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Discovery and in vitro/in vivo studies of tetrazole derivatives
as Kv1.5 blockers
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Abstract—A novel class of tetrazole-derived Kv1.5 blockers is disclosed. In in vitro studies, several compounds had IC50s ranging
from 180 to 550 nM. In vivo studies indicated that compounds 2f and 2j increased right atrial ERP about 40% without affecting
ventricular ERP.
� 2006 Elsevier Ltd. All rights reserved.
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Atrial fibrillation (AF) is the most common chronic
arrhythmia1 and increases the risk of stroke and overall
mortality. Treatment of this ailment remains problemat-
ic.2 Most current drug therapies target the hERG potas-
sium ion channel which is present in both the atria and
the ventricles. Blockade of hERG leads to QT prolonga-
tion and increases the incidence of the serious ventricu-
lar arrhythmia, torsade de pointes.

One strategy for the development of safe, effective atrial
antiarrhythmic drugs involves blockade of repolarizing
ion channels that are found predominantly or only in
the atria. The Kv1.5 potassium channel is an atrial-se-
lective ion channel which underlies the ultra-rapid de-
layed rectifier K+ current, IKur. This current is a
major repolarizing current in human atria and is not
found in human ventricles.3 Thus, Kv1.5 is an attractive
molecular target for treatment of atrial fibrillation or
atrial flutter.4 Significant efforts have been made to iden-
tify novel blockers of Kv1.5.5–19 Icagen described the
thiazolidinone derivatives 1 as potent and selective
Kv1.5 blockers.11 In a preceding publication, we report-
ed that the ring sulfur was rapidly metabolized by oxida-
tion. To overcome this metabolic liability, we describe
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herein replacement of the thiazolidinone scaffold with
a tetrazole scaffold 2 (Fig. 1).

The synthesis of these compounds begins with conver-
sion of appropriate acid derivatives 3 to the correspond-
ing acid chlorides 4. These acid chlorides 4 are then
treated in situ with aryl ethyl amines to generate the
amides 5. The amides 5 are then reacted with PCl5 and
TMSN3 to provide desired products 2(a–n) in good yield
(Scheme 1).

A variety of analogs were prepared (Table 1). Three ana-
logs, 2a–2c, with n = 0 were prepared and evaluated
in vitro. While both 2a and 2b showed modest block
of Kv1.5 at 1 lM, 2c had greater activity and an IC50

value of 549 nM.20 Since the planar tetrazole ring re-
stricts the orientation of the ‘lower’ aromatic ring, we
prepared tetrazoles 2d and 2e (n = 1, m = 0) with a
one-carbon spacer to allow additional conformational
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Figure 1. Comparison of thiazolidinone and tetrazole derivatives.
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Table 1. In vitro inhibitory activity of tetrazoles against the Kv1.5 channel

Compound Structure % Block of Kv1.5 at 1lM Kv1.5 IC50 (lM)
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Scheme 1. Reagent and conditions: (a) SOCl2, rt, 1 h; (b) aryl ethyl amines, THF, rt, 4 h; (c) PCl5, CH2Cl2, �5 �C, 2 h; (d) TMSN3, CH2Cl2, rt,

overnight.
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Table 1 (continued)

Compound Structure % Block of Kv1.5 at 1lM Kv1.5 IC50 (lM)
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Table 2. In vivo anesthetized pig results for compounds 2c, 2d, 2f, and 2j

