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Abstract—Newly synthesized 1,4-dihydropyridine derivatives possessing alkyl chains at the 4-position screened whe-
ther they could overcome P-glycoprotein-mediated multidrug resistance in cultured cancer cells and also leukemia-
bearing animals. Of these derivatives, some could overcome drug resistance to doxorubicin and vincristine in multidrug
resistant human cancer cell lines. Combined administration of vincristine and some of the derivatives significantly
increased the life span of P-glycoprotein overexpressing multidrug-resistant P388 leukemia-bearing mice. The calcium
antagonistic activities, an undesirable effects, were weaker than that of verapamil. These results suggested that the
introduction of alkyl groups at the 4-position were effective for both overcoming multidrug resistance and reducing the

calcium antagonistic activity. © 1998 Elsevier Science Ltd. All rights reserved.

Introduction

Development of drug resistance, both intrinsic drug
resistance and acquired drug resistance, remains a clin-
ical obstacle in the chemotherapy of many cancers.!?
Acquisition of the multidrug resistant (MDR) pheno-
type is correlated with enhanced expression of a mem-
branous P-glycoprotein with a molecular weight of
170 KDa which is coded by a MDR-1 gene.>® P-glyco-
protein mediates the ATP-dependent cellular efflux of a
variety of structurally and functionary diverse com-
pounds across the plasma membrane.3=©

Strategies designed to reverse the multidrug resistance
were actively sought by many laboratories.”!3 Verapamil
1, nicardipine 2 have been reported to successfully
overcome multidrug resistance.'* However, introduc-
tion of calcium antagonists in clinical use might pose a
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therapeutic problem because of their strong vasodilator
activity. As for verapamil, several combination thera-
pies with anticancer agents, such as vinca alkaloids or
anthracyclines, have been tried but caused cardiovas-
cular side effects.'* The finding that the enantiomer of
verapamil and nigludipine lacks calcium antagonistic
activity but still has MDR reversal activity indicated
that the MDR reversal activity is independent of the
calcium antagonistic activity.!>'® Consequently, a sub-
stance which has strong ability to overcome drug resis-
tance but no calcium antagonistic activity would be of
value in cancer chemotherapy (Fig. 1).

We have also reported that NIK-250 3 which possess a
heterocyclic ring at the 4-postion can overcome MDR
and have moderate calcium antagonistic activity in vitro
without optical resolution.!”2! Further, we recently
found that imidazothiazole derivatives could potentiate
the MDR reversal activity without significant side
effects observed for 1,4-dihidropyridine derivatives.??

In this study, we have further examined newly synthe-
sized 1,4-dihydropyridine derivatives possessing an alkyl
chain at the 4-position to determine their ability to
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Figure 1.

overcome anti-cancer drug resistance in vitro, in vivo
and calcium antagonistic activity in vitro.

Results and discussion

Chemistry

Dihydropyridine derivatives 4-14 listed in Table 1 were
prepared by the variations of the Hantzch reaction3~%°
(method A, method B and method C) (Scheme 1).

Thus, refluxing the mixture of capronaldehyde, aceto-
acetic acid 3-(3-pyridyl) propyl ester and 3-aminocro-
tonic acid 3-(3-pyridyl) propyl ester in 2-propanol gave
compound 4 in 29% yield (method A).

Refluxing the mixture of ammonia solution, phenyl
acetaldehyde and 2equiv. of acetoacetic acid 3-(3-pyr-
idyl) propyl ester in 2-propanol gave compound 12 in
32% yield (method B).

We could not obtain compound 11 by method A and B.
Thus, stirring the mixture of 2-octynal and 2 equiv. of 3-
aminocrotonic acid 3-(3-pyridyl) propyl ester in acetic
acid gave compound 11 in 22% yield (method C).

Evaluation of MDR activity and calcium antagonistic
activity

First, we determined the abilities of 1,4-dihydropyr-
idine derivatives to overcome P-glycoprotein-mediated
MDR in a cultured MDR cell line, KB/VJ300, derived
from drug-sensitive parental KB cells.?® KB/VI300
cells used in this study were 20.4-52.8-fold resistant
to doxorubicin (DXR) and 307-952-fold resistant to
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vincristine (VCR). The ability to overcome MDR was
shown as the ICsy value and the relative resistance
index determined by dividing the ICso of an antitumor
agent with 1pg/mL of 1,4-dihydropyridine derivatives
against KB/VJ300 cells by the ICsy against KB cells
without addition of 1,4-dihydropyridine derivatives for
each experiment (Table 2). We employed verapamil as
a reference compound for which the calcium antag-
onistic action and the interaction with the P-glycopro-
tein are well known. We proposed these compounds
to potentiate the cytotoxic action more than that of
verapamil.

