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Abstract: We describe the discovery and optimization of new, brain-penetrant T-type calcium channel blockers.
We present optimized compounds with excellent efficacy in a rodent model of generalized absence-like epilepsy.
Along the fine optimization of a chemical series with a pharmacological target located in the CNS (target po-
tency, brain penetration, and solubility), we successfully identified an Ames negative aminopyrazole as putative
metabolite of this compound series. Our efforts culminated in the selection of compound 20, which was elected
as a preclinical candidate.
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1. Introduction

Nature has developed numerous pro-
cesses that allow transmission of informa-
tion between cells and organs at different
locations in our body. A signal coming
from the extracellular space has to be
translated into an event inside the cell.
G-protein coupled receptors (GPCR) or
cytokine receptors, for instance, usually
transmit signals by binding a ligand com-
ing from outside of the cell. This type of
signal transduction is rather slow (>1 s),
and usually occurs locally, as the ligand
has to diffuse in the extracellular fluid to
the exact location of the receptor. If such
a ligand has to be transported over a long
distance, the body uses blood, or lymph,
or a form of active transport. For fast and
highly directed transmission, be it for short
or longer distances, nature relies on a dif-
ferent system and uses electrical signals.

For instance, the rapid signal transmission
along the nerve fibres occurs by electri-
cal impulses and the rapid contraction of
muscle cells finds its origin in an electrical
signal as well. In organs, transmission of
an electrical signal generally means con-
veying a change in transmembrane volt-
age along a cell membrane or transferring
a change from one membrane to another.
Such signals proceed at speeds varying
from around 1 m/s up to 100 m/s along the
neuronal axon.[1] Transmembrane voltages
exist because nature has developed means
to build differential ion concentrations
across cell membranes, thereby creating
electrochemical gradients, which result in
potential differences. In turn, rapid chang-
es in transmembrane voltage occur through
the controlled breaching of one or more of
these electrochemical gradients and the
rapid, passive diffusion of cations (H+, Na+,
K+ or Ca2+), or anions (Cl–), through specif-
ic pores (channels) through the cell mem-
branes. As an example, for the cation Ca2+,
the extracellular concentration lies around
1.5 mM and the intracellular concentration
of most cells is around 100 nM.According
to the Nernst equation, the electrochemical
potential of Ca2+,

𝐸𝐸 � ���� 𝑙𝑙𝑙𝑙 𝐶𝐶𝐶𝐶 𝐶𝐶𝐶𝐶  ,
at 37 °C, is +129 mV. Typically, a neuron
has a resting transmembrane voltage at
around –70 mV, which can vary transient-
ly during signal transmission from ~–90
mV to ~+60 mV. Therefore, the opening
of plasma membrane calcium channels

will always favour the entry of Ca2+ into the
cell.While sodium and potassium channels
are used mainly for signal transmission/
propagation along neuronal membranes,
the Ca2+-channels are used for rapid signal
transduction into the cell as well.

Voltage-gated channels open their pore
as a response to a change in the transmem-
brane voltage. The voltage-gated calcium
channels have been historically divided
into high-voltage-activated (HVA) chan-
nels, which typically open when the trans-
membrane voltage reaches –40 mV, and
low-voltage-activated (LVA) channels,
which open around –70 mV. The LVA
calcium channels are also named T-type
calcium channels because their first elec-
trophysiological identification showed that
they have a Tiny conductance and produce
a Transient current in comparison with the
first described LVA calcium channels, the
L-type calcium channels, which have a
Large conductance and a Lasting current.[2]
The more modern, gene-based nomencla-
ture identifies three distinct T-type calci-
um channels, which were named Ca

v
3.1,

Ca
v
3.2, and Ca

v
3.3 (Fig. 1).[3] In this pa-

per, we will use ‘T-type calcium channels’
when all three channels are considered, and
we will use the Ca

v
3.n nomenclature when

considering specific channel subtypes.
T-type calcium channels are expressed

mainly in the brain and in the heart.[4]
Accordingly, drugs targeting them have
been developed mainly to treat diseases
linked to these organs. The first class of
compounds claimed to block T-type cal-
cium channels, exemplified by mibefradil
(compound 1, Fig. 2), possess a tertiary
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more than 80% inhibition of Ca
v
3.2 and

