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Abstract

The o-nitrophenyl group at position 4 of dihydropyridine of nifedipine

analogues was replaced with 2-alkylthio-1-benzyl-S-imidazolyl

substituent.

Starting from dihvdroxyacetone 2-alkythio-1-benzyl- S-formyl imidazole (3) was
first synthesized which was subsequently used in synthesizing symmetrical (Sa-f)
and asymmetrical (6a,b) dihydropyridines. Primanly pharmacological studies of
the title compounds have shown they have good calcium channel antagonist

activities,
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Introduction

The influx of extracellular Ca® through L-lvpe
i ntial dependent calcinm channels 1s responsible for
regulation of many phystological functions, including
smooth and cardiac muscle contractions [1]. The
discovery that 1 d-dihydropyridine class of calcium
channel antagonists inhibits this Ca® influx represented
a wajor therapeutic advance in the  reaument  of
cardiovascular diseascs [2]. The dihydropyriding class
of compounds. of which mifedipine is the prototype. has
been the subject of many structure activity relation
studics [3.4]. Second generation analogucs of nifedipine
with superior bioavailability, longer duration of action
and amcnable to once a day dosage regimen are being
actively investigaled [5,6] Changes in the substitution
pattern at C-3, C-4 and C-3 positions of nifedipine alter
activity: and tissue sclectivity [7-9] In tlus paper we
wish to reporl svnthesis of nifedipine analogues in

which the 4-position of nifcdipine has been substituted
by 2-alkylthio-1-benzyl-3-imidazolyl according to
Scheme 1.
[-Benzyl-3-hvdroxymethyl-2-mercaptoimidazole (1)
was  synthesized from 1,3-dihvdroxyacetone  [9]
Reaction of 1 with alkyl halides gavc corresponding
substituted  alkylthioimidazoles [10]. Oxidation of 2
with manganese dioxide in chloroform afforded 2-
alkylthio-3-formyl-2-phenymnethylimidazoles (3) {10].
Symimetrical dihvdropyridines (4a-f) werc synthesized
by classical Hantzch condensation [I1] in which the
aldchyde 3 was reacted with alkyl acctoacetate and
anunonium hydroxide in methanol. The asymmetrical
dihyvdropyridines (6a-b) were synthesized in two sleps
by a modified Meyer procedure [11] In the first step
aldehyde 3 was condensed with methyl acetoacctate 1o
afford the intermediate 5. In the second step § was
reacted  with  ethyl acetoacetate and  ammontum
hydroxide in methanol to get title compounds (6a-b).
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Primanly  pharmacological  studies of the title
compounds on mt and guinea-pig ileum have shown that
they have good calcium channel antagonist activities,
comparable 1o that of nifedipine. Defails of the
pharmacological studics will be reported clsewhere in
the literature.

Experimental Section

Mclting peints were determined on a Gallenkamp
capillacy apparatus. 'H-NMR spectra were mun on a
Bruker AC-80 spectrometer. Infrared spectra were
recorded on a PFT-IR Perkin-Elmer Paragon 1000
spectrophotometer.

anzyl-3- hydroxymethyl-2-methplthioimidazole (2a)

To 4 stirfing suspension of 1 {3 g, 22.72 mmol) in
mcthanol (372 mL) was added sodium hydroxide (1 N,
23.5 mL) at room temperature. The resulting mixture
was stirred for TO mun until a clear pale yellow solution
was obtained. lTodomcthance (1.5 mlL, 23.9 mmol) was
added dropwise 1o the stirring solution and stirmng
contmued overiight. Afier concentrating the solvent at
reduced pressure, water (164 L) was added to the
residue and extracted with chioroform (65 inl. x 3). The
chloroform was evaporated to give 2a (4 g) |, vield 75%;
m.p. 103-105°C (cthyl acetate). IR (KBr): 3200 cm’
(OH), ' H-NMR 8 {CDCly): 7.38-6.99 (m, 6H, arom. H-
Cyimidazole), 5.28 (s, ZH, CH;N), 4.45 (s, 2H, CH.O),
3.5 (s, [H. OH), 2.55 ppmu (s, 3H, CH,S).

