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Abstract: The synthesis and characterization of a novel polycyclic
azaindole based derivative is disclosed, and its binding to JAK2 is
described. The compound is further evaluated for its ability to block
the EPO/JAK2 signaling cascade in vitro and in vivo.

The Janus kinases (JAKa) are members of a family of
intracellular nonreceptor tyrosine kinases that play a crucial
role in the cytokine-mediated JAK-STATsignalingpathway.1

There are four known mamalian kinases in the JAK family:
JAK1, JAK2, JAK3, and TYK2. Of particular interest is the
emergence of JAK2 as a potential new therapeutic target for
myeloproliferative disorders (MPDs).2 The MPDs include
several hematological neoplasms that include polycythemia
vera (PV), essential thombocythemia (ET), idiopathic myelo-
fibrosis (IMF), and chronic myeloid leukemia (CML). Re-
cently a commongain-of-functionmutation in JAK2 (V617F)
was discovered among patients diagnosed with PV, ET, or
IMF but not CML. This has resulted in intense efforts to
understand the exact mechanism by which the proprolifera-
tive effects, resulting from the activation of the JAK STAT
pathway by valine to phenylalanine mutation at position 617,
lead to these MPDs.3,4

In our program directed at identifying agents that can
attenuate the EPO/JAK/STAT pathway we sought to block
the kinase activity of JAK2by targeting itsATPbinding site.5,6

Screening of our corporate compound collection identified
several low molecular weight hits with respectable potency

containing an azaindole (1) or deazapurine (2) hinge binding
motif similar to CP-690,550.7 Overlaying the putative ATP
binding site orientations of 1 and 2, we were intrigued by the
possibility of creating novel chemotypes with improved po-
tency for JAK2 by cyclizing the 3- and 4-positions (Figure 1).
Here, we detail the synthesis, characterization, and activity

profile of 9, which contains an eight-membered central lactam
ring and exhibits in vitro potency against JAK2mediated end
points and in vivo efficacy in a JAK2 dependentmousemodel
of disease (vide infra).
Previously, SAR studies on related compounds established

that compounds containing a 3,4-fused seven-membered cen-
tral ring were indeed potent inhibitors of JAK2 and that the
related phenolic OH plays a dual H-bond acceptor and H-
bond donor role which is required to achieve maximum
potency. Compounds without the phenolic OH or with alter-
native H donor or acceptor groups at the 4-position, such as
halogen, methoxy, carboxylic acid, aniline groups, were all
less potent on the enzyme (data not shown).8

Compound 9 with an eight-membered central ring was
prepared following the methods described in Scheme 1. Thus,
Suzuki coupling of 4-bromoazaindole 3 with the requisite
boronic acid gave 4-aryl azaindole 4. Deprotection of the
acetamide was achieved by heating 4 in 6 N aqueous HCl to
give the cyclization precursor 5. Pictet-Spengeler like con-
densation of 5 with the appropriate ketoester provided
cyclized product 6. Reductive ring-opening under hydrogena-
tion conditions gave ester 7, which was hydrolyzed under
acidic conditions (6 NHCl) to provide the requisite precursor

Figure 1. Overlay of putative binding orientations in JAK2.

Scheme 1a

a (a) Pd(PPh3)4, K2CO3, DME; (b) conc HCl, reflux; (c) HCl-diox-

ane, MeOH; (d) H2, Pd-C, HCl, MeOH; (e) 6 M HCl (aq), reflux;

(f) HATU, HOAt DIEA, DMF.

†PDB ID: The atomic coordinates and structure factors have been
deposited in the Protein Data Bank for compound 9 and the kinase
domain of JAK2 (PDB code 3JY9).
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aAbbreviations: JAK, Janus kinase; TYK, tyrosine kinase 2; STAT,
signal transducer and activator of transcription; MPD, myeloprolifera-
tive disorder; PV, polycythemia vera; ET, essential thombocythemia;
IMF, idiopathic myelofibrosis; CML, chronic myeloid leukemia; EPO,
erythropoeitin; EEC, EPO-independent endogenous erythroid colonies;
CFU-E, erythroid colony forming unit; GM-CSF, granulocyte-macro-
phage colony stimulating factor.
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8. Lactam formation was most conveniently carried out with
HATU/HOAt to provide 9A in moderate yield. However, a
second cyclization product 9Bwas also isolated with identical
mass and whose NMR was also consistent with the cyclized
product. When the cyclization was carried out at higher
temperature (60 �C), more of 9B formed. Conversely, at
ambient temperature the reaction yielded a higher proportion
of 9A albeit at a slower rate. While 9A and 9Bwere separable,
there was always a small amount of cross-contamination
present.9

