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A series of indolyldihydropyridines has been designed, synthesized, and evaluated in order
to show the effect of the indole moiety and the role of the methyl groups at the 2 and 6
positions of the dihydropyridine ring in the calcium channel blocking activity. The results
seem to show that these groups constitute a critical structural requirement for the
pharmacological action of these compounds.  1997 Academic Press

INTRODUCTION

Calcium channels play important roles in the electrical excitability, excitation–
contraction coupling, stimulus secretion coupling, and other functions in many types
of cells. Drugs that apparently block the movements of Ca21 through voltage-
sensitive calcium channels are now widely used in the treatment of angina, cardiac
arrhythmias, and hypertension (1). It has also been reported that calcium influx is
connected with vascular smooth muscle contraction elicited by potassium. This
influx essentially occurs through plasma membrane voltage operated Ca21 channels
(2) and is blocked by Ca21 antagonists; among them the most potent and selective
are 4-aryl-1,4-dihydropyridines (3). Since the discovery of the therapeutical proper-
ties of these substances, a large number of derivatives have been prepared and
evaluated, resulting in the development of many useful drugs (i.e., nifedipine). The
vast majority of these molecules have been prepared by Hantzsch synthesis (4) (or
synthetic modifications), which normally implies the presence of methyl groups at
the 2 and 6 positions of the dihydropyridine ring. Practically no information is
available on the effect of these substituents on the pharmacological activity (5).
Also lacking in the literature are indoles as aryl groups in these drugs. Recently
we have been involved in the synthesis of 4-indolyl-1,4-dihydropyridines 1 (Scheme
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SCHEME 1

1) through a two-step sequence consisting of the addition of indoles to N-acylpyridin-
ium salts followed by subsequent deprotection (6). Thus it seemed interesting to
test the compounds and to compare their activity in front of the classical Hantzsch
4-phenyl-2,6-dimethyl-1,4-dihydropyridines.

RESULTS AND DISCUSSION

Following our interest in the chemistry of N-alkyl-4-indolyldihydropyridines (7),
we were able to prepare the N–H analogs by a two-step sequence involving the
addition of indoles to N-acylpyridinium salts followed by mild deprotection of the
amide function (6). Unfortunately, this procedure yielded dihydropyridine 4 in very
low yield. The addition of a more powerful indole nucleophile (the lithium cuprate)
was found to be useful for increasing the yield of this process. Treatment of N-
acyldihydropyridine 4 with 1% KOH in methanol afforded the target compound 1
(Scheme 2). The 2-methylindole analog of 1 was prepared according to our published
procedure (6). Reference compounds 2 (8) and 3 were prepared by Hantzsch
synthesis by treatment of the corresponding indolecarboxyaldehyde, ammonia, and
methyl acetoacetate. The compounds thus prepared showed espectroscopical and
analytical data in agreement with their structures. They were stored under inert
atmosphere (N2 or Ar), protected from light at 2208C.

Potassium (80 mM) causes a biphasic contraction of rat vas deferens, and there
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SCHEME 2

is a phasic response due to a burst of action potentials, followed by the tonic
response during which the fast twitch response is inhibited and tension is maintained
at a lower level. As these responses are blocked by calcium free conditions, it has
been deduced that potassium mainly utilizes extracellular calcium for contraction
(9). Therefore, it is well established that KCl-induced contractions are an appro-
priate model for investigating drugs that affect voltage-dependent calcium channels.
For this reason, it was of interest to use this experimental model to study the
putative blocking of calcium channels by the above-mentioned indole derivatives.
In the isolated rat thoracic aorta, KCl induces a slow contraction that leads to an
equilibrium after 20 min of depolarization. For this reason, all these measures were
made at that time. Nifedipine (from 1 nM to 0.1 eM), 2a (from 0.7 to 5 eM), 3 (from

TABLE 1
IC50 Values Obtained for Nifedipine

and Different Compounds in KCl-
Induced Contractions in Rat Aorta Rings

Compound IC50 (eM) SE

Nifedipine 2.6 E-3 0.1 E-3
2a 2.65 0.19
2b 3.65 0.53
3 12.19 2.16

Note. Data are mean 6 SE from n 5

6–12 preparations.
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FIG. 1. Concentration–response curve of nifedipine and different indole derivatives on KCl-induced
contractions in rat aortic rings.

