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ABSTRACT

An environmentally benign protocol has been described for the one-pot synthesis of novel 1,4-dihydropyridine and
guinoline derivatives from aldehyde, aniline, and ethyl 3,3-diethoxy propionate. The use of montmorillonite K10
clay under microwave irradiation in solvent-free conditions makes it simple, convenient and greener approach.
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INTRODUCTION

Quinolines are widely used in pharmaceutical indyst because of their inherent biological activities.
Consequently, a large number of methods have beealapbed for the construction of a quinoline rimghich
include Skraup, Friedlander, Doebner-Miller, Comles Pfitzinger syntheséslindeed, quinoline containing
compounds display a wide range of biological atigsf’ On the other hand, 1,4-dihydropyridine (1,4-DHP)
framework is considered as a privileged structarelnug discovery. In particular, 1,4-DHPs are uasccalcium
channel blockers (Nifedipine, Felodipine and Nigairte) for the treatment of hypertension and relate
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cardiovascular diseas&%' In addition, the pyridine nucleus is found to ba mtegral part of several
phosphodiesterase-4 inhibitors (PDE4) such asmitdat, roflumilast etc that are used for the treattof asthma
and chronic obstructive pulmonary disease (COBMs a result, several methods have been develaprethé
synthesis of 1,4-dihydropyridiné$° A similar type of pyridine derivatives are premhiesing a basic ionic liquid,
which acts as a catalyst and reaction medilim plethora of reagents catalysts such as ARHCl, and FeGJ'®,
InC1,*°* NaOH? andp-TSA? are reported for this conversion. However, manthese methods suffer from several
disadvantages such as longer reaction time, exdesganic solvent, lower conversions, poor selétgtiand harsh
reaction conditions.

There is a great demand for the development oingapproaches due to the reduction of by-produetstion waste
and reduction of energy. In view of environmentahéfits, one-pot multi-component reactions (MCRayehbeen
reported for the synthesis of these heterocycl&SRMare those reactions in which three or moretaats react
together to give the product in a single step usdéable reaction conditiod$ This method offers the advantage of
simplicity and synthetic efficiency over convent@meactions. The MCRs have the additional advantzghigh
selectivity, synthetic convergence and atom econdriyerefore, we envisioned that the similar stratfgythe
construction of DHP or quinoline ring would not piile benaficial for the development of a simpler ateight-
forward method but also might increase chances of achieving angresynthetic route by combining microwave
irradiation under solvent-free conditions. Therefahe MCRs that are carried out in solvent fremd@@mns under
microwave irradiation offer better environmentatqeption.

In addition, the use of microwave irradiation aradvent-free conditions provide another advancemergreen
chemical synthesis because the microwave assisgghio reactions are accelerated as a consequénbeee
dimensional heating of the reaction mass, whichnotibe attained by classical heating. Moreover, rawgd
selectivity and clean reaction pathways are adwlicadvantages. Indeed, the reactions that do ocoaroby
conventional heating can be effectively performsithg microwaves conditions. In the present stuldg,reaction is
carried out using Montmorillonite K10 as a solididic catalyst in solvent-free conditions under roigave
irradiation. The novelty of this method lies in @&so-friendly operation, formation of structurallgique molecules,
short reaction time and higher yields.

MATERIALSAND METHODS

General

Melting points were measured on an Electrotherri@D%pparatus and were uncorrected. IR spectraneeoeded
on FTIR spectrometer (KBr) and reported in reciptocentimeters (cm-1). NMR spectra were recorded'tfb
NMR at 300MHz, 500MHZ and forC NMR at 75MHz. ForH NMR, tetramethylsilane (TMS) served as internal
standardd = 0) and data were reported as follows: chemia#, sSntegration, multiplicity (s = singlet, d =odblet,