We speculated that these products might be atropisomers.
To confirm this, we monitored for interconversion of the
atropisomers, and we found that each isomer, when kept in
DMSO solution at room temperature, independently equili-
brated to a 2:1 mixture of isomers. The major isomer 9A

equilibrated over a period of 1 week, while the minor isomer
9B equilibratedmore rapidly over the course of approximately
1-2 days. However, when stored in solid form, little or no
equilibrationof atropisomerswas seen over a period of several
months. For subsequent studies we used samples freshly
prepared from solid 9A.

Testing of both products against the target enzyme demon-
strated that samples of 9A and 9B were equipotent inhibitors
of JAK2 with similar preference over JAK3 (Table 1).10,11 In
addition,9A showed similar fold selectivity for JAK2vs JAK3
mediated STAT 5 phosphorylation in TF1 and HT2 cells,
respectively.12

Computational analysis suggests that 9 has two conforma-
tions with similar energies but a high barrier to intercon-
version. Both conformations contain cis-amides, as the trans-
amide conformations require a relatively flat, strained
conformation of the eight-membered ring. The two cis-con-
formations (green and orange) and one trans-conformation
(pink) can be seen in Figure 2. Given the roughly 2:1 ratio of
atropisomers at equilibrium, the energy difference between
the two should be approximately 0.4 kcal/mol. This is in
reasonably good agreement with the MMFF94s calculated
energy difference of 1.6 kcal/mol, with the discrepancy likely
due to solvent effects.13 There are no established methods for

calculating the transition state energy for a ring-flip such as
the one that interconverts the two atropisomers of 9. How-
ever, the flat, trans-amide conformation (depicted in pink)
serves as a reasonable approximation of the flat conformation
that would be a transition between the amide-up (green) and
amide-down (orange) conformations of 9. This trans-amide
conformation is approximately 25 kcal/mol above the energy
of the amide-up conformation, so 25 kcal/mol makes a good
lower-bound estimate of the transition energy. Although this
is only a rough estimate, a barrier of this magnitude would
certainly lead to slow interconversion rates such as those
described above.
In order to determine preferred stereochemistry and amide

conformation of 9 for binding to JAK2, we determined the
crystal structure cocomplex between JAK2 and 9.5,7 The
structure revealed several key hydrogen bonds to backbone
residues (Figure 3).
Compound 9 adopts an open conformation similar to that

depicted in Figure 2 (shown in green) and forms two hinge
hydrogen bonds with its azaindole moiety to the protein
(Figure 1). The hydrogen bonds are to the backbone NH of
Leu-932 and the carbonyl of Glu-930. The phenyl ring forms
some hydrophobic contacts with the glycine-rich loop above
it. The eight-membered ring is puckered such that the lactam
carbonyl is in proximity and forms a H-bond with the back-
boneNHofAsp-994 at the beginning of the activation loop of
JAK2. The importance of the phenolic OH is revealed, as it
acts both as anH-donor, by forming anH-bondwith carbox-
ylate of Glu-898, and as anH-acceptor, by forming a H-bond
with Phe-995.
Finally, the complex implies a preference for the S-stereo-

chemistry at the benzylic carbon. Modeling studies suggest
that the R-isomer is likely to be far less active. All of our
attempts at docking the R-enantiomer in the active site were
unsuccessful, suggesting that all the observed activity is
ascribed to the S-enantiomer and that the R-enantiomer is
likely to be inactive. As such, we did not attempt to separate
the enantiomers of 9.

Screening of 9 against a panel of kinases revealed the
selective nature of the compound, hitting only 3 out of 36
kinases atKi < 500 nM (ALKKi = 0.017 μMand cKitKi =
0.19 μM, GCK IC50 = 0.34 μM).
Because of the favorable potency and selectivity for JAK2

of 9, we set out to characterize its in vivo pharmacokinetic
parameters. The data are summarized below (see Table 2).
Compound 9 exhibited moderate clearance, had long

Table 1. JAK2 and JAK3 Mediated Enzyme and Cell Activities for
Atropisomers 9A and 9B

KI, μM IC50, μM

compd JAK2 JAK3 TF1-GMCSF HT2- IL2

9A 0.0010 ( 0.00016 0.0055 ( 0.0014 0.27 ( 0.16 1.53 ( 1.5

9B 0.001 0.006

Figure 2. Conformational isomers of 9. The conformations with
the cis-amide are shown in green and orange. The conformation
with the trans-amide is shown in pink.

