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ABSTRACT

A simple and convenient one-pot multi-component reaction has been de-
scribed for the synthesis of 1,4-dihydropyridines from substituted benzal de-
hydes, -keto esters and ammonium acetate catalyzed by basic dlumina (10
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mol %) in agueous medium under microwaveirradiationin good yields. The
recyclability of basic dumina as a catalyst has been demonstrated and a
comparative study between basic, acidic and neutral aluminais made. The
generality and functional tolerance of this convergent and environmentally

benign method is presented.

INTRODUCTION

Multi-component reactions (M CRs) hasemerged
asanimportant method in thefield of synthetic chemis-
try becausethe synthesisof complicated moleculescan
beachievedinavery fast, efficient, and time saving
manner without going through the processof isolation
of theintermediate. Asaresult, minimum effortisre-
quiredin carrying out thereaction whiledrastically re-
ducing theenvironmental loading and istherefore ac-
ceptablefromthe ‘Green Chemistry’ point of view!™.

Nitrogen heterocycles, especidly pyridinederiva-
tives, areimportant pharmacophoresindrug designand
areamong themost frequently cited heterocyclic com-
pounds. Amongst these, 1,4-Dihydropyridinesubstance
frameworksforming animportant classof Ca channel
blockerssuch asNifedipinand Amlodipineareclini-
cally significant antihypertensivedrugs?®. Although, a
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number of modified methods under improved condi-
tionshave been reported comprising the use of micro-
waves?¥, ionicliquidd”, and theuse of catalystssuch
as TMSCI-Nal®®, InCI [, .19, SiO,/NaHSO,*,
SiO,/ HCIO, ™4, CANM™, Na- and Cs-Norit car-
bong*4, tetrabutylammonium hydrogen sulfate*®, and
metd triflates*®, many of them suffer from drawbacks
such asunsatisfactory yields, high temperatures, and
long reaction times, and the use of stoi chiometric and/
or relatively expensivereagents. Moreover, themain
disadvantage observedinadmost dl existingmethodsis
that the catalysts are destroyed in thework-up proce-
dureand cannot berecovered or reused. The applica
tion of reusable catalyst is scantly addressed. There-
foreitisimportant to find better catdyst for the synthe-
ssof DHPsintermsof operational smplicity, reusabil-
ity, economic viability, and greater selectivity.
Inachievinganefficient synthesis, organicreactions/
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transformations on solid supported catal ysts represent
aviableand convenient alternativeto traditiona syn-
thetic processesrealized under homogeneous condi-
tiong*™. Current devel opmentsin the use of these het-
erogeneous catal ystsin combination with agueous me-
diaareattracting agreat deal of interest!*®l. Because,
solid supportslikealumina, which arebasicaly inor-
ganic oxides, possess excellent ability to adsorb the
organic compoundson their surfacewithout absorbing
or restricting the transmission of energy, especialyin
microwaveirradiation™. Besidesthis, thehomogenous
dispersion of activesites, associated selectivity and easy
work-up schedule makethe solid supported reactions
more advantageousover the conventiond reactions.
Asapart of our current interest in thedevel opment
of newer synthetic methodsfor heterocyclic compounds
and theuse of duminain organic synthes g%, wewish
to exploreitsutility and reusability as one of there-
agentsin one-pot three component reactions. Herein,
we report an efficient and time-saving one-pot proto-
col for thethree-component condensation of substi-
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tuted a dehydes, s-keto estersand ammonium acetate
inwater using basic duminaasacatayst under micro-
waveirradiation. It isto benoted that, for thefirst time,
acomparative study of basic, acidic and neutral alu-
mina has been carried out for the synthesis of 1,4-
dihydropyridines.

RESULTSAND DISCUSSION

In the initial experiment, a mixture of 4-
chlorobenza dehyde (1 mmoal), methyl acetoacetate (2.1
mmol) and ammonium acetate (1 mmol) in acetonitrile
(5mL) wastreated with 10 mol % of basic alumina
under reflux conditiongave4ain 15%yied. Thesame
reaction when performed under controlled microwave
irradiation afforded 4awith anincreased yield of 28 %
aongwith unreacted methyl acetoacetate. The product
was characterized from *H NMR, ®C NMR, Mass
spectraand by elemental analysis. It isquite clear that
the product 4awas obtained via athree component
cyclo-condensation reaction.

Basic alumina

H,0, MW

Scheme 1

Varioustrial reactionswere performed by reacting
4-chlorobenzal dehyde, methyl acetoacetate and am-
monium acetate under reflux aswell asunder controlled
microwaveirradiationfor theoptimization of theamount
of catalyst used and the choice of appropriate solvent,
to maximizethe product yield. These observationsare
summarized inTABLE 1. Itisevident fromtheTable
that acataytic amount of basic alumina(10 mol%o) ac-
complishesthereaction successfully and theuse of mi-
crowaveirradiation further enhancestheyield of the
product considerably with dramatic reductionin the
reaction time, thebest result being obtained using 120W
at 100°C in 3 minutes. It has also been observed that
tap water isthe best solvent for the present reaction
among variousother solvents.

