ene- 3, 4- dly|)bIS 2=pyrrolidin-1-ylmethyl)phenol)/ x)
5,5" - (But - 2-ene- 2, 3' Fmbl di i sopropy| ani no) et hyl ) i DY)
5, 5' - (Hex- 3- ene- 3, 4rd|y )blS\ di i sopr opy!_am neldet,h  25Z)
5,5 - (Ethene-1, 2-diyl) bi s(2-(({di1 sopropyl am no) net hyl ) phe aa)

4,4 - (But - 2- ene 2,3-diyl)bis(2-((diisoptopyl am no) net hyl) ; bb)
4, 4" - %But 2-ene-2, 3-diyl)bis(2-((diisopropyl am no) net hyl ) phenol); cc)
4, 4" - Fbx-3-ene-3,4-diy|)bis(2-((diisopropylanino)nethyl)phenol); dd)
4, 4' - ( Et RaResih R2a8d RP hRi S6R ifdepnds ey APYORMM ) el axk), POERSIR'R?, wherein R’

and R? are as defined above;
R for each occurrence is hydrogen, or —(C;-Cs)alkyl;
R''is H, acyl, tosyl, -(C;-Cy)alkyl, or aryl;
10 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
II. 5,5'-(Hex-3-ene-3,4-diyl)bis(2-((dimethylamino)methyl)phenol); or
15 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).
20
In one embodiment, R'® for each occurrence independently is hydrogen, methyl or

ethyl. In another embodiment, R'" is H.

In certain embodiments of the compounds of Formula (I), R* is H. In another

embodiment, one of R*andR’isR’. Ina separate embodiment, R’is
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ee) 55 -(But-2-ene-2,3-diyl)bis(2-((I Himdazol-I-yl)nmethyl)phenol); ff)
5,5 -(Hex-3-ene-3,4-diyl)bis(2-((I Himdazol -1-yl)nmethyl)phenol); gg)
5, 5" - ( Et Eaeolo/@stbyl ) bi s(2-( (1 Him dazol -1-yl) net hyl ) pRemalSpqootabiuo2
4,4' -(But-2-ene-2,3-diyl)bis(2-((lHimdazol-I-y)nethyl)phenol); ii)
4,4' - (Hex-3-ene-3,4-diyl)bis(2-((l Himdazol -1 7yl ) et hyl)phenol); jj)
4,4'-(Ethene-|,2-diy|)bis(2-((|I—I—imdazolrrethyl)phenol); and a

pharnmaceutical |y acceptabl e salkicegkey ¢ Ofs solvate thereof. The
name of each conpound above-fisted is meam enconpass both cis- and
transi soners of the conpound. |In another enbodi nent,. the invention rel ates
to a conmpound of Fornmula (Il):Formula (11) wherein RL and R2 are each

i ndependent | y Iidpne éEbodidkal, RY lis RZ. (I62n68patibediment, R 8hakkyiny! , wher ei n
-(G-C4)al kyl can beg further, substiguted with one qr nore hydroxy or

hal ogen; €BORMenty RRds (dgellReR #idt iy it Redrxae wharels Ruane R arsedefigpdint t ached,

to form ‘iﬂoﬁhﬁﬁ@?f e%rmlﬁaaﬁﬁ&ﬁ?ﬂi@%ﬁ@a%ﬁbQ&M&hk&inﬁEﬁdeM;ﬁi\éihg%g&*ﬂéﬁ when R1

and R2 together 'wth the Natom form a piperazine r , t econd nitrogen
on thé pinpehydzinpeottiengmbaedintset, RUnndhBr fosghat ddcutrentevinddpende@ily GredX Gl ky! |,

-(C3-C7) | oal kyl.,. aryl or. agcyl herepn - 1-. kyl .
(G- &7) &y e e oot M THERS bet i lor s wpieh hgreare
hydr oxy, JRadRaes (SR a ﬁl@éﬁ&nﬁ Bl din B ifidazoly(1$hg, Whhadik B! is the same for
-(C3-C7)cycloal kyl, aryl; RA'i1s Hor R7; R5is H -(CG-C)al kyl,
- C( CH3) 2-¢Réh oggprrRIce. provi ded that when R4 is H, R5 is R7 or - C(CH3)2-R6,
and that when R5 is Hor -(Cr 4)alkyl, R4 is R7, wherein R4 and R5

In another embodiment, R'" is ethyl. In yet another embodiment, R' and R* for each

10 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’ is R". In one

embodiment, R® is hydroxy and R’ is —CH2—NR1R2, wherein R' and R” are defined in Formula
(I). In one embodiment, R'%is methyl. In certain embodiments, R! and R? for each

15  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'’ is ethyl, R' and R* together
with the N-atom to which they are attached form a piperidinyl, pyrrolidinyl or imidazolyl

20  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);
25 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);

g) 5,5-(but-2-ene-2,3-diyl)bis(2-((diethylamino)methyl)phenol).2HCI;
30 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;
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cannot be both R7 at the sane tine; R6 is H -(C-C4)al kyl, phenyl, or
wherein RL and R2 are as defined above; R7 is wherein R8 and RO are each
i ndependemOl2910M468710H, - O (Cr C4) al kyl , - CH2- NRLR2, wher @Ch/UR2002/0674R2 ar e as

e ot %%i'f@slefﬁaﬁgb@ﬁ%ﬁé3@5‘*&1?%58@9’%@%%‘3%1%% 0 a

pha[ mac;auti C?Ih i yk);idcfe-{ﬁéthd&ieél ?mﬁylibiqup@bﬁdlnrl §1;uielha5tlghéﬂitﬂ} gld(:l In t f
alf tl cul ar e nventi o re Q u 0 ou C0n3| stin (0]

o Chew. " 3 oneb B STy e1est 8py BreeBH R MBSO R AR )

, 4" - (Et hene- 1, 25lisy ﬂ)(élhé{ezr 2fd§§i b%(E)(L 9iaﬁ7ﬁh$5¥d&m BQA&I?

- (but - 2- ene 2,3-diy I am no) net hyl”) pheno

but - 2- ene- 1, 3—4ﬂ1(ly¢t)23¢®(23(d(lYibtm(lﬁ;({camtlmy)anmmbwrleﬂgﬂhﬂloﬂu)l)

-0
?*’ T AR T TR
- (
- (

thene-1, 2p y
ot hene- 1| 20 T hrsand 9“?“2?‘?‘5?%“%%?%?%%?@%%‘?3”

but - 2- ene- qe) 5—1ﬂ¢t§}¢1)6b1 %(dgll)'i(lf((aﬂéilﬁ?}’lammmﬁ@w 9h€)q9ih)enol) 2HO ,

but - 2- ol).2HC ;
ge?heneelne LP)(%I 2? (%?él(‘ﬁ?nﬁg?é@ ?ﬂamﬁ%gﬁehﬁgh 6fn)o 2H)CI
"40et hene- 1, @ c$| 3B BERe- 2G(<ﬂymmyd[p§frbmhme lh)eltﬁympﬁ&&h) 2HO ;

- (et hene- 1, 2-di yI ) bi éZ pi peri din- phenol ). 2HO ;
_(but - 2- ene-8, 3-3(HlpyBicye3. LF éﬁ’@ﬂ?ﬁ%&ﬂﬁ?ﬁhﬁﬂlyhﬁifﬁvby%ﬂ%ﬁ@ﬁ)) 5,5 -

hene- 1, 2-d L
e?gut -2- enley‘g)? g%lﬁ}‘)%é“l &19%% g@n@% %lﬁlyln @%et hf}f énol );
(but - 2- ene. 2, B4%(Bhi biag.2.3-di¢bisChpyaniidio) gyl phend).)
- (hex-3-ene-8, 4 i ML B SC3 4 diyibis2-(pyrrolidin-1-ylmethylyphenol):

15 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);

o -

mmbﬁmmmmpmmmmmmbb
oo aaoaoaoaadsp

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);
20 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);
2g) 5,5'-(Ethene-1,2-diyl)bis(2-((1H-imidazol-1-yl)methyl)phenol);
25 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.
The name of each compound above-listed is meant to encompass both cis- and trans-
30  isomers of the compound.

In another embodiment, the invention relates to a compound of Formula (II):
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((di et hyl am no) net hyl ) phenol ) ;

5 5 -(ethene-I,2-diyl)bis(2-((diethylam no)nethyl)phenol);

4, 4" - (butw@ 29106}627,18- di yl) bi s(2-((di et hyl am no) net hyl ) ph@a®IUS2009/067402
5,5 -(But-2-ene-2,3-diyl)bis(2- (pyrrold«din-I-ylnmethyl)phenol);

5,5 -(Hex-3-ene-3,4-diyl)bis(2-(pyrrolidin-lylmethyl) phenol);

5,5 -(Ethene-1,2-diyl)bis(2-(pyrrelidinkl-ylnnethyl)phenol); 4,4"-(But-2-
ene- 2, 3- dly|)bIS(2 (pyrrolidin-I-yMag Nptienol ) ;

4, 4 -(Fbx 3-ene-3,4-diyl)bis(2-(pyrrplidin]- ylmethyl)phenol);

5,5 -(But-2-ene-2,3-diyl)bis(2-((diil y| am no) net hyl ) phenol ); 5,5"-
(Hex-3 ene-3,4-diy|)bis(2 ((diisopropyks t hyl ) phenol);

5,5 -(Ethene-1, 2-diyl)bis(2- ((diisopropylam no)nethyl)phenol);

4, 4" - (But-2-ene-2,3-diyl)bis(2-((diisopgopylam no)net hyl) phenol);

4,4' - (But-2-ene-2,3-diyl)bis(2- ((diisop apykam no) met hyl ) phenol ) ;

4,4" - (Hex-3-ene-3,4-diyl)bis(2 (dii sopropyl am no) net hyl ) phenol ) ;
4,4 -(Ethene- 1, 2 dly|)bIS(2 ((d||§8§H@b¢féﬁlno)nethyl)phenol)

5,5 - (But - 2- eng:.2y diyl)bis(2-((l Himdazol-lyl) methyl)phenol);

5, 5' - (Hex- 3- ene- 55 diyl)bis(2-((IHimdazol-I-yl)nethyl)phenol); 5,5 -
( Et hene-1|, 2- le}Iahbllé(a?e ddch lthdeptgtrzol H, -0, )OBdlkyll ) pheniikenyl, -(C,-Cg)alkynyl,
4,4' - (But-2-ene-2,3-diyl)bis(2- ((IHimdazol-1-yl)nethyl)phenol);
4, 4" - (Hex- 3-ene- 3, 4-di yH)b 2 ((IH—|n1dazoI-IyI) met hyl ) phenol ) ;
4,4 - (Ethene- 1,2-diyl)bis(} ¥ h ;

5,5 - (Hex- 3-ene- 3, 4- diyl)

4, 4" - (Hex- 3-ene- 3, 4-di yl Ybi

4,4' - §Et hene-1, 2-diyl ) bi s(2- y oAt ‘ [);

4, 4" - (Hex-3-ene-3, 4-diyl)bis(2- ((dlethylan1no)nethyl)phenol)

4 4 - (Ethene-1, 2-di yl ) bi s(2- ((dlethylanlno)nethyl)phenol) and

- (Et hene- VT'lhy?elfﬂ @d) ﬁﬁ c(af?léé %ﬁrﬂ i lbstifitad ﬁaxé zpﬁs&qlagdm,ﬁr h'afo%en

pharnaceutlcal accep ta rate or so vate t here
ot herw se prowrded, the chenlcal name of each conmpound herein is neant to

O e AT W S A T B, BT b

10 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, -(C3-C7)cycloalkyl, aryl or acyl, wherein —(C;-
Cyalkyl, -(Cs-C7)cycloalkyl, aryl or acyl can be substituted with one or more hydroxy,
halogen or —(C;-C5)alkyl;

15 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(CH3),-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;

20 R® is H, -(C,-Cy)alkyl, phenyl, or

HO

/

R4

. 1 2 .
wherein R" and R~ are as defined above;
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following group (Goup ©: 1) (2)- and
(E)-4,4"-(Ethene-1,2-diyl)bis(2-((diethylam no)nethyl)phenol) ("NB-1"): 2)
(2) - and wa)en/m8710But - 2- ene- 2, 3-di yl ) bi s(2- ((di et hyl ampa@)useedapbuphenol )
("NB-2"): 3) ) and

(E) 5,5 - (But- Sene- 2, 3- dlyl)bls(2 ((di et hyl am no) net hyl ) phenol )
("NB-3"):4) (Z)- and
(E)-5,5"-(But-2-ene-2, 3-di bIS(2 ((di met hyl am no) net hyl®’phenol ) (" NB-4"):
5 (2)- and (E)-5,5

)- : '-(E 8- | 2 d|yI)b|s(2 ((di et hyl amo) net hyl ) phenol )
("NB-5"): 6) (iBr«Hrii
(E)-5,5" - (Et hehe-1, 2-di h az((mnmﬁw%mww~:<
(2)- and (E)-5,5"-(Ethene-I,2-diyl)his{2-(piperidin-
("NB-7"): 8) (2)- and > of
(E)-5,5" -(But-2-ene-2, 3-diyl)bis(2-((diethylam no)nethyl)phenol).2HC

NB- 8 9) (- a

EE) 5, 5) (BLt (@%@Rg and By gre)esrls inlepqrdeniby Hy Qi 109 GreEngikybheHoNR ‘Bia

" NB- 10
(E) 585) (Et)héxl(ﬁ%} mg{mgndﬁ)%rea(séle??%daebtohw ani no) net hyl ) phenol ). 2Hd (" NB-

10"): H) (2)- aﬁﬁfor each occurrence independently is hydrogen, or —(C,-Cs)alkyl;

(8,5 (e 2 S P 2y am o) et ) e ). 22 (1

(1 53?5 o§ Et Nepg phadindlbitionly 86@plaBld @l Bidiac oY bTedBylelddrenol ) (" NB-12"):
(E) 4,4" - (But-2-ene-2, 3-diyl)bis(2-((dinmethylam no)net hyl) phenol)

(E) )-40e: )(Et han g 'ftw%aa.ﬂgﬁ EPRE(CATERI AR CAMROYIAATFHORD By jomeiig of 4.4-(Hex-

(" NB- 14" 13_cke)3 4-dly1 vd2- ((dlethylamlno)methyl)}t)henol) 4 4'-(Ethene-1,2-diyl)bis(2-
(E)-4,4" - Ethene I 2- d|¥ ﬁ | am no nethyl)phenol) ("NB-15"):
16) ( Z) a thylamlno)methy )P enol) 4 4 ut-2-ene- 2 3-diyl)bis(2-((diethylamino)methyl)phenol),

g_% ) (5 ,Z) 3 hjg) "(llgutzz 5] § d%yl%lél(b)(Pdlafl}%al(ﬂﬁ)nﬁgle{hy )phenoY) g%t MI bpeng% )ilyq)ble?Z 16"):

E E?\IB( ;5 (fdlllﬁﬂﬂhy&nﬁﬁt@rr%ﬂ%d)@h&ﬂdlbﬁﬂ Zethaer I, Dldiydjbis( 2 iRy il nophemol) phenol ),

(E) -85 5(551(%% | 22113(:1?'23}5(%(dg@zth(vl@m%quﬂwé%@W} Ppvésbene- 2 dpdbes(@-  19)
(2) 624, (B i AR s Bl Blest Tl piR30! 1 nomet hyl) phenol)

(E) - 4, 4" ((dutthgnmido)Rediyhphdviod)(2HClp5 ﬁemudizrenb-m mu)b;s@ phenol ) ("NB-20"):21)

(ZNB_agg %@1@9&1yl@2}1§(§%§ eyl)phenoq) gH&IbI 55( %eﬂ(ug%é fg )bls& ylmethyl) phenol )
(E) 4, 4" 4 &Eétﬂﬁaﬁald l%e@ﬂngﬁéyog(ﬁmn%p eneqr@aﬁy)b)spiﬂenol ) ("NB-22"): 23) (2)

and (E)- ené- di et hyl am no) net hyl ) phenol ) (" NB-
23") 2Q4) ((le)letamhmmo)methyl)phenol) 2HC1 5 5 (ethene 1,2- dlyl)bls(2 (piperidin-1-

(ZAEf) ): 4,4 metﬁyﬁph%rﬁgl) ‘°2H"C1d§ g,l ebb E(& dlyBLlsEE &dlm¢3\4h§qE rtmhr%l)&lgtﬁepghe)nof) %\I ?"—
(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-

25  ((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-

30  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-

errot’) ("NB-6"):7)
et hyl) phenol )
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25) (2) and
(E)-4,4" -(Hex-3-ene-3,4-diyl)bis(2-(piperidin-I-ylnmethyl)phenol) ("NB-
25") : 26) W@)20mMb8710 PCT/US2009/067402

E)-4, 4 henol NB- 26"): 27
Ezg and ((g_ﬁﬁp ipﬁ?@lﬁ%) k%bﬂz&l Bi(jfszl( I s(ﬁg1 I(%?p ri |(%pl e;?r%t élyl )phenZ)I ) )
(" NB- 27" X(dii2&yropydpmatadimethyl)phenol); 4,4'-(Hex-3-ene-3,4-diyl)bis(2-

(25) ) 4 39)5 %pré egr?nnzo')r:lglet Iyl\gpl)leno?)(g 4( P]%/{lern%l 1I g Id?yl)lblgé methyl ) phenol ) (" Ne-

E) - 2- 4= (4, >3l ph I
E ?\IB_ 2& ( R&%&a&bﬁ%&%ﬂﬁ%@)g}@obf@ (ﬂlﬁf@r&fé@k‘ cfjw &J@?:égif{e ﬁfglldé ! 1)10 en;) 31)
(2) ahd (yBmethyd)ph¢mul;-55 €Hex-2;Bed, %ﬁﬂbydi)lbﬁ@f(dfl iiNB0B1~ })l)methﬁmhe(uzl) abhid

E)- 3, 3" - (Et hene- 1., -.d' i.phe NB3 : 3 d o
R RT SR I S MO S NENC MO,
(B)-4,4" (1 hﬁlraszdl 1%1%%}1@#%@1)0& 4((}1\& ?3@116)—3 4‘?@9'1&1{157-()2h(@1|'f[qi-1mlda2011

(E)-4,4" - - ene- bi s{ 2- ( |etﬁ/amno yl ) phenol) ("G68"): or
a phar mao qtl@é)nhymdbéeébﬂﬁlhb@e éérdlyl)@s@eﬁ(l ﬂmaa@ l-ghmesgin)ahenalh &dedilex-| n

one enbodi ( )

consi st %geng;g ?\Iggyl%lﬁ\éq@?m%gyfﬁﬁniﬁ ﬁ%h ?H%Bg Re l%lg @1 BRI%@Q NB- 10,
NB- | li0and(dNBeth 1anﬁﬁo)ﬁ1eﬂ{3a)rpﬁaﬁﬂ);m4:@£dhyn@«;Qaﬁylahl;(e salt, ester, hydrate or
sol vate thereo In still another enbodi ment, the corrpound is a conpound of

For mul a ({dipsthyRgripimethyphs n%étrﬁei(lﬂeﬁi eapd-ROIYAPB(ach i ndependent|y H,

further CUReT RS AP e T ARt R i g Bl e
t oget her and gl3 (Etheﬁé-aﬂmmylbms(@hpyﬂnolﬁdlw ﬁmtl@zﬂ)phﬁmxi to forma 5-nenbered

or its pharmaceutically acceptable salt, hydrate or solvate thereof.

15 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):

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

OH
SAGES

HO 7 NN
\j“ F O OH

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

. T 1
I 00 200

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

20
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or 6-nmenbered heterocyclic ring, provided that when Rl and R2 together with
the Natom form a piperazine ring, the second nitrogen on the piperazine
ring can we 2buvaeBap substituted with -(C -C al kyl, -(C3PCT)uSg@oel4ky| , aryl
or acyl, whexein - (G -C alkyl, -(C3-C7)cycloal kyl, aryl or acyl can be
substituted with one or nore hydroxy, halogen or -(C-C 3)alkyl; R 11 is
H acyl, tosyln. -(Cr C4)alkyl, or aryl; Rand Rare Hor R, provided that
one of Rand" R I1s H and the other is 12 s wWpsrein the aryl group to

whi ch bot h 8 _and R are attached can bé Tfﬂb or B to the -OR 11 in the

h

aromatic ringY

phar maceuti cal grceptabl e salt, ester,

provided that the CORPODY I S
(Hex3ene4

4, - (Et hene-| S

5,5" - (Hex- 3-ene- 3, {

4, 4" - (Hex- 3-ene-3, 4-diyl)bi s(2-((di net hyl am no) et hyl ) phenol ); or v.

4,4' - (Et hene-1, 2-di yl)bi s(2-((di met hyl am no) net hyl ) phenol ); or vi.

4,4

4

((dlethylanlno)nethyl)phen
; et hyl am no) net hyl ) phenol ) ; or iii.
dly|)bIS(2 ((di met hyl am no) net hyl ) phenol ); or iv.

- ( Hexd 3conand3(Ea-5d yf Bpb2-s-2 (X diiyBbis(d-ddinrdh) yiaming) methghiienol) 6 INBi4”):
4'-(Ethene-|,2-diy|)bis(2-((diethy|anino)nethyl)phenol); or viii.

4' - (Et hene-1, 2-djyl)bis(2-(pyrrolidin-I-ylmethyl)phenol). In one
enbodinent, RL 1i§ hydrogen in Formula (111). In another enbodi ment, R
i 1u0 for each ocetdritence is hydrogen, nethyl or ethyl.ln one enbodinent,

‘ /

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

P .

-
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I n one enbodi mrent of the compounds of formula (I1l1), R4 is RI12 and R5 is H
I n one enbodi nent, the aryl group to which R4 and R5 are attached is neta
to the - ORORoW/G687IDhe aromatic ring of R12 . I n one enbedirnsnent7svhe

conpounds of, for | 0 5 ] 5L &N i )hesret hyl .
[ Aot her Stathane SRRl ¢ 8 ARG R BREHh SRR MR )

still another enbodi NRL and R2 together with the NNatomto which they
are attached forma plperidinyl, pyrrolidinyl or imdazolyl rN\QQ W {n

R10 is the sane for occurrence. In one enbodi nent,
anot her enbodi nent,| Rl and R2 are ethyl, o iBmoL}sl.