t= triplet, q =quartet, m = multiplet, br = broaafd the coupling constant J in Hz. B NMR, CDC} (5 = 77.27)
was used as internal standard and the spectra ottagned with complete proton decoupling. HRMS datxe
obtained using Electrospray ionization (ESI). Migewe irradiation was performed by using a mono-ndideover

microwave reactor (CEM Corp., Matthews, NC).
1

Preparation of 1,4-dihydropyridine and quinoline derivatives

An equiv molar ratio ofla (1 mmol),2a (1 mmol),and3(1 mmol) was mixed with montmorillonite K10 clay0%
w/w with respect to aldehyde).in a test tube. Is\ygéaced in a beaker and irradiated in a microveaasn for 2 min
at 250 W and the heating was continued for 10-26 toi complete the reaction (monitored by TLC). Afte
completion, the reaction mixture was cooled to rommperature, filtered through a celite bed andltbd was
washed with dichloromethane (5.0 mL). The filtratesre collected, combined and concentrated undfscesl
pressure. The residue was purified by column chtography using ethyl acetate/hexanes (0-15%) te e
desired producta. The same procedure was used for the synthedi®9) and5(a-h).
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Spectral datafor the 1,4- dihydropyridine and quinoline derivatives:
Diethyl 1-(2-methoxyphenyl)-4-phenyl-1,4-dihydropyridine-3,5-dicarboxylate (4a):

CO,E
OMe =

CO,Et

Off white solid; mp: 165-167 °C;IR (KBr) 2980, 1704, 1665, 1599, 1505, 1454, 13714931275, 1260,
1123, 1080 cit. *H NMR (CDCl; 500 MHz)$ 1.17 (t,J = 7.2 Hz, 6H), 3.92 (s, 3H), 4.02-4.12 (m, 4H), 4.94
(s, 1H), 7.01-7.24 (m, 4HY.29-7.40 (m, 5H), 7.43-7.54 (m, 2H})C NMR (CDCl, 125 MHz)§ 14.1, 37.4,
55.9, 60.0, 109.2, 112.2, 121.0, 126.0, 126.3, 82728.5, 128.9, 137.9, 146.7, 154.0, 16 HRMS: m/z
calcd for G4H,eNOs (M+H)* 408.1811; found 408.1803.

Triethyl 1-(2-methoxyphenyl)-1,4-dihydropyridine-3,4,5-tricarboxylate (4b):

CO,Et

oMe A COaEL

N~
CO,Et

Brown ligiud; IR (KBr) 2985, 1709, 1665, 1573, 1465, 1373, 1266111073 crit. 'H NMR (CDCl; 300
MHz) § 1.16-1.25 (tJ = 6.8 Hz, 9H), 3.90-4.14 (s, 9H), 4.90 (s, 1H), 7.0186 (d, 1H) 7.32-7.41 (m, 5H);
3C NMR (CDCl; 125 MHz)$ 14.1, 37.0, 55.8, 60.1, 108.5, 112.1, 120.2, 12126.0, 129.1, 130.2, 130.9,
131.9, 138.1, 145.7, 154.0, 166HHRM S: m/z calcd for G;H»¢NO; (M+H)™ 404.1689; found 404.1683.

Diethyl 4-(3-bromophenyl)-1-(2-methoxyphenyl)-1,4-dihydropyridine-3,5-dicar boxyl ate (4c):

Br
CO.E
OMe =

CO,Et

Pale yellow solidmp: 203-205 °C:IR (KBr) 2978, 1709, 1698, 1600, 1587, 1506, 1475031272, 1260,
1123, 1080 crit. 'H NMR (CDCl; 500 MHz)§ 1.20-1.25 (tJ = 7.2 Hz, 6H), 3.95 (d, 3H), 4.03-4.16 (m, 4H),
4.91 (s, 1H), 7.01-7.15 (m, 3HJ.27-7.41 (m, 6H), 7.63 (s, 1HY*C NMR (CDCl; 125 MHz)$s 14.1, 37.2,
55.9, 60.1, 108.5, 112.1, 121.0, 126.0, 127.2, 2,2931.7, 131.9, 138.3, 149.0, 154.3, 166dRMS: m/z
calcd for G4H,sBrNOs (M+H)" 486.0916; found 486.0923.

