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Recently, we disclosed a series of potent pyrimidine benzamide-based thrombopoietin receptor agonists.
Unfortunately, the structural features required for the desired activity conferred physicochemical prop-
erties that were not favorable for the development of an oral agent. The physical properties of the series
were improved by replacing the aminopyrimidinyl group with a piperidine-4-carboxylic acid moiety. The
resulting compounds possessed favorable in vivo pharmacokinetic properties, including good
bioavailability.

� 2009 Elsevier Ltd. All rights reserved.
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The discovery of agonists of the thrombopoietin receptor (TPOr)
is an active area of research within the pharmaceutical industry for
the treatment of a number of conditions resulting in suppressed
platelet levels.1 The FDA recently approved Eltrombopag, shown
in Figure 1, as the first thrombopoietin agonist for the treatment
of idiopathic thrombocytopenic purpura (ITP).2

We recently reported a novel series of potent TPOr agonists
exemplified by 1.3 Unfortunately, the structural features required
for the desired activity conferred physicochemical properties that
were not favorable for the development of an oral agent.4 The poor
solubility of the series made permeability, as well as other in vitro
properties such as metabolic stability, difficult to evaluate.

Earlier analoging efforts suggested that one way to obtain the
desired agonist activity was to maintain planarity from the amide
to the thiazole and through the pendent 2-fluoro-3-(trifluorometh-
oxy)phenyl ring of 1.3,5 Efforts to modify this region of the pharma-
cophore while preserving the planarity had previously met with
little success.5 As a result, we turned our attention to replacements
for the diaminopyrimidine portion of the lead. A pharmacophore
model of TPO agonism was also used, which suggested that a
hydrogen bond acceptor was favored in the terminus of the phe-
nylpyrimidine-4,6-diamine, portion of the molecule.5 We therefore
sought to identify structural groups that would remove the planar
diaminopyrimidine and replace it with a heterocycloalkyl group
All rights reserved.
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that displayed the required hydrogen bond acceptor. Additionally,
we replaced the phenyl benzoic acid moiety with the correspond-
ing nicotinic acid to help reduce lipophilicity and facilitate analog
preparation. Combined, these changes were pursued in an attempt
to move to a more drug-like physical property space, including bet-
ter solubility and more polar compounds (Fig. 2).

Based on these criteria a variety of replacements were screened,
resulting in the identification of the pyrrolidine-3- and piperidine-
4-carboxylic acids 2 and 3.6,7 Acid 2 had excellent agonist activity
in the BaF3 reporter assay (EC50 = 33 nM), but showed only a slight
improvement in solubility as compared to 1.8 Compound 3 was not
as potent as 2, but displayed improved aqueous solubility relative
to 1 (167 vs <1 lg/mL). Unfortunately, improved solubility of 3,
coupled with moderate permeability in the CACO-2 assay, did
not translate to improved oral bioavailability upon administration
Eltrombopag

Figure 1. Eltrombopag.
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Figure 2. Lead compounds.
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Compound ID R1 R2 BaF3
a EC50 (lM) logD MW

5 Cl N
O

H2N
0.028 4.92 527

2 Cl N
O

O
0.033 2.94 528

6 Cl NS
O

O
H2N 0.034 4.86 563

7 Cl
N

HO

O

0.043 2.79 528

8 Cl HO

O

HN
0.057 1.57 488

9 Cl

HN
N

O

HO 0.129 1.88 545

10 Cl N

O

HO 0.294 2.94 528

11 H N
O

O
0.430 1.83 494

12 Cl N
N

NN
HN

0.485 3.24 552

13 Cl N >10.0 7.1 484

a All reported EC50 values were calculated by plotting stimulation index ratio of
drug, against stimulation index ratio of hTPO control.
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in rats (F < 3%). We incorrectly concluded at the time that a further
improvement in solubility was required.9