Figure 3. X-ray cocrystal structure depiction of the cocomplex of 9
and the kinase domain of JAK2. Hydrogen bonds (red) are shown
between the ligand and (from left to right) Leu-932, Glu-930, Asp-
994, Phe-995, and Glu-898.
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half-lives, and was 100% orally bioavailable when dosed in
Charles River Sprague-Dawley rats. Compound 9 showed
66% oral bioavailability in Fox Chase SCID (CB-17) mice
and a similar half-life.
Next, we evaluated the ability of 9 to inhibit the JAK2/

STATpathway. Formation of EPO-independent endogenous
erythroid colonies (EEC) is a proposed diagnostic criterion
for patient with polycythemia vera.14 Thus, we established an
in vitro assay using PV patient bone marrow aspirate to
evaluate the effects of 9 on EPO-independent erhythroid
colony formation and proliferation as a surrogate for
JAK2/STAT pathway inhibition. As shown in Figure 4, 9
inhibited the spontaneous growth of erythroid colonies
(colony forming unit or CFU-E) from a PV patient bone
marrow specimenwith confirmed JAK2 (V617F) mutation in
a dose-dependent manner. The average IC50 from two inde-
pendent assays using different PV patient samples with con-
firmed JAK2 (V617F) mutation was 0.87 ( 0.48 μM. These
results corroborate potency against the intended target and
indicate effective inhibition of the JAK2/STAT pathway in a
disease-relevant model system.
To measure the in vivo efficacy of 9, a survival study was

performed using themutant (V617F) JAK2-dependentBa/F3
murine leukemia cell line (mJAK2-Ba/F3).15 To induce leu-
kemia, one million mJAK2-Ba/F3 cells were intravenously
injected into two groups of BALB/cmice (n=12/group). The
first group was dosed orally twice per day (15 mg/kg, b.i.d.)
with 9 suspended in a 5% methylcellulose solution (vehicle);
the second group received vehicle alone. The results of this
study are summarized in a Kaplan-Meier survival plot (see
Figure 5). Animals that received vehicle became moribund
approximately 23 days after receiving the leukemic implant.
Treatment with 9 provided a significant (P < 0.05) survival

advantage, prolonging survival to 32 days (study termina-
tion). Following sacrifice on day 32, spleens were harvested
andweighed to assess the degree of leukemic burden in treated
animals versus controls. Animals treated with 9 experienced
significantly reduced splenomegaly when compared to vehicle
controls (P<0.05): 216( 15mgvs 466( 26mg, respectively.
In summary, we have characterized the binding of 9, a

selective and potent new polycyclic azaindole based inhibitor,
of JAK2, which revealed key interactions responsible for its
potency against the target protein.We have demonstrated the
ability of 9 to block the JAK2/STAT pathway in vitro in an
EPO-independent erhythroid colony formation assay. With
its ability to elicit a pharmacological benefit in a mutant
(V617F) JAK2-dependent Ba/F3 murine leukemia model,
we have shown the utility of 9 as a tool compound for the
study of relevant models of disease.

Acknowledgment. The authors gratefully acknowledge
Drs. C. Town and S. Pazhanisamy for helpful discussions
and critical review of the manuscript, K. Bonanno for expres-
sion of the JAK2protein, andB.Davis,G.May andN.Ewing
for collecting HRMS data.

Supporting Information Available: Synthetic procedures; 1H
NMR and LC/MS data for all compounds and HRMS data for
both atropisomers of 9; assay protocols for Ki and IC50 deter-
minations and colony forming assays; crystallographic informa-
tion; protocols for cloning, expression, and purification of
JAK2. This material is available free of charge via the Internet
at http://pubs.acs.org.

References

(1) (a) Leonard, W. J.; O’Shea, J. J. JAKS and STATS: Biological
implications. Annu. Rev. Immunol. 1998, 16, 293–322. (b) Wilks,
A. F. The JAK kinases: not just another kinase drug discovery target.
Semin. Cell Dev. Biol. 2008, 19, 319–322.