Diethyl4-(4-fluorophenyl)-1-(2-methoxyphenyl)-1,4-dihydropyridine-3,5-dicarboxyl ate (4d):

F
CO,E
OMe =

N~
CO,Et

Off white solid; mp: 174-176 °C;IR (KBr) 2983, 1701, 1601, 1586, 1506, 1459, 1372,7131277, 1260,
1156, 1081 cit. *H NMR (CDCl; 500 MHz)3 1.19 (t,J = 6.8 Hz, 6H), 3.91 (s, 3H), 4.02-4.18 (m, 4H), 4.93
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(s, 1H), 6.92-7.06 (m, 4HY.24-7.26 (m, 1H), 7.32-7.44 (m, 5HYC NMR (CDCl;, 125 MHz) % 14.2, 36.7,
55.8, 60.0, 109.0, 112.2, 114.6, 121.1, 126.0, 1,2929.8, 129.9, 132.0, 137.9, 142.6, 154.0, 16D06R.4,
166.8;HRMS: m/z calcd for G,H,sFNOs (M+H)" 426.1717; found 426.1708.

Diethyl 4-(4-bromophenyl)-1-(2-methoxyphenyl)-1,4-dihydropyridine-3,5-dicar boxyl ate (4€):

Br
CO,E
OMe =

N
Z > Co,Et

Yellow solid; mp: 211-213 °C;R (KBr) 2975, 1706, 1693, 1590, 1505, 1485, 1374531259, 1202, 1121,
1076 cni'; '"H NMR (CDCl; 500 MHz) § 1.18 (t,J = 6.8 Hz, 6H), 3.90 (s, 3H), 4.01-4.13 (m, 4H), 4(80
1H), 6.99-7.09 (m, 2H)7.11-7.22 (m, 3H), 7.30-7.43 (m, 5HfC NMR (CDCl; 125 MHz)$ 14.2, 37.0, 55.9,
60.1, 108.7, 112.1, 121.2, 126.0, 127.3, 129.1,2,3080.9, 138.1, 145.8, 154.1, 166HRM S: m/z calcd for
Ca4H2sBrNOs (M+H)" 486.0916; found 486.0914.

Diethyl 1-(2-methoxyphenyl)-4-(4-methoxyphenyl)-1,4-dihydropyridine-3,5-dicarboxyl ate (4f):

OMe
CO,E
OMe =
N
@/ = CO,Et

Reddish brown oiljR (KBr) 2987, 1701, 1674, 1596, 1507, 1463, 137%2131275, 1202, 1127, 1083 ¢m
'H NMR (CDCl; 500 MHz) 8 1.28 (t,J = 7.2 Hz, 6H), 3.77 (s, 3H), 3.85 (s, 3H), 4.02-4(i% 4H), 4.88 (s,
1H), 6.79-6.83 (m, 1H)6.96-7.21 (m, 4H), 7.30-7.42 (m, 5H}C NMR (CDCl; 125 MHz) 13.9, 29.2, 36.2,
55.5, 59.7, 106.4, 109.1, 112.0, 113.0, 120.8, 8,2528.8, 129.2, 137.5, 139.5, 153.3, 157.8, 16dBMS:
m/z calcd for GsH,gNOg (M+H)" 438.1850; found 438.1854.

