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A series of novel benzoxazole derivatives has been designed and shown to exhibit attractive JAK2 inhib-
itory profiles in biochemical and cellular assays, capable of delivering compounds with favorable PK
properties in rats. Synthesis and structure–activity relationship data are also provided.

� 2010 Elsevier Ltd. All rights reserved.
N

N NNH
N

N

ONH
X Y

        2 - 17
The four Janus kinases (JAK1, JAK2, JAK3, TYK2) are intracellular
protein tyrosine kinases that have important roles in the mediation
of cytokine receptor signaling.1 The discovery of an acquired acti-
vating point mutation in the pseudokinase domain of JAK2 in a
large proportion of patients suffering from chronic myeloprolifera-
tive neoplasms (cMPNs) has drawn a lot of attention to this kinase
during recent years. For the first time there is a molecular under-
standing of the underlying disease mechanism and, equally of
importance, the mutated JAK2 kinase represents a druggable target
for therapeutic intervention. The JAK2 valine 617 to phenylalanine
mutation (JAK2V617F) is found in nearly every patient with polycy-
themia vera (PV) and in approximately every second patient
suffering from essential thrombocythemia (ET) and myelofibrosis
(PMF).2 Patients typically present an increased hematocrit (PV), in-
creased platelet counts (ET), splenomegaly (PV, PMF), and gradual
loss of bone marrow function (PMF). It is hoped that targeting
JAK2V617F with small molecule inhibitors will alleviate these symp-
toms.3 Here, we report the discovery of benzoxazole derivatives as
potent, selective as well as orally available JAK2 inhibitors.
All rights reserved.
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Based on the structure of a pyrrolopyrimidine derivative 14

which was identified as an inhibitor of JAK2 in a focused screen,
application of several cycles of scaffold morphing, and lead optimi-
zation led to the discovery of a series of novel 2-amino-aryl-7-aryl-
benzoxazoles, exhibiting surprisingly favorable JAK2 inhibitory
and selectivity profiles (Fig. 1). A derivatisation program aiming
at variations of the X and Y aryl/heteroaryl residues quickly
showed that a variety of residues is tolerated for potency in JAK2
inhibition (Table 1). This was considered an advantage as it opened
up the possibility to simultaneously optimize potency, selectivity
and pharmacokinetic properties. Initially, the trimethoxy-phenyl
residue at position 2 was kept constant to study the influence of
O

O
O

X = aryl
Y = aryl, heteroaryl
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Figure 1. Discovery of benzoxazoles.
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Table 1
Inhibition of JAK family kinases5 and inhibition of cell proliferation in SET-2V617F cells6 for compounds 2–17
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Compd X Y JAK2 inhibition
IC50 (lM)

JAK1 inhibition
IC50 (lM)

JAK3 inhibition
IC50 (lM)

TYK2 inhibition IC50

(lM)
Inhibition of SET-2V617F

proliferation (cellular assay),
GI50 (lM)

2

O

O
O

N
0.11 0.76 0.45 0.64 —

3

O

O
O

0.015 0.71 >10 3.4 —

4

O

O
O Cl

0.44 5.3 >10 >10 —

5

O

O
O OMe

0.84 8.9 >10 >10 —

6

O

O
O N

0.008 0.21 0.67 1.4 0.50

7

O

O
O NHSO2Me

0.15 0.68 2.0 3.6 —

8

O

O
O NHSO2Me

0.005 0.047 0.13 0.15 0.13

9

O

O
O

O N
O

0.008 0.0275 0.4 0.11 0.16

10

O

O
O

O N
O

F <0.003 0.022 — 0.063 0.15

11

O

O
O

N
O

0.014 0.082 0.30 0.31 0.42

12 O

N

O N
O

0.039 0.18 0.62 0.73 —
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Table 1 (continued)

Compd X Y JAK2 inhibition
IC50 (lM)

JAK1 inhibition
IC50 (lM)

JAK3 inhibition
IC50 (lM)

TYK2 inhibition IC50

(lM)
Inhibition of SET-2V617F

proliferation (cellular assay),
GI50 (lM)

13 O

N

O N
O

0.008 0.13 — — 0.49

14 O

N

N
O

F F 0.005 0.14 0.16 0.20 0.20

15 O

N
H

N
O

F F 0.005 0.048 0.19 0.12 0.26

16
N

N
O N

O

0.008 0.067 0.17 0.3 0.20

17 O

N
H

N
N

O

F F 0.005 0.035 0.22 0.097 0.41

Table 2
Pharmacokinetic properties of 15 in ratsa

Parameter Mean ± SD

CL (mL min�1 kg�1) 15 ± 4
VSS (L/kg) 2.3 ± 0.4
t1/2 term (h) 3.2 ± 1.7
AUC, iv d.n. (nmol h L�1) 2391 ± 562
AUC, po d.n. (nmol h L�1) 2435 ± 695
Tmax (h) 3.5 ± 1.9
Cmax d.n. (nM) 242 ± 33
BAV (%) 102 ± 29