Compound 4 possessing a pentyl group and compound
5 possessing a octyl group at the 4-position were
found to potentiate the cytotoxic action of DXR
against KB/VJ300 cells. While compound 6 possessing a
undecyl group did not potentiate the cytotoxic action in
vitro and this result suggested that the chain length
influenced MDR modulating activity. Introduction of a
branched alkyl chain (7-9), a conjugated diene (10)
and the triple bond (11) at the 4-position could
potentiate the cytotoxic action similarly to compound 4
and seemed to be effective in vitro.

Many 1,4-dihydropyridine derivatives possessing an
aromatic ring at the 4-position derived from anti-
hypertensive drugs could potentiate cytotoxic action of
anticancer agents.!'"13 However, compounds 12 and 13
showed a little potentiation of the cytotoxic effect of
DXR.

Compound 14 possessing ethyl ester at the 5-position
which differs from compound 4 only at the 5-position
was less active than compound 4 and this result indi-
cated that the 3,5-bispyridyl propyl ester is one of the
effective fragments.
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Table 1. Yields and physical properties of dihydropyridine derivatives

o R' O
X lo) [o) X
[ [ ] [
N Me H Me N

N
L.
N
Compd R! Yield (%) [method]* mp (°C) Recryst. solvent Formula®
4 28.7 (A)C 107-108 AcOEt C3()H39N304
W
3
5 48.7 (A) 76 Et,0 Ca3HusN;O,
W
6
6 23.4 (A) 99 AcOEt C36H51N3O4
Me”
7 Me 50.2 (A) 107-108 AcOEt CogH3sN;0,
Me)\
8 Me 34.6 (A) 83-85 Et,0 CioH3oN;0,
Me/\)\
9 Me 45.3 (A) 93-94 AcOEt C33H45N304
Me Me Me
10 Me . . 34.3 (B) 155-157 AcOEt C1oH3sN;0,

11 21.9 (C) 96-97 AcOEt C3:H30N;0,

13 47.8 (A) 121-122 AcOEt C3H3,CIN;O,

Me/\/\
12 ©\ 32.4 (B) 127-128 AcOEL C31HasN30,
CC

14 23.0 (A) Oil — Co4H33N,0,4°

4 (A), (B) and (C), respectively, correspond to methods A, B and C.

® Compounds 4-13 were analyzed for C, H, N. Analytical results obtained for these three elements were within 0.3% of the calculated
values for the formula shown.

¢ The yield of compound 4 was 34.0% when employing method B.

4 The yield of compound 8 was 43.7% when employing method B.

¢ The structure was established by '"H NMR and '*C NMR.
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We next evaluated the reversal activity of compounds 4,
8-11, for the cytotoxicity of VCR against KB/VJ300
cells. The relative resistance indices of these derivatives
were 4.6- to 6.4-fold smaller compared with verapamil
(Table 2).

These compounds thus seemed to modulate MDR
because these derivatives could reverse the cytotoxic
activity of both DXR and VCR.

We further evaluated the calcium antagonistic activity,
an undesirable effect, and the results are summarized in
Table 2. The ICsy value of a longer alkyl chain at the
4-position (compounds 5, 6) indicated weak action.
Compound 8 indicated the most strong activity among
our compounds but this activity was about a 3.5-fold
higher concentration compared with verapamil.

The relative resistance indices of compounds 8 and 9
were close to each other, but their ICsy values of the
calcium antagonistic activity were entirely different and
this results suggested compound 9 was beneficial for
both MDR reversal activity and reducing calcium
antagonistic activity.

Compounds 12 and 13 might have a calcium antag-
onistic activity more potent than any other derivatives
because they possess an aromatic ring at the 4-position
such as other calcium antagonistic agents. However

the calcium antagonistic activity of compounds 12 and
13 were moderately low. Compound 14 possessing an
ethyl ester at the 5-position activated the calcium antag-
onism more than compound 4 possessing a 3-pyridyl
propyl ester. These results suggested that an alkyl chain
at the 4-position and 3,5-bispyridyl propyl ester of 1,4-
dihydropyridine were the effective fragments to reverse
MDR and reduce the calcium antagonistic activity.

Based on the results of the in vitro and calcium antag-
onistic activities, a combination therapy of VCR with
these five derivatives in P388/VCR-bearing mice was
screened (Table 3). Each derivative was administered
ip at a dose of 100mg/kg/day with 100 pg/kg/day of
VCR for five days in P388/VCR-bearing mice. The life-
prolonging effects of the combination of each derivative
with VCR are shown in Table 3, as the T/C(%) value
(life-prolonging rate) and T/V(%) value (effect for
overcoming resistance).

