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To obtain selective and potent inhibitor for T-type calcium channel by ligand based drug design, 2-
hydroxy-3-phenoxypropyl piperazine derivatives were synthesized and evaluated for in vitro activities.
Compound 6m and 6q showed high selectivity over hERG channel (IC50 ratio of hERG/a1G 6m = 8.5,
6q = 18.38) and they were subjected to measure pharmacokinetics profiles. Among them compound
6m showed an excellent pharmacokinetic profile in rats.

� 2013 Elsevier Ltd. All rights reserved.
Voltage-dependent calcium channels are the main pathway for
calcium ion influx to the cellular membrane. The mechanism used
is the difference in membrane potential, and this plays an
important physiological role in the excitability cells.1 Based on
electrophysiological and pharmacological characteristics, voltage-
dependent calcium channels are classified as either high-voltage-
activated (L, N, P, Q/R type) channel or low-voltage-activated
(T-type) channels. Calcium channels consist of four subunits: a1,
a2d, b, and c. The main structural component of voltage-dependent
calcium channels is the a1 subunit, which can be divided by molec-
ular cloning into 10 subtypes; Cav 1.1–1.4 (L-type), Cav 2.1–2.3 (N,
P, Q/R-type), Cav 3.1–3.3 (T-type).2

T-type calcium channels are expressed throughout the body,
including nervous tissue, heart, kidney, smooth muscle, and many
endocrine organs. Therefore, selective T-type calcium channel
blockers may have high potentials for the treatment of some types
of cancer, hypertension, cardiac arrhythmia, and CNS-related dis-
orders3 such as epilepsy, neurophatic pain3 and insomnia.4

Mibefradil, the first marketed selective T-type calcium channel
blocker, was withdrawn from the market due to its drug–drug
interaction.5 Unfortunately, there are no potent and selective T-
type calcium channel blockers which are available for clinical use
until now.

To discover a new structural motif of T-type calcium channel
blockers, a three-dimensional common feature pharmacophore
model was derived from eight structurally diverse T-type calcium
channel blockers including mibefradil.6 HipHop algorithm imple-
mented in the CATALYST software was employed for hypothesis
generation and the derived query was used for screening of com-
mercial library such as ion channel and Maybridge 2001. The vir-
tual screening identified hit compound (1) which overlaid well
on our five feature phamacophore including three hydrophobic
groups, one hydrogen bond acceptor and one positive ionizable
feature (Fig. 1). Two hydrophobic groups matched with halogen
substituents on benzyl moiety and another hydrophobic group
mapped well onto phenyl ring of phenoxy moiety. Positive ioniz-
able group mapped onto piperazine moiety and hydrogen bond
acceptor matched well with hydroxyl group. From the above fea-
ture, we designed and synthesized a series of 1-(2-hydroxy-3-
phenoxypropyl)piperazine derivatives (4a–q, 5a–r, 6a–r).

Synthesis of 1-(2-hydroxy-3-phenoxypropyl)piperazine deriva-
tives is elucidated in Scheme 1. The phenols (2) were reacted with
chiral epichlorohydrin to give oxirane (3a–f),7 which was subjected
to SN2 displacement with derivatives of piperazine to give the tar-
get compounds 4a–q, 5a–r and 6a–r (Scheme 1).8

As shown in Table 1, the first in vitro activities of the synthe-
sized compounds 4a–q, 5a–r and 6a–r were assayed using the
FDSS6000 HTS (high-throughput screening) system.9 Our initial
synthetic plan was to fix the chloride on phenyl group (X = Cl) sim-
ilar to compound 1, and to change various piperazines. Also we’d
like to figure out the relation between biological activities and
compound chirality (4a–q). Most compounds in series of 4a–q
exhibited greater than 40% inhibitory activity against the a1G cal-
cium channel at 10 lM concentration. However, %inhibition values
of compounds 4a–q did not reach the hit compound (1, %inhibition
54.41) and mibefradil (%inhibition 81.00). Thus, the substituent on
the phenyl group was changed to fluoride 5a–r or to trifluromethyl
group 6a–r. The %inhibition values increased with both fluoride
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Figure 1. Designed structures of T-type calcium channel blocker and the structural mapping with 2 of 1. Red sphere: positive ionizable, yellow sphere: hydrogen bond
acceptor; Blue sphere: hydrophobic group.
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Scheme 1. Reagents and conditions: (i) (R/S)-epichlorohydrin, K2CO3, 2-butanone, reflux; (ii) piperazine derivatives, MeOH, rt.

