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Synthesis of a new series of 4-aryl-1,4-dihydropyridines possessing potential calcium channel blocking
activity along with good vasodilatory profile is reported. The compounds were synthesized using mod-
ified Hantzsch condensation of various aldehydes with methyl 3-aminocrotonate in the presence of a
catalytic amount of trifluoroacetic acid and subsequent alkylation with various hydrochlorides of dialkyl-
aminoalkyl chlorides. In vitro calcium channel blocking activity has been evaluated in cultures of neo-
natal rat cortical neurons by measuring the inhibitory response at L-type calcium channels activated
by veratridine. Many compounds exhibited moderate to significant calcium channel blockade around
1 mM. The vasodilatory activity was assessed on isolated rat thoracic aortic rings precontracted by
phenylephrine/KCl (30 mM). Most of the compounds produced a concentration-dependent inhibition of
the contractile response.

1. Introduction

Calcium channel blockers (CCBs), particularly 4-aryl-1,4-
dihydropyridines (DHP), attract the interest of medicinal
chemists because of their high potency, selectivity of ac-
tion and heterogeneity. Nifedipine (1), a prototype of this
class of compounds, has been used in general medical
practice worldwide for the treatment of hypertension and
vasospastic angina for over two decades (Abbernethy and
Schwartz 1999; Hernández-Hernández et al. 2002; Mes-
serli 2002; Triggle 2003a, 2003b; Eisenberg et al. 2004).
Despite the high potency and selectivity of action, these
drugs are not free from side effects and associated with an
increased mortality rate. One of the most discussed unde-
sirable side effects of dihydropyridines is the consistent
reflex activation of the adrenergic system leading to tachy-
cardia (Bala 1982; Furberg et al. 1995; Beever and Sleight
1996; Furberg et al. 1996; Califf and Kramer 1998). A
dihydropyridine type calcium channel and a-adrenoceptor
blocker without revealing reflex tachycardial activity is an
important target in the research of new drugs in this field.
Structure-activity relationship studies (SAR) of the dihy-
dropyridines reveal the importance of a phenyl ring at
4-position of the basic dihydropyridine nucleus. Structural
modifications at various positions of the phenyl ring affect
the activity profile of this class of calcium channel block-
ers (Mannhold 1994; Romero et al. 2003). It has been ob-
served that the introduction of electron-donating substitu-
ents at ortho and meta positions of the 4-phenyl ring
results in a decrease in activity whereas electron-with-
drawing ortho and meta substituents increases the vasore-

laxant activity. Lengthy (but not bulky) substituents at
meta and para positions reduce the activity (Satoh et al.
1991; Kanno et al. 1992; Loev et al. 1974). Aryl moieties
bearing a basic side chain have been considered as an
essential active structure in a number of known calcium
channel blockers such as verapamil, diltiazem, prenyl-
amine, fendiline, cinnarizine etc. A new generation of
long acting, relatively side effect free potent dihydropyri-
dine type calcium channel blockers (2, 3), synthesized by
introducing basic side chains at various positions of the
4-phenyl ring by replacing the phenolic hydroxy group,
has recently been reported (Nobuhiro et al. 1999; Yeh
et al. 2000; Liang et al. 2002).
We hypothesized on the basis of these studies that the
substitution of the hydroxy group at the phenyl ring at
different positions can be an interesting target to introduce
various basic moieties and it was thought worthwhile to
discover appropriate substitutions on the 4-phenyl ring,
which may affect the pharmacological activity pattern of
these compounds.
We selected the dialkylaminoalkyl moiety as basic side
chain because such a group is also present in many potent
vasodilators (Leonardi et al. 1998).
In the present study, we report the synthesis, structural
characterization, in vitro calcium channel blocking and
vasodilatory effects of some newly synthesized 4-aryl-1,4-
dihydropyridine derivatives. Furthermore, these com-
pounds are structurally lacking a nitro group, a functionality
that usually imparts chemical instability and mutagenicity
to the molecules (Debnath et al. 1991).
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2. Investigations and results

We explored the potential of basic side chains substituted
at meta and para position of the 4-phenyl ring in affecting
the activity of 4-aryl-1,4-dihydropyridine type calcium
channel blockers. Various new dihydropyridines have been
synthesized using modified Hantzsch condensation (Gasco
et al. 1996) and subsequent alkylation.

2.1. Synthesis of the compounds

Synthesis of the parent 4-aryl-1,4-dihydropyridine skeletons
(7, 14, 21) has been carried out by condensing correspond-
ing aldehydes such as vanillin, 3-hydroxybenzaldehyde
and 4-hydroxybenzaldehyde with methyl 3-aminocrotonate
in the presence of a catalytic amount of trifluoroacetic
acid as shown in the Scheme. All of the three products
exhibited sharp singlets for ––CH3 in the range of d 2.31–
2.33 and for ––COOCH3 at d 3.64–3.66 ppm. A small
singlet at d 5.61–5.62 ppm for N––H confirmed the for-
mation of the dihydropyridine nucleus.
These 4-aryl-dihydropyridines 7, 14, 21 were further alky-
lated with hydrochlorides of various dialkylaminoalkyl
chlorides like N,N-dimethylaminoethyl chloride, N,N-die-
thylaminoethyl chloride, 4-(2-chloroethyl)morpholine, 1-
(2-chloroethyl)pyrrolidine and 1-(2-chloroethyl)piperidine
in ethyl methyl ketone using anhydrous potassium carbo-
nate to get compounds 8–12, 15–19, 22–26 (Table 1). The
cyclopentyl derivatives 13, 20, 27 were also synthesized
using cyclopentyl bromide as alkylating agent in order to
study the effect of a cyclic ring on the pharmacological
profile.
The structural assignments of the newly synthesized com-
pounds were based on IR, UV, 1H NMR spectral data and
elemental analyses, which were fully consistent with the
proposed structures.