Because of the superior potency of the 3-chloro group and
piperidine-4-carboxylic acid combination, we chose to focus fur-
ther work on this series. Thus, we next investigated modification
of the piperidine-4-carboxylic acid moiety. Analogs were prepared
by addition of amines to dichloropyridyl amide 4 (Table 1).
Replacement of the piperidine-4-carboxylic acid with carboxam-
ides, sulfonamides, sulfonic acids, and carboxylic acid isosteres
such as tetrazoles all yielded compounds that maintained a range
of agonist activities. Acyclic acids such as 8, as well as the pipera-
zine-3- and piperidine-3-carboxylic acids 9 and 10, were also mod-
erately potent. Removing the hydrogen bond acceptor of 2 to afford
piperidine 13 resulted in loss of activity (EC50 > 10 lM). These re-
sults are consistent with our hypothesis that a hydrogen bond
acceptor is important for activity and demonstrated that some
flexibility with regard to its general spatial placement can be
tolerated.

We next turned our attention to the pyridine moiety. Replace-
ment of the pyridine ring with less basic pyrimidine and pyrazine
moieties led to inactive compounds (data not shown). These re-
sults suggested that the basicity of the pyridine nitrogen may be
important for activity. To explore this possibility, several 3-substi-
tuted pyridine analogs were prepared with both electron donating
and withdrawing substituents. However, the rank order of potency
of these substituted analogs, Br > Cl > CF3 > CN > Me > H > F/MeO
does not correlate with the calculated basicity of the pyridine
nitrogen (Table 2). Further evidence that pyridine basicity does
not play a critical role was provided by benzene analogs of 2. Com-
pound 16, the direct comparator to 2, is only slightly less potent.
Addition of a second chloro group to the benzene ring (14) im-
proved the potency to 10 nM. Although the benzene analogs pro-
vided useful insight into the SAR, they were compromised by
increased lipophilicity. Unfortunately, none of these changes
showed a significant improvement in activity or solubility over 2.10

During the course of our studies, Smith Kline Beecham disclosed
thrombopoietin agonists of a different chemotype (Fig. 3).11 Of par-
ticular interest was their disclosure of the use of a bis-ethanol-
amine salt to improve the aqueous solubility of this carboxylic
acid-containing compound (22, Eltrombopag) from <0.001 to
14 mg/mL.

We prepared the ethanolamine salt of 2 and observed a sim-
ilar dramatic increase. While the parent acid had no measurable
aqueous solubility, the solubility of the ethanolamine salt im-
proved to 15.6 mg/mL. The ethanolamine salt of 2 was pro-



Table 3
Compound 2 PK data

Sodium salt Ethanolamine salt

Rat PK
Clp (mL/min/kg) 6.87 6.34
Vdss (L/kg) 0.831 0.579
T½ (h) 1.34 1.29
F (%) 66.8 53.4

Dog PK
Clp (mL/min/kg) 0.94
Vdss (L/kg) 0.228
T½ (h) 2.31
F (%) 50
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14 Cl C Cl 0.01 NA
2 Cl N 0.033 5.21

15 Br N 0.050 5.14
16 Cl C H 0.056 NA
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Figure 3. SKB lead.
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gressed into rat PK studies in which the bioavailability was
found to be 54%, which appeared to substantiate our hypothesis
regarding the importance of solubility.12 Interestingly, however,
the sodium salt of 2 was subsequently tested and shown to have
comparable oral exposure and clearance properties, even though
it had no measurable solubility.13 This trend held for several re-
lated acids but was not true in every case.14 Clearly, although
the replacement of diaminopyrimidine portion of 1 had not led
to the desired increase in solubility, it did confer improved prop-
erties relative to the lead, that resulted in favorable in vivo phar-
macokinetic properties.
Having achieved good oral exposure with 2, we further assessed
the attributes of the compound. PK studies in dogs also showed
good bioavailability, low clearance, and low volume of distribu-
tion.15 Incubation in human liver microsomes resulted in no met-
abolic turnover, and no reactive metabolites were detected. As
expected for a lipophilic carboxylic acid, 2 was highly bound
(>99.5%) to rat, dog, mouse, and human plasma protein (Table 3).

In summary, the replacement of the diaminopyrimidine portion
of 1 with a heterocycloalkyl moiety led to the identification of
compounds with much improved in vivo pharmacokinetic profiles.
In turn, these advances allowed the program to evaluate the in vivo
efficacy of this series in transgenic mouse models.16
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