Most of them showed a good life-prolonging effect,
especially the life-prolonging effect of compounds 4, 8, 9
and 11 with an alkyl group at the 4-position well reflec-
ted in a good relationship to the vitro results. These
activities appeared to be more potent than that of NIK-
250 3 reported in the same kind of experiments by A.
Kiue et al.'® On the other hand, the effect of compound
10 possessing the conjugated diene did not reflect in the
in vitro activity.
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Table 2. Reversal of the cyotoxicity of antitumor agents in KB/VJ300 cell line and calcium antagonistic activity
Compd Cell line Cytotoxicity* Calcium antagonistic activity?
ICso(107° M)
Ics® (resistance indices®) (ng/ml)
DXR VCR
None KB 3.2-4.7(1.0) 0.42-1.37(1.0) —
None KB/VJ300  96-248(20.4-52.8) 390-496(307-952) —
4 6.3(2.0) 4.9(3.6) 4.6
5 18(3.8) — >30.0°
6 88(23.2) — >30.0°
7 44(3.4) — 5.9
8 8.3(1.8) 1.8(4.3) 2.1
9 8.4(2.6) 1.9(3.5) >30.0°
10 6.4(1.6) 1.4(2.6) 2.2
11 7.0(1.8) 3.6(2.0) 10.5
12 17.5(5.0) — 11.7
13 18.5(5.3) — 7.5
14 8.0(4.9) — 2.3
(R)-(+)-Verapamil 19(4.4) 43(102) 0.6
3 (NIK2-250) 34(7.2) 51(92) 3.1

2 Cytotoxicity of each antitumor agent was expressed as 1Csy and resistant rate as follows.
Y ICs, was concentration of antitumor agents necessary to inhibit the growth of the cells by 50% after five days culture in the presence

or absence of compounds (1 pg/mL).

1Cs¢ of antitumor agent with compound in KB/VJ300
ICs of antitumor agent alone in KB for each experiment

¢ Resistance index =

d Calcium antagonistic activity was expressed as ICsq. ICsy was concentration of compounds necessary to inhibit to high potassium

(50 mM) depolarization-induced contraction in isolated rat rectum.
¢ ICsq of these compounds could not be determined over 30x107°M.

We have previously reported that NIK-250 3 and other
1,4-dihydropyridine derivatives, possessing heterocyclic
ring at the 4-position, have potent MDR reversing
activity.! Compound 9 could potentiate more MDR
reversing activity and less calcium antagonistic activity
than that of the previous compounds.

Further studies will be required to explore the possibi-
lity of applying our compounds to clinical use.

Conclusion

We synthesized new 1,4-dihydropyridine derivatives
possessing an alkyl chain at the 4-position and found
that the alkyl chains were one of the effective sub-
stituents to potentiate the MDR reversing activity.
Some compounds effectively reduced calcium antag-
onistic activity compared with verapamil and there
appeared to be no correlation between the MDR rever-
sal activity and reduction of the calcium antagonism.
Based on our results, the most suitable compound
among synthesized new 1,4-dihydropyridine derivatives
seemed to be 2,6-dimethy-4-(2,4,4-trimethlypentyl)-1,4-
dihydropyridine-3,5-dicarboxylic acid bis [3-(3-pyridyl)
propyl] ester (compound 9).

Experimental
Biological assays

Cell line and drugs.’® The MDR subline KB/VJ300
derived from human epidermoid cancer KB cells was
employed in this study. Cells were grown in a monolayer
on MEM (Nissui Seiyaku Co., Tokyo, Japan) contain-
ing 10% fetal bovine serum (Kanto Chemicals, Tokyo,
Japan) and 2mM L-glutamine (Gibco BRL, Tokyo,
Japan). Vincristine sulfate (VCR) was obtained from
Wako Chemical Industries, Ltd. (Osaka, Japan) in vitro
and Shionogi & Co., Ltd. (Osaka, Japan) in vivo. Dox-
orubicin hydrochloride (DXR) and verapamil hydro-
chloride were obtained from Wako Chemical Industries,
Ltd.

Cell survival by colony formation.2® In brief, 300-500
cells were plated in 35 mm dishes in the absence of any
drugs. DXR or VCR was added 24h later with or
without dihydropyridine derivatives, and the colonies
which appeared were scored by tripane blue staining after
incubation for seven days at 37°C. Solutions of drugs
were freshly prepared before use in dimethyl sulfoxide.
Relative resistance was determined by dividing the
1Cso (concentration of drug which reduced the cloning
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Table 3. The life prolonging effect against P388/VCR-bearing
mice

Compd Survival time (days) T/C T/V

(%) (%)

Control VCR Combination
alone

4 10.3  10.5 17.7 172%*  161*
8 10.0 10.7 17.2 172%%  165*
9 10.7 109 15.8 148%*  148**
10 10.7 109 12.0 112 110
11 10.7 109 14.5 136%*  133**
3 (NIK-250) 10.7 109 12.8 120 117

The control group consisted of 12 to 18 mice, the VCR alone
group consisted of 6 to 12 mice and the group treated with
VCR and compound consisted of 5 or 6 mice. Asterisks indi-
cate a significant difference from the respective result with the
same dose of VCR alone group by Student’s and Cochran’s
t-tests: *p <0.05, **p <0.01.

a 0 __ Survival days of VCR and test compound
T/C ( A)) - Survival days of control x 100.

b 0 __ Survival days of VCR and test compound
T/V ( /0) - Survival days of VCR alone x 100.

efficiency to 50% of control without drugs) of KB/
VJ300 with or without dihydropyridine derivatives by
the ICsq of KB cells without dihydropyridine derivatives.