2.2. Pharmacological results

The newly synthesized compounds were screened for their
inhibitory activity at L-type calcium channels activated by
veratridine in neonatal rat cortical neurons maintained in
cell culture. Initial concentration-response data for veratri-
dine were collected. Veratridine (10 mM) was used as the
depolarizing agent for all the experiments. IC50 values de-
rived from logistical fits to the calcium flux inhibitory
data from various dihydropyridines are shown in Table 2.
Many of the compounds showed moderate to significant
activity. The most active compound, 22, of the series ex-
hibited calcium channel blocking activity at 0.16 mM.
The compounds have also been screened for their vasodi-
latory activity (Carron et al. 1991; Perez-Vizcaino et al.
1993) using rat thoracic aortic rings, which were con-
tracted either with phenylephrine (10�6 M) or with KCl
(30 mM). The results are expressed as relaxation as a per-
centage of the maximal control phenylephrine-induced/
KCl-induced responses. Many compounds produced a
concentration-dependent inhibition of the contractile re-
sponse of phenylephrine/KCl; their IC50 values are given
in Table 3.

3. Discussion

Introduction of a dialkylaminoalkyl group at the 3 or 4
position of the 4-aryl moiety resulted in compounds 9, 10,
12, 15, 18, 19, 22, 23, 26 with significant calcium chan-
nel blocking activity, while compounds 11–13, 17–19, 26
and 27 inhibited phenylephrine-induced contractions in
isolated rat aortal rings when compared with nifedipine.
The compounds 11–13, 18, 19 and 27 also produced re-
laxation of KCl (30 mM) induced contractions at a similar
concentration range as required for phenylephrine suggest-
ing that at these concentrations, compounds may be acting
at various sites other than calcium channels. Substitution
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of different side chains at meta and para positions of the
4-aryl group led to diversified pharmacological activity
with some of the compounds displaying potent calcium
channel blocking activity through inhibition of L-type cal-
cium channels and others producing good vasorelaxation,
a few possibly through a1-adrenoceptor blocking effects.
The findings implied that the substitutions on the hydroxy
group of the 4-phenyl ring with a dialkylaminoalkyl side
chain may lead to an additional adrenoceptor blockade. It
was observed that substitution of various functionalities on
the 4-aryl group produced dramatic alterations in the phar-
macological activity of the dihydropyridines. 4[4-(2-Di-
methylaminoethoxy)phenyl]-2,6-dimethyl-1,4-dihydropyrid-
ine-3,5-dicarboxylic acid dimethyl ester (22) exhibited
maximum calcium channel blocking activity with an IC50

of 0.16 mM but did not produce any vasorelaxant effect in
phenylephrine as well as KCl (30 mM) induced vasocon-
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Table 1: Chemical data of compounds 7–27

N
H

CH3CH3

R

R

COOCH3H3COOC

1

2

(7-27)

Compd. R1 R2 M.P. (�C) Crystallizing solvent

7 ––OH ––OCH3 240–245 Acetone
8 ––OCH2CH2N(CH3)2 ––OCH3 98–101 Ether
9 ––OCH2CH2N(C2H5)2 ––OCH3 92–95 Ether

10 CH2CH2 ONO ––OCH3 158–160 Ether þ Ethyl acetate

11 CH2CH2NO ––OCH3 178–180 Ether þ Ethyl acetate

12 CH2CH2NO ––OCH3 162–165 Ether þ Ethyl acetate

13 O ––OCH3 147–149 Ether þ Ethyl acetate

14 H ––OH 231–236 Acetone
15 H ––OCH2CH2N(CH3)2 120–125 Ether
16 H ––OCH2CH2N(C2H5)2 110–115 Petroleum ether (60 : 80)

17 H CH2CH2 ONO 132–136 Petroleum ether (60 : 80)

18 H CH2CH2NO 96–98 Ether

19 H CH2CH2NO 120–124 Petroleum ether (60 : 80)

20 H O 196–198 Ether þ Ethyl acetate

21 ––OH H 231–233 Acetone
22 ––OCH2CH2N(CH3)2 H 169–171 Ether þ Ethyl acetate
23 ––OCH2CH2N(C2H5)2 H 122–123 Petroleum ether (60 : 80) þ Ether

24 CH2CH2 ONO H 140–142 Ether þ Ethyl acetate

25 CH2CH2NO H 155–156 Ether þ Ethyl acetate

26 CH2CH2NO H 153–155 Ether þ Ethyl acetate

27 O H 174–176 Ethyl acetate

Table 2: IC50 values derived from logistical fits to the calcium
inhibitory data from various dihydropyridines

Compd. IC50 � SEM (mM) Compd. IC50 � SEM (mM)

8* –– 19 80 � 20
9 90 � 90 20* ––
10 5.3 � 2.6 22 0.161 � 0.076
11* –– 23 2.5 � 1.8
12 4.7 � 1.3 24* ––
13* –– 25* ––
15 20.0 � 4.9 26 70.0 � 20.0
16* –– 27* ––
17* –– Nifedipine 57.7 � 48.6 nM
18 3.2 � 1.1 –– ––

* These compounds did not show significant calcium channel blocking activity at
100 mM concentration



striction. However, the cyclopentyl derivatives 13, 20 and
27 completely lacked the calcium channel blocking activ-
ity but 13 and 27 produced significant vasodilatory activ-
ity. Three compounds, 12, 18 and 19, exhibited moderate
to good calcium channel blocking activity along with ad-
ditional a1-adrenoceptor blockade. Based on these obser-
vations, it is suggested that conformational and electronic
change caused by the substitution at different sites of the
phenyl ring might affect the interaction of the concerned
molecule with drug receptors and thereby influence their
potency. Suitable structural modifications of the 4-phenyl
group in the 4-aryl-1,4-dihydropyridines can lead to a ni-
tro group-free compound with potent calcium channel
blocking activity and additional vasorelaxant properties
through different mechanisms.