I-Benzyl-2-ethyithio-5-hydroxymethylimidazole (2b)

" was prepared similar to 2a, vield 78%; m.p. [04-
1. € (ethyl acetate); IR (KBr): 3200 em” (OH); 'H-
NMR & (CD;0D): 7.63-7.07 (m, 6H. arom, H-C, imida-
zole), 5.38 (s, 2H, CH;N), 4.63 (s, 2H, CH;0), 3.07 (q,
2H. CH,S. J=8.0 Hz), 1.39 (1. 3H, CH;, 1=8.0 Hz).

1-Benzyl-2-benzylthio-5-hydroxymethylimiduzole (2c)

1t was prepared similar to 2a, vield 83%; m.p. 108-
110°C (ethy! acctate); IR (KBr): 3214 cm’ (OH); 'H-
NMR & (CDClyy: 7.4-6.81 (m. 11H, arom, H-C,
imidazole). 5 (s. 2H. CH,N), 4.83 (S, 2H, CH;0), 4.12
ppm (s, 2H, CH;5).

1I-Benzyl-5-formyl-2-methylthicimidazole (3a)

A stirring suspension of 2a (1 g, 4.27 mmol) and
mangasiese dioxide (2.4 g. 27.6 mumol) in c¢hloroform
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(15 mL) was refluxed overnight, The reaction mixiure
wis cooled to reom tcmperature and filicred on
diatomaccous carth. The chloroferm was cvaporated at
reduced pressure o give Ja (0.8 g), vield 80%, im.p. 87-
89°C (ethyl acetate): IR (KBr): 1661 em” (C=0. 'H-
NMR & (CDCh): 96 (s, 1H, CHO), 7.76 (s, 1H, H-C;
imidazolc), 7.46-7.04 (m. SH, arom), 549 (s. 2H.
CH,N), 2 68 ppm (s, 3H, CH:8).

I-Bengyl-2-¢thyithio-5-formylinidazole (35)

It was prepared similar to 3a, vicld S0%; m.p. 44-
45°C; IR (KBn): 1661 cm! (C=0); "H-NMR 8 (CDCLL):
9.6 (s. 1H. CHO), 7.78 (s, 1H, H-C,; imidazole), 7.406-
7.04 (m, 5H, arom}, 549 (s, 2H, CH,N), 3.27 (q. 211
CH,S. J=8 Hz). 139 ppm (1 3H, CH;, J= & Hx).

I-Benzpl-2-benzylthio-5-formylimidazole (3¢)

It was prepared similar to 3a, vield 86.4%; m p. 00-
08°C: IR (KBr): 1668 cm™ (C=0): "H-NMR & (CDCLL):
9.5 (s. TH. CHO), 7.73 (s, IH, H-C; imidazole). 7.32-
6.97 (m, 10H, arom), 536 (s, 2H. CH:N). 4 42 ppm (s,
2H. CH,S).

Dimethyl 1 4-Diliydro-2,6-dimethyl-d-(1-bengyi-2-
methyltlio-S-imidazolyl)-3,5-pyridinedicarboxyiute
(da)

A solution of ammmonium hydroxide (23%. 0.41 mL)
was added to a stirring solution of cempound 3a (0.3 g,
1.26 munol) and methyl acetoacclate (0.29 g, 2.54
nmimol) in methanol (5 mL). The nuxture was protected
from light and refluxed overnight. The mcthanoi was
cvaporated at reduced pressure to give 4a (G.104g),
yield 30%; m.p. 205-207°C (cthyl acctate); IR (KBr):
1694 cm! (C=0), "H-NMR & (CDCls): 7.4-6.91 (1, 6H,
arom, H-C, imidazolc), 6.64 (bs, IH, NH), 53.35 (s, 2H,
CH:N), 5.0 (s, 1H, H-C4 dihvdropyridine), 3.39 (s, 6H,
CH- 0), 2.36 (s, 3H, CH45), 2.2 ppm (s, 0H. 2,6-CH5)