Diethyl 4-(3-bromophenyl)-1-(4-methoxyphenyl)-1,4-dihydropyridine-3,5-dicar boxylate (4g):

Br
CO,Ei
=

N~
/©/ CO,Et
MeO

Yellow solid; mp: 189-191 °CjIR (KBr) 2962, 1707, 1694, 1663, 1578, 1512, 14604831276, 1228, 1116,
1060 cnt. *H NMR (CDCl; 500 MHz) 8 1.19 (t,J = 7.2 Hz, 6H), 3.84 (s, 3H), 4.02-4.19 (m, 4H), 4(@2
1H), 6.96-6.98 (m, 2H)7.11-7.24 (m, 5H), 7.27-7.31 (m, 1H), 7.47-7.58 (Bh}); °C NMR (CDCk 125
MHz) & 14.1, 37.5, 55.6, 60.2, 109.6, 114.9, 122.9, 12721.6, 131.5, 136.5, 148.5, 158.3, 166.6; HRMS:
m/z calcd for G4H»sBrNOs (M+H)* 486.0916; found 486.0932.
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Diethyl 4-(3,4-difluorophenyl)-1-(4-methoxyphenyl)-1,4-dihydropyridine-3,5-dicarboxylate (4h):
F

CO,E

=

N~
Q CO,Et
MeO

Off white solid; mp: 181-183 °C;IR (KBr) 2981, 1707, 1688, 1598, 1582, 1514, 14637531327, 1277,
1231, 1085 cit. *H NMR (CDCl; 400 MHz)3 1.20 (t,J = 7.2 Hz, 6H), 3.85 (s, 3H), 4.05-4.22 (m, 4H), 4.93
(s, 1H), 6.95-7.24 (m, 7HY.54-7.56 (m, 2H)*3C NMR (CDCl; 125 MHz)3§ 14.2, 37.0, 55.6, 60.3, 109.5,
114.9, 116.4, 117.0, 122.9, 124.1, 127.6, 128.8,5,3143.3, 158.3, 166.5{RM S: m/z calcd for G4H,4F,NOs
(M+H)* 444.1623; found 444.1661.

Diethyl 4-(4-bromophenyl)-1-(4-methoxyphenyl)-1,4-dihydropyridine-3,5-dicar boxylate (4i):

Br
CO,E

=

N
IShE
MeO

Yellow solid; mp: 207-209 °CjIR (KBr) 2981, 1707, 1687, 1583, 1512, 1473, 13687131263, 1202, 1117,
1085 cni*. '"H NMR (CDCl; 500 MHz) § 1.20 (t,J = 6.8 Hz, 6H), 3.85 (s, 3H), 4.04-4.18 (m, 4H), 4(@3
1H), 6.94-6.99 (m, 2H)7.11-7.24 (m, 4H), 7.29-7.36 (m, 2H), 7.46-7.59 @h{); °C NMR (CDCl; 125
MHz) § 14.0, 29.2, 40.5, 55.5, 59.8, 106.3, 112.0, 1203%.8, 127.5, 128.7, 131.6, 132.5, 139.5, 149.2,
153.3, 166.6HRMS: m/z calcd for G4H,sBrNOs (M+H)" 486.0916; found 486.0938

Diethyl 1-(3-chlorophenyl)-4-(4-fluorophenyl)-1,4-dihydropyridine-3,5-dicarboxylate (4j):

F
CO,E
=
N
©/ Zco,Et
Cl

Yellow oil; IR (KBr) 2983, 1707, 1693, 1599, 1505, 1485, 136233283, 1202, 1137, 1086 ¢niH NMR
(CDCl; 500 MHz)§ 1.21-1.27 (tJ = 6.8 Hz, 6H), 4.05-4.20 (m, 4H), 4.94 (s, 1H), 6(811H) 6.91-6.99 (m,
2H), 7.04-7.17 (m, 3H), 7.35-7.63 (m, 4HJC NMR (CDCl; 125 MHz) 14.0, 40.5, 59.8, 106.3, 112.0, 120.8,
125.8, 128.7, 131.8, 132.5, 135.6, 139.5, 142.34.24149.2, 153.3, 166.6HRMS: mvz calcd for
C3H2,CIFNO, (M+H)* 430.1207; found 430.1201.