d.n.: dose normalized to 1 mg/kg.
a Mean of four animals.
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various aryl moieties at position 7. A simple phenyl residue (3)
leads to a fairly potent but insoluble and very lipophilic JAK2 inhib-
itor, whereas addition of meta-chloro (4) or para-methoxy groups
(5) leads to a decrease in activity. In order to make compounds
more soluble, polar residues were introduced that are best toler-
ated at the para position as the comparison of compounds 7 and
8 illustrates (additional examples: 6, 9–11). Compound 8 also
shows very good inhibition of SET-2V617F cell proliferation.
Replacement of the trimethoxy-phenyl group with benzamide or
piperazine-phenyl residues also leads to potent and cellularly ac-
tive compounds that can be combined with a variety of 7-aryl moi-
eties (compounds 12–17). It is noteworthy that the introduction of
a methyl group ortho to the carboxamide residue leads to an in-
crease in potency (12 compared to 13). The introduction of 1 (or
2) fluorine atoms to the 7-aryl residue leads to better JAK2 inhibi-
tory activity (9 vs 10). While in general there is relatively favorable
selectivity of the compounds for JAK2 versus the other JAKs, there
is less of an influence of the substitution pattern on the selectivity
factors per se. Apparently, a substitution pattern that leads to an
increase in JAK2 inhibition also leads to increased inhibition of
the other JAKs.

The preparation of the benzoxazole derivatives is relatively
straightforward, convergent and allows introduction of the various
substitution patterns in the last two steps. The synthesis is exem-
plified with the preparation of 15 as shown in Scheme 1. Starting
from commercially available 5-bromo-2-bromomethyl-1,3-di-
fluoro-benzene (18), the morpholine derivative 19 was prepared
followed by a reaction of the latter with bis(pinacolato)-diboron
to produce the boronic acid derivative 20. The aniline building
block 22 was prepared in a three steps reaction sequence starting
from commercially available 2-methyl-4-nitro benzoic acid (21) as
outlined in the Scheme. The nitro group of 2-bromo-6-nitro-phenol
(23, commercially available) was reduced and the resulting
hydroxyl-aniline derivative 24 was reacted with potassium ethyl
xanthogenate, followed by methylation of the thiol residue to
produce 7-bromo-2-methylsulfanyl-benzoxazole (25). Activation
of the sulfur leaving group of 25 with mCPBA, followed by reaction
with 22 led to 4-(7-bromo-benzoxazol-2-ylamino)-2,N-dimethyl-
benzamide (26). Suzuki coupling of 26 with 20 led to the final
product 4-[7-(3,5-difluoro-4-morpholin-4-yl-methyl-phenyl)-ben-
zoxazol-2-ylamino]-2,N-dimethyl-benzamide (15).
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Scheme 1. Preparation of 15. Reagents and conditions: (a) morpholine, Et3N, DMF;
(b) bis-(pinacolato)-diboron, Pd(dppf)Cl2, CH2Cl2, KOAc, DMA, 80 �C; (c) (COCl)2,
DMF (cat.), CH2Cl2; (d) MeNH2 (2 M in THF), CH2Cl2; (e) H2, Pd/C, MeOH, THF; (f) Ra-
Ni, MeOH, THF; (g) potassium ethyl xanthogenate, EtOH; (h) MeI, K2CO3, DMF; (i)
mCPBA, CH2Cl2, rf; (j) Pd(PPh3)4, K3PO4, 1,2-dimethoxyethane, 100 �C.
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Based on its most attractive broader overall in vitro and physi-
cochemical profile, 15 was selected for pharmacokinetic property
assessment.7 As shown in Table 2, 15 has a low clearance and
low volume of distribution at steady state (VSS) and a terminal
t1/2 of 3.2 h after iv administration to rats. After po administration,
15 exhibits a high Cmax, a moderately late Tmax and a very high oral
bioavailability. Profiling of 15 in a variety of animal models is still
ongoing and will be published in due course.
In summary, compounds from a series of novel benzoxazole
derivatives display attractive JAK2 inhibitory profiles in biochemi-
cal and cellular assays. In addition, a selected example (15) was
demonstrated to exhibit favorable PK properties in rats.
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7. Pharmacokinetic properties were determined in conscious, fed, permanently
cannulated female rats. For po administration by gavage, aq solution of 15 in
citrate buffer pH 3 was used as a vehicle (2.5 mL/kg), whereas for the iv route
15 was administered into the femoral vein as a solution in NMP (30%) in PEG
200 (0.5 mL/kg). Blood samples (approx. 70 lL) were collected from the
femoral artery for 48 h after iv administration and for 24 h after oral dosing.
Iv and po administration was in the same animals with a 48 h washout
period between administrations (cross-over design). After CH3CN precipitation
of blood samples (50 lL), dried residues were re-dissolved in methanol/water,
separated by HPLC on a C18 reversed-phase HPLC column, followed by MS/
MS analysis on a triple quadrupole mass analyzer (Finnigan TSQ Quantum).
The compound was detected as a fragment of its protonated quasi-molecular
ion [M+H]+. A structurally closely related compound was used as analytical
internal standard. Quantification of blood levels of the parent compound was
based on a seven-level calibration curve (in triplicate) using blank rat blood
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administration.
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