Evaluation of antitumor activity.'® Six to eight-week-old
female CD2F; (BALB/CxDBA/2) mice were obtained
from Charles River Japan, Inc, (Tokyo, Japan). CD2F,,
mice were inoculated ip with 0.2mL of diluted ascites
fluid containing 10° P388/VCR cells on Day 0. VCR
and 1,4-dihydropyridine derivatives were given ip daily
from Day 1 after tumor inoculation for five days. Anti-
tumor activity was evaluated by the mean of survival
days for each group and also expressed by the T/C and
T/V values (percentage). The data of mean survival days
were analyzed by the two-tailed Student’s z-test and the
two-tailed Cochran’s ¢-test if the difference in distribu-
tion between the two groups to be compared is sig-
nificant (p <0.05) by the F test.

Evaluation of calcium antagonism.'® Nine to 14-week-
old male Wistar rats were obtained from CLEA Japan,
Inc, (Tokyo, Japan). Calcium antagonistic activity of
1,4-dihydropyridine derivatives was tested by the inhi-
bitory effect on high potassium depolarization-induced
concentration (K *-contracture) in isolated rat aorta.
An approximately 2mm long ring specimen was taken
from the thoracic artery of the rat and mounted in an
organ bath filled with Krebs-bicarbonate solution at
37°C aerated with 95% O,—5% CO,. The specimen was
stabilized for 60 min, and a potassium chloride solution
was then added to the organ bath to give a final con-
centration of 50 mM. Verapamil or 1,4-dihydropyridine

derivatives of the present invention were cumulatively
added from 1x107'° to 1x10~*M when the contraction
reaction occurring at that time reached equilibrium. The
results are shown as the 50% inhibitory concentration
(the ICsq value) of hypercalcemic concentration.

Chemistry

Melting points are determined using Yamamoto melting
point apparatus (Mp-21) and uncorrected. The 'H
NMR and '3C NMR spectra were recorded on a JEOL-
EX 400 instrument. Elemental analyses were performed
by the Sumika Research Laboratory.

The starting materials were prepared as follows.

Acetoacetic acid 3-(3-pyridyl)propyl ester. A mixture of
3-(3-pyridyl)propanol (1.37g, 10.0 mmol) and diketen
(0.84 g, 10.0 mmol) in 10 ml of THF were stirred at 0°C
for 5h. The mixture was evaporated under reduced
presser and the residue was purified by chromatography
on florisil to give 1.73 g (78.3%) of acetoacetic acid 3-(3-
pyridyl)propyl ester as pale yellow liquid. '"H NMR
(CDCl3) 6 1.99 (m, 2H), 2.27 (s, 3H), 2.70 (t, J=7.4Hz,
2H), 3.46 (s, 2H), 4.17 (t, J=6.4Hz, 2H), 7.22 (dd,
J=4.4, 7.8Hz, 1H), 7.51 (d, J=7.8Hz, 1H), 8.45 (m,
2H).

3-Aminocrotonic acid 3-(3-pyridyl)propyl ester. Ammo-
nia gas was introduced into acetoacetic acid 3-(3-pyr-
idyl)propyl ester (2.21g, 10.0 mmol) in 20mL of 2-
propanol at 0°C for 7h and stood one week at room
temperature. The mixture was evaporated under
reduced presser and the residue was purified by chro-
matography on florisil to give 1.56g (70.9%) of 3-
aminocrotonic acid 3-(3-pyridyl)propyl ester as pale
yellow amorphous solid. '"H NMR (CDCl;) & 1.92 (s,
3H), 1.97 (m, 2H), 2.71 (t, J=7.8Hz, 2H), 4.08 (t,
J=6.4Hz, 2H), 4.55 (s, 2H), 7.21 (dd, J=4.4, 7.8 Hz,
1H), 7.51 (d, J=7.8Hz, 1H), 8.44 (d, J=4.4Hz, 1H),
8.47 (s, 1H).