4. Experimental

4.1. Chemistry

Melting points were determined on a Veego melting point apparatus and
are uncorrected. IR spectra were recorded on a Perkin-Elmer 882 spectro-
photometer model and Perkin-Elmer spectrum RX 1, FT-IR spectropho-
tometer models using potassium bromide pellets. Proton-NMR spectra were
recorded on Bruker AC-300F, 300 MHz using deuterated-chloroform or
deuterated dimethylsulfoxide-containing tetramethylsilane as internal stand-
ard (chemical shifts in d, ppm). The purity of compounds was established
by thin layer chromatography (TLC) and by elemental analyses. Elemental
analyses were carried out on a Perkin-Elmer-2400 model CHN analyzer.
All solvents were distilled prior to use according to standard procedures.

4.1.1. General procedure for the synthesis of parent dihydropyridines 7, 14, 21

A solution of methyl 3-aminocrotonate (1 g, 7.75 mmol) in absolute alco-
hol (10 ml) was added drop wise to an ice-cooled solution of respective
aldehyde (2.58 mmol) in absolute alcohol (10 ml) containing catalytic
amount of trifluoroacetic acid (0.25 ml). The reaction mixture was further
stirred at 0 �C for 3 h. The precipitate obtained was filtered off, washed with
cold ethanol (25%) and crystallized using appropriate solvents (Table 1).

4.1.1.1. 4-(4-Hydroxy-3-methoxyphenyl)-2,6-dimethyl-1,4-dihydropyridine-
3,5-dicarboxylic acid dimethyl ester (7)

From 4-hydroxy-3-methoxybenzaldehyde (0.39 g). Yield: 0.68 g, 76.40%. IR
(nmax): 3380, 2980, 1690, 1650, 1480, 1210, 1100, 1010 cm�1. 1H NMR
(CDCl3): d 2.33 (6H, s, 2X-CH3), 3.65 (6H, s, 2X-COOCH3), 3.84 (3H, s,
––OCH3), 4.93 (1H, s, 4-CH DHP), 5.44 (1H, s, ––OH), 5.61 (1H, s, ––NH),
6.72 (2H, m, Ar––H), 6.83 (1H, d, Jm ¼ 1.3 Hz, Ar––H) ppm.
C18H20NO6

4.1.1.2. 4-(3-Hydroxyphenyl)-2,6-dimethyl-1,4-dihydropyridine-3,5-dicarb-
oxylic acid dimethyl ester (14)

From 3-hydroxybenzaldehyde (0.31 g). Yield: 0.69 g, 87.89%. IR (nmax):
3370, 2950, 1695, 1650, 1490, 1210, 1010 cm�1. 1H NMR (CDCl3): d
2.33 (6H, s, 2X-CH3), 3.65 (6H, s, 2X-COOCH3), 4.98 (1H, s, 4-CH
DHP), 5.62 (1H, s, NH), 6.61 (1H, dd, Jo ¼ 8.2 Hz, Jm ¼ 2.31 Hz,
Ar––H), 6.73 (1H, s, Ar––H), 6.83 (1H, d, Jo ¼ 7.17 Hz, Ar––H), 7.07
(1H, t, Jo ¼ 7.74 Hz, Ar––H) ppm.
C17H19NO5

4.1.1.3. 4-(4-Hydroxyphenyl)-2,6-dimethyl-1,4-dihydropyridine-3,5-dicarb-
oxylic acid dimethyl ester (21)

From 4-hydroxybenzaldehyde (0.31 g). Yield: 0.71 g, 87.43%. FT-IR (nmax):
3330, 2940, 1701, 1652, 1484, 1227, 1017 cm�1. 1H-NMR (CDCl3 þ
DMSO-d6): d 2.30 (6H, s, 2X-CH3), 3.61 (6H, s, 2X-COOCH3), 4.84
(1H, s, 4-CH DHP), 6.64 (2H, dd, Jo ¼ 8.28 Hz, Jm ¼ 1.42 Hz,
Ar––Hs), 7.03 (2H, dd, Jo ¼ 6.77 Hz, Jm ¼ 1.95 Hz, Ar––Hs), 7.89
(1H, s, ––OH), 8.51 (1H, s, ––NH) ppm.
C17H19NO5

4.1.2. General procedure for alkylation of parent dihydropyridines 7, 14,
21 to afford 8–13, 15–20, 22–27

A mixture of parent dihydropyridine (1.0 g, (7) 2.88 mmol, (14)
3.15 mmol, (21) 3.15 mmol) and anhydrous potassium carbonate (1.0 g,
7.24 mmol) in ethyl methyl ketone (35 ml) was refluxed for 2 h with stir-
ring. To this, the required hydrochloride of various dialkylaminoalkyl chlor-
ides was added and the reaction mixture was refluxed for another 6 h. The
resulting slurry was filtered off, solvent was recovered under reduced pres-
sure to obtain oily residues of the corresponding products 8–13, 15–20 and
22–27, which were crystallized using appropriate solvents (Table 1).

4.1.2.1. 4-[4-(2-Dimethylaminoethoxy)-3-methoxyphenyl]-2,6-dimethyl-1,4-
dihydropyridine-3,5-dicarboxylic acid dimethyl ester (8)

From 2-(dimethylamino)ethyl chloride hydrochloride (0.83 g, 5.76 mmol).
Yield: 0.72 g, 59.80%. IR (nmax): 3350, 2950, 1700, 1650, 1500, 1380,
1210, 1020 cm�1. 1H NMR (CDCl3): d 2.31 (6H, s, ––N(CH3)2), 2.33
(6H, s, 2X-CH3), 2.74 (2H, t, ––CH2N<), 3.65 (6H, s, 2X-COOCH3),
3.81 (3H, s, ––OCH3), 4.04 (2H, t, ––OCH2––), 4.94 (1H, s, 4-CH DHP),
5.73 (1H, s, ––NH), 6.73 (2H, s, Ar––Hs), 6.86 (1H, s, Ar––H) ppm.
C22H30N2O6

4.1.2.2. 4-[4-(2-Diethylaminoethoxy)-3-methoxyphenyl]-2,6-dimethyl-1,4-
dihydropyridine-3,5-dicarboxylic acid dimethyl ester (9)