Compound AERP prolongation VERP prolongation dp/dtmax change BP change

10 mg/kg 30 mg/kg 10 mg/kg 30 mg/kg 10 mg/kg 30 mg/kg 10 mg/kg 30 mg/kg

2c 6 ± 3% 16 ± 7% 6 ± 7% 6 ± 7% �24 ± 1% �49 ± 4% �6 ± 5% �42 ± 4%

2d 3 ± 7% 23 ± 10% 0 ± 3% 0 ± 5% �26 ± 5% �32 ± 18% �11 ± 13% �21 ± 10%

2f 17 ± 2% 44 ± 5% 5 ± 4% 3 ± 3% �1 ± 7% �14 ± 14% �5 ± 3% �4 ± 1%

2j 16 ± 5% 37 ± 7% 9 ± 4% 4 ± 4% �10 ± l% �12 ± 15% 7 ± 4% 19 ± 4%
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Figure 2. Anesthetized pig AERP and VERP changes of 2f at different

heart rates.
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freedom in the ‘lower’ aromatic ring. Both compounds
are better Kv1.5 blockers compared to 2a and 2b, and
compound 2d exhibits a good potency with an IC50 val-
ue of 331 nM.

Following this finding, we then installed a cyclopropyl
ring on the linker to the ‘lower’ aromatic ring to provide
compounds 2f, 2j, and 2m bearing the 4-methoxyphen-
ethyl group in common. The in vitro results demonstrat-
ed that installation of this cyclopropyl ring increased the
% block of Kv1.5. Compound 2d has an IC50 value of
331 nM while the cyclopropyl ring-derived analog 2j is
about twice as potent with an IC50 value of 177 nM.
Additionally, the substituents on the ‘lower’ phenyl ring
have an impact on the activity of block Kv1.5 in these
cyclopropyl ring-derived analogs. The 3,4-di-Me analog
2j is more active than the 4-Me analog 2f and the 4-Cl
analog 2m.

Further ring size variations indicated that analogs 2f, 2h
and 2i with three-, five-, and six-membered ring were ac-
tive and potent Kv1.5 blockers. In contrast, analog 2g
with a four-membered ring showed significantly reduced
blockade of Kv1.5 versus 2m. These results demonstrate
that activity is sensitive to the size of the cyclic rings.
Furthermore, it is clear that compound 2n with the elec-
tron-withdrawing group on the ‘upper’ phenyl ring
(R1 = F) is significantly less active against Kv1.5 (47%)
compared to compound 2m (74%) with electron-donat-
ing group (R1 = OMe). Finally, compounds 2k and 2l
show that the linker to the phenethyl group can be
extended and still retain good Kv1.5 blockade.

Compounds 2c, 2d, 2f, and 2j were selected for in vivo
evaluation in the anesthetized mini-pig (n = 3) which
was used to investigate the effects on the atrial and ven-
tricular effective refractory period (AERP and VERP).21

Compounds were administered via 15 min iv infusions
of 10 and 30 mg/kg doses. As shown in Table 2, com-
pounds 2c and 2d provided small increases in AERP
at a 10 mg/kg dose but larger increases at a 30 mg/kg
dose. No changes in VERP were noted at either dose.
However, reductions in contractility (dp/dtmax) and/or
blood pressure were noted at both doses. Fortunately,
improvements in both AERP prolongation and hemo-
dynamic side effects were obtained with the addition of
the cyclopropyl ring on the linker to the ‘lower’ aromatic
ring. Compounds 2f and 2j showed dose-dependent
increases of AERP and no effect on VERP. Compound
2f had the best overall profile showing minimal effects
on blood pressure or contractility. Figure 2 shows a typ-
ical dose–response curve for AERP prolongation. Addi-
tionally, compound 2f also showed good selectivity for
Kv1.5 block over hERG22 (48-fold) and L-type calci-
um23 (69-fold) channels consistent with atrial selectivity
observed in vivo.

In conclusion, we have discovered a novel class of tetra-
zole derivatives that are potent blockers of the Kv1.5
channel. Analogs 2f and 2j, which contained the cyclo-
propyl ring on the linker to the ‘lower’ aromatic ring,
displayed very good in vitro blockade of Kv1.5 as well
as atrial-selective prolongation of ERP in vivo. The
compound 2f also lacked hemodynamic side effects.
The atrial-selective ERP prolongation in pigs is consis-
tent with the atrial-selective presence of IKur in hu-
man.24 These findings support the potential for Kv1.5
channel blockers to provide atrial-selective antiarrhyth-
mic drugs to treat AF.
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