less than 60% inhibition of Ca
v
1.2 were

characterized with concentration-response
curves on the four human channels Ca

v
3.1,

Ca
v
3.2, Ca

v
3.3, and Ca

v
1.2. In addition, a

counter screen on the hERG-channel was
performed. This cascade identified a num-
ber of hits, among others the thiophene
derivative 5 and the dihydropyrazole 6
(Fig. 3). These two compounds were po-
tent Ca

v
3.2 blockers (Table 1) with good

ligand efficiencies (LE, 0.39 for compound
5, and 0.35 for compound 6). Compound
6 blocked the three T-type calcium chan-
nel subtypes with similar potency whereas
compound 5 was less potent on Ca

v
3.1 and

inactive on Ca
v
3.3. The absence of potency

of thiophene 5 on Ca
v
3.3 was rather unex-

pected, but did not prevent us from further
studying this hit (vide infra).

blocking only one T-type calcium channel
subtype (i.e.Ca

v
3.1, Ca

v
3.2, or Ca

v
3.3) was

not clear, we aimed for a compound that
would block all three channels with similar
potencies.

2. HTS Campaign and Hit
Identification

Using the FLIPR® techniquementioned
previously, anHTScampaignwas initiated.
A full-deck screen (around 300’000 com-
pounds)[23] was run on the human Ca

v
3.2-

channel at 10 µM, followed by a selectivity
screen on the human Ca

v
1.2-channel at the

same concentration. The Ca
v
1.2-channel

was selected as anti-target since its inhi-
bition can lead to undesired cardiovas-
cular side effects. Compounds showing

amine flanked by two large, rather apolar
moieties. Their pharmacological activity
was discovered phenotypically, and their
action on T-type calcium channel was rec-
ognized much later. Mibefradil is not se-
lective and blocks many different types of
ion channels: most voltage-gated calcium
channels,[5] sodium channels,[6] many volt-
age-gated potassium channels[7] and some
chloride channels.[8] Other compounds
from a similar class showed similar po-
tencies towards Ca

v
3.2 and Ca

v
1.2,[9] like

verapamil (compound 2), which blocks
Ca

v
3.1 with potency similar to Ca

v
1.2.[10]

The discovery of potent, selective
T-type calcium channel blockers has been
a matter of relatively recent research.
Indeed, while high throughput screening
protocols have been available for many
years for more traditional targets such as
GPCRs, the development of similar tech-
niques for voltage-gated channels occurred
only a few years ago. In particular, the de-
velopment of FLIPR® assays for T-type
calcium channels was published rather
recently.[11] These developments have al-
lowed the identification of a few potent,
selective compounds that have already en-
tered clinical trials. For instance,MK-8998
(compound 3) proceeded into phase 2 clin-
ical trials for the treatment of acute psy-
chosis in patients with schizophrenia,[12]
and Z-944 (compound 4) entered phase 1
clinical trials, presumably targeting pain
as indication.[13] More recently, CX-8998
and CX-5395 (structures unknown) were
claimed to be new T-type calcium channel
blockers in clinical trials.[14]

The role of T-type calcium channels in
the heart has been partially elucidated us-
ing early compounds and genetically-mod-
ified animals.[15] Over the last ten years,
the role of the T-type calcium channels has
been evaluated in different CNS-related
diseases, like epilepsy,[16] schizophre-
nia,[12,17] Parkinson’s disease,[18] essen-
tial tremor,[16f,19] obesity,[20] and pain.[21]
Mutations in the genes encoding the Ca

v
3.1

and Ca
v
3.2 channels, mostly leading to a

gain of function, have been linked to child-
hood absence epilepsy and other forms of
idiopathic generalized epilepsies.[22]Based
on these observations, we decided to em-
bark on a program directed toward the
identification of potent, selective T-type
calcium channel blockers for the treat-
ment of idiopathic generalized epilepsies.
Beside standard safety criteria, our objec-
tive was the discovery of a compound with
an IC50, total in brain = IC50, in vitro/fu,brain (fraction
of free to protein-bound brain concentra-
tion) not exceeding 5 µM, the maximum
total concentration that can be anticipated
for a CNS drug with a single molecular
target, in our experience. The compound
should be suitable for a once a day oral
dosing in human. Finally, as the impact of