Subsequently, aseries of DHPswas prepared in
the presence of basic dumina(10 mol %) involving dif-
ferent aldehydes and the products were isolated by
amplefiltration, work-upand purification (4a-n, TABLE
2). Thereactionsof various aldehydespossessing el -
ther e ectron-donating or e ectron-withdrawing substitu-
entswith methyl acetoacetate and ammonium acetate
inthe presence of acatalytic amount of basicalumina
(20 mol %) produced highyieldsof the corresponding
1,4-DHPs (70-86 %). The results are presented in
TABLE 2. Similarly, the reactionswith other s-keto
esters, likeethyl acetoacetate, al so produced the cor-
responding DHPderivativesingoodyields(TABLE 2,
entries4h-n). It isevident from these observationsthat
the alkoxy (-OR) moiety present in the S-keto ester
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TABLE 1: Optimization of reaction conditionsand the catalyst recyclability for the synthesisof functionalized DHPs4a.

Microwave Conventional
Entry  Solvent Reaction Conditions MW Temp Time Yield® Temp Time Yield®
Watt  °C_ /(min) (%) °C__ (h (%)
1 CH3CN No catalyst 120 100 5 0 100 8 Nil
2 CH3CN Basic alumina (10%) 120 100 5 28 100 8 15
3 Tapwater Basic aumina(5%) 120 100 5 74 100 5 30
4  Tapwater Basic alumina(10%) 120 100 3 86 100 25 35
5 Tapwater Basicaumina(20%) 120 100 3 83 100 5 34
6 Tapwater Basic aumina(30%) 120 100 3 84 100 5 34
7 Tapwater Basic aumina (recycled once,10%) 120 100 3 83 100 6 30
8 Tapwater Basicaumina (recycled twice, 10%) 120 100 3 80 100 6 30
9 Tapwater Basicaumina (recycled threetimes, 10%) 120 100 5 78 100 7 28
10 EtOH Basic alumina (10%) 120 100 5 0 100 10 Nil
11 Tapwater Neutral alumina(10%) 120 100 10 38 100 4 48
12 Tapwater Acidic alumina (10%) 120 100 10 52 100 10 48
13 Tapwater Silicagel 60 120 100 5 65 100 4 60
3 solated yields.
TABLE 2: Basicalumina catalyzed one-pot three component reaction of DHPs
Entry Compounds  Substrate(1) R Substrate . Mi(_:rowavgb - Conventit_anal M .pc
(@ R1  Time(min) Yield*% Time(h) VYield®% (°C)
1 4a 4-CICgH4 OCHg; 3 86 25 51 195-197
2 4b 4-MeCgH,4 OCH; 3 79 3 53 175-177
3 4c 4-NO,CgH4 OCH; 4 76 4 57 197-199
4 4 3,4,5-(OMe);CsH, OCH; 3 80 3 63 176-179
5 de Furyl OCH3 3 94 3 58 196-198
6 4f 4-OMeCgH, OCHj 3 75 25 52 188-1901%
7 4q CH3CHo- CH; 4 81 3 59 126-128
8 4h 3,4-(OMe),CeHs  OC;Hs 3 75 3 58 147-149
9 4i 2-ClICeH, OC,Hs 3 81 25 62 129-131121
10 4 3-NO,C¢H,4 OC,Hs 4 72 3 52 170-1721%4
11 4k CeHs OC,Hs 3 79 4 65 156-15812°!
12 4 4-OHCH, OC,Hs 3 70 3 62 166-16812"!
13 4m 2-OHCgH,4 OC,Hs 4 73 25 53 118-120
14 4n Crotonyl OC,Hs 5 82 3 55 116-119

3 |solated Yield. ® Microwave heating performed on 120 Watt power and 100 °C temperature. “Reference.

does not have any effect on the overall yields of the TABLE 3: Comparativestudy of basicalumina, acidic alu-

products. minaand neutral alumina catalyst for the synthesisof 4un-
Next, acomparativecatalytic efficiency of basic  9& Microwaveirradiation

aumina, acidicauminaand neutra duminafor thesyn- c oroduct 4 TiMe __Yied® (%)

thesisof DHPs4 wasexamined by executingaseries =Y Product 4 imin) al%?nﬁﬁa aﬁjcr"ﬂ'r‘:a ale‘rJT:{r?'a

of reactionsusing 10 mol % of each of the catalystsat

. ) - 1 4a 3 86 52 38
the optimized reaction condition. It wasfound that the 5 4e 4 76 53 39
reectionsperformed with neutra and acidicauminaex- 3 4d 3 80 57 43
hibited low effici ency with t_heformati onof s de_ prod- 4 h 3 75 58 48
ucts compared to basi ¢ a uminawhich gave maximum 5 Ik 3 79 64 54
yieldsof the productsand littleor no side productsat 6 am 4 73 59 3

al (TABLE3). “Isolated Yields.
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A probablemechanism for basicdumina-catalyzed
synthesis of substituted DHPs has been proposedin
(Scheme 2). Thefirst step of thisreaction can bevi-
sualized asthebasic alumina-catalyzed formation of
Knoevenagel product 5. A second key intermediateis
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ester enamine6, produced by condensation of the sec-
ond equivaent of the f-ketoester withammonia. Con-
densation of thesetwo fragments givesintermediate
7, which subsequently cyclizes to the 1,4-
dihydropyridine4.
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Scheme 2 : Plausible mechanism.