€ wbodi mrents, R4 is H and
S % ryl group iich R4 and RS are
attached is para to|the 1 1yn the aromatic ring of R12 . In one

enbodi nent, R10 is B®g Q_amet her enbodi nent, R1L and R2 for each
occurrence are -( C al kyl, or °B1 and R2 together with the NNatomto which
they are attached forma 5-nenbered or 6-nenbered heterocyclic ring. In
anot her enbodi nent, when R10 is H or ethyl and R10 is the sanme for each
occurrence, §RYANshdRE)3 - (BLOP¥he-013-diSOPKQPY diethynaROfntedtiyl pbesl) pEAL , When
R10 is ethyl, RL and R2 together with the NNatomto which they are attached
form & piperi diNBt8)pyrrolidinyl or imdazolyl ring. The names for the
conpounds herein are neant to expressly enconpass both cis- and trans-

i sonmers of ea of these conpounds. In one enbodi nent, the conpound is a
stil bene or stilbenoid derivative. |In another enbodi nent, the conmpound is
(2) or (E)-4,4' n(hex-3-ene-3,4-diyl)bis(2- ((diethylam no)nethyl)phenol)
("&x"), or ikﬁﬁar ceutically acceptablg/sal S hydrate or

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

10 10) (Z)- and (E)-5,5'-(Ethene-1,2-diyl)bis(2-((diethylamino)methyl)phenol).2HCI (“NB-
107):
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solvate thereof. Al so, the conmpounds of the invention nmay contain one or
nore asymmetric centers and thus occur as racemates and racem ¢ m xtures,
si ngl e ensot2oves8dY | ndi vi dual di ast ereoners and di ast er @CRAISR@H DT €S .
Al'l such iso ic forms of these conpounds are expressly contenplated. The
conpounds of the invention nmay al so be represented in nultiple tautoneric
fornms, in sych Nnstances, the inventio Zﬁyessly includes all tautomeric
forns of the onpgunds descri bed herel such isonmeric fornms of such
conmpounds ar Oexpresslyzm@pluded Crystal forms of the conpounds descri bed
herein are also glJ nvention are capabl e of
nodul ating (e.qg.
Jak2- bi ndi ng act

identified as haV|ng the K603Q D620E or CB44S nutatlon :
dormai n; wherein the subject is identified as having the K603Q D620E and

C644S nut at i a 2 n «
Cdontif1ed g AaReiEERSndr DOTB LN A EA BB MG s
domain and is lildentified as not having the Jak2-V617F nutant. The invention
also relates to pharmaceutically acceptable esters, salts, solvates,
hydrates or praqdrugs thereof of the conpounds delineated above. Naturally
occurring or santhetic i soners can be separated in several ways known in
the art. Met for separating a racenlc m xture of two enantioners
ary phase (see, e.g., "Chiral
Li qui d Chr oratography, 2H. Lough, . C apna| and Hal I, New York (1989)).
Y be separat ed by é. SN sQ_t-€hni ques. For
i stereonerlc salts and fractl cryshallization
rs. For the s at iQ enant i oners of

T
HO " v

AN amd 2N

14) (Z) and (E)-5,5'-(Ethene-1,2-diyl)bis(2-(pyrrolidin-1-ylmethyl)phenol) (“NB-14"):
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enantionerically pure chiral bases such as brucine, quinine, ephedrine,
strychnine, and the like. Alternatively, diastereoneric esters can be
formed wwb 2erawsilonerically pure chiral al cohols such &sTrspeowob740% ol | owed
by separation of the diastereoneric esters and hydrplysis to yield the
free, enantionerically enriched car?:iélic aci d.{(Fgs separation of the

ad

0

optical isoners of am no conpounds, ytion of chiral carboxylic or
sul foni c acids, such as canphorsul acid, tart

or lactic acid can result in forn® i
conpounds of the invention can bg 2 3 O
ent hods, sone of which are kno the art. N@thods of synthw ing the
conmpounds of the invention g lified in Exanple 1; ot hehu
preparation wll P, ; o orfe of ordinary skill in the art. Nethods
for optim zing regggagn ng) if necessary m nim zing conpe{igf
by-products, are K The met hggs nmay al so additiona

i ncl udesteps, either before or after the steps described specifically
herein, to add or renove suitable protecting groups in order to ultimately
al | ow synthediaddE)-¢He(BbensolAdiyl has(@i((dimpthyddhe)methyDphendu s NRAdARt i c
steps may be perforned in an alternate sequence or order to give the
desired conmpounds. Synt hetioc chemi stry transformati ons and protecting group
met hodol ogi es (protection and depro ection) useful in synthesizing the
appl i cabl e conpounds are kntwyr i he art and include, for exanple, those
described in R Larock, rhenélve Organi ¢ Transfornmati ons, VCH
Publ i shers (198%). efie and P.G M Wits, Protective Goups in
Organi ¢ Synt hesi s, John Wl ey and Sons (1999); L. Fieser and M

Fi eser, Fieser and Reagents for Organic Synthesis, John WIley and
Sons (1994); and . Paquette, ed., Encyclopedia of Reagents for O ganic
Synt hesis, John Wley and Sons (1995) and subsequent editions thereof.

Al so, the inventfomn provides conpoundsdwhi ch associate with or bind to the
ki nase bindi ng pocket of Jak2 defined by one or nore of the follow ng

resi dues; GCN NEU 15 ~v

ar e acid mandel i ¢ aci d,

N

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

A oY
@ p 9
and ;

17)  (Z) and (E)-(5,5'-(but-2-ene-2,3-diyl)bis(2-(pyrrolidin- 1-ylmethyl)phenol) (“NB-17"):
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GLY16 LYS17 GY21 SER22 VAL39 ALA40 VAL41l ARGH7 | LE70 ARGB6 | LE88 MET89
GLU90 TYRO1 LEU92 PRM3 TYR94 GLY95 LEWI7 ARGI8 ALA138 THR139 ARGL40 | LE152
GLY153 ASPOR410RI6EMSS5, or a Jak2 protein-protein bindi ngPparisaeo/oli4nzi ng
pocket (including targets where Jak2 mnedi at bi ol ogi cal process or
mechani sm that are useful in the gethods d scpi bed herein. In one aspect,
the interaction of the test conqggﬁg and the ak2 ki nase donai n conpri ses
one H-bond acceptor interactio G u90 and ong Hbond donor interaction
3 t appears that
£y J ity,of certain
potent Jak2 inhibitors. 3. OF THE COMPOWKRIDS™O VENTT ON Somat i ¢
nmutations in the Jak2 al]ele g’ described in virtually pat i ent s
di agnosed mntgg2:? a vefa (PV), and about 50% of patYents wth

essential thrdgnbo¢yt he
(CJIVIF) (Kaus SKY, Pract Res. din. Haematol. 2007 20y 5-12).
The nbst comon Jak?2 nutatlo is the regalt of a G- T point tdt.ion at
nucl eoti de 1849 within exon 12, resulting in a phenylalanine substation for
valine at codon 617 (V617F). The mutation is located in th e JAK honol ogy 2
(JH2) neddli véZi anlFatdor yEdSAI #-dinbbises(mprahalnometivdiphenol) 4 NBdBeksed Jak2
ki nase activity that is unresponsive to the negative feedback nechani sns

t hat govern normal cell growth. A causal role for the nutation is supported
in vivo by murine transfection studies respltihg in erythrocytosis and
nmyel ofi brosis in recipient aninmals (Lacout(C _et al. Blood 2006, 108: 1652-
1660). Additional somatic, Jak2 gain-of-function nutations have been
detected in exon 12 inpatients m%?ﬁ\MGl?F negatixe erythrocytosis (Zhang
SJ, Int J. Lab. Hematol. 2007, 2 ;Zé#?Z) (See ¥ PCT Patent Application
No.: PCT/ US08/ 007073, the content whi ch ar g

reference). The present inventors have now ddscover ed of smal |

nmol ecul es that are novel o

and

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

. ULy s

and

20)  (Z) and (E)-4,4'-(Ethene-1,2-diyl)bis(2-(piperidin-1-ylmethyl)phenol) (“NB-20"):
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Jak2 tyrosine kinase inhibitors. In particular, in certain enbodi nents, a
Jak2 small nolecule inhibitor is a conmpound of Fornula (Il) as above

defi ned, WO 20tog06ghar maceutically acceptabl e salt, ester pChjse@vmen2 sol vat e
t hereof. I n one enbodi nents, t n certain enbodi nents, the Jak2 snal

nol ecul e inhibitor is a conpoupd of Formula (1). In certain enbodi nents,
the inhibitor is a conpound of g¢imula (111). In certain enbodinents, the
Jak2 snal|l nolecule inhibitof{is \ conmpound of Goup (A), (B), (C or (D
as above defined, its pharmaceytitally acceptable salt, hydrate or sol vate
thereof. In one enbodi nent, conmpound is a conpound of Goup (B), or a
phar maceuti cal | aqgeptrcle S ester, hydrate or solvate thereof. In
anot her enbodi , cnpo nd is a conpound selected from G oup (C, or
a pharmaceuti g 2 , ester, hydrate or solvate thereof. In
still anot her the conpownd is a conpound sel ected from G oup
(D), or a a aIIy acceptable salt, ester, hydrate or solvate

t her eof . et '-r enbodi ment, the conpound is a stilbene or

sti | benoild d r|va| [D/one enbo-lnent t he conpound is (E) or

(2)-4,4" - ~ gl digt hyl am no) net hyl ) phenol ), or a
pharnaceutlcally acceptable 5 ester, |hydrate or solvate thereof. In

anot her aspect, the invention 67 Ovirde fhods for treating a subject for a
Jak2- nedi ated di sease or disorder (e.g., polycythem a vera, essenti al

t hrombocyt hem a, angi ogenj c I0| | asj.a), by adnlnlsterln to,.the
subj ect an)ef f@:%lif\/%)éﬁbdﬁih%? as%lé@n YHPh“thHel YiegmtlipgRnol) n (gNe-217):

enbodi ment, the conpound of the |nvent|on is a conpound of Fornula (rr). In
anot her enbodinent, t he conpoun m nistered to the subject is a conpound
of Formula (1) or (II1). In cerJain>enbodinents, t he conpound is sel ected
fromGoup (A, (B, (O or (B above described, or its pharmaceutically
acceptabl e salt, ester, hydrate or\solvate thereof. In

and

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

o]

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

23”7):
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one enbodi nent, the conmpound is a conpound selected fromGoup (B), or a
phar maceutically acceptable salt, ester, hydrate or solvate thereof. In
anot her ewbadiomestlp t he conpound is a conpound sel ect edPCrarsR@ oot C), or
a pharmaceutically acceptable salt, ester, hydrate or solvate thereof. In
still another enbodi ment, the compound is a conpound sel ected from G oup
(D), or a pharmaceutically acceptable salt, ester, hydrate or solvate

t hereof.In yet another enbodi ne ¢ conpound is a stilbene or stilbenoid
derivative. In another enbodi ne e conmpound is (E) or

(Z2)-4,4" -(hex-3-ene-3,4-di i (di et hyl am no) net hyl ) phenol ), or a
pharnaceutlcally acceptabfe salt, Bster, hydrate or solvate thereof. In
certain enbodi ments, the invention is admnistered to a
subj ect at a dose beﬂv e a . 00T ng/ Kg/ day and about 200 ng/ Kg/day. In
anot her enbodi nent, the conpound] of the invention is admnistered to the
subj ect at a dose between about” 0.1 ny/ Kgily and about 10 ngy/ Kg/day. In
one enbodi nen cQnmpound of the invention is admnistered to the

subj ect at ja do abouty 1 ng/ Kg/ day. The conpounds of the invention may
either dirgctly ndul at e having Jak2 or Jak2 nutant activity
can be cofhta .und g the invention to inhibit disease or

di sorder processes or | o f the Jak2 netabolic cascade. Contacting
cells or adm nistering -onpe nds; of the invention to a subject is one
met hod of treating a ceII or a subject suffering fromor susceptible to

o vadd) e G R AP S e T R MRt R R P Rhov o R ES

i ndi rect )y yodul ate having Jak2 or Jak2 nutant activity by inhibiting Jak2
aut ophosphoryl ation. In another enbodi nent, the conpounds of the invention
do not inhibit c-Src or Tyk2 aut hosphorylatlon as effectively as Jak2
aut ophosphorylation. In aspect t\ne conpounds

oo ey

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

257):

U
OO0

and
HO
N
OH ’
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denonstrate a | evel of Jak2 (or Jak2 nutant) autophosphorylation inhibition
that is at least 2-, 5-, 10-, 25-, 50- or 100-fold higher than c-Src or
Tyk2 aut opbasphosybati on i nhibition. In certain enbodi meaTaIS2e0@6782 hods of
t he i nvenii on /i 0 st eri ' - hca .
effectivgkgnnd%?&gﬂ%§4%g g%% SEQ%HQEP%$%ﬁ?%gﬁbPﬁnégﬁgﬁﬁ§y§%ﬁ:5#% o not her
phar maceutically active conpound. In certain enbodi nents, such an effective
anount is at a dose between ab 0. 001 ng/ Kg/ day and about 200 ng/ Kg/ day,
bet ween about 0.001 ny/ Kg/ day nggﬁbout 30 ny/ Kg/ day. In another

enbodi nent, the conpound of the—hnvention is adm nistered to the subject at
a dose between about 0.1 ng/Kg/day and about 10 ng/ Kg/day. In one

enbodi ment, the conpound of ¥Meyt'nvention is adm nistered to the subject at
a dose about 1 ng/ Kg/ day. es of pharmageutically active conpounds

i ncl ude conpou kmawpr+Q tredt prolifoerati vendi Serdens, e.g., anticancer
agents, antitgnor lage anti angi Dt her apeuti c_s,

anti bodi es, etlc. cP~QIFATRE cally (W ¥ '

can be found in rrison's Principles of Internal

E(C e Xy ayvbe~used
)hirt ent
Edition, Eds. T.R Harrisoret al. MddawH Il NY., ‘
Desk Reference 50th Editionl997, Oradell New Jersey, Medical Econom cs Co.,

¥, and the Si:ci ans
the conplete cgnte of, ich a XPJ ess i ncor porated herein, .
referencéﬁgThéggﬂﬁg§§ﬁﬂi6§Q?%@n?hééﬁyﬁ%ﬁé%ﬁ%h¥¥@*LﬁﬁPW%XQUFW8 Iﬁﬁﬁgggibe
conpound may be admi nistered to the subject in the same pharnaceuti cal
conposition or in different pharmaceutical conpositions (at the sanme tine
or at different tinmes). In certain enbodi nents, the conpound of the
invention can be used in conbination therapy with an existing anti-cancer
t herapeutics. Conventional trgatnent regi nens include, for exanple,
radi ati on, drugs, or a conbinatioh of both. In addition to radiation, the
foll owi ng drugs, usually in*"tonl)inations with each other, are often used to

treat acute | eukem as: vincrkstine, prednisone, nethotrexate,
mer capt opuri ne, cycl ophosp @.

e, and r'3hi
N
@
and OH

A

5 ;
28)  (Z) and (E)-4,4-(But-2-ene-2,3-diyl)bis(2-(pyrrolidin-1-ylmethyl)phenol)  (“NB-
287):

HO Q
9 .
HO
¢ | g
Ay Qe
and oH :
29)  (Z) and (E)-2-((Diethylamino)methyl)-4-(4-(4-hydroxyphenyl)hex-3-en-3-yl)phenol
10 (*NB-29”):
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O her exanpl es include, for exanple, doxorubicin, cisplatin, taxol,
5-fluorouracil, etoposid, etc., which denonstrate advantages (e.g.,
chenpsenswOi2aarie8moof cells) in conbination with the corpdirsd@Idesor i bed
herein. In chronic | eukem a, fer exanple, busulfan, nel phalan, and

chl oranbuci| can be used in copbination. Proteosone inhibitors (e.g.,

M5 132), hydroxyureas (e.g., ea or hydroxycarbam de) or kinase
inhibitors (e.qg., so be usgd ion Cou-|nat|o with the
conmpounds hereihka%ﬂ
tend to nake patients
therapy i s based-0x »
destroyed, the residual Ce||S\M||
Determ nation of a therapeutically gkfectlve anti - pr
prophylactically effective anti-proliferative anount of the conpound of the
i nvention, can be readily made by the physician or veterinarian (the

"at t endi d@)cl i(A) oid?) ¥4 dBepdeensid.4-ipd)diphendle art, (BYBtHE) use of known

t echni ques and by observing results obtai ned under anal ogous circunstances.
The dosages may be vari edowdependi ng upon the requirenents of the patient in
the judgnent of the attenfding clinician; the severity of the condition
being treated and the p ul ar conpound bei ng enpl oyed. In determ ning

t he therapeutlcally effaai: e anti jproliferative amount or dose, and the
NveZanti - prol i ie e arfount or dose, a nunber of

whi |l e unde goi N . Vi gorous

prophyl act i cal"Py _efkect

factors are consi d byl the attendi i ncl udi ng, but not
limted to: the der i nvolhwed; W Odynam ¢ characteristics
of the particular agent| and its node and rout/e of nistration; the
desired tine course of -treatmenf ., the speci | ol 1S size, age, and

general health; the specific disease involved; the degree of or invol venent
or the severity of the disease; the response of the individual patient; the
parti cul 81) corfBpamid Eadid 1iBst-2eead 2, 3tdigl)dipdencdf adrifidBstl"ati on; the

bi oavail ability characteristics of the preparation adm ni stered; the dose
regi nen sel ected; the kind ofcgncurrent treatnent (i.e., the interaction of
t he conpound of the invention wWth other co

HO
(J

O OH
32)  (Z2) and (E)-3,3'-(Ethene-1,2-diyl)diphenol (“NB-32"):

O OH
HO 7 and

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

O OH
HO oH
HO
and
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adm ni stered therapeutics); and other relevant circunstances. Treatnent can
be initiated with snall er dosages, which are | ess than the optinmum dose of
t he conpowiaaoioieerieafter, the dosage may be increased byCIaskéodionmpzment s

until th ti Ch 1bh reached. For
convenleﬁzgp (%Z @é%' ﬁ%ﬁdo§5§§ﬁ%%ﬁagg 3|V|§%d ‘and administered in

portions during the day |f desired. A therapeutically effective anount and
a prophylactically effecti i anti-proliferative amount of a conpound of the
invention is expected to vgry from about 0.1 m | 1igram per kil ogram of body
wei ght per day (ng/kg/da aboutro200 In certain enbodi nents,
such a dosage i s between 0. 001 /day and about 30 ng/ Kg/day. In
anot her enbodifte ade i s betw A

ng/ Kg/ day. I n one i ar enbodi nent i s about 1 ny/ Kg/ day.
Conmpounds of the i used in the prevent|0u treatment of disease
, @8gs, chi ckens, and”rodenta®d may al so be
useful in treatnent of tunDrs in humans. Those skilled in the art of

treating g n in ani mal
st udi es, ?ggaéggégéﬂgggaé%ﬁkgéggt§@9$8¢§§§g§$gﬁm%$ﬁm%@hgggggﬁggﬁﬂo humans.
In yet another aspect, the 1 nvention provides the use of a conpound of any
of the fornul ae herein, alone or together with one or nore additional
t herapeutic agents i & Trariuieg € of a nedicament, either as a single
conposition or as separate ( rms, for treatnent or prevention in a
subj ect of a disegse, 3¢ 0 asyNpt om set forth herein. Another aspect
of the invention is a pound of the fornulae herein for use in the
treatment or ﬁ?eﬁé f n a subject of a disease, disorder or synptom
thereof delineated herefn. The identificgyion of those patients who are in
need of prophylactlc treatnent for Jak2- nedlated disorders is well within
NeArOW e of one skilled in the art. Certain

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

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-8, 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 (III):
R1 1
o)
R4
N—R?
R5 R1
Formula (III)
wherein