From 2-(diethylamino)ethyl chloride hydrochloride (0.99 g, 5.76 mmol).
Yield: 0.68 g, 52.91%. IR (nmax): 3350, 2950, 1700, 1660, 1470, 1210,
1020 cm�1. 1H NMR (CDCl3): d 1.04 (6H, t, ––N(CH2CH3)2), 2.32 (6H,
s, 2X-CH3), 2.61 (4H, q, ––N(CH2CH3)2), 2.87 (2H, t, ––CH2N<), 3.65
(6H, s, 2X-COOCH3), 3.81 (3H, s, ––OCH3), 4.02 (2H, t, ––OCH2––),
4.94 (1H, s, 4-CH DHP), 6.16 (1H, s, ––NH), 6.73 (2H, s, Ar––Hs), 6.86
(1H, s, Ar––H) ppm.
C24H34N2O6

4.1.2.3. 4-[3-Methoxy-4-(2-morpholin-4-yl-ethoxy)phenyl]-2,6-dimethyl-
1,4-dihydropyridine-3,5-dicarboxylic acid dimethyl ester (10)

From 4-(2-chloroethyl)morpholine hydrochloride (1.07 g, 5.76 mmol).
Yield: 0.85 g, 64.15%. IR (nmax): 3250, 2950, 1690, 1650, 1500, 1210,
1100, 1010 cm�1. 1H NMR (CDCl3): d 2.33 (6H, s, 2X-CH3), 2.57 (4H, t,
2X-CH2 morph), 2.80 (2H, t, ––CH2N<), 3.65 (6H, s, 2X-COOCH3), 3.71
(4H, t, 2X-CH2 morph), 3.80 (3H, s, ––OCH3), 4.09 (2H, t, ––OCH2––),
4.95 (1H, s, 4-CH DHP), 5.73 (1H, s, ––NH), 6.73 (2H, s, Ar––Hs), 6.86
(1H, s, Ar––H) ppm.
C24H32N2O7

4.1.2.4. 4-[3-Methoxy-4-(2-pyrrolidin-1-yl-ethoxy)phenyl]-2,6-dimethyl-
1,4-dihydropyridine-3,5-dicarboxylic acid dimethyl ester (11)

From 1-(2-chloroethyl)pyrrolidine hydrochloride (0.98 g, 5.76 mmol).
Yield: 0.54 g, 42.22%. IR (nmax): 3340, 2930, 1700, 1640, 1470, 1200,
1010 cm�1. 1H NMR (CDCl3 þ DMSO-d6): d 1.78 (4H, p, 2X-CH2 pyr),
2.31 (6H, s, 2X-CH3), 2.60 (4H, t, 2X-CH2 pyr), 2.88 (2H, t, ––CH2N<),
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Table 3: IC50 values of various dihydropyridines to inhibit the contractions induced by phenylephrine (10�6 M) and KCl (30 mM)
on isolated rat thoracic aortic rings

Compd. IC50 � SEM (mM) PE IC50 � SEM (mM) K-30 Compd. IC50 � SEM (mM) PE IC50 � SEM (mM) K-30

8* –– –– 19 4.3 � 0.14 1.6 � 0.09
9* –– –– 20* –– ––
10* –– –– 22* –– ––
11 5.8 � 0.18 3.7 � 0.17 23* –– ––
12 1.8 � .015 4.8 � 0.06 24* –– ––
13 8.1 � 0.2 6.1 � 0.08 25* –– ––
15 –– 7.9 � 0.10 26 3.8 � 0.14 ––
16* –– –– 27 6.2 � 0.43 4.7 � 0.02
17 5.8 � 0.05 –– Nifedipine 27.5 nM 2 nM
18 0.9 � 0.14 6.7 � 0.12 –– –– ––

The asterisks (*) denotes the compounds which did not produce 50% relaxation at 10�5 M



3.62 (6H, s, 2X-COOCH3), 3.79 (3H, s, ––OCH3), 4.06 (2H, t, ––OCH2––),
4.89 (1H, s, 4-CH DHP), 6.72 (2H, s, Ar––Hs), 6.84 (1H, s, Ar––H), 8.09
(1H, s, ––NH) ppm.
C24H32N2O6

4.1.2.5. 4-[3-Methoxy-4-(2-piperidin-1-yl-ethoxy)phenyl]-2,6-dimethyl-1,4-
dihydropyridine-3,5-dicarboxylic acid dimethyl ester (12)

From 1-(2-chloroethyl)piperidine hydrochloride (1.06 g, 5.76 mmol). Yield:
0.68 g, 51.55%. IR (nmax): 3350, 2940, 1690, 1650, 1500, 1265, 1200,
1020 cm�1. 1H NMR (CDCl3): d 1.45 (d, 2H, ––CH2 pip), 1.59 (4H, q,
2X-CH2 pip), 2.33 (6H, s, 2X-CH3), 2.51 (4H, t, 2X-CH2 pip), 2.80 (2H,
t, ––CH2N<), 3.65 (6H, s, 2X-COOCH3), 3.81 (3H, s, ––OCH3), 4.09
(2H, t, ––OCH2––), 4.94 (1H, s, 4-CH DHP), 5.63 (1H, s, ––NH), 6.73
(2H, s, Ar––Hs), 6.86 (1H, s, Ar––H) ppm.
C25H34N2O6

4.1.2.6. 4-(4-Cyclopentyloxy-3-methoxyphenyl)-2,6-dimethyl-1,4-dihydro-
pyridine-3,5-dicarboxylic acid dimethyl ester (13)

From cyclopentyl bromide (0.617 ml, 5.76 mmol). Yield: 0.64 g, 53.55%.
IR (nmax): 3350, 2940, 1690, 1500, 1200, 1020 cm�1. 1H NMR (CDCl3): d
1.58 (2H, m, ––CH2 cyclopent), 1.83 (6H, m, 3X-CH2 cyclopent), 2.29
(6H, s, 2X-CH3), 3.65 (6H, s, 2X-COOCH3), 3.76 (3H, s, ––OCH3), 4.67
(1H, s, ––CH cyclopent), 4.85 (1H, s, 4-CH DHP), 5.97 (1H, s, ––NH),
6.62 (2H, s, Ar––Hs), 6.75 (1H, s, Ar––H) ppm.
C23H29NO6

