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PEG-400 mediated and microwave assisted one pot
three-component coupling reactions. Expedient and rapid
synthesis of Hantzsch 1,4-dihydropyridines devoid of use of catalyst
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ABSTRACT

Current study deal swith three-component coupling reaction of aldehyde,
1,3-diketone or 3-ketoester and ammoniain poly(ethylene glycol)-400, the
US-FDA approved novel reaction media using microwave irradiation
(MWI). A seriesof 1,4-DHPswere prepared within 1-5min using PEG-400
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asasolvent without using any catalyst, gives 85-95% yields. No marginal
changesin theyields were observed at high microwave power and at high
temperature. Moreover, PEG-400 can be recovered and reused effectively

up to five runs without significant loss of activity.
© 2007 Trade ScienceInc. -INDIA

INTRODUCTION

Dihydropyridinesaretheimportant classof organic
compoundsin view of itsample of applicationinthe
pharmaceutica $*3. Arthur Hantzschin 18822 first re-
ported the classical synthesisof 1,4-dihydropyridines
(1,4-DHPs) which involves one pot three-component
coupling reaction of 1 equivalent of akyl or aryl de-
hyde, 2 equivalents of B-ketoester and 1 equivalent of
ammoniaat reflux temperature using either aceticacid
or ethanol asasolvent. However, theyield of 1,4-DHPs
aregenerdly low. Hence numerous methodol ogieswith
improved reaction conditions have been documented®.
Many of thesestill suffer someseriousdrawbackssuch
asunsatisfactory yields, tediouswork-up procedure,

occurrence of sidereactionsincluding aromatization,
economically non-viable, longreactionrate, highreac-
tion temperatureetc.

To overcomethese problems, numerous modifica
tionsattemptedincluding new Lewisacid catays, Zr{ L -
proline} 1 under microwavecondition. Thecatdystis
asorecycled uptofiverunsbut it appreciably lossthe
cataytic activity for the next successiverunsand ulti-
mately yield losswere observed. 1,4-DHPswerea so
synthesized by using water-ethanol solvent® system
using MWI, but this processfailsat high microwave
power, becausereaction mixtureisrapidly heated at
high microwave power leading to solvent evaporation
and hence precipitation of the reaction mixturewere
observed. Thesynthesisof 1,4-DHPsisalso reported
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inroomtemperatureionic liquids® but therate of reac-
tion isduggish than themicrowave counterparts. Of all
thesemethodol ogies, theionicliquid mediumisthesole
protocol whichdlowstherecyding of thesolvent. There
isdespitethefact that, unlike several of ‘neoteric sol-
vent’ likeionicliquids(ILs) wheretoxicity and environ-
mental burden dataarefor themost part unknownwhile
completetoxicity profilesareavailablefor arange of
polyethylene glycol (PEG) molecular weightsand in-
deed, many areaready gpproved for interna consump-
tion by US-FDAI™. Moreover, the vapor density for
low molecular weight PEG isgreater than 1 and thisis
consistent with theindustry standard for selection of
aternative solvents to Volatile organic chemicals
(VOCs)B. Inshort, in viewing the benignity and supe-
riority of PEG asasolvent over ionicliquidsand other
reported protocolsfor thesynthesisof 1,4-DHPs, herein
wediscloseour findings by using PEG-400 asarecy-
clable solvent for the rapid microwave assisted multi-
component reaction (MCR) i.e. synthesisof 1,4-DHPs
without using acid catayst. (SCHEME 1) To our best
knowledgethisisthefirst report of multicomponent re-
actionwhich ama gamatethe non-conventiond hesating
technique and use of PEG-400, US-FDA’s GRAS
(Generdly recognizeassafe) list solvent.
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RESULTSAND DISCUSSION

From the very beginning, the experiment was car-
ried out with 1 eq of salicyladehyde (Entry 6; TABLE
1), 2 eq of methyl acetoacetate, and 1 eq of ammonia
in 10mL of PEG-400. Sinceall three substrateswere
taken in to PEG-400 and were subjected to micro-
wave irradiation at 200W(80°C) using monomode
open-vesseal, TLC was taken after 1min, to our sur-
prisethat thereaction wasfound to completewith 95%
yields, whileconventiondly it takes30minto complete
with poor yiel d(82%). Our second experiment with 4-

TABLE 1: Synthesisof 1,4-DHPsby conventional heating and under microwaveir radiation using 200W power at 80°C, using

