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Abstract—Two types of novel diphenylalkyl piperazine derivatives containing the thio or aminopropanol moiety substituted by
phenyl or benzyl group were synthesized, and evaluated for their calcium antagonistic and antioxidative activities. These com-
pounds showed apparent inhibitions against KCl-induced contractions in isolated rat aorta. Among them, phenylamino compound
9 and benzylamino compound 13 also possessed potent inhibitory activities against auto-oxidative lipid peroxidations in canine
brain homogenates. Two representative compounds 3a and 9 were evaluated for their inhibitory activities against KCl-induced
contractions in isolated canine arteries (basilar, coronary, mesenteric, and renal). Both compounds showed the most potent inhi-
bitions to basilar artery. # 2002 Elsevier Science Ltd. All rights reserved.

In spite of the therapeutic progress for cerebrovascular
disease, stroke is one of the major causes of death in the
developed countries, and has presented both health and
economic problems. Until now, thrombolytic reagents1

and neuroprotectants such as calcium antagonists,2,3

NMDA receptor antagonists,4 AMPA receptor antago-
nists,5 5-HT1A agonists,6 and antioxidants7 have been
used or developed in clinical trials for the treatment of
patients with cerebral ischemia and traumatic injury,
but their therapeutic estimations have not been estab-
lished as yet.8 The priority for the treatment of cerebral
ischemia and traumatic injury is an improvement of
lowered blood flow in ischemic and penumbra regions.
However, after reperfusion of them, the destruction of
the cell membrane and the death of nerve cells occur.9

These are caused by a pathological increase of intra-
cellular Ca2+ concentration due to a significant
diminution of cellular energy reserves, following the
failure of intracellular energy-dependent ion homeo-
stasis.10 The calcium overloading activates a large num-
ber of intracellular enzymes, which induce a marked

increase in the generation of reactive oxygen species to
cause irreversible damage to cell membrane through
extensive lipid peroxidation.11 The consequences of
these enzyme perturbations and the production of reac-
tive oxygen species induce widespread dysfunctions to
lead to the death of nerve cells, including disruptions of
neuronal membrane and cytoskeletal integrity, and
damage to mitochondrial function.

Recently, it has been demonstrated that the use of a
neuroprotectant acting on multiple target molecules at
the same time or a combination therapy with neuro-
protectant having different mechanisms of action for
preventing cell death exhibits an obvious therapeutic
effect in ischemic animal models.12,13 For these findings,
the neuroprotectant with multiple mechanisms of action
is expected to provide a possibility of exhibiting the
clinically significant efficacy. In pathological events of
ischemic cascade described above, we took notice of
calcium antagonistic and antioxidative activities to find
a neuroprotectant having dual actions for the treatment
of cerebral ischemia and traumatic injury. In this paper,
we will describe the synthesis of two types of novel
diphenylalkyl piperazine derivatives containing the thio
and aminopropanol moiety substituted by phenyl or
benzyl group, and their evaluation for calcium
antagonistic and antioxidative activities.
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The diphenylmethyl piperazine derivatives including
flunarizine,14 tamolarizine,15 and lifarizine16 have been
well-known as calcium antagonists with calcium over-
load inhibitory activity, and flunarizine has been repor-
ted to show an antioxidative activity in addition to
them.17 However, flunarizine has also been known to
have a clinical risk of extrapyramidal side effects caused
through the binding to D2 receptor.18 In order to
increase the calcium antagonistic and antioxidative
activities and avoid the side effect of flunarizine, we
attempted to find new compounds having the diphenyl-
alkyl piperazine moiety. And we used commercially
available 1-[4,4-bis(4-fluorophenyl)butyl]piperazine in
place of the diphenylmethyl piperazine moiety of
flunarizine.

The syntheses of phenylthiopropanol derivatives 3a, 4,
and 5 and benzylthiopropanol derivative 3b are shown
in Schemes 1 and 2. Alkylation of 1-[4,4-bis(4-fluoro-
phenyl)butyl]piperazine 1 with epibromohydrin using
tetrabutylammonium bromide in CH2Cl2 under alkaline
conditions, followed by ring opening of epoxide 2 with
the corresponding mercaptans in EtOH, afforded 3a and
3b (Scheme 1). Alkylation of 3a with iodomethane in
the presence of sodium hydride in N,N-dimethylform-
amide (DMF) gave a methoxide 4 (Scheme 2). Acetyla-
tion of 3a with acetic anhydride in pyridine gave an
acetate 5 (Scheme 2).