4.1.2.7. 4-[3-(2-Dimethylaminoethoxy)phenyl]-2,6-dimethyl-1,4-dihydro-
pyridine-3,5-dicarboxylic acid dimethyl ester (15)

From 2-(dimethylamino)ethyl chloride hydrochloride (0.9 g, 6.30 mmol).
Yield: 0.68 g, 55.40%. IR (nmax): 3230, 2950, 1690, 1640, 1490, 1330,
1210, 1010 cm�1. 1H NMR (CDCl3): d 2.31 (12H, s, ––N(CH3)2 and
2X-CH3), 2.69 (2H, t, ––CH2N<), 3.64 (6H, s, 2X-COOCH3), 4.01 (2H,
t, ––OCH2––), 4.98 (1H, s, 4-CH DHP), 5.80 (1H, s, ––NH), 6.68 (1H,
dd, Jo ¼ 8.01 Hz, Jm ¼ 2.26 Hz, Ar––H), 6.86 (2H, m, Ar––Hs), 7.11 (1H,
t, Jo ¼ 7.80 Hz, Ar––H) ppm.
C21H28N2O5

4.1.2.8. 4-[3-(2-Diethylaminoethoxy)phenyl]-2,6-dimethyl-1,4-dihydropyri-
dine-3,5-dicarboxylic acid dimethyl ester (16)

From 2-(diethylamino)ethyl chloride hydrochloride (1.08 g, 6.30 mmol).
Yield: 0.65 g, 49.58%. IR (nmax): 3350, 2950, 1700, 1640, 1480, 1220,
1010 cm�1. 1H NMR (CDCl3): d 1.05 (6H, t, ––N(CH2CH3)2), 2.32 (6H,
s, 2X-CH3), 2.62 (4H, q, ––N(CH2CH3)2), 2.84 (2H, t, ––CH2N<), 3.64
(6H, s, 2X-COOCH3), 4.00 (2H, t, ––OCH2––), 4.98 (1H, s, 4-CH DHP),
5.68 (1H, s, ––NH), 6.68 (1H, dd, Jo ¼ 8.05 Hz, Jm ¼ 2.70 Hz, Ar––H),
6.84 (2H, m, Ar––Hs), 7.11 (1H, t, Jo ¼ 7.94 Hz, Ar––H) ppm.
C23H32N2O5

4.1.2.9. 4-[3-(2-Morpholin-4-yl-ethoxy)phenyl]-2,6-dimethyl-1,4-dihydro-
pyridine-3,5-dicarboxylic acid dimethyl ester (17)

From 4-(2-chloroethyl)morpholine hydrochloride (1.17 g, 6.30 mmol).
Yield: 0.69 g, 50.88%. IR (nmax): 3300, 2880, 1700, 1640, 1500, 1230,
1110, 1030 cm�1. 1H NMR (CDCl3): d 2.33 (6H, s, 2X-CH3), 2.57 (4H,
t, 2X-CH2 morph), 2.78 (2H, t, ––CH2N<), 3.64 (6H, s, 2X-COOCH3),
3.73 (4H, t, 2X-CH2 morph), 4.06 (2H, t, ––OCH2––), 4.99 (1H, s, 4-CH
DHP), 5.73 (1H, s, ––NH), 6.68 (1H, dd, Jo ¼ 7.98 Hz, Jm ¼ 2.98 Hz,
Ar––H), 6.84 (2H, m, Ar––Hs), 7.11 (1H, t, Jo ¼ 7.83 Hz, Ar––H) ppm.
C23H30N2O6

4.1.2.10. 4-[3-(2-Pyrrolidin-1-yl-ethoxy)phenyl]-2,6-dimethyl-1,4-dihydro-
pyridine-3,5-dicarboxylic acid dimethyl ester (18)

From 1-(2-chloroethyl)pyrrolidine hydrochloride (1.07 g, 6.30 mmol).
Yield: 0.63 g, 48.27%. IR (nmax): 3380, 2950, 1700, 1660, 1460, 1210,
1010 cm�1. 1H NMR (CDCl3): d 1.83 (4H, m, 2X-CH2 pyr), 2.33 (6H, s,
2X-CH3), 2.64 (4H, m, 2X-CH2 pyr), 2.90 (2H, t, ––CH2N<), 3.64 (6H,
s, 2X-COOCH3), 4.08 (2H, t, ––OCH2––), 4.98 (1H, s, 4-CH DHP), 5.67
(1H, s, ––NH), 6.69 (1H, dd, Jo ¼ 7.91 Hz, Jm ¼ 2.09 Hz, Ar––H), 6.85
(2H, m, Ar––Hs), 7.11 (1H, t, Jo ¼ 7.90 Hz, Ar––H) ppm.
C23H30N2O5

4.1.2.11. 4-[3-(2-Piperidin-1-yl-ethoxy)phenyl]-2,6-dimethyl-1,4-dihydro-
pyridine-3,5-dicarboxylic acid dimethyl ester (19)

From 1-(2-chloroethyl)piperidine hydrochloride (1.16 g, 6.30 mmol). Yield:
0.59 g, 43.70%. IR (nmax): 3350, 2950, 1700, 1640, 1470, 1210,
1020 cm�1. 1H NMR (CDCl3): d 1.22 (2H, q, ––CH2 pip), 1.45 (4H, t,
2X-CH2 pip), 2.32 (6H, s, 2X-CH3), 2.49 (4H, t, 2X-CH2 pip), 2.74 (2H,
t, ––CH2N<), 3.64 (6H, s, 2X-COOCH3), 4.05 (2H, t, ––OCH2––), 4.98