5 to 50 eM), and 2b (from 1.8 to 10 eM) inhibit in a concentration-dependent way
the effect of KCl-induced contractions in isolated rat aorta, whereas the other
compounds tested (1, 4, and the 2-methylindole analog of 1) did not, or did so
only at high concentrations (higher than 10 mM). The potency observed for these
new derivatives according to their IC50 values was 2a . 2b . 3 (Table 1 and
Fig. 1).

Regarding the effect on KCl-induced contractions in rat vas deferens, nifedipidine
(from 0.5 nM to 2 eM) reduces both the phasic and the tonic responses to KCl,
being more selective for the second response as can be seen from their IC50 values
(Tables 2 and 3, Figs. 2 and 3). Similarly, 2a (from 50 nM to 5 eM), 3 (from 5 to
50 eM), 2b (from 50 nM to 25 eM), and 2c (3 to 15 eM) inhibit, in a concentration-
dependent manner, depolarizing responses induced in rat vas deferens (Table 2).
The order of potency was 2a . 2c > 2b . 3, as occurs in aortic rings. The compounds
that showed no activity in aortic rings were unable to inhibit KCl-induced concentra-
tions in rat vas deferens.

With respect to the recently described neuroprotection associated with Ca21

antagonists (10), dihydropyridines 1 and 2a were able to inhibit the production of
reactive oxygen species (ROS) by 35% at the maximum concentration used (100
eM). This antioxidant effect, although not directly related with the calcium channel
blockage, could be considered as an additional mechanism of neuroprotection in
ischemic brain damage. These experiments also complement the very scarce infor-
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TABLE 2
IC50 Values Obtained for Nifedipine

and Different Compounds in KCl-
Induced Phasic Contractions in Rat Vas
Deferens

Compound IC50 (eM) SE

Nifedipine 0.05 0.01
2a 0.71 0.22
2b 8.04 1.10
2c 11.59 1.78
3 8.04 1.10

Note. Data are mean 6 SE from n 5

6–12 preparations.

mation about dihydropyridines like 1, without methyl groups at the 2 and 6 positions
(3, 5).

SUMMARY

To our knowledge, the results presented here clearly show that the presence of
methyl groups at the 2 and 6 positions of the dihydropyridine ring is needed for
effective blockage of calcium channels, because compounds lacking this structural
feature are inactive. The tested 4-indolyl-1,4-dihydropyridines showed the same
potency as nifedipine but lower efficacy in blocking the KCl-contractions in rat
aorta and vas deferens. The inhibition of ROS production was also similar to
that of nifedipine, being related to the antioxidant properties of dihydropyridines,
regardless of their substitution pattern.

TABLE 3
IC50 Values Obtained for Nifedipine

and Different Compounds in KCl-
Induced Tonic Contractions in Rat Vas
Deferens

Compound IC50 (eM) SE

Nifedipine 0.02 0.005
2a 0.52 0.14
2b 5.07 0.99
2c 4.73 1.44
3 10.08 1.36

Note. Data are mean 6 SE from n 5

6–12 preparations.
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FIG. 2. Concentration–response curve of nifedipine and different indole derivatives on KCl-induced
phasic contractions in rat vas deferens.