Diethyl 1,d-Dihydro-2,6-dimetlyl-4-(1-benzyl-2-
methylthio-5-imidazolyl}-3,5-pyridinedicarboxylate
(4b)

Tl was prepared similar to 4a, vield 34%, m.p. 198-
201°C (cthyl acetate); IR (KBr): 1694 ¢cm™ (C=0): 'H-
NMR & (CDCLy): 7.4-6.6 (m. TH, aron1, H-C,; imidazole,
NH), 3535 (s, 2H, CH:N). 5.15(s, 1H, H-C,
dihydropyvridine), 4.3-3.7 {(q, 4H, CH;O. J=7.2 Hz),
2.33(s, 3H, CHsS), 2,17 (s, 6H, 2.6-CH,), 1.11 ppm (t,
6H, CH;, 1=7.2 Hz),
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Dimetliypl 14-Dilrydro-2,6-dimcthyl-4-(1-benzpl-2-
ethylthio-S-imidazolyl)-3,5-pyridivedicarboxylate (4¢)

[t was prepared similar to 4a, vicld 36%. m.p. 157-
158°C (ethyl acetate): IR (KBr: 1699 cm™ (C=0); 'H-
NMR & (CDCLy): 7.4-6.6 (m, 7H. arom, H-C,; imidazole,
NH), 3.4 (s, ZH. CH:N). 304 (s, 1H, H-C. dihvd-
ropyridine). 34 (s, 6H, CHs0). 293 (g, 2H. CH;S,
J=7.2 Hz). 2.25 (s, 6H., 2.6-CH,). 1.22 ppm (1. 3H. CH-.
J=7.2 Hz).

Diethyl I,4-Diliydro-2,6-dimethypl-d-1-benzyl-2-
ethylthio-S-imidazelyl)-3,3-pyridinedicarboxylate (4d)

It was prepared similar to 4a, vield 56%: m.p. 138-
160°C (ethyl acetate), IR (KBr): 1695 em” (C=0); 'H-
NMR 8 (CDClsy: 7.4-6.6 (m, 7H, arom, H-C; imidazole,
NH), 54 (s, 2H, CH:N), 351 (s, IH, H-C,
dihivdropyndine), 4.13-3.74 (m, 4H, CH;0), 2.84 (q,
2H. CH,S, I=8 Hz), 2.21 (s, 6H, 2,6-CH;), 1.33 ppmt (m,
9H. CHs).

Dimethyl 1LA-Diliydro-2,6-dimethyl-4-(1-henzyl-2-ben-
yithio-§-imidazolyl)-3,5-pyridine-dicarboxylate (4¢)

It was prepared similar to 4a, vield 78%; m.p. 200-
203°C (cthyl acetate), IR (KBr): 1684 e’ (C=0; 'H-
NMR 5 (CDCIl3): 7.4-6.6 (m, 7H, arom, H-C; imidazolce,
NH), 3.4 (s, 2H, CH,N), 3.03 (s, 1H, H-C: dihyd-
ropyridine), 3.90 (s, 2H, CH:5), 3.41 (s, 6H, CH.O).
2.24 (s, GH, 2.6-CH.,).

Diethy! [,4-Dilvdro-2,6-dimethyl-d-(1-benzyl-2-ben-
ylthio-5-imidazolyl)-3, 5-pyridine-dicurboxylate (4f)

It was prepared similar to 4a, vield 30%; m.p. [78-
180°C (ethyl acetate); IR (KBr): 1684 cm™ (C=0); 'H-
NMR & (CDCly): 7.5- 62 (m. [2H, arom, H-C,
imidazole, NH), 3.17 (s, 2H, CH,N), 505 (s, IH, H-C;
dihydropyridine), 4.25-3.75 (m, 6H, CH;S, CH,0), 2.16
(s. 6H, 2,6-CH3), 1.13 t, 6H, CH,, J=7.76 Hz).