(1H, s, 4-CH DHP), 5.85 (1H, s, ––NH), 6.67 (1H, dd, Jo ¼ 8.10 Hz,
Jm ¼ 2.56 Hz, Ar––H), 6.84 (2H, m, Ar––Hs), 7.10 (1H, t, Jo ¼ 7.80 Hz,
Ar––H) ppm.
C24H32N2O5

4.1.2.12. 4-(3-Cyclopentyloxyphenyl)-2,6-dimethyl-1,4-dihydropyridine-
3,5-dicarboxylic acid dimethyl ester (20)

From cyclopentyl bromide (0.676 ml, 6.30 mmol). Yield: 0.71 g, 58.48%.
IR (nmax): 3351, 2948, 1705, 1651, 1486, 1220, 1012 cm�1. 1H NMR
(CDCl3): d 1.60 (2H, m, ––CH2 cyclopent), 1.81 (6H, m, 3X-CH2 cyc-
lopent), 2.33 (6H, s, 2X-CH3), 3.65 (6H, s, 2 X––COOCH3), 4.69 (1H, m,
––CH cyclopent), 4.98 (1H, s, 4-CH DHP), 5.72 (1H, s, ––NH), 6.64 (1H,
dd, Jo ¼ 8.10 Hz, Jm ¼ 2.61 Hz, Ar––H), 6.80 (2H, m, Ar––Hs), 7.09 (1H,
t, Jo ¼ 7.83 Hz, Ar––H) ppm.
C22H27NO5

4.1.2.13. 4-[4-(2-Dimethylaminoethoxy)phenyl]-2,6-dimethyl-1,4-dihydro-
pyridine-3,5-dicarboxylic acid dimethyl ester (22)

From 2-(dimethylamino)ethyl chloride hydrochloride (0.9 g, 6.30 mmol).
Yield: 0.56 g, 45.78%. FT-IR (nmax): 3266, 2947, 1696, 1644, 1504, 1307,
1211, 1025 cm�1. 1H NMR (CDCl3): d 2.31 (12H, s, 2X-CH3, ––N(CH3)2),
2.69 (2H, t, ––OCH2––), 3.63 (6H, s, 2X-COOCH3), 4.00 (2H, t, ––CH2N<),
4.89 (1H, s, 4-CH DHP), 5.87 (1H, s, ––NH), 6.72 (2H, dd, Jo ¼ 6.79 Hz,
Jm ¼ 1.95 Hz, Ar––Hs), 7.12 (2H, dd, Jo ¼ 6.75 Hz, Jm ¼ 2.81 Hz, Ag ––H5)
ppm.
C21H28N2O5

4.1.2.14. 4-[4-(2-Diethylaminoethoxy)phenyl]-2,6-dimethyl-1,4-dihydro-
pyridine-3,5-dicarboxylic acid dimethyl ester (23)

From 2-(diethylamino)ethyl chloride hydrochloride (1.08 g, 6.30 mmol).
Yield: 0.61 g, 46.49%. FT-IR (nmax): 3344, 2956, 1697, 1650, 1492, 1300, 1225,
1108, 1021 cm�1. 1H NMR (CDCl3): d 1.04 (6H, t, ––N(CH2CH3)2), 2.31
(6H, s, 2X––CH3), 2.61 (4H, q, ––N(CH2CH3)2), 2.83 (2H, t, ––CH2N<),
3.63 (6H, s, 2 X––COOCH3), 3.98 (2H, t, ––OCH2––), 4.93 (1H, s, 4-CH
DHP), 5.95 (1H, s, ––NH), 6.74 (2H, dd, Jo ¼ 6.77 Hz, Jm ¼ 1.90 Hz,
Ar––Hs), 7.15 (2H, dd, Jo ¼ 6.71 Hz, Jm ¼ 1.98 Hz, Ar––Hs) ppm.
C23H32N2O5

4.1.2.15. 4-[4-(2-Morpholin-4-yl-ethoxy)phenyl]-2,6-dimethyl-1,4-dihydro-
pyridine-3,5-dicarboxylic acid dimethyl ester (24)

From 4-(2-chloroethyl)morpholine hydrochloride (1.17 g, 6.30 mmol). Yield:
0.74 g, 54.57%. FT-IR (nmax): 3338, 2958, 1696, 1628, 1498, 1379, 1222,
1104, 1052 cm�1. 1H NMR (CDCl3): d 2.31 (6H, s, 2X-CH3), 2.55 (4H,
t, 2X-CH2 morph), 2.75 (2H, t, ––CH2N<), 3.64 (6H, s, 2X-COOCH3),
3.69 (4H, t, 2X-CH2 morph), 4.04 (2H, t, ––OCH2––), 4.89 (1H, s, 4-CH
DHP), 5.67 (1H, s, ––NH), 6.71 (2H, dd, Jo ¼ 6.92 Hz, Jm ¼ 1.66 Hz,
Ar––Hs), 7.12 (2H, dd, Jo ¼ 6.72 Hz, Jm ¼ 1.98 Hz, Ar––Hs) ppm.
C23H30N2O6

4.1.2.16. 4-[4-(2-Pyrrolidin-1-yl-ethoxy)phenyl]-2,6-dimethyl-1,4-dihydro-
pyridine-3,5-dicarboxylic acid dimethyl ester (25)

From 1-(2-chloroethyl)pyrrolidine hydrochloride (1.07 g, 6.30 mmol).
Yield: 0.56 g, 41.48%. FT-IR (nmax): 3299, 2938, 1697, 1639, 1497, 1379,
1234, 1050 cm�1. 1H NMR (CDCl3): d 1.79 (4H, p, 2X-CH2 pyr), 2.32
(6H, s, 2X-CH3), 2.59 (4H, t, 2X-CH2 pyr), 2.87 (2H, t, ––CH2N<), 3.64
(6H, s, 2X-COOCH3), 4.05 (2H, t, ––OCH2––), 4.93 (1H, s, 4-CH DHP),
5.89 (1H, s, ––NH), 6.76 (2H, d, Jo ¼ 8.63 Hz, Ar––Hs), 7.16 (2H, d,
Jo ¼ 8.62 Hz, Ar––Hs) ppm.
C23H30N2O5