Fig. 1. Phylogeny of voltage-gated calcium channels. The sequences of the membrane-spanning
segments and the pore loops of the a subunits (~350 amino acids) are compared, which defines
a subfamily of 7 high-voltage-activated Ca channels and another of 3 low-voltage-activated Ca
channels. Adapted with permission from ref. [3].
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of mean arterial pressure (MAP), heart rate
(HR) and electrocardiogram. Compound 7
administered as a single oral dose of 100
mg/kg decreased MAP ~12 mmHg (return
to baseline within 18 h, Fig. 6A), decreased
HR slightly (return to baseline within 6 h,
not shown), and it increased thePR-interval
of the ECG, indicative of AV-block type I
(return to baseline within 10 h, Fig. 6B).
Compound 7 also induced a very low in-
cidence of AV-blocks type II (Wenckebach
and Mobitz II). Reference T-type calcium
channel blockers (e.g. compound 3) were
also tested in this animal model, which
showed that the observed PR-interval pro-
longation was probably target related, i.e.
linked to the blockade of the T-type cal-
cium channels. From these observations,
safety concerns arose regarding T-type cal-
cium channels as a target for a neurological
disease. Since our compounds blocked the
three T-type calcium channel subtypes, an
obvious question was whether the desired
antiepileptic effect and the undesired PR-
prolongation might be dissociated using
subtype-specific blockers.

slightly less biologically active and was a
Pgp substrate (Table 1). It should be not-
ed that compounds 6–8 were prepared and
studied as racemates. Later on, compound
9 was prepared, its enantiomers were sep-
arated by HPLC using a chiral stationary
phase, and the absolute configuration of
compound (S)-9 was determined by X-ray
structure analysis. Testing both enantiom-
ers (R)-9 and (S)-9 showed that the (R)-
enantiomer is responsible for blocking the
T-type calcium channels (Table 1). Despite
considerable efforts, we were not able to
fine-tune this series of dihydropyrazoles
and to identify compounds with a good
balance of potency, solubility, active ef-
flux, and clearance.

Compound 7 was nevertheless a rea-
sonable model compound and it was used
to evaluate the cardiovascular actions
of our T-type calcium channel blockers.
These actions were evaluated in free-
ly-moving, conscious male spontaneous-
ly hypertensive rats (SHRs, Wistar-Kyoto
background) equipped with a telemetry
system allowing non-invasive monitoring

3. The Dihydropyrazoles

Simple modifications on dihydropyra-
zole 6 rapidly led to potent T-type calcium
channel blockers.[16b] In particular, intro-
duction of a second para-fluoro substitu-
ent and replacement of a para-bromophe-
nyl by a 4-pyridinyl led to compound 7
(Fig. 4, Table 1) that was potent enough
for complete characterization. In particu-
lar, this compound was not a substrate for
P-glycoprotein (Pgp), which are efflux
pumps that prevent many compounds from
penetrating into the brain, and its pyridi-
nyl moiety facilitated its formulation for
in vivo studies. When this compound was
administered orally at a dose of 100 mg/
kg toWistarAlbino Glaxo Rats of Rijswijk
(WAG/Rij rats), a model of generalized
absence-like epilepsy,[24] a complete sup-
pression of the spontaneous seizures was
observed for 4 h and a reduction in their
incidence for the following 7 h (Fig. 5a).
Over the 12 h period following adminis-
tration, the cumulative duration of sei-
zures was decreased by 58% compared
to vehicle-treated rats (Fig. 5b; p = 0.013,
paired t-test). In spite of this promising re-
sult, dihydropyrazole 7 (as well as many
compounds from this series) suffered from
high clearance in rats and rather poor sol-
ubility in aqueous buffer at pH 7.Attempts
to solve these issues by introducing more
polarity on a fairly large, lipophilic tem-
plate, led for instance to dihydropyrazole
8. The introduction of more polar moie-
ties resulted, as expected, in an improved
aqueous solubility but compound 8 was

Table 1. Potencies, solubility, and efflux ratio of compounds 5–13.

Compound
number

IC50 Cav3.1
[nM]a

IC50 Cav3.2
[nM]a

IC50 Cav3.3
[nM]a

IC50 Cav1.2
[nM]a

Sol. @ pH 7
[mg/L]

Efflux ratio
(Pgp)

5 870 78 >10000 >10000 – –

6 27 63 110 >10000 – –

7 26 31 330 6200 2 1.0

8 530 220 1200 >10000 25 104

9 84 120 250 >10000

(R)-9 45 30 56 4800

(S)-9 >10000 >10000 >10000 -

10 200 6.6 740 2700 <1 –

11 >10000 33 >10000 >10000 <1 –

12 160 5000 >10000 >10000 – –

13 140 100 11 >10000 27 –

aGeo mean of at least two measurements

N
N

N
H

O

N

F

7

F
N
N

N
H

O

N

O
Br

HO

9

N
N

N
H

O
S

F

HO

O O

8

Fig. 4. Dihydropyrazoles 7–9.
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tivity toward Ca
v
3.3, such as compound