2,6-Dimethyl-4-(1-pentyl)-1,4-dihydropyridine-3,5-dicarb-
oxylic acid bis [3-(3-pyridyl)propyl] ester (4). A mixture
of acetoacetic acid 3-(3-pyridyl)propyl ester (2.21g,
10.0 mmol), 3-aminocrotonic acid 3-(3-pyridyl)propyl
ester (2.20g, 10.0 mmol) and capronaldehyde (1.20g,
12.0 mmol) in 10 mL of 2-propanol was refluxed for 7h.
The mixture was evaporated under reduced pressure
and the residue was then dissolved in 1 N hydrochloric
acid and washed with AcOEt. The water phase was
made alkaline with 10% sodium hydroxide solution and
extracted with AcOEt. The organic phase was washed
with water, dried (Na,SO,4) and evaporated. The residue
was purified by chromatography on silica gel and
recrystallized from AcOEt to give 1.45g (28.7%) of 4.
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mp 107-108 °C. Anal. calcd for C3gH39N3;O4: C, 71.26;
H, 7.77; N, 8.31. Found: C, 71.23; H, 7.65; N, 8.27. 'H
NMR (CDCls) & 0.84 (t, J=6.8 Hz, 3H), 1.21 (m, 6H),
1.35 (m, 2H), 2.00 (m, 4H), 2.31 (s, 6H), 2.73 (m, 4H),
4.00 (t, J=5.2Hz, 1H), 4.16 (m, 4H), 5.89 (s, 1H), 7.18
(dd, J=4.8, 7.6Hz, 2H), 7.48 (d, J=7.6Hz, 2H), 8.43
(dd, J=1.6, 4.8Hz, 2H), 8.45 (d, J=1.6Hz, 2H). 3C
NMR (CDCls); 6 14.1, 19.4, 22.7, 24.6, 29.5, 30.2, 32.2,
33.0, 37.0, 62.5, 103.0, 123.3, 135.7, 136.5, 145.1, 147.5,
149.9, 167.9.

2,6-Dimethyl-4-(1-octyl)-1,4-dihydropyridine-3,5-dicarb-
oxylic acid bis [3-(3-pyridyl)propyl] ester (5). In a similar
manner, 5 was prepared from acetoacetic acid 3-(3-pyr-
idyl)propyl ester (2.21 g, 10.0 mmol), 3-aminocrotonic
acid 3-(3-pyridyl)propyl ester (2.20g, 10.0 mmol) and
nonyl aldehyde (1.70g, 12.0 mmol) and recrystallized
from Et,O to yield 2.67 g (48.7%) of 5. mp 76°C. Anal.
caled for Ci33H4sN3O04: C, 72.36; H, 8.28; N, 7.67.
Found: C, 72.36; H, 8.13; N, 7.68. '"H NMR (CDCl3) §
0.84 (t, J=6.4Hz, 3H), 1.21 (m, 12H), 1.35 (m, 2H).
2.01 (m, 4H), 2.31 (s, 6H), 2.73 (m, 4H), 4.00 (t,
J=6.0Hz, 1H), 4.15 (m, 4H), 5.88 (s, 1H), 7.18 (dd,
J=438, 7.6Hz, 2H), 7.48 (d, J=7.6 Hz, 2H). 8.43 (dd,
J=1.6, 48 Hz, 2H), 8.45 (d, J=1.6 Hz, 2H). '3C NMR
(CDCl3) 6 14.1, 19.4, 22.6, 25.0, 29.3, 29.5, 29.7, 30.1,
30.2, 31.8, 33.0, 37.0, 62.5, 103.0, 123.3, 135.7, 136.5,
145.1, 147.5, 149.9, 167.9.

2,6-Dimethyl-4-(1-undecyl)-1,4-dihydropyridine-3,5-dicarb-
oxylic acid bis [3-(3-pyridyl)propyl] ester (6). In a similar
manner, 6 was prepared from acetoacetic acid 3-(3-pyr-
idyl)propyl ester (2.21 g, 10.0 mmol), 3-aminocrotonic
acid 3-(3-pyridyl)propyl ester (2.20g, 10.0 mmol) and
dodecyl aldehyde (2.21 g, 12.0 mmol) and recrystallized
from AcOEt to yield 1.38g (23.4%) of 6. mp 99°C.
Anal. calcd for C36Hs51N3Oy4: C, 73.31; H, 8.72; N, 7.12.
Found: C, 73.22; H, 8.55; N, 7.06. '"H NMR (CDCl3) §
0.87 (t, J=6.8Hz, 3H), 1.20 (m, 18H), 1.35 (m, 2H),
2.00 (m, 4H), 2.31 (s, 6H), 2.73 (m, 4H), 4.00 (t,
J=6.0Hz, 1H), 4.16 (m, 4H), 597 (s, 1H), 7.18 (dd,
J=4238, 7.6Hz, 2H), 7.48 (d, J=7.6Hz, 2H), 8.43 (dd,
J=1.6, 48 Hz, 2H), 8.45 (d, J=1.6 Hz, 2H). '3C NMR
(CDCLy); 6 14.1, 19.4, 22.7, 25.1, 29.4, 29.6, 29.6, 29.7,
29.8,29.8, 30.1, 30.2, 31.9, 33.1, 37.1, 62.5, 103.1, 123.4,
135.8, 136.6, 145.2, 147.6, 149.9, 167.9.