4.1.2.17. 4-[4-(2-Piperidin-1-yl-ethoxy)phenyl]-2,6-dimethyl-1,4-dihydro-
pyridine-3,5-dicarboxylic acid dimethyl ester (26)

From 1-(2-chloroethyl)piperidine hydrochloride (1.16 g, 6.30 mmol). Yield:
0.59 g, 43.70%. FT-IR (nmax): 3350, 2950, 1690, 1640, 1470, 1210,
1020 cm�1. 1H NMR (CDCl3): d 1.44 (2H, p, ––CH2 pip), 1.60 (4H, m,
2X-CH2 pip), 2.32 (6H, s, 2X-CH3), 2.49 (4H, t, 2X-CH2 pip), 2.74 (2H,
t, ––CH2N<), 3.64 (6H, s, 2X-COOCH3), 4.05 (2H, t, ––OCH2––), 4.93
(1H, s, 4-CH DHP), 5.64 (1H, s, ––NH), 6.75 (2H, dd, Jo ¼ 6.68 Hz,
Jm ¼ 2.04 Hz, Ar––Hs), 7.15 (2H, dd, Jo ¼ 6.97 Hz, Jm ¼ 1.54 Hz,
Ar––Hs) ppm.
C24H32N2O5

4.1.2.18. 4-(4-Cyclopentyloxyphenyl)-2,6-dimethyl-1,4-dihydropyridine-3,5-
dicarboxylic acid dimethyl ester (27)

From cyclopentyl bromide (0.676 ml, 6.30 mmol). Yield: 0.78 g, 64.46%.
FT-IR (nmax): 3348, 2951, 1698, 1654, 1492, 1300, 1218, 1018 cm�1. 1H
NMR (CDCl3): d 1.56 (2H, t, ––CH2 cyclopent), 1.81 (6H, m, 3X-CH2

cyclopent), 2.32 (6H, s, 2X-CH3), 3.64 (6H, s, 2X-COOCH3), 4.67 (1H,
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m, ––CH cyclopent), 4.92 (1H, s, 4-CH DHP), 5.65 (1H, s, ––NH), 6.70
(2H, m, Ar––Hs), 7.13 (2H, m, Ar––Hs) ppm.
C22H27NO5

4.2. Biological methods

4.2.1. Calcium channel blocking activity

The calcium channel blocking activity of newly synthesized compounds
was assessed using 96-well plate fluorimetery. Primary cultures of cortex
were prepared from neonatal rat pups. The isolated cells were placed onto
poly-d-lysine coated 96-well plates (Becton-Dickenson) using a fluid-hand-
ling robot (Quadra 96, Tomtec). Each well was loaded with approximately
25,000 cells. The plates were placed into a humidified 5% CO2 incubator
at 37 �C and kept for at least 4 days before fluorescence screening. Prior
to the experiments, the cells were washed thoroughly with saline solution
using a Tomtec liquid handling robot. The fluorescence screening was
done using fluo-3-ester calcium dye (2 mM) which was loaded into cells
with pluronic acid (20%). Once in the cytoplasm, esterases cleave the ester
from the fluo-3 dye effectively trapping the dye within the cell. The cells
were incubated for 45 min at 37 �C. The plates were washed thoroughly
before carrying out the experiment. Initial readings were taken with a Cy-
tofluor 4000 HT fluorimeter (Perceptives) set at 36 �C to assess the back-
ground fluorescence in each of the plates. The excitation/emission settings
were 483/530 nm.
Cells were exposed to veratridine for 2 min before readings were taken.
For those experiments that require pretreatment, cells were pre-treated for
30 s with the compound before application of veratridine. In each plate, a
saline and a veratridine lane were included. The data was analyzed using
Microsoft Excel. The initial background readings were subtracted from the
treatment readings. The saline control was then subtracted and the results
were expressed as % of the control veratridine response. Increase in intra-
cellular calcium measured with the fluo-3 dye are reflected as rises in
fluorescence and decreases in fluorescence represent a drop in intracellular
calcium. All compounds were brought up to 10 mM stocks in 100%
DMSO then serially diluted.

4.2.2. Vasodilatory activity using KCl (30 mM) (a) and using phenyl-
ephrine (b)

(a) Wistar rats of either sex weighing 300–400 g were killed by a blow on
the head. The descending thoracic aorta was rapidly dissected and placed
in a physiological saline solution (PSS) of the composition (mM): NaCl
118, NaHCO3 25, MgSO4 1.2, CaCl2 2.5, KH2PO4 1.2, KCl 4.75 and glu-
cose 11. After excess of fat and connective tissue was removed, the aorta
were cut into rings (4–5 mm in length), mounted under basal tension of
2 g in 5 ml organ baths containing PSS and attached to force-displacement
transducers to measure isometric contractile force. The tissue bath was
maintained at 37 �C and bubbled with a 95% O2-5% CO2 gas mixture.
The preparation was allowed to equilibrate for at least 60 min prior to
initiation of experimental procedures and during this period the incubation
media was changed every 30 min.
After equilibration aortic rings were contracted by a single concentration
of 30 mM KCl. When the contractions were stable, compound was added
in progressively increasing cumulative concentrations (10�8–10�5 M) at
30 min intervals. The results were expressed as a percentage of maximal
control KCl-induced responses and statistical analysis was performed with
Student’s t test. Differences between control and experimental values were
considered significant when p < 0.05. Dose-response slopes were analyzed
to give the concentration of compounds producing a 50% inhibition of the
maximal contractile response (IC50) by linear regression analysis (method
of least squares). The compounds were dissolved in dimethyl sulfoxide
(DMSO). DMSO had no effect on KCl-contractile response.
(b) Vasodilatory activity was carried out using descending thoracic aortic
rings of Wistar rats. The aortic rings were contracted by phenylephrine
(10�6 M). After stabilization, compounds were added in progressively in-
creasing cumulative concentrations (10�8 to 10�5 M) at 30 min intervals.
All the results were expressed as a percentage of the maximal control phe-
nylephrine-induced responses and statistical analysis was performed with
Student’s t-test.