13.[16a] Compound 13, when administered
orally at 100 mg/kg, decreased by 50%
the cumulative duration of seizures in the
WAG/Rij rat model (p = 0.017 compared
to vehicle-treated rats, paired t-test; Fig.
5c and 5d). This effect was observed at an
unbound brain concentration expected to
block only Ca

v
3.3. Considering carefully

the pharmacokinetic-pharmacodynamics
relationship of compound 7, described ear-
lier, it has to be noticed that efficacy was ob-
served at concentrations expected to block
only Ca

v
3.1 and Ca

v
3.2. If this is the case,

this would indicate that blocking all three
T-type calcium channels is not necessary in
theWAG/Rij rat model to suppress seizures.

5. The Aminopyrazoles

As noted, subtype-selective blockers
were identified but generally these com-
pounds did not display drug-like prop-
erties. Meanwhile, we had made some
progress in understanding the observed
PR-prolongation. First, we realized that
increasing the administered dose increased
C

max
and AUC

0-24h
but it did not lead to in-

creased magnitude of PR-prolongation,
only to increased duration of the effect.
Consistent with this observation, we also
never detected more advanced AV-blocks,
such as type III AV-blocks. Second, we re-
alized that PR-prolongation was observed
in rats and mice only but never in guinea
pigs, dogs ormonkeys at similar exposures.
This was consistent with the published da-
ta on compound 3, which did not prolong
the PR-interval in dogs or humans (no pub-
lished data on rats). Therefore, we decided
that PR-prolongation in rodents should not
prevent us from developing a new drug
for human use and we came back to tri-
ple blockers. While developing the struc-
ture–activity relationship (SAR) around
the pyrazole template,[27] aminopyrazole
amides were identified as a low molecular
weight, very potent triple blocker (Fig. 8
and Table 2). Compound 14 displayed a
ligand efficiency of 0.43 and a lipophilic
ligand efficacy of 5.8, on Ca

v
3.2, excellent

for a lead compound.[28] In theWAG/Rij rat
model, a sustained efficacywas achieved at
the low dose of 10 mg/kg with suppression
of seizures for 12 h (p < 0.001, paired t-test;
Fig. 5e and f). However, compound 14 had
issues as well. First, we easily replaced
the dimethylamino moiety by an isopro-
pyl substituent (compound 15). In terms
of SAR, para substituents at both phenyl
rings of this type of compound were essen-
tial for potency, as can be concluded from
compounds 16–18 (Table 2). On the other
hand, the fairly poor solubility in aqueous
buffer at pH7 of compound 14was reduced
in derivatives 15 and 18, an issue that had

blocker.[26] Unfortunately, these com-
pounds had poor physicochemical prop-
erties, especially solubility, and extremely
low levels of free (protein-unbound) brain
concentrations. Consequently, even when
administered orally to rats at 100 mg/kg,
in vivo unbound concentrations remained
below the lowest IC

50
-value, preventing us

from reaching any conclusion regarding
the efficacy and safety of subtype-selective
blockers. Alternatively, these compounds
could be useful for in vitro studies, and
might contribute to a better understanding
of the specific roles of Ca

v
3.1 and Ca

v
3.2.

Later on, we discovered benzodiaz-
epine derivatives with a moderate selec-

4. The Subtype-selective Blockers

As noted earlier thiophene derivative
5 did not block Ca

v
3.3 and had different

potencies for Ca
v
3.1 and Ca

v
3.2. This was

a first hint at a possible identification of
subtype-selective blockers. During SAR-
studies around thiophene 5, aiming at
simplifying the structure and at reducing
its lipophilicity, we discovered pyrroles
10 and 11 (Fig. 7, Table 1), which were
potent and highly selective Ca

v
3.2 block-

ers.[25] Furthermore, changing the pyrrole
moiety for a pyrazole core and optimizing
the different exit vectors led to compound
12, which was a somewhat selective Ca

