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ABSTRACT

One-pot synthesis of the 4-aryl-1,4-dihydropyridine derivatives catalyzed
by PEGA400 -Na,CO, combination systeminvolving three component con-
densation reaction of an aromartic aldehyde, p—ketoester, ammonium ac-
etate under solvent free conditions to afford the corresponding products

ingood yields. © 2008 Trade Science Inc. -INDIA

INTRODUCTION

Asgreen chemistry has becomeamagjor concern
to organic chemistsin present years, reactions under
solvent-free conditions have received much attention.
Thesereactionsoffer several advantagesin preparative
proceduressuch asenvironmentally friendly, smplify-
ing work-up, formation of cleaner products, enhanced
selectivity and muchimproved reaction rates”.

Hantzsch 1,4-dihydropyridines(1,4-DHPS) arebio-
logicaly active compoundswhichincluding variousva:
sodilator, antihypertensive, branchodilator,
antiatherodcl erotic, hepatoprotective, antitu- mor, an-
timutagenic, geroprotective and antidiabeti c agentd?.
DHPshavefound commercid utility ascacium channd
blochers®4 such as Nifediine, Nitrendipine and
Nimodipine. A number of DHPcd clumantagonistshave
been introduced as potential drugsfor thetreatment of
congestive heart failureg®®, Among DHPswith other
types of bioactivity, cerebrocrast has been introduced
asaneuroprotectant and cognition enhancer. In addi-
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tion, anumber of DHPswith platel et antiaggregatory
activity havea so been discovered”.

1,4-dihydropyridines have been synthesized by the
Hantzsch reaction’®, whichinvolves cydocondensation
of an aldehyde, f—ketoester, anmoniaeither inreflux-
ingaceticaddor inrefluxingethanal. 1,4-dihdropyridines
have a so been synthesized on asolid phasefor making
combinatorid libraries®. Recently, Hantzsch’sreaction
for the synthesisof dihydropyridineshasreceived re-
newed interest and severa improved procedures have
been reported’®*3. However, thereare several disad-
vantages associ ated with these methodol ogiesinclud-
ing unsatisfactory yields, long conversiontimes, difficult
handing of reagents, toxic organic solvents. Recently,
themicrowave-promoting Hantzsch’sreaction hasa so
been reported™+17, Thus, development of facileand
environmental friendly synthetic methods to the
Hantzsch’sreactionisdemanded.

Polyethylenesglycol S(PEGS) havebeen areknown
tofunction asefficient phasetransfer catdystsinavari-
ety of organicreactiong’®'9, PEGsarereportedto have,
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TABLE 1: 1,4-DHPS(4a) synthesis catalyzed by Na,CO,in
varioussolvents?

Na,CO; Time Yied

Entry  Solvent Temperature (Mol%) (h) (%)’
1 CHsCN Reflux 5% 3 60
2 CH,Cl, Reflux 5% 4 80
3 DMF Reflux 5% 2 53
4 Toluene Reflux 5% 15 78
5 Benzene Reflux 5% 2 74
6 Solvent-free r.t 5% 4 84
7  Solvent-free 80°C 1% 25 82
8  Solvent-free 80°C 5% 15 88
9  Solvent-free 80°C 10% 15 87

@Reaction conditions: benzaldehyde 1(5mmol) ethyl atetoacetate
2(10mmol) ammonium acetate 3(5mmol); °lsolated yield after

crystallization

at least in some cases efficiency comparableto that of
crown ethersto complex and transport akali metd cat-
ionsfrom the aqueous medium to the organic phase. In
additiontothis, PEGsare nontoxic, thermally stable
and inexpensive compared to the conventional phase
transfer catalyst(i.e. crown ethers or quaternary am-
monium salts). Thereaction under solvent-free condi-
tions has much attention in recent timesin the area of
green synthesis. In the continuation of our investigation
on theresearch of using PEGsasphasetransfer cata-
lyst under solvent-free conditions?. Inthisarticle, we
wish to report a mild and efficient version of the
Hantzsch’s reaction for synthesis of 1,4-
dihydropyridinesusing acatayst amount of anhydrous
Na,CO, and PEG400 as an inexpensive catalyst sys-
tem under solvent-free conditions. Accordingly, treat-
ment of benzal dehyde(1a), ethyl acetate(2) and am-
monium acetate(3) inthe presence of 5% Na,CO, and
5% of PEG400 resulted in theformation of 2,6-Dim-
ethyl-3,5-Dicarboxylate-4-phenyl-1,4-
dihydropyridine(4a) in 85%yield(SCHEME 1).
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TABLE 2: Synthesis of substituted 4-aryl-1,4-dihydropy
ridines using PEG400-Na,CO, as an inexpensive catalyst
system under solvent-freeconditions®

. . M.p.