Table 1
In vitro activities for T-type calcium channel blockers of 2-hydroxy-3-phenoxypropyl piperazine derivatives using FDSS6000 HTS system

X

O
∗
OH

N
N
R

4a-q, 5a-r, 6a-r

Entry Compound (R/S) X R %inhibitiona (10 lM)

R-configuration S-configuration

1 4a/4j Cl 2-Fluorophenyl 46.93 35.90
2 4b/4k Cl 4-Fluorophenyl 39.69 28.32
3 4c/4l Cl 2-Methoxyphenyl 47.38 48.81
4 4d/4m Cl 3-Methoxyphenyl 44.60 45.99
5 4e/4n Cl 3-Chlorobenzyl 45.95 52.18
6 4f/4o Cl 4-Chlorobenzyl 42.12 56.46
7 4g/4p Cl 3,4-Dichlorobenzyl 48.61 41.17
8 4h/1b Cl 2-Chloro-6-fluorobenzyl 40.86 54.41
9 4i/4q Cl 2-Fluorobenzyl 35.76 41.46
10 5a/5j F 2-Fluorophenyl 51.15 42.00
11 5b/5k F 4-Fluorophenyl 47.48 49.99
12 5c/5l F 2-Methoxyphenyl 50.67 41.02
13 5d/5m F 3-Methoxyphenyl 61.30 44.46
14 5e/5n F 3-Chlorobenzyl 61.10 65.79
15 5f/5o F 4-Chlorobenzyl 50.14 65.76
16 5g/5p F 3,4-Dichlorobenzyl 69.45 64.18
17 5h/5q F 2-Chloro-6-fluorobenzyl 56.45 62.07
18 5i/5r F 2-Fluorobenzyl 23.77 20.34
19 6a/6j CF3 2-Fluorophenyl 50.21 48.88
20 6b/6k CF3 4-Fluorophenyl 53.74 59.22
21 6c/6l CF3 2-Methoxyphenyl 56.24 50.84
22 6d/6m CF3 3-Methoxyphenyl 43.94 68.55
23 6e/6n CF3 3-Chlorobenzyl 43.13 43.42
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Table 1 (continued)

Entry Compound (R/S) X R %inhibitiona (10 lM)

R-configuration S-configuration

24 6f/6o CF3 4-Chlorobenzyl 61.54 56.57
25 6g/6p CF3 3,4-Dichlorobenzyl 38.81 45.62
26 6h/6q CF3 2-Chloro-6-fluorobenzyl 44.57 55.09
27 6i/6r CF3 2-Fluorobenzyl 45.46 48.58
Mibefradil 81.00

a %inhibition value was obtained at 10 lM.
b Hit compound from pharmacophore modeling.

Table 2
Inhibitory activities of selected compounds against T-type calcium channel and hERG

Compound a1G-IC50 (lM) hERG-IC50 (lM) hERG-IC50/a1G-IC50 (lM)

4o 1.08 ± 0.02 0.32 ± 0.09 0.30
5d 12 —
5e 2.1 ± 0.78 NA
5g 0.1 ± 0.05 0.87 ± 0.13 8.70
5h 12.33 ± 1.2 —
5n 2.58 ± 1.23 —
5o 1.56 ± 0.89 1.35 ± 0.05 0.87
5p 0.23 ± 0.01 0.29 ± 0.02 1.26
5q 11.38 ± 3.03 —
6c 1.79 ± 1.1 3.95 ± 0.15 2.21
6g 1.27 ± 0.37 9.2 ± 0.5 7.24
6k 15.5 ± 6.3 —
6m 0.48 ± 0.27 4.08 ± 1.28 8.50
6o 4.23 ± 0.42 —
6q 0.76 ± 0.62 13.97 ± 8.3 18.38
1 1.42 ± 0.09 2.07 ± 5.04 1.46
Mibefradil 0.83 ± 0.19 1.40 ± 0.29 1.69
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5a–r and trifluoromethyl group 6a–r, indicating that the presence
of fluoride on the phenyl ring is important for the inhibition. In
addition, there was no significant effect between the stereochem-
istry of the compounds and respect to %inhibitory activities.