v
3.1

Fig. 5. Impact of compound 7, 13, 14 or 20 on spontaneous absence seizures in male WAG/
Rij rats. The cumulative duration of seizures is expressed as mean ± SEM per hour (a, c, e, g for
compound 7, 13, 14 and 20 respectively) or over the 12 h night period following administration
(b, d, f, h for compound 7, 13, 14 and 20 respectively),n = 7–8 per group. **, p<0.01; ***, p<0.001
compared to vehicle treated rats (paired t-test). p.o., per os
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to be addressed to facilitate formulation
purposes. Solubility in fed state simulated
intestinal fluid (FeSSIF) remained accept-
able, though (23 and 25 mg/L, respective-
ly). Over the course of lead optimization of
the aminopyrazole class, it was found that
alkoxy para-substituents (adding polarity)
or groups containing fluorine atoms (prob-
ably preventing a too tight packing) were
tolerated and would lead to more soluble
compounds (vide infra). We also discov-
ered that the amide bond of compound 14
was slowly hydrolysed in rat and mouse
plasma (83% and 42%, respectively, of
parent compound remaining after 4 h).
While this slow hydrolysis did not repre-
sent a dramatic clearance issue per se, it
released an aminopyrazole as metabolite;
a bacterial reverse mutation Ames test on
(3,4-difluorobenzyl)-1H-pyrazol-3-amine
(compound 19a, vide infra) was showed to
be positive.

The Ames test,[29] named after its cre-
ator, represents the most predictive assay
to assess potential mutagenic carcino-
genicity of organic entities. A positive
Ames test does not represent a proof of
mutagenicity per se, but requires exten-
sive in vitro and in vivo studies to defi-
nitely assess mutagenic properties of the
tested compound. In short, this test uses
five Salmonella typhimurium bacterial
strains that carry different mutations in
the histidine locus, responsible for histi-
dine synthesis. These strains (e.g. TA98,
TA100, TA102, TA1535, and TA1537)
cannot synthesise histidine and are aux-
otrophic to this amino acid. The Ames
reverse mutation assay determines the
frequency at which an agent can reverse
or suppress the effect of the detrimental
mutations, making one or more strains
capable of synthesizing histidine and de-
veloping colonies on histidine-deficient
culture plates. Revertant colonies are
counted and compared to the number of
spontaneous revertant colonies on solvent
control plates. A test agent is considered
positive if the number of revertant colo-
nies exceeds the threshold of twice (for
strains TA 98, TA 100, and TA 102) or
thrice (for strains TA 1535 and TA 1537)
the colony count in the corresponding sol-
vent control, in any incubation. For some
compounds, the metabolites rather than
the parent compound can be potentially
mutagenic. This is the case for aromatic
amines, where the amine itself is Ames
negative, but its corresponding O-acetyl-
N-phenylhydroxylamine or O-sulfate-N-
hydroxylamine might result in a positive
Ames test.[30] Due to the limited metabol-
ic capacity of this bacterial system, and
in order to assess the potential mutagen-
icity of possible metabolites, the Ames
test can be conducted in absence and in
presence of an exogenous metabolic acti-

vation system, such as the phenobarbital/
beta-naphthoflavone induced rat liver S9
fraction. In the case of aromatic amines,
a positive Ames test is usually observed
with the TA98 and/or TA100 strains, in
presence of the S9-fraction.

To avoid any risk of mutagenici-
ty, many derivatives were prepared, and

screened in an Ames test including the
TA98- and TA100- strains with the S9 frac-
tion with the goal to identify Ames nega-
tive aminopyrazoles. Keeping in mind that
para-substituents on the benzyl groupwere
essential for potency, we limited ourselves
to this sub-class. In particular, we screened
aminopyrazoles 19a–19g (Fig. 9, Table 3).

Fig. 6. Effect of
oral administration
of 100 mg/kg of
compound 7 ( ) or
vehicle ( ) on mean
arterial pressure (A)
and PR-intervals (B)
in conscious freely
moving male sponta-
neous hypertensive
rats. Compound or
vehicle was given at
time 0 and data are
represented as mean
± SEM (n = 8 per
group).
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hand, the corresponding tert-butyl deriv-
ative 21 was virtually insoluble at pH=7
and less soluble in the simulated intestinal
fluids (52 and 27 mg/L respectively). Aryl
ethers, like compound 22, were muchmore
soluble in aqueous media but turned out to
be Pgp-substrates, less favourable for fur-
ther development. In contrast, compound
20 proved to be only a weak Pgp-substrate
and had an excellent permeability (P