2,6-Dimethyl-4-isopropyl-1,4-dihydropyridine-3,5-dicarb-
oxylic acid bis [3-(3-pyridyl)propyl] ester (7). In a similar
manner, 7 was prepared from acetoacetic acid 3-(3-pyr-
idyl)propyl ester (2.21 g, 10.0 mmol), 3-aminocrotonic
acid 3-(3-pyridyl)propyl ester (2.20g, 10.0 mmol) and
isobutyraldehyde (0.86g, 12.0 mmol) and recrystallized
from AcOEt to yield 2.40g (50.2%) of 7. mp 107—
108 °C. Anal. caled for CogH35sN304: C, 70.42; H, 7.39;
N, 8.80. Found: C, 70.39; H, 7.32; N, 8.83. '"H NMR

(CDCl3) § 0.79 (d, J=6.8 Hz, 6H), 1.64 (m, 1H), 1.99
(m, 4H), 2.33 (s, 6H), 2.73 (m, 4H), 4.00 (d, J=5.6 Hz,
1H), 4.16 (m, 4H), 5.99 (s, 1H), 7.14 (dd, J=4.8, 7.6 Hz,
2H), 7.48 (d, J=7.6Hz, 2H), 8.43 (dd, J=1.6, 4.8 Hz,
2H), 8.45 (d, J=1.6 Hz, 2H). '3C NMR (CDCl5) & 18.6,
19.3, 29.5, 30.2, 35.6, 38.8, 62.5, 101.5, 123.3, 135.7,
136.6, 145.1, 147.5, 149.8, 168.4.

2,6-Dimethyl-4-[1-(1-methyl)butyl]-1,4-dihydropyridine-
3,5-dicarboxylic acid bis [3-(3-pyridyl)propyl] ester (8).
In a similar manner, 8 was prepared from acetoacetic
acid 3-(3-pyridyl)propyl ester (2.21g, 10.0 mmol), 3-
aminocrotonic acid 3-(3-pyridyl)propyl ester (2.20g,
10.0 mmol) and 2-methyl pentanal (1.20 g, 12.0 mmol)
and recrystallized from Et,O to yield 1.75g (34.6%) of
8. mp 83-85°C. Anal. caled for C30H39N304: C, 71.26;
H, 7.77; N, 8.31. Found: C, 71.23; H, 7.65; N, 8.27. 'H
NMR (CDCl;) & 0.75 (d, J=6.8Hz, 3H), 0.82 (t,
J=6.8Hz, 3H), 1.00 (m, 1H), 1.18-1.32 (m, 3H), 1.45
(m, 1H), 2.00 (m, 4H), 2.32 (s, 3H), 2.33 (s, 3H), 2.73
(m, 4H), 4.07 (d, J=4.8 Hz, 1H), 4.16 (m, 4H), 5.95 (s,
1H), 7.19 (dd, J=4.8, 7.6Hz, 2H), 7.48 (d, J=7.6 Hz,
2H), 8.43 (d, J=4.8 Hz, 2H), 8.44 (s, 2H). '*C NMR
(CDCl3) 6 14.5, 15.1, 18.3, 19.3, 19.4, 20.6, 29.5, 29.6,
29.9, 30.2, 34.9, 38.1, 40.9, 62.6, 101.1, 101.9, 123.3,
123.4, 135.7, 135.8, 136.5, 136.6, 144.9, 145.1, 147.5,
147.5, 149.8, 149.8, 168.3, 168.7.