R! and R? are each independently H, -(C;-Cyalkyl, -(C,-Cs)alkenyl, -(C,-Cg)alkynyl,
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of the methods for identification of patients which are at risk of

devel opi ng Jak2-nedi ated di sorders which can be treated by the subject

nmet hod arwoapvsilated in the nmedical arts, such as famPCy/useewosi402 and t he
presence of risk factors associated with the devel opnment of that disease
state in the subject patien clinician skilled in the art can readily

identify such candi date pat @ '

tests, physical exam natign

, Tyt bexyse of | ex@npl e, clinical
g medi cg mly histo A et hod of
assessing the efficacy of” a t{eat ment 2 subj ect in des determning the

pre-treatnent extent of a Jak2-nedi*dted di sor-d&r by methods well known in
the art (e.g., -er A I i ere
the Jakz: medi SV o Cardar ] SR be Hhfer Aoy S S L nd ORI Bk U e

t herapeutical loy effective amount of an inhibitor of cell proliferation

(e.g., those dgscribed herein) according to the invention to the suhject.
After an appr cdﬁorainatlﬂe, igarhian Bk teiNatogh oo hieh ey dFs ﬁfﬂ_é?@?fgtt? b S gt
conpoygnd (e. g.or 6Jmélﬁt3{erec1h¥¥€1%€yql% Hi%‘?gl%vjdéﬁ%a[{‘%v’}{eﬁ R'Snd H?%Qé&%)f wifhie RXt ent

of the Jak2-nedi ated disorder”is determ ned again. Certain enbodi nents
provi de that tahen fletrer pippiarzine mingathe sequind agrogien lon the2diperazin@ ring gas bofurthae

adm ni stration. e enbodi t_provi t hat the determination l,ace
St hin 45 hour SRR alere o RE Toh Cre bl et B e TV B R T G o
the extent or _jqW@styen®ss, 41 érhieyrail Zrevasltmied with ok ¢e mord Y et e haRkEd cacy
of the treatnent. The extent or invasiveness of the Jak2-nedi ated disorder
may be det er monetCpepilssical |y t hroughout treatment. For exanple, the

exte or invasiyveness he- J 7 i ated disorder may be checked every
few Egur s, days bsﬁﬁlmaeékggsp%'gpéé@éékgﬁgll%Eifri’:t her efficacy of the treatnment. A
decrease in ext'entl Rorard HWaR'\ eresdedafiattdne ol Rk 2nd REG [t @d tHe s®edRR'F;ndi cat es
that the treatment is efficacious. The nmethod described nmay be used to
screen or sel &tiSpatients that may benefit fromtreatment with an inhibitor
of a Jak2- nediated disorder. As used herein, "obtaining a biol ogical

sanple froma subject,” includesrbbtaining a
| ;
: I \ R, : o I \ R‘l
I—C(R')=——=(R")C | i~ (CHR™), | |
I ]
F N\R F " ,
2, Or R

wherein the aryl group to which both R* and R’ are attached can be meta or para to the
15 —OR"" in the aromatic ring of R';
R'?is hydrogen, or —(C;-C3)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
20 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
25 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.
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sanple for use in the nethods described herein. A biological sample is
descri bed above. Yet another aspect presents a nethod to identify a
conpound whaviwmwsubat es the i nteracti on of Jak2- nedi at e@®Cihiuscdeoageaz t ner,
or specific d ' 1The met hod may incl ude obtaining the crysta
structure of gﬂﬁgggyhggﬁggég’bﬁnding partner, or specific domains thereof
(optionally apo formor conpl exed) or obtaining«the information relating to
the crystal structure of a Jak2-nedi ated bindiqg partner, or specific
dormai ns thereof (optionally apo formor ¢ | exed), in the presence and/or
absence of the test conpound. Conpoundsfnay en Be conputer nodeled into
or on the Jak2-nedi ated bi iarHy par®Aery—or specific domins thereof

bi nding site of the crystal structure t i §tqpilization of the
interaction between the Jak2-nedi ated bi ndi ng partner; or specific domains
thereof and the test conpound. Once potential nodul ating conpounds are

identified, tHeosoppbediasnnefithpeonspeundsetifoganlaglideR ii Br sadfaysH. huette as
i h ( A . e ' . 1
5o por BB i M5S0 SuBBTR S s AERALP I P 0B Al LOF R, e

herei B byroedterences)R'>.Conpounds identified in this manner are useful as
t herapeutic agents. In another aspect, a conpound of the fornmulae herein is

packaged in arhbgs anesdihes! dh&ESBESUNIS ofFRHDa (I, R 'Gfop B REeMEACA | Y
acceptabl e carrier or diluent. The conposition nmay be formulated for

t r eat i ng hadogpp ecmetyyt. fle ppotherfandrpdonensul cadtR dpecach ogewregage pisdGredalkyl.

di sorder , _ar i hbiNSE i { r uby . sufferi from
or " suscent S PRI 2GR R TR bR b Sk B PLER ey Ul flache

i nvent i oot @ylpdadingk tphadEdiherorinhddablyi Agg oehdreipROY isftied @fncofior eddh one
enbodiment, a nethod of inhibiting cell proliferation (or a Jak2-nedi ated
di sorBer °CE¥EHERi ng to the invention includes contacting cells with a
conmpound capabl e of nodul ating Jak2 or a Jak2-nedi ated bin?ing partner, or
speci fi ¢ domailnene prabediment, R eisecHet. laghetipembodimprt, BomddBt imgthydyorbe in
vitro, e.g.. b ddition .of ..th 0 n f1ui disurroundi the cells,
Vor " examerony FREOGH TR P TRERT Bt Bt lh Mo IEH R ORI % B P <t i ne
The attached form a pyrrolidinyl or imidazolyl ring.

In certain embodiments, R* is H and R’ is R'%. In one embodiment, the aryl group to

15  which R* and R’ are attached is para to the ~OR'" in the aromatic ring of R'%.

In one embodiment, R'%is 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'%is H or ethyl and R is the same for each occurrence, R' and R* are propyl or isopropyl.

20  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.
In one embodiment, the compound is a stilbene or stilbenoid derivative.

25 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
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contacting may al so be by directly contacting the conpound to the cells.
Alternately, the contacting may be in vivo, e.g., by passage of the
conpound whnroewghsaosubj ect; for exanple, after adm ni st PaTiusegoseBendi ng on

B L

m ni stere
cel | s i nerpesklptormteaglatehThe lcompetiddiof tienibochitivamhs,, altdiee rpichadsd innatitigks

contacting cells with conmpounds of the i-nventiOf for from24 to 72 hours.
I'n anot h&FRBEGTR@ALID SHHEINNERES dEC THEN S REEHDARE G LrIOmEHIE Foraiiounds

of the i Ry QundPddsLridd RLURS ATl Rick RohREiR f@lmqg'sﬁﬁf‘&ﬁnp(ﬁlnﬁ?ﬁlla%q?&fssl

inhibiting a Jak2-nedi ated di sorder 1n a subject includes admnis erl?;g an
ef f echi vendwdednCrpstaldovonpiche dompourtde deswvibed hemin(dare elso imwheledpound descri bed
herein) to the subject. The adm nistration may be by any route of

adm ni st rat i omhksroMmpoumdstdi éhepinasnivaaud capableaf hsodulbliag $¢1p) mbibitimyohave a
Jak2- nedi at ed di sorder, may. be at risk of devel opi n% a Jakz2- nmedi at ed

di sor der stBplatag) Wéréaﬂwrdaﬁw%e 1 A2 Rdip g Vifyrangmethods psing; tha eaapginds

unanti ci pates. VRGP & (e G Lld09%d GRRARY ficRlde itGE SARLY tRUSERPEL DI 1T ty

to a Jak2-nedi ated disorder, e.g., exposure to carcinogens or to 1 onizing
r adi at i ondentified subjvaicg thedyk b ¥ 64TF musdat;of heaeid dlke2submpdi mtidehtidicd s Uevring they be

k2 earoR BRQDF alFedrmsrimyn Reoe DUIPaR AR nE Aoy 102 Rt od
di sor der s hfivih§ heTRGHIRIDEOE U 154§ hithatfonk Aeline FLESTHDAEmARCoSWIRIEG heTRY

have a favorable clinical response to the treatment, the subject nmay be
treat ed wipjhctihelepdhigrbasiuvingshe Kp8pQ! BO2QHhandugtecmuigtiongia thatakRilbiZer ed
ther apeutd,cal] ¥ &l [REHEYPA 0] fadhe d0SER i iguGgPOUNd. The nethods can be
perform&*é1 on cedls I'ncu %ure, Ve.%. iI'NMvitro or ex vivo, or on cells
present in an_ani.mal subj

precent | n an A0l Ial Lot Ol Sk il comaunde, of e Loerti on can
e. 9. 15t r aRafalls B PrdchdsSherb BB th€ 8rhpdun@€8elineated 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

20 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, diastereomeric esters can be formed with enantiomerically pure chiral

25  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.

30 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
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and the like. In another aspect, the nethods herein include those: wherein
a conpound of the invention is adm nistered to a subject for treating or
preventi iyo2akAesadi at ed di sease ordisorder; or wherei nPaTASAEWOOSHODT t he

i nventio ¢ E? c?tﬂ&] l%félre%'i glﬁ drt tﬂ? @teﬁyﬁ)ésgﬁﬁedt s%eglﬁgﬁﬁﬁhder]rnéh 2 a(aﬁ RE P&%\Ie sﬁﬁ%ﬁle

gr ow h; rein a compoun nventron 1s admnistered to a su
for treatprotgetimgheomisth oglee &d uldimeds allov s ghitbaisde the vdeprints Aereminyio ladditloﬁ t he
i nvention i.s adm nstered to, a SLflbj ect. for treating cancer. Methods

del i neat daripwyRNHClin sepy@ay Re 8 Toimsddn AN fHemalgspREncs & Grient |gf‘ieég e desited]
need of Qoﬁ@[ﬁuﬁ(ﬁu|S%th§@1@£l’§‘é?m%t?§é&rﬁ?&tmatlbﬁ’@éﬁd Jxrxtee@nga SHPhReodo gﬁ%ed of

such treatnent can"be In the judgnent of bj ect a health care
pr of e§si dp@tectioal amhdlemeteguby) esdfilhvig sfethesiziopihei app)lczdiﬂe abjpondy are(kaogn in

measur abl e by a te nosti c netho ot met hods, { he .subj ect
is pre-sdfs e@%%‘ﬁilﬁ)‘? uldﬁefhf &eé]%"sFﬁle?fé‘EﬁQ%ﬂRsﬂa& 1?%«%(?1’ S’Eiﬁdﬁ%%srrent

for a releyamrmmokevoEn P'uBHlﬂl%?st(QQSg)f TSWi Galhd hﬁd/P@M swah AoHRateGFoupd he
met hods can eperforned on cells in culture, &.Fln vitro or ex vivo, or

on cel | s ipPesetic Siihesr, émEdalJOb,ruE{ll@dtandéogs (19990 @ser@@d@@uﬂa@r,dﬁeqeme
| nvent | on, g%neste)le’s IRgéztl lfoygéggrglces&/rft o)y {Iohn ?Iﬁ&go sf(lgééls)oorhe]i Prga l | an

or non- manmal $an® AR ernative e e npound of

t he i10veRrtd], BAckddpeldR: GIRRLRELEfr TRGahib SYhesis) Sbmg\xalayrmﬂ Sofivdebs) andl.
PHARMACEUTI CAL COMPCSI TI ONS The i nvention al so provides a pharnmaceuti cal

conposi t isBPseqeBplitionhgerat.ef f ecti ve ampunt of a compound of the |nvent|on
and a pharmaceytl ¢al |y AEHER0ARLEAHLhE! which aGobHid PR oLHRAH HRMn

effective amount i's e??ectlve to tréat a g alkg I at eﬁﬁ& sease or cfl sorder
as descr ibhelingpekeoefdhly?2 définedrbyenmb od nroendf thhlﬁ(ﬂlmnpmmﬂlengILNm LEVéftion is

o T S50, PP it o 98 PSSO SRLLY RO st o

IS g; Fs a5n e‘Mﬂ?k@ Beo0ay R§CLEOTP PRsH30F Y ROEGLYOBNIEIRSY ARGIZMDA B THRT 3R
ARG140 ILE152 GLY 153 ASP154 PHEIS5S5, 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

20  and one H-bond donor interaction with Leu92. Without wishing to be bound by any theory, it

appears that these interactions may be important in contributing to activity of certain potent

Jak?2 inhibitors.

3. USES OF THE COMPOUNDS OF THE INVENTION

25 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

30 atcodon 617 (V617F). The mutation is located in the JAK homology 2 (JH2) negative
regulatory domain and its presence results in increased Jak2 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-

35 1660). Additional somatic, Jak2 gain-of-function mutations have been detected in exon 12 in

54



hours, 24 hours, 36 hours, 48 hours, one week, two weeks, three weeks, or
four weeks after the pharmaceutically-acceptable fornmulation is
adm ni st eveadotoweste subject. In certain enbodi nents, thess&/ysh@vmaerti cal

conposi ti ' | r ' - i pjsst i QN Subpect .
0t ner PangsEi R Bt L 50his S e, BT, UE A AMOP, B0 51 207
conposi t i(esalaf PCTid®ateny Applicationiy. RCHPSOBADT Y73, drerohahadffvdtich are

adm nistration in solid or liquid form including those adapted for the
fol I owi ndRcofRaratge Bereyuby WEeRest i on, for exanple, drenches (aqueous or

non- aqueous SQ*h'é?tr&@& iRVerRdS RENSARN Skcoe®ld £48ss IR ETole RPWARLSre BERNUI €S,

pastes; (2) parenteral admnistration, for exanple, by subcutaneous,
i nt r afrus dak2atyraymei nbasavenbitg's.iInjpediculn insertfio embrdimping, a dakt senall mokodlat i on

or suspensi.on; .(3) topical ljcatio for.ex le,.as a cr oi nt ment
or Spr my TBRrdt ampRu e FRRRu A o s e BBie e e cCprghe

exanpl e, sa$, cdteP @SRy or IR MheFeof. ORBne¥mbodim@fy, @ROIn cdrRlin &XPEMMents Ahe AN
aqueous aerosol, "Ii posonal preparation or solid particles containing the

conpound Jakthenghmakeuteprixbiterdearpwaping ofdweprlaiDen ¢estady enbaslimprisehe onpound
of the invention, c&%‘% Sn%[ A a'Iﬂ'cé‘ﬁa'ﬁ%&g)oﬁﬁ’ﬁ%?s‘f@%syak dL P FRsR0e
WrRI N T h d" vedi jadgnen Moant

forms which are, e scope soun ca , Sul e for
use i10 CQiHiBiedr ivh tbmbbend dfISHdes (Af, (B)@NoHED)NG AbevddeiinedBtsphatrhdveutically
excessive toxicity, irritation, allergic response, or other problemor

conpl i catapmtabéfoﬁ@%ehxdxatatoé sQlivats thereda [smebod Rt the eprgRoyngkip @ compeushr ase

"phar mac i - : =Y j cept abl e

ot or ol O G AR AR AN REAL d Etpbip S CRe: RV SR E O

di | uent, aexthepéretridimst] the rbmppuehic apsupatind gelematdfromlGroum o), ved i n carryi ng

or transporting the subje chem cal from one organ, or rtion of the

body, to Pﬁﬁ%w pricgly arcep iep%q‘tt PO lafffr%tﬁer Ry RET g‘hf'tﬁf@}*’ﬂ?eé _

" accgpt aRh@odinent Re S&RSGINATs Q@brﬂﬁo&f&%ﬁﬂe@fﬁ)m&g(@, M SarhAEugElIgNt s of

the formulation and not injurious to the patient. Sone exanpl es of

mat er i al swedpiable cdnesar alrats opbelvatadsutaifcal | y- accept abl e carriers incl ude:

(1) sugars, s Y15 getaasnolhae? gn%l%gdimglntu %%Sceon?p%%n YA stlbene 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

20  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

25 (D). 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
30  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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(2) starches, such as corn starch and potato starch; (3) cellulose, and its
derivatives, such as sodi um carboxynet hyl cellul ose, ethyl cellul ose and
cel | ul osevacetoAe710(4) powdered tragacanth; (5) malt; (@®CTGSR@vINT40% 7)

talc; (8) exciypi . . J: %?§g§= (Q) oils,
such as peanuggggﬁ%%ggf%%Eggggﬁg?ﬁ%xgﬂ%%ﬁ%&g$ggﬁ#§Q§gg%géxgi , dWFJ@ oi |
corn oil aaodiesaybeinent] the coObPpug ¥CB) or, (73U (B -PleopPldedigl)bis¢zcol ; (11)

pol yol s, such as.glycerjn, sarbitol, mannitol and pol yet hyl en | ycol; (12)
esters, é@%ﬁggm&%w&ab%ﬁw@ afic? BARGACqUEGHIRt cceptplly s%gﬁt?r,?lﬁl)a?%%rfsr) g
agents, spghras magnesi um hydroxi de and al um num hydroxi de; (15) alginic
acid; (16) pyrogen-free water; (17) isotonic saline; (18) Ringer's

sol uton: (19, ghiyh AbGARRh 6° WnBBRSPRAE LRUAAS 1 SBhiLERT 10 AUGKAN
ot her "non-toxi ¢ conpati bl e substances enpl oyed I n pharnaceu Ica

f or mul at iagiese bal¢etn nYowrdPedl1smg/KpM i dndabsutddd mg/Kieidagnihsinogide bmbsdigedi, um

| auryl sul fate and magnesium stearate, as well as coloringﬁfgents, rel ease

agents, CataTRPUAGENITS, INGRbEE Eradiynistare Orihhig bisty 2t esa e b ), |
preser va&ﬁgﬁg/d% dnd %d&ﬁbﬁ%ﬁ%ﬁ(%/d%?ﬁn%% BB e G cdnqi)&u%a of HIATHLARS -

Exanpl es 0 haf maceut | ca cceptabl e antioxidants 1 nclude: (1) water

sol ubl e admimxtesdnt she ssbeht @s doscarduk ¢ nag/Kg/dagyst ei ne hydrochl ori de, sodi um
bi sul fate, sodium netabisulfite, sodiumsulfite and the like; (2)

oi | - 30l ubl e anthe@xsingainids,of shicinvagioasnor dither iadatlytoatelirebiy yodtiac having

hydr oxyani sol e gBHA), but yl at ed hydr oxyt ol uene ( | ecithin

BHT v
pr opy! gal'flgt @, Ja&k B 8elbpherpbe Célﬂfactﬁ% it 3gempenad %éﬁh_e Btearior eBiting
agents, gieheas dGlobddr ?r&%ks@s oﬁ{q%ﬁ&&%@tﬁk g%&tr?%t%ﬁﬁf&ﬁ%’s&d@.%&t&ﬁggﬁéﬂs or

sorbitol, tartaric acid, phosphoric acid, Conposi ti
cont ai ni ngmanistermpothecooipotink df theeiny ¢rsivnitoalsulfecttihosemsthiot ablreatingra aitlalr a

nasal, topi.cal (including buccal and subljngual)., rectal, i nal , aerosol
Bndror pabbctmtF S oM Sorserane Cuetushuar Ui AED St y b

pr esent eqgnhddmitNiikodesage form and may be prepared by any nethods well known
in the art of pharmacy. The anount of active ingredient which can be

combi ned Wi t h 3 oGAEHBESimTRE Bl @mpolnd SAHE fven A PeitiRs 8FE6cd S Thitdchy

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

20  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

25 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.

30 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
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vary dependi ng upon the host being treated, the particul ar node of
adm ni stration. The anount of active ingredient which can be conbined with
a carri erwgebayiesilot o produce a single dosage formwl | Pg@ﬂtsmmmgﬂmza t hat

amount - ofjgh# %dr%BHPNH&%}@Q% ‘i\'&ecﬂéﬁ%%ﬁémi%rs (e ARG 18te%f){1) %‘i‘&rﬁé ly, out

of one hundr’ed per cent ‘hi’s "anmount |~ Fang e om a per cent to
about ni represdy eofperaahheresih Batfevance. n@hedoremunde)fghe, mfxemmnaahdmﬁe 5 per cent

to about 70 per ce ., from about 10 per t to about 30 per cent.
Met hods arﬁ?ﬂéﬁ%ﬁqaﬂg aieth‘@sf@rr&)@ﬁﬁwaﬁf% AL EFISEO fhis leendke Hihgi ng into

associ at iBRmthc e R tida$ ih Hif?e'i‘éﬂt %Haﬂ?ﬁéc@utiéﬂ?ccﬁﬁ;?d’sitﬁfns e QBRI @RabI Y,

one or re accessory ingredients. In general ormul ations are

pr epab ed abgiffgrdnt 6meb)y and intinmately bringing into association a conpound
of the invention with liquid carriers, or finely divided solid carriers, or
bot h, and t henn cétaimesbsdiateyits, ellaapm@gurﬁdl@f the ateation &arfeased incsesntifiatione

i nvent| on suitable for oral adm n| stration may be in the form of capsul es,

cachet s, BFpMSWVIth 3BPEEENS I8 eMgRIShergReYSgs: vaan@t&I@htr%@P%t regigieas iFludser ose
and ac aC'f@r &an@ﬁ@gﬁﬁﬁﬂﬁlhﬁ fgp %Q'bﬁrbnﬂl‘h@ﬂ Bk Both. ¥ a@ftish §)qja8'1ta{16’t{‘ tR foRlowin

suspension in an agqueous Or non-agueous I'iquid, or as an oil-in-water or
wat er - i ndougds, hsuglly ch embisitoms woth eash atheelarawftenorse@wunq:nt aorte mkpasiisl Il es

(usi an.inert base, such as gelatin and ceri e angd.acaci a)

tnas O adintie. RthisgR e i Bt e aBieR Sesh Eo niing e B ot 6y B anbunt
of a conEaHadxahpled endlite rieimpR, @Jko@uﬂild:ﬁ{ec1é;ﬂ£ﬁ1ﬁ@dx%ﬂt5~ﬂlfor6ﬂﬁ&@lé'&q)oﬁﬁy al so
be adninistered as a bol us, electuary or paste. In solid dosage forns of

the i nvenstd.onhitldererstratechdivaitegasde go nhqm@sggutléﬁ,lont@btl@t)gn cnbinstiondw iy des,

powder s, cgr %nmdss de %ed Iﬂgregl k]gl)chrotnrfce leg tnln\a/lefolr@ z{n?dll an meifllgeh% :Q’I\llI Eu;]d one or
nor e pharma | ca -accep a carriliers, um Cl e’ or

di cal ci urhpPhasRRAt@n bamdécpm cafbimkioh herd‘t@ﬂsbmwlﬁlgbltdrale g1l M@ns2pr extenders,
such as starches, | actose, sucrose, rg)'aucose manni t ol , and/or silicic aci d;
é

(2) BPnddwdroxgwiens s Hytreagnysirexycakamide) obkinpsecishibitprde.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.

20 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

25  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

30  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
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al gi nates, gelatin, polyvinyl pyrrolidone, sucrose and/or acacia; (3)
humect ants, such as glycerol; (4) disintegrating agents, such as agar-agar,
cal ci um caokzorA8710pot at 0 or tapi oca starch, al ginic aciP@T/USeeMAsT#02
silicatesg, %?Qnﬁegidﬁ@h@(%bHﬁa}fu%iac(iéﬁ o?@lle‘&ﬁ%uﬁa%ﬂhgmgmﬁ%%&ﬁ othepehas

par af fin; 1(1 absorption ‘accel erators, such as quaternary amoni um
conpoundsylminijtemdtthdrmygeua g nimsl otserahleasnt cfronmex@aepl e, acetyl al cohol and

gl ycerol nonostearate; (8) absorbents, such as kaolin and bentonite clay;
(9) lubricant sireftheht cantbaligitiaeahGihumSleeasate, wiRnesicyMmhah @af dtignuns @bded
pol yet hyl ene gl ycols, sodiumlauryl sulfate, and m xtures thereof; and (10)
col or i ng SA§erfosipoppd.t Rlereaftes. the detngs mayde ingipased by amall prqremgents petil the

phar maceut i S . . ' .