PEG-400 asa solvent without usngacid catalyst

Microwave irradiation

®Conventional heating

Entry Aldehyde(R;) R Products Time(min) _ Yield(%) Time(h) Yidd(%) Ref
1 H OMe 4a 2 92 1 75 -
2 CeHs OMe 4b 2 91 25 83 [6]
3 2-NO,-C¢H,, OMe 4c 5 87 2 73 -
4 3-NO,CgH, OMe 4d 5 90 35 75 (6]
5 4-F-CgHy OMe 4e 3 93 3 79 -
6 2-OH-CgH,4 OMe 4f 1 95 05 82 -
7 2-Cl-CgH,4 OMe 4q 2 89 3 71 -
8 3-OCH; OMe 4h 4 91 4 78 -
9 Cinnamaldehyde OMe 4i 5 94 45 72 -
10 4-N,N-(Me),CeHq OMe 4 5 85 8 70 -
11 Furfural OMe 4k 3 95 1 85 [6]
12 H OEt 4 2 93 15 73 -
13 CeHs OEt 4m 2 93 1 80 [6]
14 3-NO»-CgH4 OEt 4n 4 89 2 75 [6]
15 2-Cl-CgH4 OEt 40 3 92 3 80 -
1 2-OH-CgH,4 OEt 4p 1 95 05 80 -
17 4-OCH3-CgH, OEt 4q 5 90 4 74 -
18 9-anthraldehyde OEt ar 5 85 10 60 -
19 Cinnamaldehyde OEt 4s 4 90 6 69 -
20 4-F-CgHy OEt 4t 2 91 4 81 -
21 2-Cl-CgH4 Me 4u 3 90 35 78 -
22 2-OH-CgH, Me 4v 2 91 15 80 -

aConventional heating refers the heating in ethanol
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N,N-dimethyl benzaldehyde(Entry 10; TABLE 1), the
reaction was monitored at 2mintimeinterval, it was
furnished within 5minwith 85% yieldswhile conven-
tionally theyield was found to be only 70% after 8h
refluxing. Our third experiment with furfura (Entry 11,
TABLE 1), thereactionwasfoundtofinishwithin 3min
with 95%yields. Thisexperiment proved that acid sen-
sitiveadehyde, of course heterocyclic adehydeisaso
appropriate under this solvent condition. In order to
confirm theversatility of reaction, we bought ethyl ac-
etoacetate asasource of B-ketoester with polyaromatic
ddehydei.e 9-anthraddehyde(Entry 18; TABLE 1), the
reaction wasfound to completewithin 5min with 85%
yields, whileconventionaly only 60% yieldswere ob-
tained. The substrates werefound to be unreacted &f -
ter long refluxing in ethanol. Our second substratewith
ethyl acetoacetate was cinnamaldehyde(Entry 19;
TABLE 1), thereaction wasfinished withindminwith
90% yields while conventionally it takes 6h to
complete(Yield 69%). In order to further broaden the
scope of this protocol, we used acetyl acetone as a
source of 1,3-diketone with 2-chloro benzal dehyde
(Entry 21; TABLE 1) and salicylal dehyde(Entry 22;
TABLE 1). Both thereactionswere furnished within
3minand 2minwith 90% and 91% yieldsrespectively
while conventionally yieldswerelow. Spurred by the
findingswith above mentioned experiments, wecarried
out moreexperimentsof TABLE 1. Overdl, dl these
reactions proceed within short time than the conven-
tiond heating, with moderateto highyields.

Effect of microwave power

Effect of microwave power play apivotal rolein
microwave assisted organic synthes YMAQS). Micro-
wave effects caused by the unigueness of themicro-
wavedieectric hegting mechanism. Thiseffectistermed
as “specific microwave effect”, and such can not be
achieved or duplicated by conventional heating. The
efficiency of “microwaveflash heating” not only reduces