Acknowledgements: The authors are grateful to University Grants Com-
mission, New Delhi, India for financial support and Panjab University,
Chandigarh, India for providing the general facilities. Special thanks are
due to Mr Avtar Singh, RSIC, Panjab University for carrying out NMR
spectral analysis.

References

Abbernethy DR, Schwartz JB (1999) Calcium-antagonist drugs. New Eng
J Med 341: 1447–1456.

Bala SV (1982) Calcium channel blockers in chronic stable angina. A re-
view. Herz 7: 211–220.

Beevers DG, Sleight P (1996) Short acting dihydropyridines (vasodilating)
calcium channel blockers for hypertension: is there a risk? Br J Med
312: 1143–1145.

Califf RM, Kramer JM (1998) What have we learnt from calcium channel
blocker controversy. Circulation 97: 1529–1531.

Carron R, Perez-Vizcaino F, Delpon E, Tamargo J (1991) Effects of propa-
fenone on 45Ca movements and contractile responses in vascular
smooth muscle. Br J Pharmacol 103: 1453–1457.

Debnath AK, Lopez de Compadre RL, Debnath G, Shusterman AJ,
Hansch C (1991) Structure-activity relationship of mutagenic aromatic
and heteroaromatic nitro compounds. Correlation with molecular orbital
energies and hydrophobicity. J Med Chem 34: 786–797.

Eisenberg MJ, Brox A, Bestawros AN (2004) Calcium channel blockers:
an update. Am J Med 116: 35–43.

Furberg CD, Psaty BM, Meyar JV (1995) Nifedipine. Dose related in-
crease in mortality in patients with coronary heart disease. Circulation
92: 1326–1331.

Furberg CD, Pahor M, Psaty BM (1996) The unnecessary controversy. Eur
Heart J 17: 1142–1147.

Gasco AM, Ermondi G, Fruttero R, Gasco A (1996) Benzofurazanyl- and
benzofuroxanyl-1,4-dihydropyridines: synthesis, structure and calcium
entry blocking activity. Eur J Med Chem 31: 3–10.

Hernández-Hernández R, Velasco M, Armas-Hernández MJ, Armas-Pa-
dilla MC (2002) Use of calcium antagonists in hypertension. Int Congr
Ser 1237: 109–117.

Kanno H, Yamaguchi H, Okamiya Y, Sunakawa K. Takeshita T, Naruchi T
(1992) Synthesis and antihypertensive activity of 1,4-dihydropyridine
derivatives with a 4-(disubstituted phenyl) ring and an aminoalkyl ester
group: highly potent and long lasting calcium antagonists. Chem Pharm
Bull 40: 2049–2054.

Leonardi A, Motta G, Pennini R, Testa R, Sironi G, Catto A, Cerri A,
Zappa M, Bianchi G, Nardi D (1998) Asymmetric N-(3,3-diphenylpro-
pyl)aminoalkyl esters of 4-aryl-2,6-dimethyl-1,4-dihydropyridine-3,5-di-
carboxylic acids with antihypertensive activity. Eur J Med Chem 33:
399–420.

Liang J-C, Yeh J-L, Wang C-S, Liou S-F, Tsai C-H, Chen I-J (2002) The
new generation dihydropyridine type calcium blockers, bearing 4-phenyl
oxypropanolamine, display alpha-/beta-adrenoceptor antagonist and
long-acting antihypertensive activities. Bioorg Med Chem 10: 719–730.

Loev B, Goodman MM, Snader KM, Tedeschi R, Macko E (1974)
“Hantzsch-type” dihydropyridine hypotensive agents. J Med Chem 17:
956–965.

Mannhold R (1994) Medicinal chemistry of DHP-like calcium antagonist.
Drugs Today 30: 103–122.

Messerli FH (2002) Calcium antagonists in hypertension: from haemody-
namics to outcome. Am J Hypertens 15: 94S–97S.

Nobuhiro Y, Masahiko N, Kazumi O, Kazuhiro M, Toshio G (1999) Phar-
macological characterization of FR 172516: a new combined calcium
channel blocking and [beta]-adrenoceptor blocking agent. Cardiol Phar-
macol 33: 587–594.

Perez-Vizcaino F, Carron R, Delpon E, Tamargo J (1993) Effects of (S)-
nafenodone on 45Ca2þ fluxes and contractions in rat isolated vascular
smooth muscle. Eur J Pharmacol 232: 105–111.

Romero M, Sánchez I, Pujol MD (2003) New advances in the field of
calcium channel antagonists: cardiovascular effects and structure-activity
relationships. Curr Med Chem. –– Cardiovasc Hematol Agents 1: 113–
141.

Satoh Y, Ichihashi M, Okumura K (1991) Studies on nilvadipine. 1. Synth-
esis and structure-activity relationships of 1,4-dihydropyridines contain-
ing novel substituents at the 2-position. Chem Pharm Bull 39: 3189–
3209.

Triggle DJ (2003a) 1,4-dihydropyridines as calcium channel ligands and
previleged structures. Cell Mol Neurobiol 23: 293–303.

Triggle DJ (2003b) The 1,4-dihydropyridine nucleus: a pharmacophoric
template part-1, actions at ion channels. Mini Rev Med Chem 3: 215–
223.

Yeh J-L, Liou S-F, Liang J-C, Huang Y-C, Chaing L-C, Wu J-R, Lin Y-T,
Chen I-J (2000) Vanidipinedilol: a vanilloid-based beta-adrenoceptor
blocker displaying calcium entry blocking and vasorelaxant activities. J
Cardiovasc Pharmacol 35: 51–63.

ORIGINAL ARTICLES

Pharmazie 61 (2006) 5 405