Entry Ar ;I'nl]rlr:g \(((,I/Sl)g Found Found
reported reported
4a CeHs OEt 90° 88 156-157 158-160"7
4  4CH,CHH, OEt 80° 86 135137 136-138*2
4c  3-NO,CH, OEt 85° 91 168-170 165-167\*2
4d 4-OCH,CiH, OEt 90° 89 155-157 153-1551*2
4e  4CICH, OEt 60° 90 144-147 143-146?
4  4NO,CeH, OEt 85° 95 128130 128-129"2
4-OH-3- c (4]

9 ov eCutl, OEt 90° 93 159-161 158-159
3.4- b [14]

4h (CH.0).CHs OEt 90° 86 138-139 138-140
4 4-OHC¢H, OEt 70° 94 225228 222-224*

4  2-NO,CeH, OEt 90° 85 171-173 -

4k CgHsCH=CH OEt 85° 87 148-150 149-1501*%
4 CeHs OMe 80° 86 196-198 196-198!
4m 4-OCHsCeH, OMe 90° 88 185-186 186-1881°
4n  4-OHCgH, OMe 60° 92 231-232 230-2321%
40  4CICH, OMe 75° 89 195-197 196-198!%
4p  4-CHiCeH, OMe 90° 84 172-173 174-176°
4q 3-NO,CiH, OMe 80° 91 211-213 210-212®
4r 2-CICH, OMe 80° 88 196-198 194-196/°
4s CgHsCH=CH OMe 90° 87 177-178 176-1781*°

2Reaction conditions: aldehyde 1(5mmol), B-ketoester 2
(10mmol), ammonium acetate 3(5mmol), Na,CO,(0.25mmol,
0.026g), PEG400(0.25mmol, 0.1g); "The temperature were pro-
cessed at 80°C; °The temperature were processed at 100°C.
dsolated yields

RESULTSAND DISCUSSION

Inour initia research, benza dehyde was sel ected
asarepresentative aldehydein order to optimize the
reaction conditionsfor synthessof 1,4-dihydropyridines
in faster and more efficient way. After some experi-
mentation, we havefound aset of conditionsthat gen-
erdly provide 1,4-dihydropyridinesingoodyields. The
results showed that the efficiency and theyield of the
reaction in solution were much lessthan those obtained
under solvent-free conditions(TABLE 1). Themolar
ratios of benzal dehyde, f—ketoester and ammonium
acetateis 1:2:1, the use of 5% of Na,CO, was suffi-
cient to promotethe reaction. Higher amounts of the
catalyst did not improve theyields. The amounts of
PEG400 has been studied from 0.5%to 10%, the best
amount of PEG400 is5%, lower amounts of PEG400
can not played therole of phasetransfer catalyst very
well, but higher amountswould undoubtedly lead to
more of products during the washing procedure. As
can beseenfromthe TABLE 2, aromatic aldehydes,
—ketoester and ammoni um acetatein the presence of
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Na,CO, and PEGA400 as phasetransfer catalyst with-
out any solvent gave the corresponding 4-aryl-1,4-
dihydropyridinesin goodyieldsafter 1-1.5h. A variety
of substituted aromatic a dehyde carrying either elec-
tron-withdrawing groups(-OH, -NO,, -Cl) or el ectron-
donating groups(-CH., -OCH,) affords good to ex-
cdlent yieldsof products. Some of these products pre-
pared from this method were characterized by their
spectra data and known compounds by comparison
with reported data.

In summary, we have described amild and efficient
protocol for the synthesisof 1,4-dihydro pyridinesvia
Hantzsch’s reaction of aromatic aldehyde with p—
ketoester and ammonium acetate using PEG400-
Na,CO, asaninexpensive catalyst system under sol-
vent-free conditions. Thesimple experimenta proce-
durecombinedwiththefacilecata yst makesthismethod
guite simple, convenient and environmentally. This
method not only providesagood yield in short time,
but a so avoidsthe use of organic solvent(cost, hand-
ing, safety and pollution). Hence, itisauseful addition
to theexisting methods.