chemical reactiontimesfrom hrsto minbutitisalso
known to reduce side reactions, increaseyields and
improved reproducibility of temperature. In order to
check the effect of microwave power, we carried out
fiveexperimentsat high microwave power i.e. 400W
and 500W at two different temperaturesi.e. 80°C and
150°C. TheresultsaresummarizedinTABLE 2. There
wereno significant changesintheoverdl yiedsof the
productswere observed for 400W and 500W at 80°C.
Whileat 150°C, partid yield losswas observed. From
these experiments, we concludethat therewereno sg-
nificant decomposition of substratesor productswere
observed at high temperature and at high microwave
power. And a so dueto high vapour pressure of PEG-
400, eventhough thereaction mixtureisrapidly heated
at 400W or 500W, no solvent evaporation takes place.
Whilein case of conventiond solvents(i.e. ethanol or
acetic acid) rapid heating of thereaction medium causes
evaporation of solvent in open-vessel microwaveand
which may |ead to precipitation. Moreover, PEG has
been found to be stableto acidic or basic promoters
and d so at high temperature. Furthermore, it might be
assumethat high polarity of PEG-400leadsto highloss-
factor valuewnhichwill indicatethe efficient absorption
of microwaveand consequently for rapid heating.

Recyclability study

Thereusability of PEG-400wascarried out a 80°C
and 200W power. In order to eval uatetherecycl ability
of PEG-400, wecarried out threedifferent experiments
with different substratesup to fiveruns (TABLE 3).
After theinitia experimentation of entry 2; TABLE 3,
thereaction mixturewaskept overnight, solid masswas
obtained. PEG-400 was decanted and the product was
collected. Substratesfor the next runwerecharged into
theresulting mother liquor and was subjected to micro-
waveirradiation, we get 89% yield for the second run.
By employing recycling procedure asmentioned above,
the yields were found to be 88, 88 and 87% for the

TABLE 2: Synthesisof 1,4-DHPsat high microwavepower and at two different temper atur esusing PEG-400 asa solvent

Microwaveirradiation at 80°C

Microwaveirradiation at 150°C

PEntry Power (W)/ Yield Power(W)/  Yied Power (W)/ Yield Power (W)/ Yield
time(min) (%) time(min) (%) Time(min) (%) Time(min) (%)
7 400/2 87 500/2 86 400/2 87 500/2 83
11 400/3 93 500/3 92 400/3 0 500/3 85
12 400/2 92 500/2 92 400/2 Q0 500/2 87
13 400/2 89 500/2 88 400/2 88 500/2 84
14 400/3 89 500/3 88 400/3 87 500/3 86

PEntry referrers according to reactions of SCHEME 1 and by using substrates from TABLE 1
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TABLE 3: Recydability of PEG-400with different substrates
M WI(200W) at 80°C

‘Entry  Number of runs

Time(min)  Yield(%)
2 2% run 2 89
2 3%run 2 88
2 4" run 2 88
2 51 run 2 87
20 2" run 2 89
20 3%run 2 89
20 4" run 2 88
20 51 run 2 87
22 2" run 3 90
22 3%run 3 89
22 4" run 3 88
22 51 run 3 88

°Entry referrers according to reactions of Scheme 1 and by using
substrates from TABLE 1

next successveruns. Similar procedurefor recydability
wasfollowed for Entry 20; TABLE 3. Weget 89, 89,
88 and 87% yieldsfor second, third, fourth and fifth
run respectively. Moreover, the recyclability of PEG-
400 wasalso studied for three component reactions of
acetyl acetone, sdicylddehydeand ammonia(Entry 22,
TABLE 3). Second, third, forth and fifth run gives 90,
89, 88 and 88% yieldsrespectively. Thefindingsre-
ved ed that, PEG-400 can berecycled up to fiveruns
without any remarkableyield loss. Thismethod may
represent a valuable alternative solvent in classical
Hantzsch synthesis. Infact, current protocol istheunique
protocol for the synthesisof 1,4-DHPsby blending of
non-classical heating technique and banning the use of
VOCsasareaction medium.

CONCLUSION

In conclusion, thedistinguishablefeaturesof this
procedure are s mple experimental process, rapid syn-
thesisdueto microwave heating, mild reaction condi-
tion, useof US-FDA’sGRASIist solvent, harmlessto
environment by avoiding the use of VOCs, avoidance
of acid catalyst, smplicity in operation, improved yields
and accel eratethe reaction rate, cleaner reaction pro-
file, cheaper reaction media than ionic liquids i.e.
[Bmin][BF,] and [Bmin][PF], reusability of PEG-400
and superior toionicliquidsintermsof safety, toxicity
and environmenta risk which makeit convenient, eco-
nomic and user friendly processfor the synthesis of
calcium channel blockers 1,4-DHPsanaogous.
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