2,6-Dimethyl-4-[1-(2,4,4-trimethylpentyl)]-1,4-dihydro-
pyridine-3,5-dicarboxylic acid bis [3-(3-pyridyl)propyl]
ester (9). In a similar manner, 9 was prepared from
acetoacetic acid 3-(3-pyridyl)propyl ester (2.21g,
10.0 mmol), 3-aminocrotonic acid 3-(3-pyridyl)propyl
ester (2.20g, 10.0 mmol) and 3,5,5-trimethyl hexanal
(1.69 g, 12.0 mmol) and recrystallized from AcOEt to
yield 2.48 g (45.3%) of 9. mp 93-94°C. Anal. calcd for
C33H45N304I C, 7236, H, 828, N, 7.67. Found: C,
72.20; H, 8.22; N, 7.64. '"H NMR (CDCl;) & 0.80 (s,
9H), 1.00 (d, J=6.4Hz, 3H), 1.03 (m, 3H), 1.41 (m, 2H),
2.00 (m, 4H), 2.31 (s, 3H), 2.32 (s, 3H), 2.73 (m, 4H),
4.00 (d, J=4.8 Hz, 0.5H), 4.01 (d, J=4.8 Hz, 0.5H), 4.17
(m, 4H), 5.78 (s, 1H), 7.18 (m, 2H), 7.47 (m, 2H), 8.43
(m, 2H), 8.44 (s, 2H). '3C NMR (CDCl;) § 19.3, 19.4,
22.6, 24.9, 29.5, 29.5, 29.8, 30.1, 30.2, 30.8, 31.1, 46.6,
52.2, 62.6, 62.7, 103.3, 104.1, 123.3, 123.3, 135.7, 135.8,
136.5, 136.5, 145.0, 145.1, 147.5, 147.5, 149.8, 149.8,
167.3, 168.3.

4-(2-Chlorophenyl)-2,6-dimethyl-1,4-dihydropyridine-3,5-
dicarboxylic acid bis [3-(3-pyridyl)propyl] ester (13). In a
similar manner, 13 was prepared from acetoacetic acid
3-(3-pyridyl)propyl ester (2.21¢g, 10.0 mmol), 3-amino-
crotonic acid 3-(3-pyridyl)propyl ester (2.20 g, 10.0 mmol)
and 2-chlorobenzaldehyde (1.69g, 12.0 mmol) and
recrystallized from AcOEt to yield 2.61g (47.8%) of
13. mp 121-122°C. Anal. calcd for C3;H3,CIN;O4: C,
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68.19; H, 591; N, 7.70. Found: C, 68.07; H, 5.95; N,
7.61. "TH NMR (CDCl3) & 1.93 (m, 4H), 2.37 (s, 6H),
2.51 (m, 4H), 4.09 (m, 4H), 5.41 (s, 1H), 6.12 (s, 1H),
7.03 (td, J=1.6, 7.6Hz, 1H), 7.14 (t, J=7.6Hz, 1H),
7.17 (dd, J=4.8, 7.2Hz, 2H), 7.22 (d, J=7.6Hz, 1H),
7.41 (d, J=7.2Hz, 2H), 7.42 (dd, J=1.6, 7.6 Hz, 1H),
8.34 (d, J=1.6Hz, 2H), 8.41 (dd, J=1.6, 4.8 Hz, 2H).
13C NMR (CDCls) 6 19.6, 29.4, 30.0, 37.2, 63.0, 103.8,
123.3, 127.1, 127.5, 129.3, 131.4, 132.2, 135.8, 136.8,
144.4, 1459, 147.4, 149.9, 167.5.

2,6-Dimethyl-4-(1-pentyl)-1,4-dihydropyridine-3,5-dicarb-
oxylic acid 3-[3-(3-pyridyl)propyl] ester-5-ethyl ester
(14). In a similar manner, 14 was prepared from acet-
oacetic acid ethyl ester (1.30 g, 10.0 mmol), 3-aminocro-
tonic acid 3-(3-pyridyl)propyl ester (2.20g, 10.0 mmol)
and capronaldehyde (1.20 g, 12.0 mmol) to yield 0.95¢g
(23.0%) of 14 as pale yellow liquid. "H NMR (CDCl;) §
0.83 (t, J=6.8 Hz, 3H), 1.22 (m, 6H), 1.29 (t, J=7.6 Hz,
3H), 1.32 (m, 2H), 2.01 (m, 2H), 2.30 (s, 6H), 2.73 (m,
2H), 3.98 (t, J=6.0Hz, 1H), 4.17 (m, 4H), 5.89 (s, 1H),
7.21 (dd, J=4.8, 7.6Hz, 1H), 7.53 (d, /J=7.6Hz, 1H),
8.46 (dd, J=1.6, 4.8Hz, 1H), 8.47 (d, J=1.6Hz, 1H).
13C NMR (CDCl;) § 14.1, 14.4, 19.3, 19.4, 22.7, 24.6,
29.5,30.2,32.1, 32.9, 36.9, 59.6, 62.4, 102.9, 103.4, 123 .4,
135.9, 136.7, 144.6, 145.3, 147.5, 149.8, 167.9, 168.1.