EXPERIMENTAL

H-NMR spectra were obtained on a Bruker
AVANCE(400MHz) spectrometer using TMSasin-
ternd standard and CDCl, assol vent. IR spectrawere
recorded on aBio-Rad FT S-40 spectrometer(KBr).
TLC was GF254 thin layer chromatography with pe-
troleum ether/ethyl acetate as eluent. Aldehydes, 3-
ketoester and ammonium acetate wereal commercia
productsand were used without further purification. All
liquid reagentsweredistilled beforeuse. Mdting points
were determined on amicroscopy apparatusand are
uncorrected.

General procedurefor thesynthesisof compounds
(4a-4s)

A mixture of aromatic adehyde 1(5mmol), -
ketoester 2(10mmol), ammonium acetate 3(5mmol),
anhydrous Na,C0O,(0.026g, 0.25mmoal) and PEG400
(0.1g, 0.25mmol) wasvigoroudy stirred and hesting at
assigned temperaurefor adesgnated time. TLC moni-
tored thereaction. After the reaction was compl eted,
the reaction mixture was cooled to room temperature.

@Wu'c CHEMISTRY co—

Thecrude product wasisol ated by precipitation upon
addition of icewater to thereaction mixturefollowed
with vigorous shaking and decanting theagueous| ayer.
Theresidue was dissolved by ethyl acetate(2x5mL )
and dried over magnesium sulfate, and concentrated
under vacuum(rotary evaporator) to afford the crude
product. The pure product was obtained by further re-
crystallization using absol ute alcohol or by silicage
column chromatography.

Compound(4a) 'HNMR(CDCL,): &: 1.24(6H, t,
J=7.2Hz, 2xCH,), 2.32(6H, s, 2xCH,), 4.10(4H, q,
J=7.2Hz, 2xCH,0), 5.00(1H, s, CH), 5.63(1H, brs,
NH), 7.12-7.31(5H, m, ArH); IR(K Br) : 3341,3060,
1688,1651,1488,1372,1229,1211,1123,1091,1020,
768,703,680cm'™.

Compound(4b) 'HNMR(CDCI,): &: 1.24(6H, t,
J=7.2Hz, 2xCH,), 2.27(3H, s, CH,), 2.32(6H, s,
2xCH,), 4.10(4H, g, J=7.2Hz, 2xCH,0), 5.02(1H,
s, CH), 5.60(1H, brs, NH), 7.10(2H, d, J=7.2Hz,
ArH), 7.17(2H, d, 3=7.2Hz, ArH): IR(KBr) v: 3350,
2990,1700,1649,1490,1390,1200,1100,1090,cm™.
Compound(4c) *HNMR(CDCIL,): &: 1.24(6H, t,
J=7.2Hz, 2xCH,), 2.36(6H, s, 2xCH,), 4.10(4H, q,
J=7.2Hz, 2xCH,0), 5.10(1H, s, CH), 5.65(1H, brs,
NH), 7.38(1H, t, J=8.0Hz, ArH), 7.65(1H, d, J=8.0Hz,
ArH), 8.01(1H, d, J=8.0Hz, ArH), 8.14(1H, s, ArH).
IR(KBr) v: 3358,3093,2987,2960,1696,1651,
1603,1507,1489,1372, 1300,1245,1210,1166,1123,
1090,1018,856,786,755,695 cm™.

Compound(4d) 'HNMR(CDCI,): &: 1.24(6H, t,
J=7.2Hz, 2xCH,), 2.33(6H, s, 2xCH,), 3.77(3H, s,
CH,0), 4.10(4H, g, J=7.2Hz, 2xCH,0), 5.02(1H, s,
CH), 5.66(1H, brs, NH), 6.76(2H, d, J=8.2Hz, ArH),
7.21(2H, d, J=8.2Hz, ArH); IR(KBr) v: 3350, 2990,
1700,1650,1500,1380,1210,834,786,750cm™.
Compound(4e) 'HNMR(CDCI ,): 5:1.24(6H, t,
J=7.2Hz, 2xCH,), 2.33(6H, s, 2xCH,), 4.10(4H, q,
J=7.2Hz, 2xCH,0), 5.02(1H, s, CH), 5.59(1H, brs,
NH), 7.13(2H, d, J=8.2Hz, ArH), 7.23(2H, d,
J=8.2Hz, ArH); IR(KBr) v: 3358, 2987, 1695,
1651,1507,1489,1372,1210,1123,1090,1018,856,
786,755,695 cm'.