Compounds that showed above 55% inhibitory activity against
T-type calcium channels were evaluated with the whole-cell
patch-clamp method to measure the IC50 values for a1G in HEK
293 cell and IC50 values for hERG channel.10 With this data ob-
tained we could choose with the selective lead compound over
hERG/a1G channel. Blocking of the hERG channel can lead to a heart
rhythm disorder, such as long QT syndrome which is characterized
by prolonged action potential of ventricular muscle.11 Thus, the
Figure 2. Mean plasma (�) or brain (�) concentration–time profiles after oral administrat
standard deviation.
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meaning of the IC50 of hERG/a1G shows selective inhibition of the
T-type calcium channel. Most compounds showed good activities
against T-type calcium channel (Table 2). When R group was 4-
chlorobenzyl, it had good potency in IC50 values of a1G, but didn’t
showed selectivity between a1G and hERG channel (4o, 5o).
Whereas some compounds (5g, 5p, 6m, 6q) showed strong
potency than hit compound (1) and mibefradil. 3,4-Dichlorobenzyl
substituent on R group showed that the compounds including
(R)-configuration (5g, 6g) showed better potency and selectivity
than (S)-configuration. Biological activities of compound 6m
(R = 3-methoxyphenyl) and 6q (2-chloro-6-fluorobenzyl) were af-
fected by X group on phenyl, not R group on piperazine. Moreover
compound 6m (IC50 of a1G = 0.83 ± 0.19, IC50 of hERG = 4.08 ± 1.28)
and 6q (IC50 of a1G = 0.76 ± 0.62, IC50 of hERG = 13.97 ± 8.3) IC50 ra-
tio of hERG/a1G channel than mibefradil (IC50 of a1G = 0.48 ± 0.27,
IC50 of hERG = 1.40 ± 0.29) and they were chosen to perform fur-
ther biological assay.

In order to determine the potential of compounds 6m and 6q as
a lead compound for therapeutic targets, these were subjected to
measure pharmacokinetic profiles. The pharmacokinetic data for
6m and 6q after oral administration in rats are presented Figure 2
and Table 3. Both compounds 6m and 6q were observed to be rap-
idly absorbed in plasma (Tmax). Concentration–time profiles
showed that compound 6m lasted longer than 6q in plasma and
brain (Fig. 2). Moreover, compound 6m possessed good oral bio-
availability (F, 67.25%) and showed a good AUCbrain/AUCplasma ratio
of 346.5% (Table 3).

In summary, the series of 2-hydroxy-3-phenoxyproyl deriva-
tives 4a–q, 5a–r and 6a–r was designed, synthesized and evaluated
as T-type calcium channel blockers. Using the FDSS assay system,
we rapidly screened the title compounds and selected several hav-
ion of 6m and 6q at a dose of 10 mg/kg to mice (n = 3 per time point). Bars represent
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Table 3
Brain pharmacokinetic parameters after oral administration of 6m (10 mg/kg) and 6q
(10 mg/kg) to ICR mice (n = 3 per time point)

6m 6q

Plasma Brain Plasma Brain

AUC0–1 (lg min/ml or lg min/g) 198.1 686.6 16.55 —
AUClast (lg min/ml or lg min/g) 188.5 497.4 15.61 119.1
Terminal half-life (min) 102.4 474.3 56.54 185.9
Cmax (lg/mL) 1.566 4.662 0.1974 0.8702
Tmax (min) 15 15 15 30
AUCbrain/AUCplasma (%) 346.5 763.0
F (%) 67.25 9.935

Values are presented as mean. Cmax, peak plasma and brain concentration; Tmax,
time to reach Cmax; AUC (area under the plasma concentration versus time cur-
ve) = dose/clearance; F, bioavailability; AUCbrain/AUCplasma, equal to B/P ratio.
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ing high potency. Especially compound 6m and 6q showed high
selectivity over hERG channel and against T-type calcium channel
(IC50 ratio of hERG/a1G 6m = 8.5, 6f = 18.38). Compound 6m
showed excellent pharmacokinetic profile in rats. Our results show
promise because we gained proof of concept using a ligand-based
drug design with a new target. Further assays with neuropathic
pain models and structural optimization will be followed with this
scaffold.
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