2,6-Dimethyl-4-(1-penta-1,3-dienyl)-1,4-dihydropyridine-
3,5-dicarboxylic acid bis [3-(3-pyridyl)propyl] ester (10).
A mixture of acetoacetic acid 3-(3-pyridyl)propyl ester
(2.21 g, 10.0 mmol), 2,4-hexadienal (0.58 g, 6.00 mmol)
and 2mL of concentrated ammonia solution was
refluxed in 10 mL of 2-propanol for 7 h. The mixture was
evaporated under reduced pressure and the residue was
then dissolved in 1 N hydrochloric acid and washed with
AcOEt. The water phase was made alkaline with 10%
sodium hydroxide solution and extracted with AcOEt.
The organic phase was washed with water, dried
(Na,SOy4) and evaporated. The residue was purified by
chromatography on silica gel and recrystallized from
AcOEt to give 0.86g (34.3%) of 10. mp 155-157°C.
Anal. caled for C30H35N304: C, 71.83; H, 7.03; N, 8.38.
Found: C, 71.73; H, 7.04; N, 8.37. Compound 10 was
isomers mixture, so a main product’s '"H NMR was
assiged as follows. 'H NMR (CDCl;) & 1.68 (d,
J=7.6Hz, 3H), 1.98 (m, 4H), 2.32 (s, 3H), 2.33 (s, 3H),
2.71 (m, 4H), 4.10 (m, 2H), 4.21 (m, 2H), 4.52 (d,
J=6.4Hz, 1H), 5.55 (dd, J=17.2, 14.4Hz, 1H), 5.72 (s,
1H), 5.73 (dd, J=6.4, 11.6 Hz, 1H), 5.88-6.02 (m, 2H),
7.17 (dd, J=5.2, 8.0Hz, 2H), 7.40 (d, J=8.0Hz, 2H),
8.43 (m, 4H).

2,6-Dimethyl-4-phenyl-1,4-dihydropyridine-3,5-dicarboxy-
lic acid bis [3-(3-pyridyl)propyl] ester (12). In a similar
manner, 12 was prepared from acetoacetic acid 3-(3-pyr-
idyl)propyl ester (2.21 g, 10.0 mmol) and benzaldehyde

(0.64 g, 0.60 mmol) and 2mL of concentrated ammonia
solution and recrystallized from AcOEt to yield 0.83 g
(32.4%) of 12. mp 127-128°C. Anal. caled for
C;31H33N304: C, 72.78; H, 6.50; N, 8.21. Found: C,
72.60; H, 6.51; N, 8.16. 'H NMR (CDCl;) & 1.92 (m,
4H), 2.36 (s, 6H), 2.56 (m, 4H), 4.05 (m, 2H), 4.11 (m,
2H), 5.06 (s, 1H), 6.19 (s, 1H), 7.13 (t, J=7.2Hz, 1H),
7.16 (dd, J=4.8, 7.6Hz, 2H), 7.22 (t, J=7.2Hz, 2H),
7.32 (d, J=7.2Hz, 2H), 7.37 (d, J=7.6 Hz, 2H), 8.34 (d,
J=1.6Hz, 2H), 8.42 (dd, J=1.6, 4.8 Hz, 2H). 3C NMR
(CDCl3) 6 19.6, 29.3, 30.1, 39.5, 62.6, 103.8, 123.3,
126.3, 127.8, 128.1, 135.8, 136.6, 144.5, 147.4, 147.6,
149.8, 167 4.

2,6-Dimethyl-4-(1-hept-1-ynyl)-1,4-dihydropyridine-3,5-
dicarboxylic acid bis [3-(3-pyridyl)propyl] ester (11). A
mixture of 3-aminocrotonic acid 3-(3-pyridyl)propyl
ester (2.20g, 10.0 mmol) and 2-octynaldehyde (0.74 g,
6.00 mmol) was stirred at room temperature in 10 mL of
acetic acid for 24h. The mixture was neutralized by
10% sodium bicarbonate solution and then extracted
with AcOEt. The organic phase was washed with water,
dried (Na,SO,4) and evaporated. The residue was pur-
ified by chromatography on silica gel and recrystallized
from AcOEt to give 0.58 g (21.9%) of 11. mp 96-97°C.
Anal. caled for C3,H39N304: C, 72.56; H, 7.42; N, 7.93.
Found: C, 72.47; H, 7.37; N, 7.93. 'H NMR (CDCl;)
0.78 (t, J=6.8 Hz, 3H), 1.15 (m, 4H), 1.37 (m, 2H). 2.02
(m, 2H), 2.06 (m, 4H), 2.33 (s, 6H), 2.79 (m, 4H), 4.11
(m, 2H), 4.25 (m, 2H), 4.81 (s, 1H), 5.93 (s, 1H), 7.18
(dd, /=4.8, 7.2Hz, 2H), 7.51 (d, J=7.2Hz, 2H), 8.43
(dd, J=1.6, 4.8Hz, 2H), 8.47 (d, J=1.6Hz, 2H). 13C
NMR (CDCl5) 6 13.9, 18.9, 19.2, 22.0, 26.3, 28.6, 29.3,
30.2, 31.0, 62.4, 79.5, 83.9, 100.3, 123.3, 135.9, 136.7,
145.3, 147.4, 149.9, 167.0.
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