Ethyl 2-(3,4-dimethyl phenyl)-6,7-dimethoxyquinoline-3-carboxyl ate (5a):

MeO - COEt
®
MeO N O
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Yellow solid; mp: 147-148 °C;IR (KBr) 1715, 1619, 1596, 1516, 1443, 1431, 13367,21232, 1156, 1071
cm™®; '"H NMR (CDCl; 500 MHz) & 1.12 (t,J = 6.8 Hz, 3H), 2.33 (s, 6H), 4.04 (s, 6H), 4.21 Jg5 6.8 Hz,
2H), 7.11-7.23 (m, 2H)7.27-7.29 (m, 1H), 7.36-7.53 (s, 2H), 8.48 (s, 1HJC NMR (CDCl; 125 MHz)?
13.8, 19.6, 19.8, 56.1, 56.3, 61.2, 105.2, 10821,.3, 123.4, 126.0, 129.2, 129.6, 136.2, 136.6,9,3638.4,
145.8, 150.1, 154.0, 156.6, 168ERM S: mvz calcd for G,H,sNO, (M+H)* 366.1705; found 366.1728.

Ethyl 2-(4-fluorophenyl)-6,7-dimethoxyquinoline-3-carboxyl ate (5b):

MeO, o CO2Et
—
MeO N O
F

Pale yellow solidmp: 165-166 °C;IR (KBr) 1714, 1618, 1498, 1454, 1431, 1393, 13516921237, 1158,
1029 cm'; *H NMR (CDCl; 500 MHz)$ 1.14 (t,J = 7.2 Hz, 3H), 4.04 (s, 6H), 4.18-4.25 (q, 2H), 7147
(m, 3H), 7.49 (s, 1H), 7.55-7.59 (m, 2H), 8.55 (s, 1HYC NMR (CDCl; 125 MHz)$ 13.8, 56.1, 56.3, 61.3,
105.2, 107.8, 114.9, 115.1, 121.6, 122.9, 130.3).4,3137.5, 150.5, 154.4, 155.3, 161.9, 163.3, Z67.
HRMS: mVz calcd for GgH1sFNO, (M+H)" 356.1298; found 356.1281.

Ethyl 2-(4-bromophenyl)-6,7-dimethoxyquinoline-3-carboxylate (5c):

MeO - COZEt
o®
MeO N O

Off white solid;mp: 200-201 °C}R (KBr) 1703, 1617, 1590, 1495, 1465, 1419, 1345012237, 1177, 1071 ¢m
L'H NMR (CDCk 500 MHz)$ 1.15 (t,J = 6.8 Hz, 3H), 4.05 (s, 6H), 4.18-4.25 (q, 2H), 7(451H) 7.44-7.50 (m,
3H), 7.57-7.61 (m, 2H), 8.55 (s, 1H}?*C NMR (CDCk 125 MHz)$ 13.8, 56.1, 56.3, 61.3, 105.1, 107.9, 121.6,
1225, 122.7, 130.2, 131.1, 137.4, 140.1, 145.8,58.5154.4, 155.3, 167.6§RMS: nVz calcd for GoH;oBrNO,
(M+H)" 416.0497; found 416.0511.

Ethyl 2-(3,4-difluorophenyl)-6,7-dimethoxyquinoline-3-carboxylate (5d):

MeO, o CO2Et
~ F

MeO N O
F

Off white solid;mp: 164-166 °CiIR (KBr) 1722, 1619, 1589, 1522, 1500, 1463, 134592203, 1158, 1096
cm™.'H NMR (CDCl; 500 MHz)$ 1.18 (t,J = 6.8 Hz, 3H), 4.06 (s, 6H), 4.21-4.27 (= 6.8 Hz, 2H), 7.13-
7.25 (m, 2H) 7.27-7.31 (m, 1H), 7.42-7.49 (m, 2H), 8.57 (s, 1HE NMR (CDCl;, 125 MHz)§ 13.8, 56.2,
56.3, 61.4, 105.2, 107.9, 116.7, 116.8, 117.8, A,1821.7, 122.6, 124.9, 137.6, 145.8, 150.6, 15452.5,
167.4;HRMS: m/z calcd for GoH1sFoNO, (M+H)" 374.1204; found 374.1206.