EXPERIMENTAL

Chemistry

All solvents were dried by standard methods. All reagents were of commercial
quality from freshly opened containers. Prior to concentration, under reduced pres-
sure, all organic extracts were dried with anhydrous sulfate. Column chromatogra-
phy was carried out on SiO2 (silica gel 60, Merck 0.063–0.200 mm) or on Al2O3

(aluminium oxide 90, neutral, activity I, Merck 0.063–0.200 mm). TLC was carried
out on SiO2 (silica gel 60, Merck 0.063–0.200 mm) and the spots were located with
uv light or iodine vapors. Melting points were taking using a Büchi apparatus and
are uncorrected. Microanalyses were performed on a Carlo Erba 1106 analyzer by
Centro de Investigatión y Desarrollo (CSIC), Barcelona. 1H and 13C spectra were
obtained using a Varian XL-200 instrument in CDCl3 with TMS as an internal
reference unless otherwise specified. IR spectra were recorded on a Perkin Elmer
1600 series FTIR spectrophotometer. UV spectra were obtained using an Hitachi
U-2000 apparatus in MeOH. Low resolution e.i. mass spectra were recorded on
a Hewlett-Packard 5989A spectrometer. High resolution e.i. mass spectra were
determined on a Autospec-VG apparatus. Indole-2-carboxaldehyde (11), 1-(phenyl-
sulphonyl)indole-3-carboxaldehyde (12), and 5-bromoindole-3-carboxaldehyde (13)
were prepared according to described procedures.
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FIG. 3. Concentration–response curve of nifedipine and different indole derivatives on KCl-induced
tonic contractions in rat vas deferens.

Pharmacology

Preparation of tissues. Male Sprague–Dawley rats (C.E.R.J., Le Génest, France)
of 125–150 g body weight were killed by cervical dislocation followed by exsanguina-
tion. The middle portion of the thoracic aorta was removed rapidly, cleaned of
connective tissue and cut into rings of 5–7 mm width. The rings were mounted
between two L-shapped stainless steel hooks in 20-ml organ baths. The upper hook
was connected by a cotton thread to an isometric strain-gauge transducer (Letica
TRI010). Isometric tension was amplified (Letica ISO-505), recorded on Letica
4000 polygraphs, and connected to a computerized system (Letica PROTOS). The
aortic rings were equilibrated for 90 min at 378C under a resting tension of 1 g in
a Krebs solution of the following composition: NaCl, 115 mM; KCl, 4.6 mM; CaCl2 ,
2.5 mM; MgSO4 , 1.2 mM; NaHCO3 , 25 mM; KH2PO4 , 1.2 mM; and glucose, 1.1 mM.
The physiological salt solution (PSS) was bubbled with a 95% O2 and 5% CO2

mixture so that its final pH was 7.4. KCl-induced contractions were elicited by
adding to the bath 80 mM KCl. Vasa deferentia were dissected, placed in a tissue
chamber, and suspended under 0.4 g tension in PSS which was maintained at 378C
and bubbled with carbogen (O2/CO2 , 95:5) and equilibrated during 30 min. KCl
was added hypertonically (80 mM) in addition to the 4.6 mM already present in the
PS and recorded as above. In order to study the effects of the drugs tested, both
preparations were stabilized by multiple additions of KCl (contact time 5 20 min)
at intervals of 30 min. The response to each compound was expressed as a percentage
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of the final contraction of the control series. The contact period for drugs with
tissues were 20 min in the case of vasa deferentia preparations and 30 min for
aortic rings.

Data analysis. IC50 (concentration of drug causing half maximal responses) values
for each active compound were calculated by nonlinear regression analysis by means
of a computer program (Graph Pad Inplot). All values are reported as means 6
SE from n different experiments.

ROS production. ROS production by H2O2 in rat dissociated cerebellar cells and
its inhibition by nifedipine, 1 and 2a was measured by flow cytometry following
the method reported by Sureda et al. (14).