B ompogi ¢ byt AR RRer WG ReBL AT FRERE. 3 BUNcAlonD RORRE BolpBosstl ona
har d-fi | Ined) gedieided andpdinssered i recshivexg it &ytis dasrel aat theaparticaily k
sugars, as. well as high nol ecul ar wei ght pol.yethyl ene glycols and the |ike.
A t abl et SHESSMRIAE 22 BioRPYaciaqaln cHFCthis| tirRyolifsptive ARyt Aid R theEnGPt mor e
accessor Y 4 j SicTols t i | (for
e AR st T R e R

di | uent, dpy ésefkgakyye,abdisiditregkaidby.(Ihoertar ambodimenod sunin ssd@ngehis petreshat e

or crqss-linked sodj car ho t hyl | ul ose).,, surfaceactive or .

o spdBer Ao e R e Sy Ky e e R O Softs o

nmachi ne defileehdbSut® 1 h%ﬂ(%)@é@ﬁ{(ﬁﬂ)oﬁﬁo M@/K 1852 ¢h BRK pdrRESeRgsbdimbh, @B 1 nert
liquid diluent. The tabl ets,” and other solid dosage forns of the

phar maceulobagglis dwpdsig/Kefdeyof the invention, such as dragees, capsules,
pills and granul es, nay optionally be scored or prepared with coatings and

shel l's, such d&®nmgrueds of tboatvengsn eved intheereveotion ngscanmbht ddoamseiar t he
pharmaceuti cal -fornulating art. .The y al so be formul d so as t

D v de. SHgEs: IR o1 Bdo) ULETEedeaby MOS A IGEARR B FRUPEIN usi ng,
for gxamuBorshy HL@XYL ' BRYE BBHEYIN BE bt YF B8RidgNuMBFYih RARAORA! kh RN Dat QA
provide the desired release profile, other polynmer matrices, |iposones

and/ or muppo Yshriataechtaiekin anapalstudiese theldosagt angl rodte pf admmpsitiation pf theat i on
t hr ough a bactne({ ioah—ur et gi ning filter, or by incorporating sterilizing agents
in the fSPAPEFISPEM 8 5ol i d

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

20  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-
25 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
30 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
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conpositions which can be dissolved in sterile water, or sone other sterile
i njectable nmediuminmedi ately before use. These conpositions nay al so

opt i onal IWocon@mBToopaci fyi ng agents and nay be of a comp®distésfctshat t hey
rel ease i ' L.ef - S Ry ain
portion gj? eeéte ﬁtgg‘%dé@telﬁ glglﬁ\l{ﬁgésttgl ré?)hte@%%&,lcaggte%ﬁgﬁl ay, I ﬁbg%dlg}jg);/tgﬁ&%ilner.
Exanpl es podliferntien (5. figthosngssitibdddreseiwhiccbrdimtohke insettidnnolthudaibjpset. y Aften an
subst ances and waxes. The active ingredient _can also be in

mi cr o- enGAPSBIAEEEIIPHPHYMP @ﬁsr_ ? apmimatetiopPf R GREIPGEN S 5r bflay heveek, 2
above- desgkibede GntPis&hsnthy)! fiiedielrsage 1400 HBdihRH dRbAer AdiEdHHidaalh@n of
the conpound of the invention 1 nclude pharmaceutically-acceptable

emul sbong erinanolaiimenite peyvidchatthodaernsngpenskomdgcesyithipd4 &nd2 bourxpf ghe | n

o001 00 8y e e e HRBES EL15lLOULE SR8 R T SRS RLA,

ot her soloyedd RimisQirstin | zi ng agents and enul sifiers, such as ethyl alcohol,
i sopropyl al cohol, ethyl carbonate, ethyl acetate, benzyl al cohol, benzyl

benzoat e, propyeemslulitipade.g.. deQedsat ofi thaextgntyaranvasvieness Of thegak-mediagad

cot t onseqglo, Gl URIM e COL e (GOl Y8 (CBRin AN RES BTk S tediare
gl ycerol , Tetr ahy rofuryzi al co oel, pol ye ﬁy ene glycol's and fatty aci
esteng ofdisadddiniadbe RAGmiAiedtpdriedicilnethenighohtitreadléritl B6r éxQniphkg e itdndent s,
the oral conpositions can include adjuvants such as wetting agents,

emul si fyilgsaReess 95 hedakhedipastdsordsiarayebs Hgeked exgbrfewdhousn days gigveeks to
per fum n%s%@sdﬁgrfﬁ‘?l?e'r\éﬁida&?o%g@}eﬁﬁneﬁusﬂ%&eg Sin ek{%n?‘&qmza{s%n%s% dJelag J%E]é-' ve
conpound of the invention may contaln suspendi ng agents as, for exanple,

et hoxyl atnedlidtsbdib@deyindehes fnl the tpatnyon ywedffigdlobne. Jae medlodd denditedrmvayt en
esters, mcrocrystalline cellulose, alumnum netahydraoxide,. bentonite,
agar - agar'Sghi@ SFIeER QE SHEd PAHE Rakpay et h APRGFCA PR AP bAOT & itions
of the i ny&mMdPMisbLy rectal or vaginal admnistration may be presented as a
suppository, which may be prepared by m xi ng one or nore conpounds of the

i nvention wi t Hsorsed berempi‘ebtginingaidbielogwal saniplafromg skpichT awhsleppbigiming &r s

conmprisi rggmpfec%{)r 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

20  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

25  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

30 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 susceptible to a Jak2-mediated disorder,
and packaged with instructions to treat a subject suffering from or susceptible to a Jak2-

35 mediated disorder.
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exanpl e, cocoa butter, polyethylene glycol, a suppository wax or a
salicylate, and which is solid at roomtenperature, but liquid at body
t enper at Wwe 2ardie8tiherefore, will nmelt in the rectum or wagiusadoIveran2y and

rel ease the a ﬁhl‘{&hé}ga%péct, tﬁ?@%ﬁ&édﬁgﬁ% mkfiRd! fb‘f‘?ﬁlﬁfé‘iﬁgg‘ré@ﬁ beh@ér?ticﬁ#ig%ﬁg' €

for vaginal admnistration a In e pessaries, t Creans, ,
past es, foaapsbodingipt,ayméthodrof ahibititg cetpiralifaranign sarcilak2mtiddéttad disordel® known
in the art to be appropr.iate. sage for for the topical or transdernal
adni ni st PEEBREEP (g IRHHYEE MRETY] SR B Bithiarfompgune sRBlest ‘%ﬁ g2

oI nt ment g, PGS P&%Q—rﬁ&ﬁﬁé@binhﬁltggﬁﬂﬁer, 8l R cifR YoHaiRNBere HANLLN AR BRAPodiRRAL ANt S.

d
The active conpound of the invention y be m xed under sterile conditions
with a phematetng oalylbg-imacteptahlby additionef theayodhpaund tcaniiuidrsesenivhng thes,
buffers, or propellants. which may.be required. The. oi nt nents, stes,
oreans Aty ARy Ko T PA R T B (5 5 SR IBUHO G YR RS ent | on,
exci pi entegntatitfomay aidH bes dﬁ@&gN&@ﬁifcﬁﬁé thef@hpoud tosthe WaKe A1t f thes,
starch, tragacanth, cellulose derivatives, polyethylene glycols, silicones,

bent oni t egntagfing mxbw \d_yo,te@-,cbymsagie /€ thexdogwound thipuyghyy %léjeph é@raxfamplﬁomder s
and sprays can .contalng L addithon, Lo g compound of. the 'uﬂ§%{‘at 201
HIES oA &M d 2"l MRy areyi

exci pi ent's such a act Silicic acl um nu ro e, cal cium

si | i ¢at eshiangh peldygRii e e ee, bledd diekinlr@saytie dppRS@oSAddShRAEABdirdtly &S can
additionally contalin customary propellants, such as

chl or of | gelolywedebiresmentand vol atil e unsubstituted hydrocarbons, such as
but ane and propane. The conpound of the invention can be alternativel

admi ni st ered By ceatainswbodimients, the maateesispngludrs ¢onsactyreegedls ividh compegndoefghe

aer osol , ;|1 NASOPR! Y hed 34 10 9h R rgt?r%irlnglllte&le%ﬁ)etto%srﬂlcqu Lhe,Gagpeund.
A nonaquéous ?e.g., " raor ot Bon pr operlffan suspension cou a8 used

Soni ¢ nelwild wRE SoMbeurdk of efeiftknbion ap3e 48 Reyrsm ni n ze exposing the agent to
shear, which can result in degradation of the conpound.

15 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

20  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.

25 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.

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

30  invitro 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
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Ordinarily, an aqueous aerosol is made by fornul ati ng an aqueous sol ution
or suspension of the agent together with conventi onal
phar macewpcaloogsaecept abl e carriers and stabilizers. TRETA®ROMWBAsSBOANI

stabiliz %I;S%rd/e?.’lrj Y %etrgntdf}gn{pggﬁ bEHE ﬂ{v%n?ﬁn fs%ﬁnﬁ%t%feﬁ% Qrsul‘EjQEOEEQ gég%§% H%%l- ene

typically inc e nonionic surfactants weens, uroni cs,
gl ycol ), depeimlentaied gpowtheivhsreid & eoragsunahod ithiztiny ntionds hdrhimistasd er ssubjdcefad

acid, lecithin, am no aci s such _as glycine, buffers, salts, sugars or

sugar al C5AGRSA hapatglogical diasnss aY fiyordra Whcksyar SAMPPHI GTLbt BNFRIYIF ut i ons.

Transder i RALENRS fdyR: theeafidednadvant age of providing controlled
delivery of a conpound of the invention to the body. Such dosage forns can

be magle by di ﬁ&h&isr&liﬁéat ﬁé}g%%hcﬂgdet tlﬂgsea\gﬁé}ginitﬂe E\{B ecp¥s| Hgl{tifgﬁ?%lﬂmleed.of

Absor pti on enhancers can al so be used to I ncrease e ux o e active

i ngr edi entpaatiubs Statdiaresknent. [Hbetifiyaigen wbjestitimebd ukswwhnreb@naonir ©d ingtle by
either providing a rate controlling nenbrane or dispersing the active

i ngr edi eAtdgMFrAORYIYR ORANFIE GFe RelCSSIEFHERACH B FBYIFINalS sreinieyer

Oi Nt Ment gy, REVHR!S me%é’drh'l&lle%g% BN H%gnés't%?netﬁécﬁ. 1@l ot SR RIPhakegdedss bei ng

wi thin the scope of the Invention. armaceuti cal conpositions of the

i nvent i opressireaietl er fdentiped anhaxed ofadih icstireat bypasseomeni ©e acelevant mmplreg or
conmpoynds 4)f t he. i nvention in conbination with one or nore

phar nacedt lﬁaé?rl‘ﬁ-s%?;%g'tyafgf HYHEAMMLY sot oni ¢ aqueous or nonaqueous

sol utions, dispersions, suspensions or_emnulsions, or sterile powlders which
may be reconstlife@tetpdssen be peioimed; o el HfBtues et I"oviE 0 GF cHYSpetT NEHYS | ust
prior to whi ch: ont aj,n; i Opx) f. . i t
R e A S S C A R s

i nt ended in exiopiserg cetls osothpemdinnglien ot erckemnmgiangeimiad mddeksnpltesagiel g uhd abl e

aqueous a nonaqueous carriers, . which be .enpl oyed in the
o e e AP A TAS ARG B 2l af Do Thdar Sr il L s gl mpgets.

ol yols (such as
pyls(

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

20  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, two weeks, three weeks, or four weeks after

25  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

30  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)
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gl ycerol, propylene glycol, polyethylene glycol, and the like), and
suitable m xtures thereof, vegetable oils, such as olive oil, and
i nj ect ablwoapyanmoest ers, such as ethyl ol eate. Proper PCITaiSdiowpordan be
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suspendi ngf B &rgglg o @oﬁfbn%flthevﬁmfygé)eanolﬂ& gﬁgtag,b(%r oREROSt hOBOR),. Affen TRfer PY

form ng m croenc matrices o onpound © e invention’in
bi odegr adaldceegaily himrtbe sansh oflseippiorhpatibicdeithh deyagherangredients Oé gerfdinmgatoon t he

ratio of drug to pol r, and the nature of the particular polyner

enpl oyed and AS BBV o (i Rglent Selee AP e ST 1Bl X ST 85 of ot her

bi odegr aghineicBat AR ascdpRldeRrifR N @let 08aESE ShcRrRdabBks GARBYHIdesMose;

Depot injectable fornmulations are also prepared by entrapping the drug in

| i posones2oitarphasy pwmab sdmrstarghishpaiate staoshp 43)i dsllelopd. tahd e dgrivatiysuesuch 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

20  and soybean oil; (10) glycols, such as propylene glycol; (11) polyols, such as glycerin,

sorbitol, mannitol and polyethylene glycol; (12) esters, such as ethyl oleate and ethyl laurate;
(13) agar; (14) buffering agents, such as magnesium hydroxide and aluminum hydroxide; (15)
alginic acid; (16) pyrogen-free water; (17) isotonic saline; (18) Ringer's solution; (19) ethyl
alcohol; (20) phosphate buffer solutions; and (21) other non-toxic compatible substances

25 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.

30 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
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When t he compound of the invention are adm nistered as pharnmaceuticals, to
humans and aninmal s, they can be given per se or as a pharnaceuti cal
conposi t w0 200mi6&T10i ng, for exanple, 0.1 to 99. 5% ( nor e PETATSRI0QO6TA2 0. 5 t O

90% of Ve i ' ' i. [ ' - j cally- ept abl e
carrier. %&g%g’raé# Hehgt;?ggéh%ﬁ%’eéﬂglc}g?gpéo’g ﬁgé%lqﬁ%% Jrhgt?ﬁtlgg ag%ﬁ@d&a&f‘{% aggichpound
of the i rusiinediaminhicahacedy adie (BBEA )] sortatod,ubitatl &id)ptoghedc hadmndahellike. t he
pharmaceutical conpositions of the invention are formulated into

phar maceut i caldompsiept atdt&nteLa@enjoahdsf By is@auenincaialthsretshiedse kaewn, t o
those of skill in the art. Actual dosage |levels and tinme course of
admi ni st magal.gapistl (inedndieg pucsal ang sablingyal. jeptal Nagisplaperatd abs/enparedeasbsi t i ons

of the i at.i.on. ' - i - Cli

ngr odi ent iy RiofE Cap ol By ARnt ity UebuaPn @B Rl Rk RriChidtey.
for a pamtipeapasid Patnyendthodsomgdbisidw min, thamd ofiplttemaéy. ating ah&dnt af ha@tve W t hout
being toxic to the patient. In certain enbodinents, the tine course of,
admi ni st rBEFYRNThieleanda Gapbinsshy Klyp spisr materiabin pradycs apmalodesage fgmowidl

enbodi MeRt,, &%@n&ih%ﬁp&?ﬁ%%@stﬁ%i P2 RS THe B [+ RA 14 TnddR of A EhiftRKbS . AnPreferred
dose of the c npound of the invéntion is the maxi numthat a patient can

t ol er at e aamdnneoftactey migoglise mihouscas ibd eombined tvath Fomriexaatptid, to phelucoapioglkd of
the ipvention_.is adm nistered. at a concentration of. about 0.001 t o about
200 1 pEP R bGR XA rHeBt By S RGNt TEBEGE cOmBBTL  AER Ao e PR P e bout
0.1 ny - ABOUIGHeraNY! &l 0P bndRENIVEPGRERt, RENARSUrt iR HARLIFRIN abut I HRr cei&lt

above-recited valueS are also intended to be part of the invention.

parti cul 40 aeoudnplety-hige pargentpf eotiysonadisht. efge from ebeutrper serddoribaus/8ped at a

dose about .1 no/ K%{ ay @ SCREENL N THODS AND SYSTEMS | nanot her aspect,
. cent, e g = from apout | Rer St o aboul €L cet, : . :

the i nvention=provi des a frachi nhe readabl e Storage nedi um whi ch conpri ses

t he structural  coordinates of either one or both of the bi.ndin ockets
dent 11 e noFROGGH PETHRT PG 1Se SRR oM QTN Gy S eBioh BRg M UER BRCC R
storage BRAMHILENSOHE thvehlibh 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.

Compositions of the invention suitable for oral administration may be in the form of
20  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
25 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

30  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
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these data are capabl e of displaying a three-di nensional graphical
representation of a nolecule or nolecular conplex which conprises such
bi ndi ng peOketwsesToa conputer screen or simlar view ngPAEXLSC@®I/0THE2

i nventio Welga\Vii : r Lani vk HAL ﬂ9$ ' i fying
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a nol ecul ar conpl e ich conprises a bindi ng pocket. |In anaother
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by structure coordinates o ak% or “domai ns thereof, or a three-dinensional
r epr e§entaad ( 4N coforiaghgenss.dy te @fe vhapswbe tables ard pilk.gbeparmpompicalx, wher ei n
t he honol o ue.COﬁPriS S a bindin fggcket tﬁﬁh has a.root .rean. square

devi at i offPFPBHIP e BaTRDEHBPACHHECHE ARE S mOHE CGRPAUIY S il YRHERY 2. 0
(nore pr%L@ﬂ%Q%ﬁﬂ@ﬂﬁi@$MEnﬁH§6&&n@hmﬁﬁﬁ&h&@mﬁnch&uﬁ%%ﬁ&%@hM1é&ﬂ9&h§ﬁ@tS,

t he conputer or conputer system can include conponents which are

convent i darddseion mitkesugais, asewell as high dioeshlas egighh pelyghyleae ghicolNgnd ghedi®, 740
and/or 6,183,121 (incorporated herein by reference). For exanple, a

conput er syst entablen maydk unkels by coomppestien oc ormpding.iapgonallyewith ahe prooessi ng

unit ("CPU'), a.workin nor which may be, e.g., RAM (random access.
oo Greckingt PERHomae s L i e Aeinaey Y adiniss (nETuI kb sk
drives ofyy %B%@%iﬂ%ﬁ])yl c8NBoLY, 1B @NC HPQHReh@YrdsetR CREINtradti(fyi d
crystal display (LCD) di'splay term nals, one or nore keyboards, one or nore
i nput | i wsamplenspdone sierchradyceslaseppenosy-linked sodium efrbastyimethya cellulotearsodaerect ed
by a conventional system . L.ne- r eadabl ata,ef the i.nvention my be
Mot t od 514 el sttt SN IREHRE BREE M T b el BRI B

data |i nenixtiré emaEbwewd @éti@dﬂ%&ﬂi@ﬁﬁt&lbbﬁtenb@Q/iﬂh&ﬁliﬁerhﬂdjldwﬂﬂﬁeﬂ’my i ncl ude
CD-ROM drives, disk drives or flash nenory. In conjunction with a display

termpal, a keybeaids MY odles QoIREISLALI RS s B tHeHRAHIM ALV G&E 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

20  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

25 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.

30 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
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Qut put hardware coupled to the conputer by output lines may simlarly be
i npl emented by conventional devices. By way of exanple, output hardware may
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. . y be .
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one or b ! I.0l | i l,ar

or et . Shb T SRR RLR R TR s RO, ARG g e
openil0g (andtragdvamh) addmixteeetheirsnd. t he spindl e of a disk drive or other data
storage device. The magnetic domai ns of the medium are pol arized or

oriented sO aPhhEnRBGRAEcoNpHTUIRIof MY iateniY fHerec@NMORkIRNAMminFaaRbMMay
readabl e data such as that described herein, for execution by a system such

as the chapuasented psf afnpeaisyyi weigh maydierprepareddpt ineang e egoaisicempaurdssifor age
medi um al so. - - d .t h. ' . . .
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15  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.

20 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.

25 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,

30  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.

65



medi um such as a magnet o-optical disk which is optically readabl e and
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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

20  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

25  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
30  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.
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r equi r enslifselutipe , trhigrmo gy allepenchirpee cajysﬁ@rsyﬁ@nék:rﬁtaﬂmfgrr@ Altetnatively,
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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

20  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.

25 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
30  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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specific donalns i nat es descri bed herein, or other
coor ddnat es whh ahoti@fdspetahs inveht@on gbeaides geaneliiaé eddhiloBlotde medium which
machi ne-r eadabl e st orage nmedium Sel ected fragnents or chemcal entities

may t hen CBEPHSIthe FrcdiTpkrogrdingteeRfeiter e ol oidhe bindingockasideqtitied n t hat
bi ndi
i nding pecket a8y dﬁ ng%dsﬁ{%éﬁog@?%?igﬁgg g@&mﬁﬁlsgn&ggg@gé ﬁﬁﬁ%ﬂé}c@ge Qfthwar e

such as Quant’a an n an ecu
dynami cs thdst kiat:atamd@abllemﬁﬂeplatbfmtg antbkeahmessidmoil gmphicel @preseuaonas aCHARNM and

Commer o S5 PaET DUSe P SO CE B REP BRI Hayes Pag BEerE S ne
procgss o Sﬁﬁ[a@(s},}é\xﬂgg f&a@rents or chemical entities.
The invention also provides methods for designing, evaluating and identifying
compounds which bind to the aforementioned binding pockets. Thus, the computer produces a
three-dimensional graphical structure of a molecule or a molecular complex which comprises
a binding pocket.

20 In another embodiment, the invention provides a computer for producing a three-
dimensional representation of a molecule or molecular complex defined by structure
coordinates of Jak2 or domains thereof, or a three-dimensional representation of a homologue
of the molecule or molecular complex, wherein the homologue comprises a binding pocket
that has a root mean square deviation from the backbone atoms of the amino acids of not more

25  than 2.0 (more preferably not more than 1.5) angstroms.