Br
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Ethyl 6,7-dimethoxy-2-(4-nitrophenyl)quinoline-3-carboxylate (5€):

MeO - COZEt
o
MeO N O

Light yellow solid; mp: 173-174 °C;JIR (KBr) 1720, 1619, 1598, 1511, 1462, 1435, 135/9,21228, 1160,
1094 cm'. *H NMR (CDCl; 500 MHz)3 1.16 (t,J = 7.2 Hz, 3H), 4.06 (s, 6H), 4.20-4.26 (= 7.2 Hz, 2H),
7.18 (s, 1H)7.49 (s, 1H), 7.72-7.75 (m, 2H), 8.30-8.37 (m, 28155 (s, 1H)*C NMR (CDCl; 125 MHz)5
14.0, 56.4, 56.6, 61.6, 105.4, 108.1, 115.1, 118623,8, 123.2, 130.6, 137.8, 150.7, 154.7, 15%68&,2, 163.6,
168.0;HRMS: m/z calcd for GoH19N2Og (M+H)* 383.1243; found 383.1253.

Ethyl 6,7-dimethoxy-2-(thiophen-2-yl)quinoline-3-carboxyl ate (5f):
CO,Et

MeO

MeO

Light yellow solid; mp: 155-156 °C;IR (KBr) 1708, 1615, 1583, 1500, 1467, 1421, 13416321223, 1156,
1086 cmt. 'H NMR (CDCl; 500 MHz)$ 1.28 (t,J = 7.2 Hz, 3H), 4.04 (s, 3H), 4.06 (s, 3H), 4.31-4(88J =

7.2 Hz, 2H), 7.04-7.16 (m, 2HY.35-7.37 (m, 1H), 7.44-7.46 (m, 2H), 8.34 (s, 1HL NMR (CDCl; 125
MHz) & 13.9, 56.1, 56.3, 61.6, 105.0, 107.8, 121.3, 123217.3, 127.5, 136.4, 143.2, 145.6, 148.4, 150.4,
154.1, 168.4HRM S: m/z calcd for GgH1sNO,4S (M+H)" 344.0957; found 344.0966.

Ethyl 6,7-dimethoxy-2-(4-(trifluoromethyl)phenyl)quinoline-3-carboxyl ate (5g):
MeO o CO2Et

MeO O N~ O
CF3

Yellow solid; mp: 185-186 °C; IR (KBr) 1702, 1615, 1591, 1516, 149823, 1321, 1273, 1238, 1174, 1067
cm™. 'H NMR (CDCl; 500 MHz)$ 1.09 (t,J = 7.2 Hz, 3H), 4.05 (s, 6H), 4.17-4.22 (= 7.2 Hz, 2H), 7.16
(s, 1H) 7.48 (s, 1H), 7.68- 7.74 (m, 4H), 8.61 (s, 1THJC NMR (CDCl; 125 MHz)3 13.6, 29.6, 56.2, 56.3,
61.4, 105.2, 107.9, 121.8, 122.6, 124.9, 128.9,9,2830.2, 137.7, 144.8, 145.9, 150.7, 154.5, 15567.2;
HRMS: m/z calcd for G;H1oFsNO, (M+H)" 406.1266; found 406.1292.

