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ABSTRACT

Various dicster a.nai{}gm:;_nf nifedipime in which the ortho mitropheny] group at pﬂsiﬁ_c;r-]_éi WEre re-
placed by 3-chloro-TH-2-indolyl substituent, were synthesized and evalnated as calcium antagonists
on guinca-pig ileal smooth muscle. Nifedipine was used as a standard. Compound 6f was found to be

the most ﬂmiv_t:.
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INTRODUCTION

Very soon after the discovery of the cardio-
vascular properties of Ld-dihydropyridines, it
was found that these substances act by
inhibiting the entry of Ca®" into the cells of car-
diac and vascular muscle through the voltage-
dependent caletum channels (1),

Structurally diverse groups of compounds are
known to be effective as calcium antagonists
(2). The most potent class of antagonists com-
priscs  derivatives of 1 4-dihydropyndine of
which the most widely known agent is nife-
diping (3). This class of compounds have been
the subject of many structure-activity relation-
ship studies (4-6). Previously we reported the
effect of C-4 nitroimidazolyl and methylsulfo-
nylimidazolyl substituents i conjunction with
various C-3, C-3 diesters on caleium channel
antagonist activities (7, 8). This paper describes
the synthesis and activity of 1 4-dihydro-2_6-di-
methyl- 4 - (3- chloro - 1H- 2-indolyl- ) - 3, 5 -
pyridine - dicarboxylic acid esters.

MATERIALS AND METHODS
Melting points were determuned on a Kofler hot
stage apparatus and are uncorrected. 'H -NMR
spectra were run on a Varian 400 Unity plus or
a Brucker FT-80 spectrometer. Tetramethyl-
silane was used as an internal standard. Mass
spectra were measured with a Finmgan TSQ-70
spectrometer at 70 eV, The IR spectra were
phtained using a Nicolet FT-1R Magna 550, All

compounds gave satisfactory elemental anal-
yses within +0.4% of the theoretical values,
Dimethpll 4-Dibydro-2, 6-dimethyl-d-(3-chloro-
TH-2-indolyl)-3,5-pyridinedicarboxylate (3a).
A solution of ammonivum hyvdroxade (23%, 0.4
ml) was added to a stirming solution of com-
pound 2 (0268 g 1.5 mmol) and methyl 3-
oxobutancate 1 (0371 g, 3.2 mmol) in absolute
ethanol (8 ml), The mixture was protected from
light and heated overmght under reflux. After
cooling the reaction, cthanol was removed and
the residue porified by thin layer chromato-
graphy (petroleum ether- cthylacetate; 75:25) w
give 031 g (535%) of  3a, mp 230-232°C
(CClyhexane), IR (KBr): vicm') 3420 (NH),
3340 (NH). 1700 (C=0); 'H-NMR (CDCly):6
8.29 (brs, |IHNH mndole), 7.530 (d, J=8Hz, |H,
H; indole), 7.24 (d, J=8Hz, 1H, H;indole), 7.14
{t, J=8Hz, H; indole) 7.09 (r, J=8 Hz H;
indole), 5.77 (brs, 1H, NH), 5.33 (s, 1H, H.-
dihydropyridine), 3.66 (s, 6H, 2C00Me), 2.34
(s, 6H, 2Me); "C(CDCL) & 167.89 (CO),
145 12(C:), 13808 (Co) 13364 (Cs, indole),
126.45 (Cs, indole) 122.31 (C6, indole), 119,81
(Cq, mdole), 11771 (Cs, indole), 1109 (T,
100.24 (C; and C,, dihvdropyriding), 96.12 (C;
and Cs dihydropyniding), 31.24 (OMe), 33.04
(Cy,  dihydropynding), 1953 (C; and C,,
methyl); MS: miz (%) 374 (M, 18), 339 (42),
307 (22), 224 (100), 192 (12), 39 (8). Other
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compounds of the table 1 (3b-e) were prepared
zimnilarly,