The syntheses of phenylaminopropanol derivatives 8b,
8c, 9–11, and benzylaminopropanol derivative 13 are
exemplified in Schemes 3–5. Alkylation of N-substituted
aniline 6a–c with epibromohydrin using sodium hydride

as a base in DMF, followed by ring opening of the
resulting epoxides 7a–c with 1, afforded N-substituted
phenylamino compounds 8a–c (Scheme 3). Deprotec-
tion of the tert-butoxycarbonyl (Boc) group in 8a with
HCl in EtOH gave 9 (Scheme 4). Alkylation of 8a with
iodomethane using sodium hydride in DMF, followed
by deprotection of the Boc group with HCl in EtOH,
afforded a methoxide 10 (Scheme 4). Acetylation of 8a
with acetic anhydride in pyridine, followed by depro-
tection of the Boc group, afforded an acetate 11 (Scheme
4). Ring opening of epichlorohydrin with benzylamine
provided a chlorohydrin derivative 12. Subsequently,
alkylation of 1 with 12 using potassium carbonate and
potassium iodide in EtOH gave the benzylamino
derivative 13 (Scheme 5).

Two types of novel diphenylalkyl piperazine derivatives
synthesized as described above were evaluated for the
inhibitory activities against KCl-induced contractile
responses in isolated rat aorta.19 The contractile
response by KCl has been considered to be associated
with an influx of Ca2+ into vascular smooth muscle
through voltage-dependent calcium channels. The results
are shown in Tables 1 and 2. Both types of diphenyl-
alkyl piperazine derivatives showed apparent inhibitions
against KCl-induced contractions. A typical phe-
nylthiopropanol derivative 3a showed a more potent
inhibition than flunarizine with PD0

2 value of 6.79. The

Scheme 1. Synthesis of 3a and 3b: (a) Bu4NBr, NaOH (aq), epi-
bromohydrin, CH2Cl2, 3a: 65%, 3b: 54%; (b) mercaptans, EtOH,
62%.

Scheme 2. Synthesis of 4 and 5: (a) NaH, MeI, DMF, 38%; (b) Ac2O,
pyridine, 77%.

Scheme 3. Synthesis of 8a–c: (a) NaH, epibromohydrin, DMF, 7a–c,
90–100%; (b) 1, EtOH, 8a–c, 18–74%.

Scheme 4. Synthesis of 9–11: (a) HCl/EtOH, 9, 98%; (b) NaH, MeI,
DMF, 10, 29%; (c) Ac2O, pyridine, 11, 89%.

Scheme 5. Synthesis of 13: (a) epichlorohydrin, EtOH, 46%; (b) 1,
K2CO3, KI, EtOH, 62%.
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insertion of methylene group between sulfur atom and
phenyl group 3b showed similar potency to 3a, indicat-
ing a 10-fold potency in relation to that of flunarizine.
Since hydroxy group has often been important for the
molecular recognition through the hydrophilic or
hydrogen bonding interaction, the modifications of the
hydroxy group were attempted. The modification of the
hydroxy group with methoxy group 4 had equal efficacy
and that with acetoxy group 5 showed a slightly
decreased activity, as compared with 3a. Concerning
aminopropanol derivatives, phenylamino compound 9,
showed an obvious calcium antagonistic activity with
PD0

2 value of 6.70, exhibiting efficacy similar to that of
the phenylthio compound 3a. The insertion of methyl-
ene group between nitrogen atom and phenyl group 13
considerably decreased the activity as compared with 9,
in contrast with benzylthio derivative 3b, but it still
maintained potent efficacy comparable to flunarizine.
The compound 11 modified at the hydroxy group with
acetoxy group was somewhat less potent than com-
pound 9. The introductions of methyl group 8b and
acetyl group 8c into nitrogen atom in compound 9
apparently decreased the activities, but they also kept
similar potency to flunarizine.

Next, two types of diphenylalkyl piperazine derivatives
were evaluated for the inhibitory activities against
auto-oxidative lipid peroxidations in canine brain
homogenates.22 The results are shown in Tables 1 and 2.
The phenylthio compound 3a showed an apparent inhi-
bition with IC50 value of 15 mM and it was equivalent in
activity to flunarizine, but it was 10-fold less potent than
a-tocopherol as a well-known antioxidant. The insertion
of methylene group between sulfur atom and phenyl
group 3b resulted in a decrease of activity as compared
with 3a or flunarizine. The modifications of the hydroxy
group with methoxy group 4 and acetoxy group 5 also
showed slightly decreased potencies.