Ethyl 6-(4-nitrophenyl)-[1,3]dioxolo[4,5-g]quinoline-7-carboxylate (5h):

O O N COzEt
T
NO,

Light yellow solid; mp: 212-214 °CiR (KBr) 1722, 1599, 1587, 1512, 1462, 1435, 134%821231, 1175,
1083 cnt.'H NMR (CDCl; 500 MHz)$§ 1.18 (t,J = 6.8 Hz, 3H), 4.20-4.27 (g} = 6.8 Hz, 2H), 6.17 (s, 2H),
7.13 (s, 1H) 7.20-7.30 (m, 3H), 7.41-7.47 (m, 2H), 8.49 (s, 1HE NMR (CDCl;, 100 MHz)$ 13.8, 61.5,
102.1, 102.8, 105.8, 116.7, 117.8, 118.0, 122.8,2,2124.9, 138.0, 147.1, 148.7, 152.7, 154.1, 1,5467.4;
HRMS: m/z calcd for GoH1sN20s (M+H)* 367.0930; found 367.0925.

RESULTSAND DISCUSSION

Initially, the reactions were carried out undeifeli€nt conditions and the result are presentedalsiel'l. Of various
acid catalysts, such as p-TSA, AA@nCl, FeCk and InC} studied, montmorillonite K10 gave the best resnltier
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solvent free conditions. The reaction was alsoegsitccessful in water (entry e, Table 1). In theeabe of clay, no
reaction was observed in water (entry h, TableLayv yield was obtained in ethanol (entry i, Table The best
results were obtained when the reaction was peddrosing montmorillonite K10 50% w/w under microwav
irradiation in solvent free conditions (entry j,bla 1). Under optimized conditions, the product wasained in
maximum yield of 93% with high selectivity (Schetheentry j, Table 1). These results encourage® extenchis
approach for other substrates. Interestingly, s¢vaidehydes and aryl amines participated wellhis teaction
(Table 2). Both mono-, and disubstituted aldehydlesked well for this reaction. In case of disulttid anilines, the
quinoline derivatives are formed exclusively (Scketn Table 3).

We observed mainly three phenomenon in this work:

a)Reaction time difference :

Synthesis of 1,4-dihydroderivativdéa-j): Three component reaction of aromatic aldehyi{ag) with aryl amines
2(a-j) and ethyl-3,3-diethoxypropionat8)(in presence of montmorillonite K-10 was carried as follows.

An equiv molar ratio of aldehydé), amine(2), ethyl diethoxy propionate3) and catalyst (50% w/w with respect to
aldehyde) was mixed thoroughly and then subjeaeatitrowave irradiation for 2 min at 250 W. Theaitiation
was then continued for 10-25 min until completeagf@earance of starting materials (as monitoredLy)TIn case
of electron deficient aldehydes, the products sas#h, 4i, 5a, 5d and 5g were formed within 10 min. It clearly
indicates that the reactions are faster with edectreficient aldehydes.

b)Aliphatic and aromatic ring effect:

Treatment op-nitrobenzaldehydelp) with 3,4-dimethoxyaniline2p) and ethyl diethoxy propiona8afforded the
corresponding produélp in 93% vyield. In case gi-CFs-benzaldehydelf), the desired produelr was obtained in
90% yield. This is due to the presence of stroegtebn withdrawing effect afitro group than Ck Furthermore,
aromatic aldehyde gave the product in high yielthwenhanced reaction rate than the aliphatic safiesti~or
example, treatment of aliphatic aldehydle with methoxyaniline and ethyl diethoxy propioneélegave the
corresponding produetb in 62% after 25 min, which was higher than thatesft of the reactions. The above two
facts exemplified that the electron withdrawing raetic aldehydes possesses higher reactivity thanother
compounds.

¢) Substitution effect :

In case of anilines, there are two different pheeooms. Mono-substituted anilines gave entirely difeerent
products than the disubstituted anilines, whicloralitd the quinolines and former one produced thedipg
derivatives. Irradiation of aldehyddga-k), mono-substituted anilines 2(a-k), and ethyl diethoxy propionate
furnished the pyridine derivativeéi§a-j). But the disubstituted anilin&gl-s) afforded the quinoline derivativéga-
h) when treated with aldehydég-s) and ethyl diethoxy propionaB(Table 2). All the new compoundsa-j) and
5 (a-h) were characterized by IBHNMR, **C NMR and mass analyses.