In exemplary embodiments, the computer or computer system can include components
which are conventional in the art, e.g., as disclosed in U.S. Patent No. 5,978,740 and/or
6,183,121 (incorporated herein by reference). For example, a computer system can includes a
computer comprising a central processing unit ("CPU"), a working memory (which may be,

30 e.g., RAM (random-access memory) or "core" memory), a mass storage memory (such as one
or more disk drives or CD-ROM drives), one or more cathode-ray tube (CRT) or liquid
crystal display (LCD) display terminals, one or more keyboards, one or more input lines, and

one or more output lines, all of which are interconnected by a conventional system bus.
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Once suitable chemcal entities or fragnents have been sel ected, they can
be assenbled into a single conpound or conpl ex. Assenbly may be preceded by
vi sual i nsweabicgmsyh t he rel ati onship of the fragnents t@®@CeasRoogbEN2 on t he

t hr ee- di i iy i . : : o
it et ur o coon il TRAGHH AR BYGE 1 AR ARD L HntEl fPle BupflePtiaf b 0

e target nstea proceedi ng
t o bui | d aanodenhobinbddmodonacdiedtly hdagadimkeAltemativedy epaddittmall gahe oipuone

fragnent or, chem cal entjt t ati as . descri bed above, inhibitory or
ot her bi RATGE B S %&@M Jriser et & b weiger &C%Wﬁowl%

either_arais%_ ¥rRhAdh Ry atEmBY a0PbE QORI ds¥iniifisil Webig some portion(s) of a
known inhibitor(s). There are many de novo |ligand desi gn nethods known in

the abt, sone itpwhiaciwaae eoupdsrhtertid edmyutentyi duihitdingemgy simikalyfreog,

avai l abl e from Tripos Associ.ates, . _Loui.s, .). . O her, nol ecul ar del i ng
Feohn; quegPlR T 48 BaVTTEn e E BB B AL R ESTER b

e.g., N RT6PhED (ﬁipl?’ termfh%ﬂo@ﬁﬂbﬁ&ing%dﬁhp}ﬁéhl r60AfE0RBE) Mahdsock&rof
Medi ci nal Chemi stry, . Med. Chem, 33, pp. 883-894 (1990); see also, M
A. Navi a tnigvention, usimgragiegramriveh s @ AN EAran Y@L Outpwt herdvere mighDrlsgy
Design", .Cyrrent . pini.ons, in Str ural. Bi ol gl p. 202-210 (1992); L.
M Bal besmce]tlc{ea I?“‘g%’ %%glﬁlég iV%/EeO %{&el\% 8?nouﬁpeu?%%c}%te{%e®rrputer-Ai ded Drug
Desi go", in Reybpaation) tKOOPUcabiddineds thdeds Flihieyvaridak input add olputldepkos t z and
D. B. Boyd, Eds., VCH, New York, pp. 337-380 (1994); see also, W C Cuida,
" Sof t war Eomginags g asressEaisen s pgsspéyngmand acgesses tognd frogy warking Bearsyy, |

4, PP 74f3 dZt%ﬁniél\%Ig@i}%)s%%ue%& &t{/ﬁﬂﬁfgé’s‘é@g ﬁgﬂ;ﬁ Rexﬁ%fllﬁ%g?{;] gl%g%lnﬁsrm%i)§ﬁ%:§QO the

efficiency wt at entit to a cket ha
t est ed ampdoep theinmehlinbyreaiableulaait afahainvemadny aiciwling Speaérciatl y o nipakier
software is available in the art to evaluate conpound deformati on energy

and el ect’PO%#&tic i nteractions. Exanples of prograns designed for such uses

i ncl yde: AVBER n{QLRNEAUSAIARNMI( ACSLLEN S nlaBifine-rd¥dbIS @Ra A drafddo e |1 ke.

These prograns
invention can be conventional. A magnetic data storage medium can be encoded with a

machine-readable data that can be carried out by a system such as the computer system
described above. The medium can be a conventional floppy diskette or hard disk, having a
suitable substrate which may be conventional, and a suitable coating , which may also be

20  conventional, on one or both sides, containing magnetic domains whose polarity or
orientation can be altered magnetically. The medium may also have an opening (not shown)
for receiving the spindle of a disk drive or other data storage device.

The magnetic domains of the medium are polarized or oriented so as to encode in
manner which may be conventional, machine readable data such as that described herein, for

25  execution by a system such as the computer system described herein.

An optically-readable data storage medium also can be encoded with machine-
readable data, or a set of instructions, which can be carried out by a computer system. The
medium can be a conventional compact disk read only memory (CD-ROM) or a rewritable
medium such as a magneto-optical disk which is optically readable and magneto-optically

30  writable.

In the case of CD-ROM, as is well known, a disk coating is reflective and is impressed
with a plurality of pits to encode the machine-readable data. The arrangement of pits is read
by reflecting laser light off the surface of the coating. A protective coating, which preferably

is substantially transparent, is provided on top of the reflective coating.
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may be inplenented, for instance, using a commercially- available graphics
wor kst ati on. Ot her hardware systens and software packages will be known to
t hose skiwbDediowosstihe art. Anot her techni que invol ves th@CIrasgeioco2
screeni ng of

Vany ¢ housanda® S Bse i R AEAES oBledt ATRHICSel Ruthn, A RRRIBECLERERD,
conpoundsoga, Hsmhs@;h pmrrzﬂﬂly bbmagnatickiemassrvelesse pglaliey @-.ariebatisy vimbscimngedl i n

vitro testing gcul e dat apases can be screened for Jak2 9 mai n,
or speci fRAENEN ePr]i‘@?té OB iR ERRERIIE-S P iadasser kherfrisgiatiphe %@m ity
of fit ofjoRlFR cgﬁli)é }éaﬁsb rﬁeatsﬁ@n $hB o182 36 Srfo TR A tlrl‘:'ﬂ&%éh SbhNRL c¥inghape

conpl enentarity or timated I nteraction energ . KI'TS The inveftion
al so 5eatTllme@srakg6trmnt bhdlletqldemlnsrent:ms khetckttzamdasmhmdwhdsethat are capabl e of

nodul ating Jak2 actiyity. An ound ne or nore co f the
"vent i on-can AR SIS IR HE RaLgfiof MR oBRE RS Rod RTBRY aledrale ne
kit incl ys@sandate RO dRhter Hitd e -(inonsRRalRav@rdef 4 M8Rculelor tholecular
pharmaceutical fornulation thereof. In certain enbodinents, the kit

i ncl udes cam@bmy@umsmg aptynrng goqliey may be ppad) fons validy ef geppsrsdsuchias drug
pharmaceytical formulation thereof. In one enbodiment, the kit includes a
conpound or @Sup (A, (B), (©, or (D as above defi ned, or a

phar maceut i calFof exdimplatth@nnidigt eadodell By eiedeihadibeebinputaiendlytevhngleddes a
conpound that is a stilbene or stilbenoid derivative. In another
enbodi meds abiligetaassogizfe Midehemicabapbishd-smicl snptigBhatassoginde wiatipdiag or a

phar nace , t 0
enbodi ma:q)%blgt he %1%2 ﬁe&élé:sd%g{a}é%r%%gg%fd 91?) ggf)gte&lﬂ%ﬁ%g%cad oa\zf;éeg %ﬂ? lﬁlﬁtelﬁely’or
phar macetid gaictisakicodedbderhe dnad may be displayatimugerhpieca ofirce-dimatsidnhl anot her

enbodi nrent, the kit includes co nd G5 as apovedefined, or a
phar mac e GERTESENAEQN PN acomppter é@?%ﬁofgls&llowdmgmﬁﬁférl%ff 91? AUEPeapywell as

embodk MeRfSial ﬁl%ﬁécﬁbﬂ of e s#6&Tred a%%pa%'éﬁ(évlﬁlfchreﬁl@ca'l BY@i on at a dosage of
bet ween about 001 ng/ Kg/ day and about 200 ng/ Kg/ day, or between about

0. 001 ny/ Kg/ dé@huarvdcmimgtto 30othyy/ edepfadayent] the sorptientsbdenteratreethodeorki t
I ncl udes eEfa 1e1at?n0 RE PO potentlal of a chemical entity to associate with a) a molecule or molecular
complex comprising a binding pocket of Jak2, or specific domains thereof, or b) a homologue
of the molecule or molecular complex, wherein the homologue comprises a binding pocket
20  that has a root mean square deviation from the backbone atoms of the amino acids of not more
than 2.0 (more preferably 1.5) angstroms.
This method comprises the steps of:
1) employing computational means to perform a fitting operation between the chemical
entity and a binding pocket of the molecule or molecular complex; and
25 i1) analyzing the results of the fitting operation to quantify the association between the
chemical entity and the binding pocket. The term "chemical entity", as used herein, refers to
chemical compounds, complexes of at least two chemical compounds, and fragments of such
compounds or complexes.
The design of compounds that bind to or inhibit Jak2, or specific domains thereof
30  binding pockets according to the invention generally involves consideration of several factors.
First, the entity must be capable of physically and structurally associating with parts or all of
the Jak?2 binding site, or specific domains thereof -related binding pockets. Non-covalent
molecular interactions important in this association include hydrogen bonding, van der Waals

interactions, hydrophobic interactions and electrostatic interactions. Second, the entity must

35  be able to assume a conformation that allows it to associate with the Jak2, or specific domains
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the invention at a dosage of between about 0.1 ng/Kg/day and about 10
ng/ Kg/ day. A particular exanple is that the conpound of the invention is
i ncl uded WO 201006R110 at a dosage of about 1 ng/ Kg/ day. TIRETRiSe@oab=02i ncl ude

i nstructi f Lt FNg: LN ' .
hemat ol ogtiﬂégg(ff gé%%@ﬁ%ﬁ {hgfl%)(réﬁét}gszg}rg\&{}? g%tth Pr%{ %ﬁl%glr%{h ééﬁsgﬁtst%{%ié% Wél}\gmf or use
I n reducidigctlyppticigep émdend asedihtigspthble pdasis dftha@aing nay atik infliedcd e

cont ai ni ng one or nore cogt ai ner ns, such as vials, tubes, and the |ike,

ne )
each of (HEPLSATRIMAHOMRIANS MOifBIG SiigindHE: BIRY MR¥® & E8BITIHR! IBPATRAN OIS Y be
used in tden BEiHAFhtchA I\égﬁf\éy&émst 1ELEE B dVREIAR R PMEAGSha S &loie ahlioSe OF

skill in the art can rea determ ne the apportionnent of the necessary
r eageht s capmiagon hiethe cheraicaleantiteainslatidine £1bbil operhign ek tpliekngpekef, bethed by

way of illustration,.not by way of limtation. Wile ecific.ex | es have
boanpr ovPHRtE DK Lo RL b et BTty Freirarve! SRESe e et ve.
Any one Qlirefly RitcRict i@ the BindiRS ket BoRbRIGuOHGEN0flesCr i bed embodi ments can
be conbined i'n any manner with one or nore features of any other

enbodi nent s i Thelpeteantigldnhibeory drbindieg efivecs of ralgmigalrantity ansJabL, ewesifivent i on
wi |l bec [ t e skijl.ed i,n th . n review . qf th
oheci 1 cabafiRRRREN K ed Bl TRl &t o8 bt afnEnfles§ARY 1 1o

not WOt h tsehg Ibz ifigcCuse @f th@ palePe delaRatetHiidueB, If Eétthédisti@ctnada@s b tHeiven
determined wth reference to the appended clains along with their full

scope of CBULYsVaEpBHIEsERARM IEtSracsianpREassocigon hrypen ibpCHsiyEaRdangng | | The
VS0t SN CABSHRELR RLR LRD cFhols gt -, 1
can be piigtparedh, by mblecdx amyl therybesyymtiesized asttesta@ for its ability to bind to a binding
pocket. This may be achieved, e.g., by testing the ability of the molecule to inhibit Jak2, or
15  specific domains thereof activity, e.g., using assays described herein or known in the art. In
this manner, synthesis of inoperative compounds may be avoided.

A potential inhibitor of a Jak2, or specific domains thereof -related binding pocket
may be computationally evaluated by means of a series of steps in which chemical entities or
fragments are screened and selected for their ability to associate with the Jak2, or specific

20  domains thereof -related binding pockets.

One skilled in the art may use one of several methods to screen chemical entities or
fragments for their ability to associate with Jak2, or specific domains thereof -related binding
pocket. This process may begin by visual inspection of, for example, a Jak2, or specific
domains thereof -related binding pocket on the computer screen based on the Jak2 binding

25  site, or specific domains thereof structure coordinates described herein, or other coordinates
which define a similar shape generated from the machine-readable storage medium. Selected
fragments or chemical entities may then be positioned in a variety of orientations, or docked,
within that binding pocket as defined supra. Docking may be accomplished using software
such as Quanta and DOCK, followed by energy minimization and molecular dynamics with

30  standard molecular mechanics force fields, such as CHARMM and AMBER.

Specialized computer programs (e.g., as known in the art and/or commercially
available and/or as described herein) may also assist in the process of selecting fragments or
chemical entities.

Once suitable chemical entities or fragments have been selected, they can be

35  assembled into a single compound or complex. Assembly may be preceded by visual
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shown in Synthetic Schene |, above. Synthetic procedures to obtain
Internmediate (1): Dry THF (180 nL) and Zinc (8 equivalents) were added into
a flanme dwpDediopesmok round bottom flask fitted with nagRETiUS26iosT462 bar

and refl lfﬁéﬁp%ﬁl%ﬁgé reé%fgp%%% éf ﬁltg#ia\éﬂleﬁ&tté )eaé’f{a(ﬁh&%qletﬂe Eifrgéqwfnfe?lsi% allggl%gezAf ter

addi tion e“reaction mxture was refluxe

hours. Thigsptagsdbh iargmpuenscreal rrelatixt wr the wasctinleenociaitaof tiee @LHEt Bindiniche
starting material (al dehyde or ketone) ( 1 equivalent), as a solution in 20
nL of dryP°§f# was then added slowy. The reaction mixture was refluxed and

the progress %méd@l%fﬁﬁ@&%éﬁﬁg tu?(\@%ld@%h@ﬁteﬂopé’bﬁ&ﬁé(p%aét@ﬂ %Et‘é{)}—‘%&zi@é faStiBy |

acet at e/ hexane). Upon conp , reaction mxturé was concentrated and
di | ut 8d wint lraginhytl @acbemice] MY atd fime Tpdeses bebiheve.anhibriowt diydtheabetdange,

saturated K CO sol ut.io 100 nL s added and. al Lowed to stir,.for. 7 hours
and 111t 6PRESIARE b st dans bRe TR TN Y wswﬁﬁyﬁﬂaﬂ@eﬁ%ﬁtgb&wﬁl&% %r gani c
| ayer wagp nMMidig S&hb B RN G a RROWH iriibitod@Y. Bthercdddd nfhinly @€ nBV&Tigand

anhydrous Na2SO . The concentrated crude m xture was col um™ chr omat ogr aphed

over si | idesiggaiethyids knaw imihgagty sonef ofeyiigh argcemumascinby avlable (egcdicopfohe E

and Z isq of Intermediate(l S.stitbene products. The stil bene
productsa?ﬁ]at%}aerrrr% ?féfpé)g?ﬁsﬁw\&v‘(ésrét' roluzsdl\/#olr?'vacuo and characterized by 1H

and 18C NMR s@hrBémsleany: m&lldﬁftl@@édhﬁiqlﬂé@ﬁl@? HIs6 e emplbikaiimaddoaiided wlth ke
Interrredi_ate‘(liﬁﬁ(l equi val ent) was di ssolved in 15 rnL of nethanol in a
£

one neck INHHEN bse%sn N Gskohgsat af oMelpadtydedqingBosyars andMedirdal
appr opr %&1&?}1@1e%%g?yt,?%eé{?@?é%§és ‘ﬁ@fg@?@ﬂ-w@&e sELAG NI XA VRS

allowed to reflux an he progress o € reaction was nonitored using TLC
(2: 3 m xtAanucko eThy Lae ef Strectiuek Arfeymatidpam DeenPeepn'o Cuiest Opiatins dn m xt ur e

0 sl ve R ) PRERTAPE. S YDAk Btn Pt S G PSA e MOET phase
i's separ ai&fodsdih M Aied MrNBELi SO H RONe WO tomblithSonht CREMEY! VaCEEd
wi th ethyl acetate. ganic layer was washed wth saturated NaC Sol ution,
wat er, dri{.ddl Laplerwitrdmddd.db Bdyd2B6G. avidHe Dawenirk apre ¢ 371380 4t ) tsee also aWVnC.
Product (dulic)la, a’§of‘fiwar1¥ie)iitolrJ Sfucture-Based Drug Design", Curr. Opin. Struct. Biology,, 4, pp. 777-
781 (1994)].
Once a compound has been designed or selected, the efficiency with which that entity
20  may bind to a binding pocket may be tested and optimized by computational evaluation.
Specific computer software is available in the art to evaluate compound deformation
energy and electrostatic interactions. Examples of programs designed for such uses include:
AMBER; QUANTA/CHARMM (Accelrys, Inc., Madison, WI) and the like. These programs
may be implemented, for instance, using a commercially-available graphics workstation.
25  Other hardware systems and software packages will be known to those skilled in the art.
Another technique involves the in silico screening of virtual libraries of compounds,
e.g., as described herein. Many thousands of compounds can be rapidly screened and the best
virtual compounds can be selected for further screening (e.g., by synthesis and in vitro
testing). Small molecule databases can be screened for Jak2 domain, or specific domains
30 thereof binding pocket. In this screening, the quality of fit of such entities to the binding site

may be judged either by shape complementarity or by estimated interaction energy.

7. KITS
The invention also features kits. Included in the kits are compounds that are capable of

35  modulating Jak2 activity. Any compound, or one or more compounds, of the invention can be
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of E- and Z- isoners. The Product (Il) was then characterized by 1H and
13C-NWR spectroscopy. Both E- and Z- isoners can be synthesized through the
above syrnwhebioe8thene. Modifications of the above proceduis2@amnctaez used to

prepar e ?ﬂ'@h&éd% He ﬁ%@?%éﬁﬂ%erﬂfon& ngf)t sia@&' e kit 1851u§3§aar%ln§30uﬁh bEEORAY €

met hods preparing substitute S tan be Use repare variants
of | nt er fHyhsdb®vE H}:fmdﬂ}(éfvﬂn]&rﬁlabmimh)ll forromaadn thakedf \Ib tdftaibe podierntstHbe kel |

G owt h: Met hods: Jak2- V 7F exp essjng Human yt hrol eukem a (HEL) cells
were pl atRdudes aggmparnd gf Eerawlal) on@llpgioboxe detingdy O%Phaf@ﬁ%F“iﬂﬁ%lEB‘é?%‘l% th

ei t her V%r@é@lrﬁ(ﬁﬁtérﬁiod(rger%a%é %@lu&rs a‘@oh@ogf‘;’d SNGRfupd &k 4 BY (085% (De as

inhibitors. Viable cel nunbers were then term ned at thé ti
24, 48 anbovi2ddiimad.sir a\pharrnztoybpacral broeilaionlthstanlneere antodmentt trhﬁrmtencluquueous

solubilit rmn tiScreen(r) Solubility Filter Plate
(M1 pofé?lp?‘%rgg&léfﬁﬁtsp nf %Stﬁ]éetnﬁwet“d ¥t er ni ne drug aqueous sol ubility:
optim zation andn&RES@hBIdIAELL Be kitaRdadd aBBHIPBESd of Group (B) as above-defined,
http://wwm. mllipore. cont t echpubl i cati ons/techl /anl 730enC0) and a

Spect r opma@h@mceutmbsakesﬁm solvate onpiediughthericed. @hamﬁbbrarqu@du@erédh@bitt iy for
various ‘].].[?cb de%lfr&a?ﬁﬁlo (iiofb (E} %Pf)]gsgt?oqreacfeﬁngéj or rhz ac%lﬂl f‘sallt esjter olvate

foll ows: various conp good

i nhi b0t | @n peddiiid @Ereb 1630ti1] @m&@{erﬁﬂbﬁlmé\lﬁ-thakﬁnﬂklﬁ@sﬁoﬁh@duﬂd%d}ﬁtas m&lv)é-
noderate cell inhibition, -53%and -19% of G5, respectively). Table 1 also
denonst r deB8ed; RAR PhHEAgeHiisal ! tsetaibialyaty ovpirdee thaieofmpst of the conpounds

st et Dol el g, b 00O, i o GRLp SR L BBt
on Jak2- %&ﬁdéndbmﬁmtmgﬂﬂilg/ml and aboﬂlﬂODemgthdayJ & teboteh aboudd.0FH G 3
mg/Kg/day and about 30 mg/Kg/day. In some embodiments, the kit includes the compound of
15  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.

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-
20  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.

25

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
30 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.
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denonstrates that the tinme required for G to inhibit Jak2-V617F dependent
cell Proliferation by 50 %is -11 hours. FIG 4 shows that G5 Inhibits

Jak2- V61 AWWoRepansant HEL Cell Proliferation in both a desE/Uspe9isTe2
dependent manner. Test results on NB-1 and NB-2 are summarized in FIG5 and
6 respectively. FIG5 shows that 1C50 of NB-1 for inhibition on Jak2-V617F
dependent E&kls proliferation is about 4 M FIG 6 denonstrates that

| C50 of - i nhibition on Jak2-V617F dependent HEL cells proliferation
i s about LE 3 vi vo stfudy on Jak2 kinase inhibitors on
patholomé%éiﬁﬂEgﬁg&PﬁeWEgﬁGHQPOW%#rOM/derived mononucl ear cells were
obt ai ned froma 60-year old femal e, who has been confirned to hqye

pol ycythemia vera and al so identified as Jak2-V617F positive. Magfow deri ved
nononucl ear cells were washed three tinmes in | MDM nedi a andfiplat&d at 4 x

105 cells/nmL in 1nL nethyl cel |l ul ose nedi a (0.996nethymﬁellulu§}, 30% heat
i nactivated FCS, 0.1 mM 2-nercapt oet hanol, 0.9% BSA, Fg\!o FCO3, 2 mM L
glutam ne, penicillin, streptonycin, 50 ng/nL SCF, and 120 Rl L-3 (Stem

t heqo ndi cat ed _gcohcgntrations (25 oy 2.5 mV). EPO
(1 Unm) | so added ndi e _gul tures—were tthen incubated at
37C and 5 ¢ gnti| asses t) of+ col onyTfwmation at dgy 14. Results were
expressed as tke average nunbetr of col oni'®s fron1dup|ﬁ cylot ur es per
4x1 B cel]s. Results: Test results on &6, AB-1 and NB:2 ized in
FI G 10, WHTC B8 S hst r at es t hat“-&6~NB-—+ and NB-2 reduce pakho ic cel
growt h. EXAMPLE 4 Assay to denonstrate the therapeutic efficacy of_an

i nhi bitor in Jak2-V61F-induced Hematopoietic disease in a NOD- S& DReouse
nmodel Methods: In the experinent, NOD-SCID mice, N = 36. pere random zed
into 6 groups (n=6).