Methyl 2-f(3-Chloro-11H-2-indolyl)methylene |-
J-axobutanoate (4,8 =methyl, n={l): A mixture
of compound 2 (268 mg. 1.5 mmol), methyl 3-
oxobutanoate 1 (174 mg, 1.5 mmol), glacial
acetic acid (012 ml), piperidine (0.04 ml),
anhyvdrous magnesium  sulfate (360 mg, 3
mmol) and  dry chloroform (20 ml) was
refluxed for 2 h. The reaction mixture was
filtered and the chloroform was removed. The
oily - residue was  purified by thin laver
chromatography (petrolenm ether-ethyl acetate:
75:25) to give 375 mg (90%) of 4, mp 117-
118°C (methanol); IR (KBr): wiem™). 1700
'H-NMR (CDCly): & 1084 (brs, 1H, NH
mdole), 802 (s, 1H, CH=C), 763 (m. 1H,
arom}), 7.25 (m, 3H, arom), 3.91 (s, 3H. CH.(O),
258 (s, 3H. CH,).

J-Methyl, 3-isopropyl 1,4-Dilydro-2,6-dimethyl-
duf3-chloro-TH-2-indolpl)-3, S-pyridinedicarb-
oxplate (6b): To a sturnng solution of com-
pound 4 (R;=methyl, n=0, 277 mg, | mmol) n
absolute ethanol (8 ml), was added 1sopropyl
aminocrotonate 5 (R;=CH(CH;),. 143 mg, 1
mmaol). The solution was protected from light
and refluxed overmight Afier cooling, ethanol
was removed and the residue was purified by
thin laver chromatography  (petroleum  ether-
ethyl acetate; 75:25) to give 245 mg (61%) of
6b, mp 209-210°C (CClyhexane) IR (KBr):
viem'), 3400, 3300 (NH), 1670 (CO); 'H-
NME (CDClL): & 829 (brs, TH, NH indole),
748 (d, I=8Hz, 1H, H; indole). 724 (d. J=8Hz,
1H. H, indole), 7.14 { 1, J=8H=z, 1H, H; indole),
7.09 (1, 1=8Hz. H: indole), 5.77 (brs. 1H, NH),
533(s, |H. Hi-dihvdropyriding), 4.%8[m, IH.
CHMe,|, 3.66 (s, 3H, COOMe), 234 (3, 6H,
JCH:), 119 and 123 [dd J=75 Hz 6H
(CH:):CH] . “C(CDCL): & 167.89 and 166.97
(COY. 14514 (Cy). 13826 (Cs), 133.56 (C.
indale), 12644 (C,, indole), 12227 (Ca
mdole), 11974 (C,, indole), 117.68 (Cs
indole), 11083 (Cy), 10083 (C; and C.,
dihydropyriding), 95383 (Cy and Cs, dihydro-
pyrding), 6757 [-CHOCO], 51.14 (OMe).
32.99 (C,, dihydropyridine), 22.13 and 21.93[-
(CHMMe. |, 19.63 {C: and Ci-methyl), M5 miz
(%) 402 (M, 35), 367 (1003, 329 (5), 210 (88).

(ther compounds 6a-k were prepared similarly.

Pharmacology: Male albino guinea-pigs (300-
450 g) were killed by a blow on the head. The
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intestine was  removed above the ileocaccal
junction  and  longitudinal  smooth  muscle
sepments of 2 cm length were mounted under »
resting tension of 0.5 g The scgments were
mamtained at 37°C in a 20-ml jacketed organ
bath containing oxveenated physiological saline
solution of the following mallimelar  compo-
sition: NaCl, 137; CaCl,, 1.8; KC1, 2.7; Mg&0,,
1.1, NaH: PO, 0.4; NaHCO,, 12 and glucose, 5.
The muscles were equilibrated for 1T h with a
solution which change was ¢very 15 min. The
contractions  were  recorded  with  a  force
displacement transducer (F-30) on a NARCO
physiograph. Test agents were prepared as 107
M stock  solutions m ethanol and  stored
protected from hght. Dilutions were made imto
double distilled water. The contractile response
was taken as the 100% value for the towe
{slow) component  of  the  respense. The
contraction was elicited with 80 mM KOl 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 contral. The
[Csq walues (concentration needed (o produce
0% relaxation on contracted 1leal smooth
muscle) were graphically determimed from the
concentration-response curves (4. 10)