CONCLUSION
In summary, we have demonstrated a novel synttafsis,4-dihydropyridine and quinoline derivativesings
microwave irradiation under solvent-free conditioifie use of montmorillonite K10 catalyst has re=iilhigh

yields in short reaction time. We observed threenpimenons in this work a) reaction time differeri@ealiphatic
and aromatic ring effect and c) substituent effettich led to the difference in yield and produmtmhation.
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Scheme: Synthesis of 1,4-dihydropyridine and quinolines

) OMe o Ph
’ NH, EtO,C CO,Et
K10 Cla
+ N Ot "OMay | ]
N
EtO” TOEt How
OMe
1a 2a 3
4a
Table 1. Screening the catalysisin the formulation of 4a
Entry Catalyst Solvent | Yield (%)*

A P-TSA (25 mol%)| HO 41
B ZnCh (2.5 mol %) HO 15
C TiCly (2.5 mol %) HO 30
d SnC4 (2.5 mol % H,0O 10

e K10 (50% wiw) HO 68
F K10 (20% wiw) HO 41
G K10 (0.5% wiw) HO 28
H No catalyst HO 0

| K10 (50% wiw) EtOH 35
J K10 (Microwave Nea 72

#Reactions were carried out using 1 (0.98 mmol), 2 (1.0 mmol) and 3 (2.4 mmol) of 4a
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Table 2. 3CC reaction for the synthesis of 1,4-dihydropyridines

Entry  Aldehyde(1)  Aryl amine(2) Product (4)2 Time (M)  Yield (%)°
R R!
OCH;  CO,Et
a  CeHs 2-OCHj @NW 20 72
CO,Et
OCH;  COsEt
b COEt 2-OCHj N CO,Et 25 62
CO,Et
OCH; CO.Et Br
¢ 3-Br-CeHs 2-OCHs N 18 80
CO,Et
OCHs  CO,Et
4 ae —
4-F-CgHy 2-OCH; @NWF 20 83
CO,Et
OCH;  CO,Et
e 4-Br-CgH - -
CO,Et
OCH;  CO,Et
CO,Et
CO.Et Br
9 3BrCeH, 4-OCH;, H3COONC§§® 15 85
CO,Et
COEt F
h Di- =
3,4-Di-FCgH;  4-OCHs H3COONQ\@F 10 87
CO,Et
CO,Et
i 4-Br-CqHy 4-OCHj, H300@NC§—Q& 10 85
CO,Et
CO,Et
i 4-FCeHs 3-Cl 15 82

o

CO,Et
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Table 3. 3CC reaction for the synthesis of 2,3-disubstituted quinolines

Entry  Aldehyde (1) Aryl a";i"e(z) Product (5)2 Time (M)  Yield (%)°
R’ R
HyCO o CO2Et
a  3,4-Di-CHsCgHs 3,4-Di-OCH3 O _ 20 75
HaCO N O CHs
CHj
HsCO . COzEt
b 4-FCgH, 3,4-Di-OCH3 O P 10 83
HsCO N O
F
HaCO ~CO2E
¢ 4-BrCgH, 3,4-Di-OCH3 O P 15 85
HsCO N O
Br
HsCO . COzEt
d  34-Di-FCgH;  3,4-Di-OCH, O _ F 10 88
HsCO N O
F
H,CO - COE
e  4-NO,CgHy 3,4-Di-OCH3 O _ 11 93
HsCO N O
NO,
HsCO ~CO2Et
f 2-Thienyl 3,4-Di-OCH,4 _ 15 87
HsCO N S
Y
HsCO - COZE
g  4-CF3CeHs 3,4-Di-OCHjs O = 10 90
HsCO N O
CFs
0 CO,Et
h  4NOCeHs  34-Methylenedioxy O 20 85
o)

p
N/
4
R

3All products were characterized by NMR, IR and mass spectrometry.
blsolated yields after column chromatography.
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