Dimethyl 4-(3-indolyl)-1,4-dihydropyridine-3,5-dicarboxylate (1). A solution of
1.6 M n-BuLi in hexane (4.5 ml, 7.18 mmol) was added to a solution of indole (840
mg, 7.18 mmol) in THF (25 ml) at 2788C under inert atmosphere. The mixture
was stirred for 30 min and the temperature was allowed to warm to 2408C and
then cooled to 2608C. CuI (800 mg, 3.59 mmol) was added and the reaction mixture
stirred for 1 h at 2408C and then cooled to 2788C. Dimethyl 3,5-pyridinedicarboxy-
late (400 mg, 2.05 mmol) in THF (5 ml) and acetyl chloride (0.8 ml, 7.18 mmol)
were added, and the reaction mixture was stirred for 12 h and then allowed to
warm at room temperature. The reaction was quenched by addition of an aqueous
solution of NH4OH and extracted with ethyl acetate. The organic layer was dried
and evaporated under reduced pressure to afford an oil which was purified by
column chromatography (SiO2 , hexanes/ethyl acetate) to give 128 mg (18%) of N-
acetyldihydropyridine 4: 1H NMR (CDCl3) d 2.51 (s, 3H), 3.63 (s, 6H), 5.21 (s, 1H),
7.07–7.45 (m, 5H), 7.8–8.1 (bs, 3H). IR (NaCl) cm21: 3200 (m); 1700 (s). UV
(methanol) lmax (log «) 219 (4.92), 267 (4.79). MS (m/z) 354 (M1, 43); 311(52), 253
(100). Dihydropyridine 4 (126 mg, 0.36 mmol) was added to a stirred solution of
KOH in methanol 1% w/v, 20 ml) and stirring was maintained at room temperature
for 10 min. The resulting solution was poured into saturated aqueous Na2CO3 and
extracted with ethyl acetate. The organic extracts were washed with water, dried
and evaporated to give pure 1, mp 162–1638C (95 mg, 85%). 1H NMR (CDCl3) d
3.58 (s, 6H), 5.20 (s, 1H), 6.96–7.25 (m, 7H), 7.67 (d, J 5 7.9, 1H), 8.53 (bs, 1H).
13C NMR (CDCl3 ) 28.4, 50.7, 106.5, 110.9, 118.3, 119.2, 120.5, 121.0, 123.0, 125.8,
133.9, 136.2, 168.4. IR (NaCl) cm21: 3337 (s); 1685 (s). UV (methanol) lmax (log «)
220 (4.95), 281 (4.24), 352 (4.32). MS (m/z) 312 (M1, 40), 253 (100). High resolution
MS: Anal. Calcd for C17H16N2O4: 312.1110. Found: 312.1089.

General procedure for the synthesis of Hantzsch dihydropyridines 2, 3. A solution
of methyl acetoacetate (1 ml), NH4OH (aqueous, 30% w/v, 0.6 ml), and the corre-
sponding indolecarboxyaldehyde (1.7 mmol) in methanol (10 ml) was refluxed under
inert atmosphere for 24 h. The solvent was distilled and the residue was purified
by crystallization.

Dimethyl 4-(3-indolyl)-2,6-dimethyl-1,4-dihydropyridine-3,5-dicarboxylate (2a)
(31%) was crystallized from acetone–diisopropyl ether and showed a mp 167–1698C.
1H NMR (DMSO-d6) d 2.26 (s, 6H), 3.54 (s, 6H), 5.15 (s, 1H), 6.85 (s, 1H), 6.87–6.96
(m, 2H), 7.26 d, J 5 8.0, 1H), 7.45 (d, J 5 8.0, 1H), 8.92 (s, 1H), 10.70 (s, 1H). 13C
NMR (DMSO-d6) 18.3, 30.0, 50.8, 101.9, 111.8, 118.0, 119.1, 120.3, 121.6, 122.8,
126.1, 136.9, 144.8, 167.9. IR (KBr) cm21: 3402 (s), 1665 (s), 1219 (s). UV (methanol)
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lmax (log «) 221 (4.46), 291 (3.83), 345 (3.89). MS (m/z) 340 (M1, 28), 325 (23), 281
(100). Anal. Calcd for C19H20N2O4: C, 67.02; H, 5.92; N, 8.23. Found: C, 67.09; H,
5.95; N, 8.26.