(2) Vardiman, J.W.; Harris, N. L.; Brunning, R.D. TheWorldHealth
Organization (WHO) classification of the myeloid neoplasms.
Blood 2002, 100 (7), 2292–2302.

(3) (a) James, C.; Ugo, V.; Le Cou�edic, J. P.; Staerk, J.; Delhommeau,
F.; Lacout, C.; Garc-on, L.; Raslova, H.; Berger, R.; Bennaceur-
Griscelli, A.; Villeval, J. L.; Constantinescu, S. N.; Casadevall, N.;
Vainchenker, W. A unique clonal JAK2 mutation leading to
constitutive signalling causes polycythaemia vera. Nature 2005,
434, 1144–1148. (b) Levine, R. L.;Wadleigh,M.; Cools, J.; Ebert, B. L.;
Wernig, G.; Huntly, B. J. P.; Boggon, T. J.; Wlodarska, I.; Clark, J. J.;
Moore, S.; Adelsperger, J.; Koo, S.; Lee, J. C.; Gabriel, S.; Mercher, T.;

Table 2. Pharmacokinetic Parameters of 9Determined inMale Charles
River Sprague-Dawley Rats and Fox Chase SCID (CB-17) Micea

rat mouse

iv dose po dose iv dose po dose

dose (mg/kg) 1.8 10 9.0 10

Cmax (μg/mL) 0.70 1.08 7.3 1.0

Tmax (h) 3 2

AUC0-inf (μg 3h/mL) 1.26 7.7 12.5 8.3

T1/2 (h) 3.4 3.6 2.7 3.2

CL ((mL/min)/kg) 23.8 12.1

Vss (L/kg) 5.7 2.3

F (%) 100 66.1
aMean values determined from the concentration (as determined

using a specific LC/MS/MS method).

Figure 4. Effect of 9 on EPO-independent erythroid colony forma-
tion and growth of a PV patient bone marrow aspirate cultured in
vitro.

Figure 5. Treatment began 1 week after implantation of 1 million
mJAK2-Ba/F3 leukemia cells (n=12/group). Animals were treated
by oral gavage with vehicle (5%methylcellulose solution, MC) or 9
(15 mg/kg, suspension in 5% MC) twice per day until day 32 or
achieving moribundity. All 9 treated animals survived until day 32.
Two animals experienced cage deaths that were not related to
treatment or disease; thus, data from these animals were censored.



Letter Journal of Medicinal Chemistry, 2009, Vol. 52, No. 24 7941

D'Andrea, A.; Froehling, S.; Doehner, K.; Marynen, P.; Vandenberghe,
P.; Mesa, R. A.; Tefferi, A.; Griffin, J. D.; Eck, M. J.; Sellers, W. R.;
Meyerson, M.; Golub, T. R.; Lee, S. J.; Gilliland, D. G. Activating
mutation in the tyrosine kinase JAK2 in polycythemia vera, essential
thrombocythemia, and myeloid metaplasia with myelofibrosis. Cancer
Cell 2005, 7 (4), 387–397. (c) Baxter, E. J.; Scott, L.M.; Campbell, P. J.;
East, C.; Fourouclas, N.; Swanton, S.; Vassiliou, G. S.; Bench, A. J.;
Boyd, E. M.; Curtin, N.; Scott, M. A.; Erber, W. N.; Green, A. R.
Acquired mutation of the tyrosine kinase JAK2 in human myeloproli-
ferative disorders. Lancet 2005, 365, 1054–1061. (d) Kralovics, R.;
Passamonti, F.; Buser, A. S.; Teo, S.-S.; Tiedt, R.; Passweg, J. R.;
Tichelli, A.; Cazzola, M.; Skoda, R. C. A gain-of-function mutation of
JAK2 inmyeloproliferative disorders.N.Engl. J.Med. 2005, 352 (17),
1779–1790.

(4) Recent reviews on the role of JAK2 mutations in myleoprolifera-
tive disorders: (a) Morgan, K. J.; Gilliland, D. G. A role for JAK2
mutations inmyeloproliferative diseases.Annu.Rev.Med. 2008, 59,
213–222. (b) Levine, R. L. Janus kinase mutations. Semin. Oncol.
2009, 36 (2, Suppl. 1), S6–S11. (c) Guerin, E.; Praloran, V.; Lippert, E.
JAK2 mutations in myeloproliferative neoplasms: a 2008 update.
Hematologie 2008, 14, 368–377.