EXPERIMENTAL SECTION

All commercidly availablechemica sand reagents
were purchased fromAldrich and used without further
purification. IR spectrawere recorded on a Perkin-
Elmer FT-IR instrument. TheH- and *C-NMR spec-
trum wererecorded on aBruker Avancell 400NMR
machine. Unless otherwise specified, CDCl ,wasused
as solvent. Mass spectrawere recorded with aWater
ZQ-4000 equipped with ESl and APCI mass detector
and CHN wasdone on Perkin-Elmer PE 2400 Series
[I. CEM Discover microwave reactor wasused for mi-
crowavereaction.

General conventional procedurefor synthesisof
dihydropyridines(DHPs) 4

Toamixtureof adehyde (1 mmol) and methyl ac-
etoacetate (2.1 mmol) intap water (5 mL) wasadded
basicaumina(10 mol %) and theresulting mixturewas
stirred a room temperature. A preci pitation took place
within 5-10 minutes, after which ammonium acetate (1
mmol) was added while continuing thestirring. There-
action mixturewas subsequently refluxed for 2.5-4 hrs.
On compl etion of thereaction (monitored by TLC), it
was cooled and water was evaporated in vacuo. The

reaction was treated with ethyl acetate and filtered
through asintered funnel and washed thoroughly with
the same solvent. The combined filtrate was evapo-
rated in vacuo to afford the crude product which was
purified by column chromatography over Slicagd (100-
200 mesh) using ethyl acetatel hexane(3:7) asthedu-
ent to afford pure compound 4.

General microwave procedure for synthesis of
dihydropyridines(DHPs) 4

Aldehyde (1 mmol), methyl acetoacetate (2.1 mmol),
basic d umina(10 mol %), ammonium acetate (1 mmol)
and tapwater (5mL) weremixed and placedinaseded
pressureregul ation 10-mL pressurized vid swith “snap-
on” cap and was irradiated in the CEM Discover mi-
crowavereactor at 120W power and 100°C tempera-
turefor 3-5 minutes. After the compl etion of reaction
(TLC), themixturewas cooled and water was evapo-
rated in vacuo. The reaction was treated with ethyl
acetateand filtered through asintered funnd and washed
thoroughly withthe same solvent. Thecombinedfiltrate
was evaporated in vacuo to afford the crude product
which was purified by column chromatography over
silicagel (100-200 mesh) using ethyl acetate/ hexane
(3:7) astheduent to afford pure compound 4.

Same procedurewasfollowed for thereactionwhen
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acidicaluminaand neutral duminawere used ascata
lyst during the comparative study.

Dimethyl 4-(4-chlorophenyl)-1,4-dihydro-2,6-
dimethylpyridine-3,5-dicar boxylate (4a, TABLE 2)

Off white solid, mp 195-197°C. IR v__ (KBr):
3343, 3237, 2965, 1699, 1653, 1487, 1440, 1314,
1215, 1116, 1036 cm™. *H NMR (CDCl,,, 400 MHz):
07.03-6.87 (m, 4H,CH__ ), 5.50 (s, 1H, NH), 4.72
(s, 1H, CH), 3.40 (s, 6H, OCH,), 2.10 (s, 6H, CH,)
ppm. *C NMR (CDCI,, 100 MHz):  167.9, 146.0,
144.5,131.8,129.1, 128.1, 103.6, 103.4,51.1, 38.9,
19.5ppm. MS(ESI) Calcd for C _H,,CINO, 335.09,
Found m/z 358.0 (M+Na)*. Elemental Analysisfor
C,H,CINO, Calcd. C, 60.81; H, 5.40; N, 4.17;

17" 18

Found C, 60.76; H, 5.44; N, 4.10.
CONCLUSION

In conclusion, wehave demonstrated the superior-
ity of basicaduminaasarecyclablecatdyst for the syn-
thesisof dihydropyridines (DHPS) inwater under mi-
crowaveirradiation. Thereaction schemeprovidesgood
yield and almost no side products. Wehave aso pre-
sented acomparative study between basic, acidicand
neutral duminawheretheefficiency of basicalumina
over theothersishighlighted. The salient features of
thisprotocol aregood yields, mild reaction conditions,
environmentally benign, superior atom economy, the
readily accessibility of the cataly<t, cost effectiveness
andtherecyclability of the catalyst.
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