Dimethyl 4-(5-bromo-3-indolyl)-2,6-dimethyl-1,4-dihydropyridine-3,5-dicarboxy-
late (2b) (29%) was crystallized from methylene chloride–hexane and showed a mp
198–2008C. 1H NMR (CDCl3) d 2.32 (s, 6H), 3.63 (s, 6H), 5.26 (s, 1H), 6.39 (s, 1H),
6.96 (bs, 1H), 7.16 (m, 2H), 7.79 (s, 1H), 8.45 (s, 1H). 13C NMR (CDCl3) 19.0, 30.7,
50.9, 103.2, 112.3, 113.0, 122.6, 123.7, 123.8, 124.1, 127.0, 134.5, 143.8, 168.3. IR
(KBr) cm21: 3206 (s), 1640 (s). UV (methanol) lmax (log «) 216 (4.89), 246 (4.56),
297 (4.43). MS (m/z) 420, 418 (M1, 2), 361, 359 (29), 196, 194 (100). Anal. Calcd
for C19H19BrN2O4: C, 54.29; H, 4.52; N, 6.67. Found: C, 54.19; H, 4.85; N, 6.63.

Dimethyl 4-(1-phenylsulphonyl-3-indolyl)-2,6-dimethyl-1,4-dihydropyridine-3,5-
dicarboxylate (2c) (32%) was crystallized from diethyl ether–hexane and showed a
mp 190–1928C. 1H NMR (CDCl3) d 2.29 (s, 6H), 3.55 (s, 6H), 5.27 (s, 1H), 6.25
(bs, 1H), 7.19–7.91 (m, 10H). 13C NMR (CDCl3) 19.3, 31.1, 50.8, 102.0, 113.5, 120.6,
123.1, 124.1, 124.2, 126.3, 128.9, 129.5, 133.5, 135.3, 137.8, 144.8, 167.8 IR (KBr)
cm21: 3308 (m), 1668 (s), 1215 (s). UV (methanol) lmax (log «) 218 (4.53), 294 (3.75),
350 (3.84). MS (m/z) 480 (M1, 15), 4.65 (20), 421 (78), 339 (100). Anal. Calcd for
C25H24N2SO6 3 1/2 H2O: C, 61.34; H, 5.20; N, 5.73. Found: C, 61.38; H, 4.95; N, 5.72.

Dimethyl 4-(2-indolyl)-2,6-dimethyl-1,4-dihydropyridine-3,5-dicarboxylate (3)
(30%) was crystallized from acetone–diisopropyl ether and showed a mp 179–1898C.
1H NMR (DMSO-d6) d 2.29 (s, 6H), 3.64 (s, 6H), 5.11 (s, 1H), 5.94 (s, 1H), 6.85–6.99
(m, 2H), 7.31 (m, 2H), 9.03 (s, 1H), 10.21 (s, 1H). 13C NMR (DMSO-d6) 18.5, 32.8,
41.1, 97.7, 99.7, 111.6, 118.8, 119.4, 120.2, 128.3, 136.1, 144.9, 146.7, 167.6. IR (KBr)
cm21: 3352 (s), 1656 (s), 1227 (s). UV (methanol) lmax (log «) 222 (4.63), 292 (3.49),
344 (4.04). MS (m/z) 340 (M1, 100), 309 (32), 281 (73), 249 (82). Anal. Calcd for
C19H20N2O4 3 1/2 H2O: C, 65.32; H, 6.02; N, 8.02. Found: C, 65.29; H, 5.77; N, 8.27.

SUMMARY

This study demonstrates that a variety of Hantzsch dihydropyridines bearing an
indole at C-4 are active calcium antagonists. Furthermore, it clearly shows the
dramatic effect of the methyls at the 2,6 positions present in the structure of this
class of compounds upon the calcium blocking activity, while they are irrelevant
with respect to the neuroprotective action.
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