(5) (a) Lucet, I. S.; Fantino, E.; Styles, M.; Bamert, R.; Patel, O.;
Broughton, S. E.; Walter, M.; Burns, C. J.; Treutlein, H.; Wilks,
A. F.; Rossjohn, J. The structural basis of Janus kinase 2 inhibition
by a potent and specific pan-Janus kinase inhibitor. Blood 2006,
107, 176–183. (b) Antonysamy, S.; Hirst, G.; Park, F.; Sprengeler, P.;
Stappenbeck, F.; Steensma, R.; Wilson, M.; Wong, M. Fragment-based
discovery of JAK-2 inhibitors. Bioorg. Med. Chem. Lett. 2009, 19,
279–282. (c) Williams, N. K.; Bamert, R. S.; Patel, O.; Wang, C.;
Walden, P. M.; Wilks, A. F.; Fantino, E.; Rossjohn, J.; Lucet, I. S.
Dissecting specificity in the Janus kinases: the structures of JAK-
specific inhibitors complexed to the JAK1 and JAK2 protein tyrosine
kinase domains. J. Mol. Biol. 2009, 387, 219–232. (d) Manshouri, T.;
Quint�as-Cardama, A.; Nussenzveig, R. H.; Gaikwad, A.; Estrov, Z.;
Prchal, J.; Cortes, J. E.; Kantarjian, H. M.; Verstovsek, S. The JAK
kinase inhibitor CP-690,550 suppresses the growth of human poly-
cythemia vera cells carrying the JAK2V617F mutation. Cancer Sci.
2008, 99, 1265–1273. (e) Ledeboer, M. W.; Pierce, A. C.; Duffy, J. P.;
Gao, H.; Messersmith, D.; Salituro, F. G.; Nanthakumar, S.; Come, J.;
Zuccola, H. J.; Swenson, L.; Shlyakter, D.;Mahajan, S.; Hoock, T.; Fan,
B.; Tsai, W.-J.; Kolaczkowski, E.; Carrier, S.; Hogan, J. K.; Zessis, R.;
Pazhanisamy, S.; Bennani, Y. L. 2-Aminopyrazolo[1,5-a]pyrimidines as
potent and selective inhibitors of JAK2. Bioorg. Med. Chem. Lett.
2009, 19, 6529–6533. (f) Kiss, R.; Polgar, T.; Kirabo, A.; Sayyah, J.;
Figueroa, N. C.; List, A. F.; Sokol, L.; Zuckerman, K. S.; Gali, M.;
Bisht, K. S.; Sayeski, P. P.; Keseru, G. M. Identification of a novel
inhibitor of JAK2 tyrosine kinase by structure-based virtual screening.
Bioorg. Med. Chem. Lett. 2009, 19, 3598–3601.

(6) Recent reviews on Jak2 inhibitors for potential treatment of
myeloproliferative disorders: (a) Atallah, E.; Verstovsek, S. Pro-
spect of JAK2 inhibitor therapy in myeloproliferative neoplasms.
Expert Rev. Anticancer Ther. 2009, 9, 663–670. (b) Takenaka, K.
JAK2 inhibitor therapy in myeloproliferative disorder. Ketsueki-
Shuyoka 2009, 58, 70–76. (c) Pardanani, A. JAK2 inhibitor therapy
in myeloproliferative disorders: rationale, preclinical studies and on-
going clinical trials. Leukemia 2008, 22 (P1), P23–P30. (d) Skoda,
R. C. Can we control JAK? Blood 2008, 111, 5419–5420. (e) Aposto-
lidou, E.; Kantarjian,H.M.; Verstovsek, S. JAK2 inhibitors: a reality?A
hope? Clin. Lymphoma Myeloma 2009, 9 (Suppl. 3), S340–S345.

(f) Sayyah, J.; Sayeski, P. P. Jak2 inhibitors: rationale and role as
therapeutic agents in hematologic malignancies. Curr. Oncol. Rep.
2009, 11, 117–124.