The hydroxy group can be para or meta; the R'°, R and R? are as defined in the present application.

5 Synthetic Scheme 1

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

shown in Synthetic Scheme I, above.

10 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. TiCl, (4 equivalents) was added dropwise at 0°C. After
addition of TiCl, 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

15  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,CO3 solution (100 mL)
was added and allowed to stir for 7 hours and filtered. The filtrate was extracted with ethyl

20  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
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Basel i ne peripheral blood sanples and wei ghts were taken at Day 0. At day
7, 2 x 106 HEL cells were injected into each nouse in Goups 2, 3, 4 and 5.
At day 28wo@nnuq@smom ce were conpletely nave; G oup 2 mPCe/Usee0e/0srszd vvith

DVBG G
dosed wi Spp i %fﬂ)éh% kly]\?%&tsd@%ds&%etng Pgoénucg% I\ilgérrg%?os eél)g‘%hlpfgiemlﬁkg ay GB
Group 6 r&hmﬁcwﬁzﬁelb;oﬁdmwli@]NMRBps{ck[gé@@y G5, until day 49. Then all the

m ce were euthanized. In the experinent, the foll ow ng neasurabl e endpoints
wer e assessed. For peripheral blood, tot al white blood cell (WBC) counts,

the per C‘%@hﬁ%ncﬁfro@&ﬁﬁ%s PBtdin Pﬂﬁu??(lggﬁh%gﬁleﬁfaté‘ﬂ?kﬁ Qalér?c wab aRebICE] | S

(RBO), Hematocrits were neasured bone marrow, quanti atlve

cel | ubar i V) nalndf Medlaopdincebhe nexkepyndbaian cebl, p(amfﬁjnaﬂckﬁlwde ket eqeisslestsked.
Furt her xicity. in sple br.ain, Kkidne i yer, and

i st of ot papatyl: wils B ediBiperip atdost M G teR P oo My e
vi a weeklysuhmanticbyltiest! sedfe Ushdi®nawas Imeak@ed Negtd erL@l @odl samRtest
were sneared onto gl ass slides, stained, and dried. Peripheral blast cells

on each stiyhsewtakexanonUpab aplapk@ﬁom ﬁm@agthyamh@mr@g/yaﬂ qogmi tmrmrné@r@p@atumne
average %ﬁd %gr%cengr)% O?nr \If h? r"Fhe rgl wgse (lillsssol\ffe rm%ﬁlc tPac {a?e an r at Mp}Maﬁcf hen

graphed as a function o YhEET opsy From each ani mal wer e

formadi n sbluged., Ageedug! phiad Q;dse’paﬁtddh%aﬁédr\f/ﬂﬁ IlM Nﬂaﬁmemxloi?arnltlafpm isSeCchrdNS
were then made, stained with hematoxylin and eosinand dried. The nunber of

myel oi d &nHaEed, pithcteylacstate QreapictAgE Wabwrded vy syupEd NI Gasajuting: Retdgi st
who was tahe %VEPath gro(ﬁi\é RALEB) Lmﬂé&llé%traft@& T2hb % BBta{H/P}o‘HE@t pﬁ) gLy Bﬂ!&éa!red

cells was t as a tunction of treatnent grou

aver age mﬁrmeancbfz naomes. dihd Provactir(H) ewys kreai chamdtér&ed/alsy tllclerangr apHeMRas a
function of treatnent group. Additionally, at necropsy, animls were

wei ghed SRAEUOSSRRY: tine and spl eens were then renoved from each mouse. The
wet wei ght of each spleen was recorded and the spleen weight to body wei ght
rati ddwas gr apifély Easand Zudwapesh can ber pathesized ghioyph 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).

20 EXAMPLE 2
Inhibition of Jak2-V617F Dependent HEL Cell Growth:
Methods: Jak2-V617F expressing Human Erythroleukemia (HEL) cells were plated in 96
well plates at ~40,000 cells per well and incubated with either vehicle control (0.25% DMSO)
or with 25 uM of Jak?2 kinase inhibitors. Viable cell numbers were then determined at the

25  times (0, 4, 24, 48 and 72 hours) via trypan blue exclusion and a hemocytometer. Aqueous
solubility was determined using a MultiScreen® Solubility Filter Plate (Millipore) (see
Quantitative method to determine drug aqueous solubility: optimization and correlation to

standard methods; http://www.millipore.com/techpublications/tech 1/an1730en00) and a

Spectrophotometer.
30  The Results: Growth inhibition and aqueous solubitiy for various Jak2 kinase inhibitors tested

are summarized in Table 1 as follows:

Compound % Growth Inhibition Aqueous Solubility (uM)
G6 100% 455
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Results: In summary, injection of HEL cells into the tail vein of SCI D- NOD
mce resulted in marked Jak2 pat hogenesis as evidenced by 1) increased
bl ast s ceWb=oiwnestie peri pheral bl ood; 2) increased nunbecTafS2ewypshndi d
celI's i mthe bomggggrrow (erythrof BUKe@S@, and—3) Jdecreased 7 etord—to
erythroild ratio. Tést results/on G are ermnstrated in FIG f 11, 12, 1
and 14. \[FIG 1 shays-2t hat a Bone MarrowsAmal ysis: | (a) depictgilentreated
SCID 1, wherein the ratio of A/plmrl cells: Fr\/fhmd cells is 1.11; I(h\
depi cts [114 HEL d‘é]B13 havi ng been treaté@l%\nth DVBO| wherein #6@ ratio of
Myel oi d [cetts: N’%'JLU' d—cettsis 047, ]¥ &) depicty 234AHEL et ts avin
been treated with 1 nmg/ kg &%, V\/nereln he ratio of Myel oi d ceIIs
Erythoid cells i NB-53; | (d) depicts 344p1deL cel | s havi ng beeso@reat ed wifh
1.0 ng/ kg G5, wherein the ratio of Meloid cells: Krythoid cells is 1 25
| (e) depicts 444 NB6 cel | s hayi ng been 119f7<eat ed with 10 ng/ kg38®, wherein
t he ratifoof el l.yl..EIlb Erythord— D s 21 ueplﬁ‘ 524SCrD
havi ng been treat]\?% with 10 ng/ kg G5, whérein the ratio of M/éloid cells
Erythoid cells i 9yB-8gl. FI G 11| shows thago%o reduceg the percempage of bl pst
cells inperipheral blood in dose-dependent manner; FIG 12 shows that
reversed that HEINB& | i nduce decreasémi% the ratijo of Mel 8B4 cell s:

Er yt hoi cetts—=a d)” mnunrdpse—of—tn dﬂa/g/ uay, FG—13—denon Jmou es—that
treat ment corrella\‘tes wi th reduced nunbers of nature Erythroi?i cells, not
immature Erythrong-¢ells; FIG 14 showsigdvat G5 reduces the spkeen wel ght
body weilght ratio Further it was found that the 10 ng/kg/day dosage of
shows sone degree of toxicity as iTabiedated by bone marrow necrosis (2 of
m ce) and splenic necrosis (3 of 6 mce); neverthel ess, brain, kidney,
liver, and lung of the animals were found to be histologically normal even

In the megafHolyg il Vgﬂéllfsggoﬁ%ug@ssl?a@egoioHQEE aHiftboh ittt 68 (&QEpt that NB-
2 and NB-6 had relatively moderate cell inhibition, ~53% and ~19% of G6, respectively).

W
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5 Table 1 also demonstrates that the aqueous solubility values for most of the compounds tested

were between about 400 to 500 uM.

Further, test results on G6 are summarized in FIG 2, 3, and 4. FIG 2 shows that ICs, of G6 for
inhibition on Jak2-V617F dependent HEL cells proliferation is about 4 uM. FIG 3

10 demonstrates that the time required for G6 to inhibit Jak2-V617F dependent cell Proliferation
by 50 % is ~11 hours. FIG 4 shows that G6 Inhibits Jak2-V617F Dependent HEL Cell

Proliferation in both a dose and time dependent manner.

Test results on NB-1 and NB-2 are summarized in FIG 5 and 6 respectively. FIG 5 shows that
15 ICsoof NB-1 for inhibition on Jak2-V617F dependent HEL cells proliferation is about 4 uM.
FIG 6 demonstrates that ICsy of NB-2 for inhibition on Jak2-V617F dependent HEL cells

proliferation is about 9 uM.

EXAMPLE 3
20  Exvivo study on Jak2 kinase inhibitors on pathologic cell growth

Methods: Marrow derived mononuclear cells were obtained from a 60-year old female, who

has been confirmed to have polycythemia vera and also identified as Jak2-V617F positive.
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globally toxic to tissuesPeripheral blood counts of granul ocytes,
neut rophils, and eosinophils were all normal even in the mce at the 10
ny/ kg/ daywoaestagesindi cati ng that G6 is specific for ery®PoTaisdoogoemyenitors.

Taken to %gégic%i?gc}:&%gx%&&eﬁ EARI &Y WASHE drd $HRA gfé '%Igii)gvl t[bIgE%SS a?@ eﬁéﬁt@@&t@ nt

correcte at ed pat hogenesis as evi reased

bl asts ce&l 105 defis/itieinpemiphahdkelbllaedned?) (0% measy el il yse 3050 deatéhdcsivatadt he

bone marrow, specjifically, nmature egéthroid cel ) reversal of tgifliq
’0

ls: 3 ]
pat hol ogif&ay OrhBMot- e PEEiiarPb 0P % %P-Oé%Naﬁcﬁéd%e@@%P@www
body wei gﬂaﬁ)t{ﬁgm 5@%@Mﬂ§c§, a‘hﬁ%@%gﬁ%ﬁq}é-ﬁ%@&ﬂ@eﬁ%@ﬁ%ﬁgi@; Vool t50). of
y 0Oc |

catal yti cal ctive Teconbi nant p -src (Upstate Biotechnol ogy) was
i ncubat ed/ehirleléontiol OPMSO ati(t.2356 komakibitos actre addedut fherindisg@edrivdrdERESijonpH 7. 6,

5 mM vhC 5 Na mM DTT), either in th resence of
VO o 585 grp SEMBIRFO (O EM NS L aded b i sty ek st GeR T corm

t enper at yr&Rbakd af s inﬁr%mﬁlﬂltﬂ)éss%gﬂﬂlén!t Gﬂc&@%nﬁaﬁnﬁﬁ’é}{ a&ida.'y ng. lmémlgrwerarhe
sanpl es were Western blotted with an anti-Src (‘pY418) pol %lvgllt&nal ant i body

( Bi osour ¢apresspdas herpyeese wembesefisobapirsrftany diphaateotil otes edr cellscockt ai | of
c-Src anti bodi es (Biosource, Upstate Biotechnology) at final dilutions of
1: 1000 edRdsultss Thshmemdtsraat @6.6¥Brdl and-N88-€ que eireinarizion 1@l 10, whirpldesonfReses t s

on are, s | zed | | G 7, i ch. shgws that G6 has no effect on c-Src
tyr ﬁpnet%tmﬁéita’fl@%gr‘%@ ¢ lég’;&rf(?ﬁtgﬁ%‘?’ * Assay Jak2- V617F expressing
HEL cells were exposed to either vehicle control (DVBO), or 25 nmM of an

I nhi bitor for 48 hours. The percentage of apoptotic cells was then

determ ned vi a
EXAMPLE 4

Assay to demonstrate the therapeutic efficacy of an inhibitor in Jak2-V61F-induced

Hematopoietic disease in a NOD-SCID mouse model

15 Methods: In the experiment, NOD-SCID mice, N = 36. were randomized into 6 groups (n=6).
Baseline peripheral blood samples and weights were taken at Day 0. Atday 7, 2 x 10° HEL
cells were injected into each mouse in Groups 2, 3, 4 and 5. At day 28, Group 1 mice were
completely naive; Group 2 mice were dosed with DMSO; Group 3 mice were dosed with 0.1
mg/kg/day G6; Group 4 mice were dosed with 1.0 mg/kg/day G6; Group 5 mice were dosed

20  with 10 mg/kg/day G6; Group 6 mice were dosed with 10 mg/kg/day G6, until day 49. Then

all the mice were euthanized.

In the experiment, the following measurable endpoints were assessed. For peripheral
blood, total white blood cell (WBC) counts, the percentage of blast cells, the percentage of
nucleated red blood cells (RBC), and Hematocrits were measured. For bone marrow,

25  quantitative cellularity, and Myeloid cell to erythroid cell (M:E) ratio were assessed. Further,

toxicity in spleen, brain, kidney, liver, and lung using histological analysis is assessed.

Peripheral blood samples were obtained via weekly submandibular bleeds using a 21
gauge needle. Blood samples were smeared onto glass slides, stained, and dried. Peripheral
blast cells on each slide were then tabulated using a pathology light microscope. The average

30  percent of peripheral blast cells for each treatment group was then graphed as a function of

time.

At necropsy, femurs from each animal were formalin fixed, de-calcified and then

parrafin embedded. Parrafin sections were then made, stained with hematoxylin and eosin
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Annexin V / Propidimlodide FACS anal ysis. The test results on various
conpounds/ conditions are summarized in Table 2 . Further, test results on
G6 i s al swoaermmstwated in FIG 8. Table 2 Table 2 al so sROTRUS2IR06MB |

behaves si.mii.afl i i i -2 not
et T oo ndukg! Ynd Ruferiol nTMRRA ERELAHHEceEh bredh M Botali ol Veerinah P

i ncr easB isg)gtjflg]_ﬂglisln:w&b mdm;mds& rhfe tﬁfﬁ%& grollpé.aﬁﬁ? Mid OF r@@lcﬁ@_ﬁfﬁpgmmlcaﬂé ](c)n
assay - ce S re rans cte InNn serumr tree nedia w . (0] a
pl asmid Mé%ﬁ%aﬁh?ﬁewfanqtvﬁ@? HGRETIFEt GRRD EBIUET((HREYTRER HHRbEr gf;gfe under

the cont gl ifhabfiee Bﬁ@eﬁ@@ﬁgﬁleﬁégﬁh@@Qst £funcHSh BBuddiRel§ebi ) and

follow ng the manufacturer's instr ons (Invitrogen). Four "hours |ater,

the cells were j ' - j.nar - a
it gl oiy YT Bl S RRATRE ARRICURGE (Rl hitPsoldehy ek h
cont ai ni ngmbvgadi@n tadh MdUVey THé wd:t wascht efrencadplee0mat keortet lagd drdpteepl aced
with fresh, seruntontajning nedia, |nhibitor was added to the cells at this
time at dvSEY 9 Bedi WESht BHP PEs BtAphadvps THECEY PLUGHEPENt S I over ni ght at 37C
to allow for high-level expression and subsequent tyrosine . .

aut ophos gkesulys:dnisemmery, Jairgtiongf,HEde ellsgnto the tadlrveihel Halin-Ndhmige reqdted in

i nhi bitor - j ' I - |l

1t NV R {52 BEEpotRsg e Wskibel 9. 3hotEREa Blach SEnT R e pHIpHERTLA, 57

i nhi b0t ofiscreabbé ns@bE E :rywkiotd ORIt HedbnaRthrioRCl¢bah@itu@Bmia)canid®) décriamded.
Sanpl es were spun at 16,000 x g for 5 mn at 40C and supernatants

cont ai ni MYt dbetheidialiay | ysates were normalized. Nornalized |ysates

(approx. 400 %/rﬂ) were i munoprecipitated for 2-4 h at 4Cwith 2 ng of
anti body and 2@stursws opeh aelemostritesindd@rlbdé, beddsandIdntHo trshews thata

\'?\Ai ?Le\igg%oglg EérFéb\\% %@51#%]% % (Ifais ﬁéﬁygﬁ& I}cheate%g%ﬁw WiITRh SXER SR 1M Ed13 L1 mes

Erythoid cells is 1.11; 1(b) depicts 114 HEL cell having been treated with DMSO, wherein

15  the ratio of Myeloid cells: Erythoid cells is 0.47; 1(c) depicts 234A HEL cells having been
treated with 0.1 mg/kg G6, wherein the ratio of Myeloid cells: Erythoid cells is 0.3; 1(d)
depicts 344 HEL cells having been treated with 1.0 mg/kg G6, wherein the ratio of Myeloid
cells: Erythoid cells is 1.25; 1(e) depicts 444 HEL cells having been treated with 10 mg/kg
G6, wherein the ratio of Myeloid cells: Erythoid cells is 1.2; 1(f) depicts 524SCID having

20  been treated with 10 mg/kg G6, wherein the ratio of Myeloid cells: Erythoid cells is 1.1.

FIG 11 shows that G6 reduces the percentage of blast cells in peripheral blood in a

dose-dependent manner;

FIG 12 shows that G6 reversed that HEL cell induced decrease in the ratio of Myeloid
cells: Erythoid cells at a minimum dose of 1mg/kg/day;

25 FIG 13 demonstrates that G6 treatment correlates with reduced numbers of mature

Erythroid cells, not immature Erythroid cells;
FIG 14 shows that G6 reduces the spleen weight to body weight ratio.

Further, it was found that the 10 mg/kg/day dosage of G6 shows some degree of
toxicity as indicated by bone marrow necrosis (2 of 6 mice) and splenic necrosis (3 of 6
30  mice); nevertheless, brain, kidney, liver, and lung of the animals were found to be
histologically normal even in the mice at the 10 mg/kg/day dosage indicating that G6 is not

globally toxic to tissues
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NaCl, and 0.1% Triton X-100) and resuspended in SDS-contai ning sanple
buf fer. Bound proteins were boil ed, separated by SDS-PAGE, and transferred
ont o nitrwoeblogesne nmenbranes. The i nmunopreci pitati ng ROTIVSI@RA6TIAD

( HR758) T it at ] :
o e oD SRR PSRN g TUR LNR! SR ke
Phosphor yheainicerat teviél mg/kefday detage irelicatia might €thianpeificioe oiylthioidygs gaioes.
Anti-Tyr(P) Western blotting was performed using a cocktail of antibodies

consi sting of Takenegeth& bhe(ihstsatsorBiddershaahotyhte (RIS (Samea corrected
CruzBi ot ecnol oci%%) and PY20 (BD Transduction Laboratories) at final
di | uti ondalgk V! md@sﬁéwathngéneémawwimceérhy bhelggrepsed dlapeaellgisthe pephgpat at e

Bi ot eghn % in
yaiz: Vo1 ot bk R Sloid B8 b BER LS O ATL AR R BRI ST 20
Vi vo Testrevefal bettie pathbhigical hgtlodbdoZrythivididtior sndBlhoeductdkgledd WéfghDepeagent
Megakar yocyt e Col ony Fornmation Marrow derived nononucl ear cells were taken
froma 6§Dl d" mal e, who was confirmed Essential Thrombocyt henia and
bei ng Jak2-V617F positive. The cells were washed three tinmes in | VDM nedi a
and plated at 4 x 105 cells/nL in 1nL nethyl cellul ose nedia (0.9%
nmet hyl cel | ul ose, 30% heat inactivated FCS, 0.1 nmM 2-nercaptoethanol, 0.9%
BSA, 0. 0FXAMBCED 2 nM L glutamine, penicillin, streptomycin, 50 ng/nL
SCF, and 20 ng/niL IL-3 (Stem Cell Technol ogi es, Vancouver, BC). Vehicle
cont nol (cDNBCA&hyO 25% or G (25 uM was added as indicated. TPO (1 U nl)
es were then incubat at 37C and 5%

was al so added as cat ed ‘(I;Pe cul t
o unt: | Anwsedaiin T o @%P%‘Q Srtabitaly severaomhapbRATES (lBiex pr essed
as the aygsREmMIMETYSas HcubREOM £5uT LPIR HHBkifkal Ratid BUTRS (ﬂ?ﬁﬂ\/ﬂl‘ﬂi@’iscﬁl—[' S.
The test result on G5 is sumari zed in FIG9, which clearl’y denonstrates
that G 7.6,5 mM MnCl,, 5 mM MgCl,, 100 mM NaCl, 0.5 mM DTT), either in the presence of

DMSO or 25 uM Z3. The reactions were incubated for 20 minutes at room temperature and

15  then

terminated by addition of SDS-containing buffer. The samples were Western blotted with an

anti-Src (pY418) polyclonal antibody (Biosource). The samples were subsequently

immunoblotted with a cocktail of c-Src antibodies (Biosource, Upstate Biotechnology) at final

dilutions of 1:1000 each to demonstrate equal c-Src protein among all samples.

20 Results on G6 are summarized in FIG 7, which shows that G6 has no effect on c-Src

tyrosine kinase activity.

EXAMPLE 6
Apoptosis Assay

25  Jak2-V617F expressing HEL cells were exposed to either vehicle control (DMSO), or 25 uM
of an inhibitor for 48 hours. The percentage of apoptotic cells was then determined via

Annexin V / Propidim Iodide FACS analysis.

The test results on various compounds/conditions are summarized in Table 2 . Further,

test results on G6 is also demonstrated in FIG 8.