RESULTS AND DISCUSSION
Chemistry: Symmetrical 3a-e and asymmetrical
Ga-k analogues of mfediping were synthesized
according 1o scheme | The  svmumetrical
analogues  Ja-e were prepared by classical
Hantzsch condensation {11) in wlich 3-chloro-
| H-indol-2-carboxaldehyde 2 (12) was reacted
with 3-pxobutanoic acd csters 1 (13) and
ammonium hydroxide. The asvmmetrical analo-
gues Ga-k were synthesized by a procedure
reported previously (14).

Pharmacolagy: The calcium channel antagonist
activities (IC<y) of compounds 3a-e and 6Ga-k
werg determuned as the concentration needed to
produces 30% relaxation of contracted guinea-
pig ileal longitudmal smooth muscle (%), The
results are summanzed motables 1 oand 20 A
comparison of the activities of symmetrical
esters 3a-e, indicate that increasing the size of
the ester group ncreases activity 3e=3a.

In asvmmetrical sernies of phenylalky] csters
when Fo ois oa small substituent (R=CH:)
increasing  the length of methylene  chain



Shalice et al.

a;, n=6, Standard deviation m parentheses
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. Table 1: Physical propertics and calcium channel antagonist activities of symmetrical csters 3a-e
|
HHN 0l
Ry{(CH, mmg/'j: COO(CH, )y Ry
| |
{;H_q/!\N CH,
H
Compound R n Mp(°C } Yield | IC/(M) |
| | | |
32 CH, 0 23023 55 24303 x 100 |
b CH; 1 213215 44 ' 4.32(0.46) x 10 5
3c C{CH;): i 241-243 63 &35 (0.48) x 107 |
3e CsHs 4 |120-121 47 1.77 (0.87) x 107
I‘IifEdipi!‘le : 175 [{}1ﬁj " H:I.u.

Table 2: Physical properties and calcium channel antagonist activities of asymmetrical esters 6a-k

ﬁ

|H./,f
I
HN._ =l

R0, T/LH ?_F,{:Of.]{{.‘l-jg}nl{,
Cl |;”“_]x|”““‘u i

Compoun | R, n R, Mp(°C) Yield ICs (M)

d _ (%)

6a CH; | | CH, 168-169 45 | 1.46(0.64) 107"
6b CH(CH:), | 0 |CH; 209-210 61 | 2.01 (0.45) <107

6ic CH(CH:;): | 0 | CH; | 256-257 55 C117 (0.30) <10

6d C(CH:»: | 0 |CH. 220-221 57 1 9.02(0.50) x10*

e C(CH;), 0 | CH;s | 222-224 52 6.14 (0.41) x107°
L 6f CeH; ] | CH, 170-171 62 1.13 (0,36) =107
' Gg CH, I | CHs 95-96 34 2.56 (0.35) 107

6h C.H; 2 | CH; 125-126 | 635 3.51(0.26) 107

6i CaHe 2 | CiHs 79-80 i 55 4,51 (0.56) x107

6] CeH. 4 | CH; 147-148 40 6.72 (0.34) x10”

6k CqH: 4 | CHs 143-144 46 8.24 (0.30) %107

nifedipine 275 (0.36) x 107

a; =6, Standard deviation in parentheses.
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decrcased activity (6j<6h<6f). Comparison of
the effect of phenyl relative to alkyl substituent,
shows that phenyl derivatives are more active
than alkyl derivatives. Compound 6f (R,=C:H.,
R.=CH., n=1) was the most active compound.
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