Compound(4g) 'HNMR(CDCL,): &: 1.24(6H, t,
J=7.2Hz, 2xCH,), 2.32(6H, s, 2xCH,), 3.83(3H, s,
OCH,), 4.10(4H, g, J=7.2Hz, 2xCH,0), 4.90(1H, s,
CH), 5.48(1H, s, OH), 5.55(1H, brs, NH), 6.68(1H,
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d, J=8.2Hz, ArH), 6.80(1H, dd, J=8.2Hz, 2.0Hz,
ArH), 6.84(1H, d, J=2.0Hz, ArH); IR(KBr) v: 3351,
2983,2953, 681,1653, 1598,1514,1489,1370,1303,
1272,1218,1160,1122,1095,1020,859,800, 753cn.
Compound(4i) ‘HNMR(CDCI,): 5:1.24(6H, t,
J=7.2Hz, 2xCH,), 2.32(6H, s, 2xCH,), 4.10(4H, q,
J=7.2Hz, 2CH,0), 5.02(1H, s, CH), 5.40(1H, s, OH),
5.49(1H, brs, NH), 6.69(2H, d, J=8.2Hz, ArH),
6.89(2H, d, J=8.2Hz, ArH); IR(KBr) v: 3347, 2987,
2939,1660,1634,1511,1488,1369,1316,1227,1171,
1022, 856, 845, 761cm™.

Compound(4j) ‘"HNMR(CDCI,): &: 1.24(6H, t,
J=7.2Hz, 2xCH,), 2.28(6H, s, 2xCH,), 4.10(4H, q,
J=7.2Hz, 2x CH,0), 5.02(1H, s, CH), 5.59(1H, brs,
NH), 7.39(1H, dd, J=8.2Hz, ArH) 7.49-7.54(2H, m,
ArH), 7.70(1H, dd, J=8.2Hz, ArH); IR(KBr) v: 3330,
3092,2977,2931,1695,1678,1528,1489,1354,1308,
1280,1212,1100,1020,859,830,785,715cm™.
Compound(4l) *"HNMR(CDCL,): &: 2.32(6H, s,
2xCH,), 3.64(6H, s, 2xCH,0CO), 5.02(1H, s, CH),
5.60(1H, brs, NH), 7.10-7.29(5H, m, ArH); IR(K Br)
v: 3343,3081,3026, 2950,1699,1649,768,703,680
cm™,

Compound 4n) 'HNMR(CDCIL,): &: 2.32(6H, s,
2xCH,), 3.64(6H, s, 2xCH,0CO), 5.02(1H, s, CH),
5.40(1H, s, OH), 5.49(1H, brs, NH), 6.69(2H, d,
J=8.2Hz, ArH), 6.89(2H, d, J=8.2Hz, ArH); IR(KBr)
v: 3347,3001,2951,1680,1654,1589,1022,856,845,
761cm™,

Compound(4p) *"HNMR(CDCL,): &: 2.27(3H, s,
CH,), 2.32(6H, s, 2xCH,), 3.64(6H, s, 2xCH,OCO),
5.02(1H, s, CH), 5.60(1H, brs, NH), 7.10(2H, d,
J=7.2Hz,ArH), 7.17(2H, d, J=7.2Hz, ArH); IR(KBr)
v: 3314,3105,2942,1697,1655, 1495cm'™,
Compound(4q) '"HNMR(CDCL,): &: 2.36(6H, s,
2xCH,), 3.64(6H, s, 2xCH,0CO), 5.10(1H, s, CH),
5.65(1H, brs, NH), 7.38(1H, t, J=8.0Hz, ArH),
7.65(1H, d, J=8.0Hz, ArH), 8.01(1H, d, J=8.0Hz,
ArH), 8.14(1H, s ArH). IR(KBr) v: 3358, 3003, 2960,
1705,1651,1527,1090,1018, 856, 786,755,695cn .
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