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Abstract

The o-nitrophenyl group at position 4 of dihydropyridine of nifedipine analogues was
replaced by |-methylimidazole. These compounds were evaluated as caleium-channel
antagonists using the high K" contraction of guinca-pig ileal longitudinal smooth muscle.

The results for the symmetrical esters showed that increasing the length of methylene
chain of ester more than 3 units decreases activity. For cyclic esters, cyclopropylmethyl
ester was more active than cyclohexyimethyl ester.

Our results revealed two compounds with activities similar to the reference drug
nifedipine; the symmetrical cyclopropylmethyl ester, and the asymmetrical phenethyl
ethyl derivatives were the most potent antagonists tested.

The influx of extracellular Ca** through the L-type
potential-dependent calcium channel is responsible
for the regulation of many physiological functions,
including smooth and cardiac muscle contraction
(Ramesh et al 1992). The discovery that the 1,4-
dihydropyridine class of calcium-channel antago-
nists inhibits this Ca** influx represented a major
therapeutic advance in the treatment of cardiovas-
cular diseases such as hypertension, angina pec-
toris, and other spastic smooth muscle disorders
(Triggle 1992). The dihydropyridine class of com-
pounds, of which nifedipine is the prototype, has
been the subject of many structure-activity rela-
tionship studies (Langs et at 1990; Mager et al
1992). Second-generation analogues of nifedipine
with superior bioavailability, slower onset and
longer duration of action, and amenable to a once-
a-day dosage regimen are being actively investi-
gated (Arrowsmith et al 1986; Baldwin & Sweet
1988). Changes in the substitution pattern at the C-
3, C-4 and C-5 positions of nifedipine alter activity
and tissue selectivity (Janis & Triggle 1983;
Spedding et al 1990; Vo et al 1995), It was there-
fore of interest to determine the effect that selected
C-3 or C-5 subslituents, in conjunction with C-4 1-
methyl-5-imidazolyl substituents, had on calcium-
channel antagonist activity. We previously reported
the synthesis and calcium-channel antagonist
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activity of nifedipine analogues containing nitro-
imidazolyl substituents (Shafiee et al [996). we
now report the synthesis and calcium-channel
antagonist activities of alkyl, cycloalkyl and ary-
lalkyl t,4-dihydro-2,6-dimethyl-4-(1-methyl-3-
imidazolyl)-3,5-pyridinedicarboxylates.

Material and Methods

Chemical procedures

Reaction of the aleohol 1 with 2,2,6-trimethyl-4H-
!, 3-dioxine-d-one (2) afforded acetoacetic esters
{3) in 76-92% yield (Clemens & Hyatt 1985). The
symmetrical analogues Sa-r were prepared in 43-
95% vyield by the classical Hantzsch condensation
(Hantzsch 1882) in which !-methylimidazole-5-
carboxaldehyde 4 (Denner et al 1993) was reacted
with the acetoacetic ester 3 and ammonium
hydroxide (Figure 1). The asymmetrical analogues
8a—j were synthesized by a procedure reported by
Meyer et al (1981, Figure 1),

The compounds were characterized by 'H
nuclear magnetic resonance, infra-red spectroscopy
and microanalysis. The purity of all products was
determined by thin-layer chromatography using
several solvent systems of different polarity.

Evaluation of pharmacological activity

Male albino guinea-pigs, 300-450 g, were killed by
a blow on the head. The intestine was removed
above the ileocaecal junction and longitudinal
smooth muscle and segments of 2-cm length were
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Figure 1. Synthesis of 4-imidazolyl-1,4-dihydropyridines,

mounted under a resting tenston of 400-500 mg.
The segments were maintained at 37°C in a 20-mL
jacketed organ bath containing oxygenated (100%
0,) physiological saline of the following (mM)

composition; NaCt 137, CaCl, 1.8, KCl 2.7,
MgS0, 1-1, NaH,PO4 0-4, NaHCO, 12 and glu-
cose 3. The muscles were equilibrated for | h with
a solution change every 15 min. The contractions
were recorded with a force displacement transducer
(F-50) on a Narco physiograph, All compounds
were dissolved in dimethylsulphoxide and the same
volume of the solvent was used as a control in the
absence of the test compound. The contractile
response was taken as the 100% value for the tonic
{(slow) component of the response. Test compounds
were cumulatively added after the dose—response
for KCl was determined. Test compound-induced
relaxation of contracted muscle was expressed as
percent of coatrol. The 1C50 values were graphi-
cally determined from the concentration—response
curves (Triggle et al 1979; Rovnyak et al 1992).