Condition/compound % of Cells in Apoptosis

DMSO 6%
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bl ocks Jak2-V617F dependent negakaryocyte col ony formati on. EXAMPLE 9 Bone
Mar r ow | mmunohi stochem stry: | nmunochem stry was carried out on tissue
fixed inwoznaestal - buffered formalin and par af fi n- enb@daams2000067402t ect i on
of acti ve STATS, Tmouse nonoctonmat —anti=p - ; EX
Bi oReagents LLP) was diGated 1:500 and ipcubated on sect¥%ns overni ght at
40C. Detreett+on—of—the—antigenanttbody—conplexes—was—done—by—biotinytated
secondarly anti bodi es aN®-strept avi di nperjoxi dase conpl ex66@DAKO) . Hermat oxy| i n
was used—for—counterstaining—Antigen retrieval was done by heating (95 DC
20 mn) (wth the BioGeggxx AR O retrieval| buffer. The st®igning intensity was
quantifiled using the NIS-Elenment D software. Apaoptotic cells were
identified via the TUNEL (Term nal ag%o}ynucl eotidyl transferase-nedi ated
dUTP-bi otin nick end | abeling) mstrho , Which specifically labels the

3' - hydroxyl t 1.y _0f DNA str breaks, For t TUNEL proc r al |
reagents, | ncﬁ%men@galgou?ﬁoﬁsst;ﬁ&tv@g bﬁég es(%ﬁmlfarr'ié/t op]'Fasélp P{ieFSl?%\ﬁ Eﬁi(%gr e) . TUNEL
posi ti ve gedlthswAPOBB-2 ¢ @ ahefddtive 9t GONEIG § le@onstiitsl thit GRRANSs cehe net hyl
green counterstain. EXAVPLE 10 Phospho- STAT Anal ysi s: Phospho- STATI
[pY701] , namkers Qydnaesiing eliylasrpamasih [ pY694/ 699] ([ pY694] for STAT5a and

[ pY699] for STATS5b) were neasured using the STATI, 3, 5a/b Phospho 3-Pl ex
assaydkit, a solid phase sandwi ch imunoassay, follow ng the manufacturer's
instructions (Invitrogen). The spectral properties of the 3 bead regions
speci fi c XOAMPAEH7 anal yte were nonitored with a Lumi nex(r) 100(tm
instrument. The recitation of a listing of chem cal groups in any

def i ni ti Jak2fV@E 7¥asutephespherdation assayides definitions of that variable as
any single group or conbination of |isted grougs. The recitation of an

el ement, Bat-aRboti HeR{RREPErt T 7610888 Mokt Wik e1feta Ol PRt dnfiutiee Be Vet
sihgle elamhhifl JRTRPNATIRC MMV VAR ORI FRf bl ie'cBn RO W et FloBHERIF7

enbodi ment's o
10 promoter, using Lipofectin and following the manufacturer's instructions (Invitrogen). Four

hours later, the cells were infected with the recombinant vaccinia virus, vI'F7-3, at a
multiplicity of infection (MOI) of 1.0. One hour after that, the media containing
Lipofectin/DNA/vTF7-3 was removed from the cells and replaced with fresh, serum-
containing media. Inhibitor was added to the cells at this time at doses ranging from 10-100

15  uM. The cells were grown overnight at 37°C to allow for high-level expression and
subsequent tyrosine autophosphorylation of Jak2. Sixteen hour after the addition of the
inhibitor, cells were washed with two volumes of ice-cold PBS containing 1 mM Na;VO, and
lysed in 0.8 ml ice-cold RIPA buffer containing protease inhibitors. The samples were
sonicated and incubated on ice for 1 hour. Samples were spun at 16,000 x g for 5 min at 40C

20  and supernatants containing soluble protein lysates were normalized. Normalized lysates
(approx. 400 ug/ml) were immunoprecipitated for 2-4 h at 4°C with 2 pg of antibody and 20
ul of Protein A/G Plus agarose beads (Santa Cruz Biotechnology). After centrifugation,
protein complexes were washed 3 times with wash buffer (25 mM Tris, pH 7.5, 150 mM
Na(l, and 0.1% Triton X-100) and resuspended in SDS-containing sample buffer. Bound

25  proteins were boiled, separated by SDS-PAGE, and transferred onto nitrocellulose
membranes. The immunoprecipitating anti-Jak2-pAb (HR758) was from Santa Cruz
Biotechnology. The immunoprecipitating anti-Tyr(P)-mAb (clone PY20) was from BD
Transduction Laboratories. Phosphorylation levels were detected using enhanced
chemiluminescence. Anti-Tyr(P) Western blotting was performed using a cocktail of

30  antibodies consisting of clones 4G10 (Upstate Biotechnology), PY99 (Santa Cruz
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portions thereof. The disclosures of each and every patent, patent
application and publication cited herein are hereby incorporated herein by
r ef er encewoOreotomestioenti rety. Al though the invention hasPbeams2aw9dci4sed with

ref er encesit@.SR6 ')Iahcg P%B?ﬂbﬂﬁﬂhs%uf/ﬁ%nef;%ao%[?ﬁ%ﬁi 0 fihd1 A1uRb &S 1€ @%Eél?”t S

and variations i nvention na evised’by others skillTed in the art
Wi t hout d@pantiiJakR fntibody (S8 T18 waRififont Upstate Biogpehmlogyndiilipoent i on. The
clains are intended to be construed to include all such enbodi nents and

equi val ent variindtés® Rguleorc @i cdmpburcRi@esind Jok2-Vel TRih@ophorylatib ¥ty are( | )
wherein R1 and R2 are each independently H, -(G -C4)al kyl, -(C2-C8)al kenyl,
- (C2- CB) armynyized el - (G - C4)al kyl can be further substituted with one
or nore hydroxy or halogen; or RL and R2, together with the NNatomto which
they are attached, to forma 5-nenbered or 6- nenbered heterocyclic ring,
provi ded that when Rl and R2 together with the N-atom form a pi perazine
ring, th&EERIPLE §i trogen on the piperazine ring can be further substituted
with - (C C4)al kyl, -(C3-C7)cycl oal kyl, aryl or acyl, wherein -(Cr

C4) al kyl Ex V&3 Teéschchemblistrateanyt Jak2-Inhibitoia Bloik Rik2sV6IMDRpeiléit one or
nor e hydroxy, halo?en or i(Ci-Q 3)alkyl; R3is H -(C-C4)alkyl,

- (C3- C7) Megakaryaayle Gplony Foamyaliop) or R7; R5 is H, - (O C4)al kyl,

ST TS, WA S RS Ry R S
be bdadh Rénfatmddiesssaime ThiomjocRbems dhd be((g Jak2)\ed IkY Iposipiherifte,cells wher ei n R1
and R2 arv&?asl?esd t?l?ffei tlnn%js ig lfl(\)/l\f)%\/l media and plated at 4 x 10° cells/mL in 1 mL methylcellulose

media (0.9% methylcellulose, 30% heat inactivated FCS, 0.1 mM 2-mercaptoethanol, 0.9%

BSA, 0.05% NaHCO3, 2 mM/L glutamine, penicillin, streptomycin, 50 ng/mL SCF, and 20

ng/mL IL-3 (Stem Cell Technologies, Vancouver, BC). Vehicle control (DMSO at 0.25%) or

15 G6 (25 uM) was added as indicated. TPO (1 U/mL) was also added as indicated. The

cultures were then incubated at 37°C and 5% CO, until assessment of colony formation at day

14. Results were expressed as the average number of colonies from duplicate cultures per

4x10° cells.

The test result on G6 is summarized in FIG 9, which clearly demonstrates that G6

20  blocks Jak2-V617F dependent megakaryocyte colony formation.

EXAMPLE 9
Bone Marrow Immunohistochemistry: Immunochemistry was carried out on tissue fixed
in 10% neutral-buffered formalin and paraffin-embedded. For detection of active STATS,
25 mouse monoclonal anti—-phospho-STATS5a/b (Y694/99; Advantex BioReagents LLP) was
diluted 1:500 and incubated on sections overnight at 4°C. Detection of the antigen-—
antibody complexes was done by biotinylated secondary antibodies and streptavidin-
peroxidase complex (DAKO). Hematoxylin was used for counterstaining. Antigen retrieval
was done by heating (95°C, 20 min) with the BioGenex AR10 retrieval buffer. The staining
30 intensity was quantified using the NIS-Element D software. Apoptotic cells were identified via
the TUNEL (Terminal deoxynucleotidyl transferase-mediated dUTP-biotin nick end labeling)
method, which specifically labels the 3'-hydroxyl termini of DNA strand breaks. For the
TUNEL procedure, all reagents, including buffers, were part of the ApopTag Kit (Millipore).
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R7 is wherein R8 and R9 are each independently H -OH -0 (G -CG4)alkyl,
- CH2- NR1R2, wherein R1L and R2 are as defined above; R10 for each occurrence
i ndependemOl2910/®8tydr ogen, or - ( G -C 3)al kyl; Rl 1 isPHI/USe800/061405Y] ,
-(G-¢4) . Or-aryl; i.caldl ; -sal r
ydrate orugr RELREEls BppAclal BIGR Kb, brRGr SRBEARIRE he ofthgrcen
4, 4" - (HexeoGatenexd, 4- di yl ) bi s(2- ((di et hyl am no) net hyl ) phenol ); or I1

4,4' - (Et hene-1, 2-diyl)bis(2-((diethylam no)nethyl)phenol); or II1.

5,5" - (Hex- 3-ene- 3, 4-di yl ) bi s(2- ((di net hyl am no) net hyl ) phenol ); or |V.

4, 4" - (Hex-3-ene-3, 4-di yl)bi s(2-((dinethylam no)nethyl)phenol); or V.

4, 4" - (Et kerdMPLE W) y| ) bi s(2- ((di met hyl ani no) et hyl ) phenol ); or VI .

4, 4" - (Hex- 3-ene- 3, 4-diyl)bis(2-((diethylam no)nmethyl)phenol); or VII.

4, 4' - PEt PhesphatSTAdI nabysig: 2Pliqsghet Ay by #E1.h$TTdRe ol 705],0and/ISTIATSa/b

4,4' - (Et = = di |.S£ 2- ol i dirnglsMl et henol ). 2. The.conpound
of "ol a miiy SoHaRU; ¥ ke 6 S AT P B, I AT B 0 gl TR
conpound SafATel, a3,m52b Mh&paLN3 et Saskhy & R7sdlR¥ phdhre seMIPRUNGnAfunbhaam 3,
wherein R4 is R7 and R5 is H 5. The conpound of claim4, wherein R8 is -CH
-NRIR2 andll@gingstheyarmsgsture’s mpsuctionpdargrogen)cThs srestrahitiepasties gtthe # eacach
occurrencge,. . [ - - cl aim 6,
whor ei - Bt 4N PRSRE IR coth i R N AORD RO Lufine RGBT RIRCRE D) 2 T
R1 a?ﬁ R2 together with the NNatomto which they are attached forma

pi perirdinyl, pyrrolidinyl or imdazolyl ring, provided that R10 is the sane
for each occurrence.

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, an embodiment herein includes that element or embodiment as any

15  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
20  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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8. The compound of claim5, wherein R10 is ethyl, RL and R2 are ethyl or

i sopropyl; or RL and R2 together with the NNatomto which they are attached
forma pywoabiodiesmb or im dazolyl ring. 9. The conpoundPOfl/USk@9MH392 wher ei n
R4 is H, WQ%E@% is R7. 10. The compound of claim9, wherein R8 is hydroxyl
and RO is - -NRLR2. 11. The conpound of claim 10, wherein R10 is nethyl.
12. The onRound of C%Fai mil wherein R1L and R2 for each occurrence are

- (Q GCal Kyl CSPPﬂPLnda% %Eluaog%ther with the Natomto which they are
attached, forma 5-nenbered or 6-nenberréd heterocyclic ring. 13. The
conmpound of claim 10, wherein R10 is Hlr ethyl, RL and R2 are propyl or

i sopropyl, provided that R10 is wrRhe sape_for _rmach occurrence. 14. The
conpound of claim 10, wherein R10 i et hyay RL and R2 together with the
N-atomto which they are attached foffma pjperidinyl, pyrrolidinyl or

i mdazolyl ring. 15. The conpound of '
R7. 16. The conpound of claim1l, where
group of a) (2) and
(E)-4,4"-(but-2-ene-2,3-diyl)bis(2-((dithylam no)nethyl)phenol); b) (2)
and (E)-5,5"-(but-2-ene-2, 3-diyl)bis(2-((threghyl am no) et hyl ) phenol ); c)
(2 and (E)-5,5"-(but-2-ene-2,3-diyl)bis 12- (di met hyl am no) net hyl ) phenol ) ;
d) (2) and (E)-5,5 -(ethene-1,2-diyl B‘if%‘f%ﬂ%(di et hyl ani no) et hyl ) phenol ) ;
e) (Zy anghetdmr-5, 5 - (et hene-1, 2-diyl)bis(2-((di nethylam no)net hyl)phenol);f
) (2) and (E)-5,5"-(ethene-I,2-diyl)bis(2-(piperidin-I-ylnethyl)phenol); g)
(2) and (Ré)ans,ﬂg'are(mhi@eeﬂ@ezt,lsfh'r( 1YGdakd, -(Co-Cs)alkenyl, - Cz—Cs)alﬁynyl,

((di et hyl am no) met hyl ) phenol ). 2HCO ; h) (2Z2) and
(E)-5,5"-(but-2-ene-2,3-diyl)bis(2- ((dinethylam no)nethyl)phenol).2Hd ;

Ho: :P j©/ \@
s HO ’Or s

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

t he~aohpound is selected fromthe

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 —
15 (C1-Cyalkyl, -(C3-Cy)cycloalkyl, aryl or acyl, wherein —(C;-Cy)alkyl, -(C3-C;)cycloalkyl, aryl
or acyl can be substituted with one or more hydroxy, halogen or —(C;-Cs)alkyl;
R?is H, -(C;-Cy)alkyl, -(Cs-C7)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(CH3),-
20 R6, and that when R®is H or -(C1-Cyalkyl, R*is R7, wherein R* and R cannot be both R’ at
the same time;

R® is H, -(C,-Cy)alkyl, phenyl, or
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i) (2) and
(E)-5,5"-(ethene-1,2-diyl)bis(2-((diethylam no)nethyl)phenol).2HC ; j ) (2
and (E)-5vb201(0at6k@ne- | , 2-di yl ) bi s(2-((di met hyl am no) net Rgr)ysheaobMo2HC ; k)
(Z) and (E)-5,5"-(ethene-I, 2-diyl)biss(2-(piperidin-I-ylmethyl)phenol).2HC

1) (2) and /
(E)-5,5" -(but-2-ene-2,3-diyl)bis
and (E)-5,5"-(ethene-1,2-diyl)

i s( yl am no) net hyl ) phenol ); m (2
bi s( 2- (fdig#t hyl am no) net hyl ) phenol ); n) (2)
and (E)-4, 4" -(but-2-ene-2, 3-diyl)bi'€(2-({di met hyl am no) net hyl ) phenol ); o)
(2) and (E)-5,5" -(but-2-ene-2,3-diyl)bis{2-((diethyl am no)nethyl) phenol);
p) (2) and N
(E)-5,5'-(hex-3-ene-3,4-diy|)bis(2-((?iethylanino)nethyl)phenol); a) (2
and (E)-5,5' -(ethene-I,2-diyl)bis(2-((diethylani no)nethyl)phenol); r) (2)
and (E) - 4vitrei RUtan@REBR-23 . BfiflkdyAboRes ( 2- ((di et hyl ami no) net hyl ) phenol )} s)
(2 and )-5,5" -(But-2-ene-2,3-diyl)bis(2-(pyrrolidin-I|-ylnmethyl)phenol);
t) (2) and!s
(E)-5,5" -(Hex-3-ene-3,4-diyl)bis(2s (pyrrolidin-I-ylnmethyl)phenol); u) (2
and (E)-5,5" -(Ethene-|, 2-diyl)bis{2-(pyrrolidin-I|-ylnmethyl)phegpol); v) (2
and (E)-4,4"-(But-2-ene-2, 3-g= bi s(2-(pyrrolidin-I-ylnethyl yphenol); w
(2) and (E)‘4,4I‘(FEX&%R! \y| }bi s(2-(pyrrolidin-I| -y hyl) phenol ) ;
x) (Z) and | -
(E)-5,5" -(But-2-ene-2, 3-diyl 2- ((diisopropyl am no) net phenol ); vy)
(2 and , or 5
(E)-5.5" - (Hex-3-ene-3, 4-diyl)bis(2-((diisopropyl am no)net hyl)phenol); 2z)
(2) aﬁd (E)-5,5" -(Ethene-1,2-diyl)bis(2-((diisopropylam no)nethyl)phenol);
aa) (Z) atdrein R® and R? are each independently H, -OH, -O-(C;-C,)alkyl, -CH,-NR'R?, wherein R
(E)-4,4"-(But-2-ene-2, 3-diyl)bis(2-((diisopropyl am no) net hyl ) phenol); bb)
(z) and and R~ are as defined above;
(8) -4, & i RaRBRe oMb RbSHR { ASlrbSAPEPRIE AELRRVTE! 1) phenol ) cc)
(E) - 4, 4" R'Hex 3ceneossl, 4 ahilkils 62arfl: di i sopr opyl ani no) net hyl ) phenol ); dd)
(2) and (E)-4,4"-(Ethene-1,2-diyl)bis(2-((diisapropylam no)nethyl)phenol);
ee) (IQ) &K@ pharmaceutically acceptable salt, ester, hydrate or solvate thereof;
g;g-S,g'pgﬁg&i@hgqﬁégmﬁpghmhgQbé(2-((IFLlnldazol-l-yI)nethyI)phenoI); ff)
an
(E)-5, 5" - ( Hex- 3L eAg--GekBlieyé-Bli-di Dbis (A-tdiethyttaziod yhetlyyl)piendiy;lorphenol ) ;

I. 4,4'-(Ethene-1,2-diyl)bis(2-((diethylamino)methyl)phenol); or
II. 5,5-(Hex-3-ene-3,4-diyl)bis(2-((dimethylamino)methyl)phenol); or
15 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).

20
2. The compound of claim 1, wherein R'® is H, methyl or ethyl, and R" is H..
3. The compound of claim 2, wherein R’ is H, and R’ is
R9
i__(RIO)C:C(RIO RS
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Z) and
?%(5)5 -(Ethene-1,2-diyl)bis(2-((l Himdazol-1-yl)nethyl)phenol); hh) (2
and (E)-av0'20(0Rw8718- ene- 2, 3-di yl ) bi s(2-( (I Hi m dazol - | - pCrseenloyahznol ) ;
1) 4 Hoxrk 0ok HolkibPy ShRih R R0 G sl y!) et hyl) phenol) ;- and
(BE)-4,4"-(Ethene-1,2-diyl)bis(2-((l Himdazol-I-yl)nmethyl)phenol); or a
phar macet i callhy campepidi daised, twheesih & jis 1GHE NRER oandsR] iv ayérokhler eof . 17. The
conpound of clai m 1 wherein the conpound is selected fromthe group
consi st of
(- - 4 B et ndbe <bbofRE o S e Ry o5 GRS FUERYE) iSRRI 3y ydsgecng
(E)-4, 4" -(But Oznfé@qu 3-diyl)bis(2-((diethylam no)nethyl)phenol); 3) (2
and (E)-5,5" -(But-2-ene-2, 3-di yI )b| s(2-((di et hyl am no) net hyl ) phenol); 4)
(2) and (E)- 55 - (But - 2ene2 yl ) bis(2 di met hyl am no) net hyl ) phenol ) ;
5) (Z9 ard (E)Ihs cgmppmchefrdaim (2 waheyfrlyl& §9@R%%Qi|eé@fh9qcaﬁ$m)lﬁéqmpﬁ N EdE ) ;

6 Z) and (E t ;
7 (2 ana (ECEEIREGRE S Gl S se (R SO MR SRETER)
8) (2) and (E)piferidimy, I@!yhﬂﬂdﬁwherﬁnﬁdﬁhoWI Yibigsfrdvided that R'®is the same for each

((di ethyl am no) net hyl ) phenol ). 2HO ; 9) (2) and

(E) -5, 5" - (But P2CHHEC2, 3-di yl ) bi s( 2. ((di met hyl ami no) et hyl ) phenol ). 2HO ;
10) (2) and

(B)-5,5 '8( Et heme cbm%oﬁ%d’d)f)@hﬁl(? wiHedif RY1sM D R Rl a)r@&ﬁ?pér)ls%yl R (2)
and (E)- -(Et hene I, 2-di yl ) bi s(2- ((di net Ayl am no) nret hyl') phenol’)". 2HJ ;

12) 805" - (Et hené R’ t@@they Withi te¢ N-4tpinge mihdihrthey griermttadheid Yfpime n olyirolidigyl qrz) and
(E)-4, 4" -(But-2- ? -di yl) bi s(2-((di met hyl am no) net hyl ) phenol); 14) (2)

and (E)-5,5' - ‘Eﬂ“ﬁéﬁlﬁl "%-diyl)bis(2-(pyrrolidin-1-ylnethyl)phenol); 15) (2)
and (E)-4,4' - (Et hene-1, 2-di yl) bi s(2-((di net hyl am no) net hyl ) phenol ); 16) (2)
and (E)-9,5-( Bmlt:can@a@nczoﬁﬂhw,)xﬂie&ﬁai%(‘ i HeaddRTisIR7y | et hyl ) phenol ) ;

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

15 12. The compound of claim 11, wherein R! and R? for each occurrence are -(C1-Cyalkyl,
or R' and R? together with the N-atom to which they are attached, form a 5-membered

or 6-membered heterocyclic ring.

13. 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.

20 14 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.