On the other hand, the phenylamino compound 9
showed a more potent inhibitory activity with IC50

value of 6.5 mM than flunarizine, although it was less
potent than a-tocopherol. This finding prompted us to
investigate further modifications at the 2-hydroxy-3-
phenylaminopropyl moiety. The insertion of methylene
group between nitrogen atom and phenyl group 13
showed a potent activity comparable to compound 9 on
antioxidative activity. The modifications of the hydroxy
group with methoxy group 10 and acetoxy group 11
decreased the activities as compared with compound 9,
but their activities were equipotent to that of fluna-
rizine. The introduction of methyl group 8b into nitro-
gen atom in compound 9 similarly decreased its activity,
while that of acetyl group 8c dramatically decreased it.

Thus, on both calcium antagonistic and antioxidative
activities, the modifications of the thiopropanol moiety
had a slight influence, whereas those of the aminopropanol
moiety had an apparent influence.

As described above, we found that some diphenylalkyl
piperazine derivatives containing the thio or aminopro-
panol moiety substituted by phenyl or benzyl group
showed calcium antagonistic and antioxidative activities
equal to or higher than flunarizine. These results suggest
that the replacement of the diphenylmethyl moiety of
flunarizine with the diphenylbutyl moiety and the
introductions of heteroatoms such as sulfur or nitrogen
atom and functional groups into the cinnamyl moiety of
flunarizine can be allowed to exhibit both biological
activities. In particular, it is suggested that the presence
of nitrogen atom at the 3-position of the propanol
moiety plays an important role in exhibiting a potent
antioxidative activity.

In order to examine the selectivity to various arteries,
two types of representative diphenylalkyl piperazine
derivatives 3a and 9 were evaluated for inhibitory
activities against KCl-induced contractile responses in
isolated canine arteries (basilar, coronary, mesenteric,
and renal).19 The results are shown in Table 3. The
phenylthio compound 3a showed potent inhibitions
against all KCl-induced contractile responses in the iso-
lated arteries. The PD0

2 values of 3a were 7.00, 6.38,

Table 2. Biological activities of phenylamino and benzylaminopro-

panol derivatives

Compd n R1 R2 Ca antagonistic
activitya PD0

2

Antioxidative
activityb IC50 (mM)

8b 0 H Me 5.83 19
8c 0 H Ac 5.98 390
9 0 H H 6.70 6.5
10 0 Me H N.T.c 15
11 0 Ac H 6.38 13
13 1 H H 5.85 6.9

Flunarizine 5.98 15
a-Tocopherol — 1.5

aSee ref 20.
bSee ref 21.
cN.T., not tested.

Table 1. Biological activities of phenylthio and benzylthiopropanol

derivatives

Compd n R Ca antagonistic
activitya PD0

2

Antioxidative activityb

IC50 (mM)

3a 0 H 6.79 15
3b 1 H 6.93 28
4 0 Me 6.69 20
5 0 Ac 6.55 20

Flunarizine 5.98 15
a-Tocopherol — 1.5

aSee ref 20.
bSee ref 21.
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5.80, and 5.73, respectively, and the inhibitory activity
to basilar artery was the most potent of those to four
arteries. The phenylamino compound 9 similarly
showed potent inhibitions, exhibiting the most potent
inhibition to basilar artery with PD0

2 value of 6.76, but
its selectivity was lower than that of 3a.

In conclusion, we synthesized two types of novel diphe-
nylalkyl piperazine derivatives containing the thio or
aminopropanol moiety substituted by phenyl or benzyl
group, and evaluated for their calcium antagonistic and
antioxidative activities. Two compounds 9 and 13 pos-
sessed potent antioxidative activities along with potent
calcium antagonistic activities. Two representative
compounds 3a and 9 were evaluated for inhibitory
activities against KCl-induced contractile responses in
isolated canine arteries (basilar, coronary, mesenteric,
and renal). Both compounds 3a and 9 showed the most
potent inhibitions to basilar artery, although the selec-
tivity of 9 was lower than that of 3a. Further chemical
modification and biological study of the diphenylalkyl
piperazine derivatives containing the aminopropanol
moiety have been continued to find a calcium antagonist
with antioxidative activity.
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Table 3. Vasodilatation effects of 3a and 9

Compd PD0
2
a

Basilar Coronary Mesenteric Renal

3a 7.00 6.38 5.80 5.73
9 6.76 6.32 6.10 6.27

aSee ref 20.
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