Results and Discussion

The calcium-channel antagonist activity (IC50) of
Sa-r and 8a—j was determined as the concentration
needed to produce 50% relaxation of contracted
guinea-pig ileal longitudinal smooth muscle. The
test results are presented in Tables | and 2, Com-
parison of the activities of symmetrical aliphatic

Table 1. Physical propenies and calcium-channe! anlagonist activities of symmetrical eslers.
- N—
. —CH;,
R,00C COOR,
HiC rrT CHj
H

Compound R, mp (*C) Yield (%) IC50™ (M)
5a methyl 241-242 67 2224065 x 1075
5h ethyl 220-221 60 050 +£0.71 x 107°
5S¢ propyl 196-197 43 3.35+£0:90 x 1077
5d isopropyl 252-253 54 533065 x 1077
Se n-buryl 156-157 46 536+081 x 10~°
sf iso-butyl 239-240) 43 4514021 x 107°
5p -butyl 272-273 71 444 +£0.51 x 107°
5h n-pentyl 146-147 95 2.59 £ 042 % 107°
5i cyclopropylmethyl 190-191 67 8.69£0-80 x 1077
5j cyclopentylpropyl 201-202 95 238+ 1-01 x 10_7_
5k cyclohexyl 194195 95 295+ 100 x 107°
L] cyclohexylmethyl 190-191 80 1.86 £ 108 x IO_“
Sm cyclohexylethyl 194-195 88 1631022 x 107
Sn cyclohexylpropyl 212-213 67 103023 x 107 Z
50 cyclohexylbutyl 206-207 95 4531013 x 10
5p phenylethyl 215-216 82 2694080 x 107°
5q phenylpropyl 163-164 90 1.51+£0:62 x 107°
5r phenylbutyl 154-155 80 4444082 x 107°

Nifedipine 140+ 020 x 10°*

*Meants.d.,. n=6.
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Table 2. Physical properties and calcium-channel antagonist activity of asymmetrical esters.

N
2 N—CH;
R,00C COOR,
:C7 N7 TCH
H
Compound R, R, mp Yield IC50°
(] (%) (M)
8a ¢thyl methyl 236-237 33 2884022 x 107°
b n-butyl methyl 183-184 88 411 £0-81 x 107°
B¢ n-pentyl methyl 195-196 87 5754093 % 107
Bd n-pentyl cthyl 193-194 89 754+ 1.08 x 1077
8e cyclohexylmethyi ethyl 204-205 75 2.64+0.88 x 1078
87 benzyl mcthyl 160-161 67 3634£082 x 107F
8g benzyl cthyl 173-174 50 1.36 £ 062 x 1078
8h phenylethy! ethyl 191-192 30 4.45+0.66 x 107%
8i phenylpropyl methy] 130-131 28 246 4+ 041 % 107°
8j phenylprapy! cthyl 144-145 89 291 091 x 1078
Nifedipine 1.40 £0.20 x 107"

Meants.d., n=6.

esters indicates that increasing the length of the
ester chain in C-3, C-5 more than one methylene
unit incrcases activity. However, increasing the
length of the chain more than three units decreases
activity, that is, the potency sequence observed
for these compounds was in the order propyl =
isopropyl = ethyl > methyl > butyl. Comparison of
the activities of esters 3i, 51 indicates the effect of
cycloalkyl ring size on potency, that is, cyclopropyl
5i = cyclohexyl 51, Finally, the results show that
two compounds (5i, 8h) had activities similar to
nifedipine. In addition, these compounds were the
most active.
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