15. The compound of claim 1, wherein one of R* and R’isR’.
16. The compound of claim 1, wherein the compound is selected from the group of
a) (Z) and (E)-4,4'-(but-2-ene-2,3-diyl)bis(2-((diethylamino)methyl)phenol);
25 b) (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);
d) (Z) and (E)-5,5'-(ethene-1,2-diyl)bis(2-((diethylamino)methyl)phenol);
e) (Z)and (E)-5,5'-(ethene-1,2-diyl)bis(2-((dimethylamino)methyl)phenol);
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17) (2) and
(BE)-5,5" -(but-2-ene-2,3-diyl)bis(2-(pyrrolidin-I|-ylmnmethyl)phenol); 18) (2
(E) 5y0" 20 (0RtBANE- | , 2-di yl ) bi s(2- (nmor phol i nonet hyl ) plr€malSpeooDeM0Z Z) and

nd
E) - 5, But - 2-gn i Lyl fﬁ%@ﬁl : . (2) and
Eg-4 4' EEt heneSI ?%)Qd‘ﬁf q#:?bl s?éitﬁ%%i %)glralrl Fbgé(Fqgﬁgmh@%y]I)?p e c%?%h;eg%%’)(()Z) and
E)-4, 4" - (Et heneg) (2) sid/[E)3, S But(Ppytia-DBidiyipbis2y | met hyl ) phenol ); 22) (Z) and
E)-4,4" -(Ethene-|, | ) bi s(2- r phol i nomet hyl ) phenol 23 Z) and
E§-4 EHex 3- enégdike %a%%ﬁ#@%gl)%ﬁ(p“&ﬁr?ﬁ Iamynz);) met hyl))phel)ﬂol()) 24) (2)
and (E)-4,4' - (Heyy %z%}ﬁr(%)%sil(b’&t)?bﬁ%(&%ﬂ hgigbl di n-1 -yl met hyl) phenol ) ; 25)
(2 and(E) 4, 4" -(Hex- 3-ene-3,4-d I s(2-(pi peridin-I-ylnmethyl)phenol);
g% E% ang (E)- 4 4(d11¢1bmxlaﬁne®meﬂly4)phclgdl)2iﬂ€12 (mor phol i nonet hyl ) phenol ) ;

an

(E)-4, 4 - (But-2- %nézéa%d vy BF8es: L HipeiisP iy appng) me pwbRie)-Z&h (2)

and (E)-4,4"- (Bu ﬁﬂf&(%)% Sil(é'thé&l ﬁQ%h3(151M§(Qqtmﬁ%&ﬂmh&%&m@ﬂm@&&pkﬂtzl :29)
(2) and (E)-2- | am nzg 4- (4- hydr oxyphenyl ) hex- 3- en- 3-
yl ) phenol ; 30) (lz)) (éh@nd(@) Aeth n%nghselthS@ (mn@m)ldvlmrémd}phsllgl) # land

E Eg : g’ g g E?Leﬁeﬁn?%?%n (%)) c#g ﬂ %Qgelg%)'i?’d(%é lgls%bé?cp glethylamlno)methyl)phenol),

(B)-303' - (But-2- mf)IQZ?aIﬁi-((E)éﬁl3idétﬂ&&ﬁDIZ d,1y1§iﬁ§t23@1m(e&’1)yla@ﬂdo)methyl)phenol)
phar maceutical ly accept able salt,

E)-4,4 Et h di d
Sl er et e o 48 vﬁ@)ﬁk@«@mz éneg2. 3 it Had (Bmety BaiT Iyl mh@mt. hg a
Jak-2 rmedi at ed dyseaseie & SO0 el 3 SUNLES! L NGLFELIRLAEOAREISENO

adm nistering tot ective am)un a co
19. The met hod op) ¢¥pami (B35, WMikexelen¢-Bg-diybpie@t((disthathmino miegh yéphaimol);

additional therapeyl!c B98N cthene-1.2-diyl)bis(2-((diethylamino)methyl)phenol):

15 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);

20 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);

25 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-yl)methyl)phenol);

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

NN NN m

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

35
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20. The nethod of claim 18, wherein the conpound of claim1l or a
phar maceutical ly acceptable salt, hydrate or solvate thereof and the
addi ti onawothay@mpaat i ¢ agent are adm ni stered sinmult ane®@a3IGE2@19/067402

sequent i ahly. T%%CP;B? S08n0!, AR onoBhE I\ LR RIEaltRALAY ed. di sease

or disorder is po m a vera, essenti ocyt hem a, “or "angi ogeni c
nyel oi d rcehsaﬂi@snfa 22 The nethod of claim 18, wherein the conpound of

claim1l1 or a pharmceut | | ept bl e sa h ate or sol vate_ thereof
TSN i bitor B (hand iR YRR SO 56 (R 1ﬂ?)&1661fﬁ8¥‘5‘i“?ﬁ'18
wherein the conpgu I { %%Qajt

hydrate or sol vate t%}éﬁrde@f) qd%né%uﬂ%'? ﬁ? %@a&l t E& (&1@1 lryyanf{j}ﬁ lﬁhp‘ﬁ el%j}

aut ophosphor yl at 3)oriZasdeft) Scti(Bet- 8#eacs2,Bakzl)bls@e(rﬁﬂnoélplmmd))altatlud)phﬁmol) The

or i sor der . 25, Driv) el ot ST Bu AR Ja-dihERer RN ap e Fuéhl GBSty °2°°
di sorder is sel esf eg) M(p(tmlshse (Eth@hleplQtdlgms@ezagdlemm&ﬁlﬁ@a%mﬂmém;ﬂc

i schemi a-reperfusion, and heart failure f claim

wher ein the conpou &) o1d &) Th(Ethiese- éélr@&lt)@d@f«@methtéargm@hpetbfl)phenol)

£ o ST, T TR BTG o

' 41Qbut - 2- ene- @) 3Z)iand @blssiZBﬁ(%ﬂé nchﬁm)ﬂl@mt hyl )phenol)
'-(but-2-ene-2, (di et hyl ami no) net hyl ) phenol ) ;
- (but - 2- ene 2, écdeﬁt Ylﬁllﬁi@él?‘ﬁth(ﬂ()ﬂlﬂ‘??@ DRH@#i no) net hyl ) phenol ) ;

(St hener] - RRCREAS G st amImELY D prene )
- (et hene-1, 2- d|(§du)1buh$(aﬁnﬁqonmdm])thmdlmmt hyl') phenol);
SR o it P e (A CATHED b AR A e
: 1(§ g: Eggg' 21 Ij'(z} A @‘5(8 2-4 (dirghhy bag ek el dnehanab) mgth'_@)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);

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

25 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);

30 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-

Rl
I

goaaaaua s
GRS EGESG RS RS NGNS N

yl)phenol;
35 30) (Z) and (E)-4,4'-(Hex-3-ene-3,4-diyl)diphenol;
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(di met hyl am no) net hyl ) phenol ). 2HO ;

((di
5, 5'
5, 5'
5, 5"
4, 4
5, 5'
5, 5'
5, 5"
4, 4
5, 5"
5, 5'
(Et
4, 4
4, 4' -
5,5 -
5, 5"
5, 5"
4, 4' -
4, 4
4, 4
4, 4
5, 5'
5, 5'
5, 5'
4, 4
4, 4
4, 4
5, 5"

-(ethene-1,2-diyl)bis(2-(piperi d| n-1yl met hyl) phenol).2HJ ;
- (butw@- 291%}62713 di yl)bis(2- ((di met hyl am no) met hyl ) po&ask009/067402

th -1, I | ) ph I
{but - 2- ene- 2SS b e DB o1 Y phenol )
- (but - 2- ene- 2)37Zplind (EDISSZ(ZEth(eﬁeiﬂmdly])aphm) rret hyI ) phenol ) ;

h 3- b di I h I
ot hene 1 228 Y1 0204 Bk ery Pard AOYREVIE Fhhenol )
~(but - 2-ene- 20 32ghid Qlasd griyheln oty Imamet hyl ) phenol ) ;
-(But-2-ene-2 di y (pyrrolidin-lylnmethyl) phenol);

- fHex- 3- ene- g, mpmlylhqetutlszﬂ&z(cpwtabib sat, mster, iy dmatehyr s)abIaa"thn)epf 5,5-
n

hene-1, 2-diyl)bis(2-(pyrrolidin-I-ylmethyl)phenol);

-(But-2-ene-2,3-diyl)bis(2- (pyrrolidin-I-ylmethyl)phenol);

- (Hexg3- e')@m%tlﬁddiflﬁ]eitﬂigs& RN Oh T D i IRE dNiydake BN@BENILS in a subject,
(But-2-ene-2,3-diyl)bis(2-((diisopropylam no)nethyl)phenol

- ( Hex- 3- erﬂ@f‘—meﬂnodlcympmlgg admrdstersegpiodis ubidch al) pidediyye ppleaniod )a
Et hene- | di i sopropyl am no) net hyl ) phenol
gBut 2- enemfogn&/Of)‘Il%lﬁi(lg( (2( ((di Psogyopyl am) no) rrgt %EI )phezlol );
1()But 2- ene- 2, 3-di yI )bis(2- ((diisopropylam no) et hyl) phenol )
§

- (Hex-3-ene-3,4-diyl)hbis(2- ((diisopropylam no)net hylwghenol ;
- ( Et H8ne- Theneihad §fisilaimls, wharein %r%@ﬁ?%‘ﬁ?%)%@fﬁ? Ry pdiHienal therapeutic
- (But - 2- eny g% 3-diyl)bis(2-((I Himdazol-1yl) nmethyl)phenol);
- (Hex-3-en 4-diyl)bis(2-((lI Himdazol -I-yl)nethyl)phenol);
- (Et hene-1I, 2- dIyI ) bi s(2 ((I'H-imdazol - -yI)rrethyI )phenol)
- (But - 2- en |yI é IH-|mdazoI-I enol
- (HexX93-e egn%h ?/fl 51 f N1 feqazeping o E/ﬁalﬁﬂe"f I yip sﬂt)caﬂy
16Et hene- Iy g@dbl’é ol B{Fate Or 's'bl'v%‘i'l?&&;f' anil e Jﬁéﬁtmﬁlaf tﬂ@ﬁﬁ@&tio agent are
- (Hex- 3-ene- 3, 4-di yl ) bi s(2- ((di met hyl am no) et hyl ) phe
administered 51multaneously or sequentially.
21. The method of claim 18, wherein the Jak2-mediated disease or disorder is
polycythemia vera, essential thrombocythemia, or angiogenic myeloid metaplasia.
20 22, The method of claim 18, wherein the compound of claim 1 or a pharmaceutically
acceptable salt, hydrate or solvate thereof is an inhibitor of the Jak2-V617F mutant.
23. The method of claim 18, wherein the compound of claim 1 or a pharmaceutically
acceptable salt, hydrate or solvate thereof does not inhibit c-Src or Tyk2
autophosphorylation as effectively as Jak2 autophosphorylation.
25 24, The method of claim 18, wherein the Jak2 mediated disorder is a cardiac disease or
disorder.
25. The method of claim 24, wherein the cardiac disease or disorder is selected from the
group of cardiac hypertrophy, cardiac ischemia-reperfusion, and heart failure.
26. The method of claim 18, wherein the compound of claim 1 is selected from the group
30 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-
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4' - (Hex- 3-ene- 3, 4-di yl) bi s(2-((di nmet hyl am no) met hyl ) phenol ) ;
4' - (Et hene-1,2- diyl)bis(2-((dinmethylam no)nethyl)phenol);
, 4 - ( Hexw®- 29106}68714 diyl')bi s(2- ((diethylam no)nethyl) pRemalspo9/067402

, 4" - (Et hene-| byl-a ) et ) ; and

- (Et hene- (gd%&ﬂ{g?i%@g@é%#)%%é;ﬁ) ?5 {B#Pﬁe% hyh%yﬁgﬁ)?%henol) or a
phar maceut i cal({@ietaﬁammmhﬁysphdnpl)esSe(hut awﬂedl;?ﬂdxyﬂ)bs(ﬂ vate thereof. 27.
The met hod of wher ei n t he canpound o clal 1 or a
phar rr;aceutical(&{}mﬁ@é( mlmr@ﬂgyéhpben@séﬁ h%rb%élﬁ}blsé 1 vate thereof is
admi ni stered {QdhRAamHR) At Bhhéooss - Refueam.aheply®. 001 mo/Kg/ day and
about 200 ng/ Kg/ day. 28. Thg thod of claim2 wherein the conmpound or a
phar mhceut i cal({(dmethgptiadhetydiphenads Bey- (eth@lﬁrhﬁdlﬁ)bls{b{mmedmﬁer eof is

g st LB SHRLECL 2 oo DSV ATRH 0B LI ek R oo

phar maceut i calsly. (mczea{eaiahﬁhﬁ%l&(z é@ﬁﬁl@ 1@{4@@&%;@@@@1}/%@1 tser@atnd- S

admini stered to the su ject at a dose a out A nmet hod of

treating cancds2- ﬂlﬁl)hlséljHﬂ@dtylamme)m@hﬂbjdle@@lbrﬁﬂgJ 518 (a@nﬂ%ﬂ@f@yh)bﬂg(%o t he
SUbJ ect an eff gd(frtnet;ﬂ lea%ggo methyfl)é)ﬁen (ﬂ% flg SOc()etﬁelfrﬁel—ﬂ %11 lgj (S? -{P §UIEEE1HOd of

cl ai m 30, V\/ner Cer ected fr eém as

| ynphomas, W@/ﬂtﬁ&ﬁﬂ)p@ﬁdl)&ﬂ@l% Suat-3-end2,3- Eﬁlygbﬂezt hod of claim30, wherein
the cancer is selected fromthe group of chronic 36r?(aglséogenous | eukem a

(CM), acute Mfdmethylaminpasthyiphsnol): Sexréethenst b2 Focyte |eukemia (APL).
0 Aot (LA oA HERREdenl Ryt s ysdie ot hod, cormr i
conmpound of ¢ I(ailmthylaﬂrﬂno)meﬂ’fyﬂ)lphehccb)‘ SiyHibriéneeR, J-ak@)bisi2a subj ect

| dentified as (%dn etﬂylamln gmetlfllcﬂp}tlern%?), IST,% r—]Eh’ex—t?ar—]f(::"ne{%,4—diy1)bis(2—

15 ((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-

20 (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-

25 ((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-
yDmethyl)phenol); 5,5'-(Hex-3-ene-3,4-diyl)bis(2-((1H-imidazol-1-yl)methyl)phenol);
5,5'-(Ethene-1,2-diyl)bis(2-((1H-imidazol-1-yl)methyl)phenol); 4,4'-(But-2-ene-2,3-

30 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-
yDmethyl)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-

35 ((diethylamino)methyl)phenol); 4,4'-(Ethene-1,2-diyl)bis(2-

4
4,
4
4
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met hod conprising adm nistering to the subject a conpound of claim1, such
that Jak2 is inhibited in the subject. 35. A nethod of treating a
henmat ol ogvoabiodie8aase or di sorder in a subject, the netrQwE/USINI0EEONG

adm ni steri ng ”?H?. iyt ERRunt @?Hn Lf_claim
1.36. A pharma éeﬁ%?ga Qﬁlﬁng %g&rr%%(l | ngggtl %gwlsﬁg alin

together with yanahylnpmwimeaﬂaﬂaymamepdlbytmeepmﬂe bat, est3r] hydérat@drsbb/ratet reating
a Jak2-rel ated disease or disorder in a subject, the kit conprising a
conmpound of clléﬁr?ﬁfl and instructions for use in treating the disease or

di sorder. 38. The kit of claim 36, wherein the disease or disorder is

sel ected from_the group of cancer, hematol ogical disorders and cardi ac

di sorder&7-39.T A%%h%@frf&alalrlﬁ:&fhﬁ{ﬂnathewpnypou%?frﬁ}wltpwyham@?@itwalm and R2

are eqc hi nde&@%ﬂ‘ﬁ %ltlﬂest%r( %dr%)o?lsgwgt the{r%' 1@3&1&&?&&5 to thé r s E£ Eé’é@yl

wherein -(CG can urther su stltuted w th one or ydr oxy
or hal ogen; ombeRieeantord),.0(1agg/iKyédayvint Abdit OBHad/Egidag. whi ch t hey are
attached, to forma 5-nmenbered or 6-nenbered heterocyclic ring, provided
that when Rl and R2 together with the Natom form a pi perazine ring, the
second ni2Br ogdeaitethdtofflgiar 27Z wherdin thg OOﬁip)oblai inwr piremasukisillyt accestabie k4it,
-(G-CA)al kyl, -(C3-C7)cycl| oal kyl, aryl  ar wherein -(G -C 4)al kyl,

- (C3- C7) cycl o&PtESf hydeggeQr sa}vaaectwree%lﬁ aﬁ@lfgﬁfﬁ@@ﬁ? theeybiget as a&ﬁéﬁ betwiep about

hydr oxy, hal ogen,@fks/é Jd%))ﬁtl f‘()/ﬂn/ /dahl is H oacyl, tosyl, -(C C4)alkyl,
or aryl; R4 and R gre%yHnor %@/ a(?éd t hat one of R4 and R5 is H and

the other is R12 ;
10 29. The method of claim 28, wherein the compound or a pharmaceutically acceptable salt,

ester, hydrate or solvate thereof is administered to the subject at a dose about 1

mg/Kg/day.

30. A method of treating cancer in a subject, the method comprising administering to the

subject an effective amount of a compound of claim 1.

15 31. The method of claim 30, wherein the cancer is selected from the group of leukemias,

lymphomas, myelomas, and solid tumors.

32. The method of claim 30, wherein the cancer is selected from the group of chronic
myelogenous leukemia (CML), acute myeloid leukemia (AML), and acute

promyelocytic leukemia (APL).

20 33. A method for reducing Jak2-dependent cell growth, the method comprising contacting

a cell with a Jak-2 inhibitor, wherein the inhibitor is a compound of claim 1.

34. A method of inhibiting Jak2 in a subject identified as in need of such treatment, the
method comprising administering to the subject a compound of claim 1, such that Jak2

is inhibited in the subject.

25 35. A method of treating a hematological disease or disorder in a subject, the method

comprising administering to the subject an effective amount of a compound of claim

1.
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R12 swherein the aryl group to which both R4 and R5 are attached is neta or
para to the - ORL 1 in the aromatic ring of R12 ; R 1i Ou is hydrogen, or
-(Cr C3)wibkylojesrioa pharnaceutically acceptable salt, @srais200aparat e or

s?l vaE ae ?Iagr g%[e plésﬂﬁn?%é qﬁ%?b&g?p%m? ?g .Cg@%ﬁg%g ?‘RE%L ?f')clzhlen dlt?gether with a

4, 4' - ( Et hene- IphZenglicyht)dalls @2eep(aBicatanydram no) met hyl ) phenol ); or iii.

5,5" - (Hex- 3-ene- 3, 4-di yl ) bi s(2- ((di met hyl am no) net hyl ) phenol ); or iv.

4, 4" - (Hex- 3-ene-3, 4-di yl ) bi s(2-((di nmet hyl am no) net hyl ) phenol ); or v.

4, 4' - (Et 3gne- |A Rit Grytlehbih g b 2ak2( @i dtert diyéaamm%cﬁlﬂéﬂl){la)slﬁbﬁﬁto the;kitdonyirising a

4,4 - (Hex- 3-ene- 3, 4- du%i)bIS(Z ((di ethyl am ng)nmeth £ phenol); or vii.

4. 4" - ( Et hene- Ic09PgvRA 9fflaimL. apdirstHgtioitiiabysear Ff?qlt)% fqdisyase gF dippyder.

4,4' - (Et hene-1, 2-diyl)bis(2-(pyrrolidin- I-ylnethyl)phenol) 40. A conpound
of claim1 selected fromthe group consisting of 1) (2)

(E) - 454" 3BEt hdhe Xt of chiig 3pppaerpin theidise#sg|on disaestertst %iﬁpseéﬁ%ﬂ)e group ¢f7) and

E)-4, 4" -(But t hyl ) ph I 3) (Z
il (B)-5,5' - (B 3 BRI R s A L) e et Ry phehol ) 4
(2) and (E) 5,5" - (But-2-ene-2, 3-diyl)bis(2-((di met hyl am no) net hyl ) phenol ) ;

5) (Z E | ) bi s(2-((di et hyl am t hyl ) phenol ) ;
63 Ezg EE}\gngPI%Efﬁene ming:glgb:zgz-ggd:ﬁetKy?ghyﬁégﬁetﬁy?fpﬁgﬁo?);
7) (2 and (E)-5,5" -(Ethene-1, 2-diyl)br8(2-(pi peridin-I|-ylmethyl)phenol);
8) (2) and (E)-5,5'-(But-2-ene-2,3-diy|)\§)is(2-

O

Rs R
Formula (III)

10 wherein

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

Ho: :F jij/ \@
s HO , Or s

wherein -(C,-Cy)alkyl can be further substituted with one or more hydroxy or halogen;
or
15 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;-C,)alkyl,
-(C3-Cy)cycloalkyl, aryl or acyl can be substituted with one or more hydroxy, halogen
20 or —(C,-Cy)alkyl;
R''is H, acyl, tosyl, -(C;-Cy)alkyl, or aryl;
R* and R’ are H or Ru, provided that one of R*and R%is H, and the other is Ru;

12
R “is
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((di et hyl am no) net hyl ) phenol ). 2HO ; 9) (Z) and
(BE)-5,5" -(But-2-ene-2,3-diyl)bis(2- ((dinethylam no)nethyl)phenol).2HJ ;
10) (Z) awie 2010/068710 PCT/US2009/067402
(E)-5,5" -(Ethene-1,2-diyl)bis(2-(kdi et hyl am no) net hyl ) phenolg):. 2HO ; 11) (2)
and (E)-5,5"-(Ethene-1,2-diyl)bi s(|2 ((di met hyl ami no) net hyl ) ghenol ) . 2HO ;
and 12) 5,5 -(Ethene-I, 2-di bi oZ(plperldlnI-yIrre 1) nol); or a
phar maceuti calil Y. accept able sary, esTer hydr at ate s ol vate t héreof.

! T

: 0) CH(R10) |
N F N
\RZ or \Rz

2

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;-Cj)alkyl;
5 or a pharmaceutically acceptable salt, ester, hydrate or solvate thereof;
provided that the compound is not:
1. 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
10 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).
15
40. 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);
20 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-
25 ((diethylamino)methyl)phenol).2HCI;
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).2HCI;
11) (Z) and (E)-5,5'-(Ethene-1,2-diyl)bis(2-((dimethylamino)methyl)phenol).2HCI;
30 and
12) 5,5'-(Ethene-1,2-diyl)bis(2-(piperidin-1-ylmethyl)phenol);

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