Methyl 2-[(I-Benzyl-2-methylthio-5-
inridazolyl)metliylen-3-oxobutananate (5a)

A solution of 3a (0.23 g, 1 mumol}, methyl
acctoacetate (0.116 g, 1 mmol), glacial acetic acid (0.1
mL), piperidine (0.04 mL) and dry benzene (20 mlL)
was refluxed for 2 h, during which the resullant water
was removed via a Dean-Stark trap. The benzene was
removed to give Sa (0.2 g) as cerude oil, yield 61%. IR
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(KBr); 1700 e (C=0); 'H-NMR & (CDCL): 7.4-6.6
(m. 7H, arom. H-C, imidazole. =CH). 335 (s. 2H,
CH.N), 339 (s. 3H, CH,O), 2.46 (s. 3H. CH;y) 2.36 (s
3H, CH.S).

Methyl 2-{(1-Benzyl-2-cthyithio-5-
imidazovlmethylen{-3-oxobutanoate (3b)

It was prepared similar to Sa, vicld 38% IR (KBr):
1700 em? (C=0): "TH-NMR 8 (CDCLY. 7.4-6.6 (m, 7H.
arom, H-C, imidazele, =CH), 5.4 (s, ZH, CH,;N). 3.4 (s,
AH, CH 0. 2.93 (q. 2H. CH-S. J=7.2 Hz). 2.46 (s. 3H.
CH3), 1.22 ppm {1, 3H. CH;. J=7.2 Hz).

S-Ethyl, 3-Metlpd 1, 4-Diliydro-2,6-dimethyl-4-(1-
benzyl-2-methylthio-5-imidazoly{)-3,5-
pyridinedicarboxylate (Ga)

To a stirting solution of Sa (0.23 g, 1 mmol) in
methanol (3 mL), ammonium hvdroxide (23%, 0.19
mL) and ethyl acetoacetate (0.13 ¢, 1 mumol} was added.
The solution was proteeted front light and refluxed
overnight. After cooling, methanol was removed and the
residue was purified by thin layer chromatography
{chloroform: ethanol, 97:3) 10 give 6a (0.19 g), vicid
43%; mup. 188-189°C (cthyl acetate); IR (KBr): 1693
em (C=0); 'TH-NMR 8 (CDCly): 7.4-0.6 (m, 7H. arom,
H-C, imidazole, NH), 5.34 (s, 2H, CH:N). 507 (s, LH,
H-C; dihvdropyridine}, 3.95 (q. 2H., CH,O. 1=7.2 Hz),
3.34 (s, 3H, CH;0). 2.34 (s, 3H, CH;S), 2.17 (s, 6H.
2.6-CHy), 1.22-0.853 (1, 3H. CH; J=72 Hx).

5-Ethyl, 3-Methyl I, 4-Diliydro-2,6-dimethyl-4-(1-
benzyl-2-ethylthio-3-imidazolyi)-3, 5-
pyridinedicarboxylate (6b)

It was prepared from Sh suwilar 0 6a. yield -14%
m.p. 188-189°C (ethyl acctale). IR (KBr): 1695 e’
(C=0); "H-NMR & (CDCly): 7.4-6.6 (m, 7H, arom. H-C;
imidazole, NH), 5.37 (s, ZH, CH,;N). 5.05 (s, 1H, H-C,
dihvdropyridine), 4 (q, 2H, CH,0, 1=7.2 Hz), 3.33 (s,
3H, CH:.0}, 2.71 (q, 2H, CH,S, J=8 Hz), 2.20 (s, oH,
2.6-CHx), 1.51-0.84 (m, 6H. CH,).
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