appB→A
= 54.10–6 cm/s, P

appA→B
= 18.10–6 cm/s, ra-

tio = 3). The compound was metabolically
very stable (intrinsic clearance of 6 and 24
µL/min/mg protein in human and rat mi-
crosomes, respectively), which translated
into an in vivo clearance of 24 mL/min/kg
in the rat. In the WAG/Rij rat model, an
oral dose of 10 mg/kg of compound 20 de-
creased by 93% the cumulative duration of
seizures over the 12 h period following oral
administration, compared to vehicle-treat-
ed rats (p < 0.0001, paired t-test; Fig. 5g
and 5h). In the audiogenic seizure-sensi-
tive juvenile DBA/2J mouse model of gen-
eralized convulsive seizures,[32] a reduction
of seizure severity was observed, albeit at
a much higher exposure (Fig. 10). While
full efficacy was observed in the WAG/Rij
rat model at free brain concentrations cor-
responding to the IC

50
-value on Ca

v
3.2 (the

T-type calcium channel for which com-
pound 20 shows the least potency), about
15-fold higher concentrations were nec-
essary in the mouse model; the reason for
this difference is not known. Compound
20 proved to be the best-balanced com-
pound, with an acceptable solubility pro-
file, modest efflux, and excellent potency
and efficacy in the WAG/Rij rat model.
With a low intrinsic clearance in human,
in rat (vide supra), and in dog (3 µL/min/
mg protein), and with an unbound fraction
of 0.024 in human plasma and of 0.014
in rat brain homogenate, this compound

nopyrazoles 19f and 19g as Ames negative
compounds. Aminopyrazole 19g, with its
2-pyridinyl group, led to final amide com-
pounds that tended to be more soluble. For
this reason, further efforts focused on this
aminopyrazole.

Among compounds containing the
aminopyrazole 19g, we identified deriv-
ative 20, with an apolar trifluoromethyl-
cyclopropyl substituent at the phenacetyl
moiety (Fig. 8). This moiety, presented
in the literature as a metabolically stable
isostere for the tert-butyl substituent,[31]
was introduced here mainly because it
slightly increased the aqueous solubility
of the final compound. Even more, we ob-
served decent solubilities in fasted-state
and fed-state simulated intestinal fluid (103
and 104 mg/L, respectively). On the other

This table shows that minor modifications
at a site remote from the responsible ami-
no moiety leads to huge differences in the
response of these compounds in the Ames
test. It must be kept in mind that the ox-
idative metabolism that has to happen in
CYP-enzymes can occur at multiple sites
on the substrate, so that the introduction of
a remote substituent might modulate dra-
matically the amount of oxidation at the
amine itself. In such a complex process,
we were not able to detect any evident
SAR. The only trendwas a correlation with
polarity: more polar aminopyrazole deriv-
atives, that would probably have a lower
affinity for the CYP-enzymes, tended to be
less prone to oxidation to the hydroxylat-
ed species mentioned above. Eventually,
by trial-and-error, we identified the ami-

N
NN

H

O

N
F

F

14
N
NN

H

O
F

F

15

N
NN

H

O N
CN

CF3

N
NN

H

O

16
N
NN

H

O

N

17

N
NN

H

O

N

18

F

20

N
NN

H

O N

21

CN

N
NN

H

O N

O

22

CN
F3C

Fig. 8. Aminopyrazole
amides 14–22.

Table 2. Potencies, solubility, and efflux ratio of aminopyrazole amides 14–18 and 20–22.

Compound
number

IC50 Cav3.1
[nM]a

IC50 Cav3.2
[nM]a

IC50 Cav3.3
[nM]a

IC50 Cav1.2
[nM]a

Sol. @ pH 7
[mg/L]

Efflux ratio
(Pgp)

14 1.5 3.4 0.89 7100 3 0.9

15 1.4 6.0 1.8 1540 <1 –

16 1140 >10000 390 – – –

17 14 38 2.9 >10000 3 1.0

18 4.2 12 2.0 >10000 1 –

20 6.4 18 7.5 2410 5 3

21 2.8 7.5 2.6 2420 <1 –

22 2.2 7.0 1.7 3310 25 4.5

aGeo mean of at least two measurements
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were not suitable for further development.
Discarding the PR-prolongation issue as
not human-relevant, we proceeded to a se-
ries of non-subtype-selective aminopyra-
zole amides, whose drug-like properties
were rapidly enhanced. The optimization
of the aminopyrazole moiety, in order to
avoid an Ames positive, potential metab-
olite, and a fine balance between physic-
ochemical and metabolic properties led
to the identification of compound 20 as a
preclinical candidate.
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