(7) Changelian, P. S.; Flanagan, M. E.; Ball, D. J.; Kent, C. R.;
Magnuson, K. S.; Martin, W. H.; Rizzuti, B. J.; Sawyer, P. S.;
Perry, B. D.; Brissette, W. H.; McCurdy, S. P.; Kudlacz, E. M.;
Conklyn, M. J.; Elliott, E. A.; Koslov, E. R.; Fisher, M. B.;
Strelevitz, T. J.; Yoon, K.; Whipple, D. A.; Sun, J.; Munchhof,
M. J.; Doty, J. L.; Casavant, J. M.; Blumenkopf, T. A.; Hines, M.;
Brown, M. F.; Lillie, B. M.; Subramanyam, C.; Chang, S.-P.;
Milici, A. J.; Beckius, G. E.; Moyer, J. D.; Su, C.; Woodworth,
T. G.; Gaweco, A. S.; Beals, C. R.; Littman, B. H.; Fisher, D. A.;
Smith, J. F.; Zagouras, P.;Magna,H.A.; Saltarelli,M. J.; Johnson,
K. S.; Nelms, L. F.; Des Etages, S. G.; Hayes, L. S.; Kawabata,
T. T.; Finco-Kent, D.; Baker, D. L.; Larson, M.; Si, M.-S.;
Paniagua, R.; Higgins, J.; Holm, B.; Reitz, B.; Zhou, Y.-J.;Morris,
R. E.; O’Shea, J. J.; Borie, D. C. Prevention of organ allograft
rejection by a specific Janus kinase 3 inhibitor. Science 2003, 302
(5646), 875–878.

(8) Wang, T.; Ledeboer, W. M.; Duffy, J. P.; Pierce, A. C.; Zuccola,
H. J.; Block, E.; Shlyakter, D.; Hogan, J. K.; Bennani, Y. B. A
novel chemotype of kinase inhibitors: discovery of 3,4-ring fused
7-azaindoles and deazapurines as potent JAK2 inhibitors. Bioorg.
Med. Chem. Lett. (2009) doi 10.10126/j.bmcl2009.11.21.

(9) The purity of the combined atropisomers 9A and 9B as an equilibrium
mixture in DMSO was >95% as judged by orthogonal HPLC
methods. See Supporting Information for full characterization data.

(10) For full details regarding JAK2 and JAK3 Ki determinations refer
to Supporting Information and the following references: (a) Fox,
T.; Coll, J. T.; Ford, P. J.; Germann, U. A.; Porter, M. D.;
Pazhanisamy, S.; Fleming, M. A.; Galullo, V.; Su, M.-S.; Wilson,
K. P. A single amino acid substitution makes ERK2 susceptible
to pyridinyl imidazole inhibitors of p38 MAP kinase. Protein Sci.
1998, 7, 2249–2255. (b) Morrison, J. F.; Stone, S. R. Approaches to the
study and analysis of the inhibition of enzymes by slow- and
tight-binding inhibitors. Comments Mol. Cell. Biophys. 1985, 2,
347–368.

(11) The JAK2 data in Table 1 was obtained using a truncated kinase
domain form of the enzyme. Identical results were obtained for 9A
using alternative forms of JAK2 comprising the combined kinase
and pseudokinase domains having valine or phenylalanine at
amino acid 617 (unpublished results).

(12) GM-CSF stimulation of TF-1 cells leads to STAT-5 phosphoryla-
tion by JAK2, while IL2 stimulation of HT-2 cell lines yields
phospho-STAT-5 via the JAK3 pathway. For full details regarding
IC50 determinations using TF1 and HT2 cells refer to Supporting
Information.

(13) Halgren, T. A. MMFF VI. MMFF94s option for energy mini-
mization studies. J. Comput. Chem. 1999, 20, 720–729.

(14) Michiels, J. J.; Juvonen, E. Proposal for revised diagnostic criteria
of essential thrombocythemia and polycythemia vera by the
ThrombocythemiaVera StudyGroup.Semin. Thromb.Hemostasis
1997, 23, 339–347.

(15) Pardanani, A.; Hood, J.; Lasho, T.; Levine, R. L.; Martin, M. B.;
Noronha, G.; Finke, C.; Mak, C. C.; Mesa, R.; Zhu, H.; Soll, R.;
Gilliland, D. G.; Tefferi, A. TG101209, a small molecule JAK2-
selective kinase inhibitor potently inhibits myeloproliferative dis-
order-associated JAK2V617FandMPLW515L/Kmutations.Leu-
kemia 2007, 21 (8), 1658–1668.


