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A new strategy for the synthesis of 3-Acyl-coumarin using nano ZnO asan
efficient catalyst
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ABSTRACT

3-Acyl-coumarins were obtained in high yields from ortho-hydroxybenzaldehydes and ethyl acetoacetate or ethyl
benzoylacetate in acetonitrile in the presence of a catal ytic amount of nano-ZnO.
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INTRODUCTION

Coumarin and its derivatives form an elite class@fpounds, occupying an important position in itb&m of
natural products and synthetic organic chemistfyd#Acyl-coumarins are important initial compountts the
synthesis of coumarins, which has attracted corsidie attention from organic and medicinal chemistsmany
years as a large number of natural products corttés heterocyclic nucleus. Their applications &rfgom
additives in food, perfumes, cosmetics, pharmacalstito the preparation of insecticides,[1 Joptioaghteners[2]
and dispersed fluorescent and tunable laser dyeAlgd, coumarins have varied bioactivities, foramgple,
inhibition of platelet aggregation,[4] anticancédrfind inhibition of steroid &reductase.[6] Their properties turn
coumarins very interesting targets to organic clkesniand several strategies for their synthesise vadready
developed. The last decade withessed a serieshiitations on the development of synthetic protedalr this

important heterocyclic scaffold. Thus, it is clgadvident that the need for the development of e flexible
protocols is required.

Coumarins can be synthesized by various method$h sa& Pechmann,[7] Perkin,[8] Knoevenagel,[9]
Reformatsky[10] and Witting[11] reactions. In 1898noevenagel described the solution phase synthafsis
coumarins by the condensation of malonic acid wittho-hydroxyarylaldehydes.[9a] In our attempts to depel
new catalyst systems, herein, we describe the fiskisoKnoevenagel condensation reaction to pre@abeyl-
coumarins in a mild and facile manner in the presesf a catalytic amount of nano-ZnO in high yiglsheme 1).

0
CHO O O nano-ZnO N R
! /@i + 2 M acetonitrile 1
R OH R OEt (@) (@)
Scheme 1
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MATERIALSAND MEHTODS

Chemical and appar atus

All products are known compounds and were chariaeby mp, IR'HNMR and GC/MS. Melting points were
measured by using the capillary tube method witkelantro thermal 9200 apparattidNMR spectra were recorded
on a Bruker AQS AVANCE-300 MHz spectrometer usingS as an internal standard (CQGblution). IR spectra
were recorded from KBr disk on the FT-IR Bruker $en 27. GC/MS spectra were recorded on an Agilent
Technologies 6890 network GC system and an AgiE®T3 network Mass selective detector. Thin layer
chromatography (TLC) on commercial aluminum-backtates of silica gel, 60 F254 was used to monitar t
progress of reactions. All products were charamtdrby spectra and physical data.

Preparation of catalyst

Bulk zinc oxide was prepared by simple precipitatinethod wherein aqueous ammonia solution (30 %)adaed
dropwise to zinc nitrate solution under vigorousrisig (till pH of solution reached (7. 5-8). Thenite precipitate
of Zn(OH)2 was filtered and washed several timeb distilled water till the washings were neutithe precipitate
was then dried overnight at 100 °C in an oven amdireed at 600 °C for 3h. Nano zinc oxide catalyas prepared
by the gel combustion method as described by Rimtuiri et al®*! An appropriate molar ratio of citric acid and zinc
nitrate (2:1) were mixed in a minimum amount oftitled water. The aqueous solution was homogenied|
further concentrated on a hot plate to a viscaysidi, which was further heated at 100 °C for cortgotemoval of
water to obtain a dry mass. This mass was thehdufteated gradually till its combustion occurrédng a white
fluffy powder. The powder obtained was anneale®Q@ °C for 3h to give Nano ZnO. The oxide was ferth
characterized by various analytical techniquesottfiom its structural properties. External morphgptand particle
size of the catalyst was determined by TEM imagg.(E). It is clear from TEM image that the zincid has
polymorphic geometry and the size of the partidda the range of 50-70 nm.

Fig 1. TEM image of Nano ZnO at 100 nm.

General procedurefor the synthesisof 3-acyl-coumarins

A mixture of ortho-hydroxybenzaldehyde (1 mmol) and Ethyl acetoaeetatEthyl benzoylacetate (1 mmol) and
nano-ZnO (0.02 g) in acetonitrile (5 mL) was stire room temperature for 1.5 h. The progress efélaction was
monitored by TLC using EtOAc: hexane (1:2) as eluéfter completion of the reaction, the catalystsifiltered
and the22 %g)lvent was evaporated. The residue wagstallized from ethanol to give the pure producp. 123 (Lit.
121/12

3a: IR (KBr): 1712, 1657, 1623, 1567, 1455, 12400, 980, 756 citt; ‘HNMR (CDCls, 500 MHz):6=2.76 (s, 3H,
CH,), 7.35~7.39 (m, 2H, Ar-H), 7.60~7.68 (m, 2H, Ar;18)43 (s, 1H, CH).
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3e: IR (KBr): 1746, 1670, 1611, 1500, 1357, 12080),831, 765 ciil; 'HNMR (CDCl, 500 MHz):5=2.77 (s, 3H,
CHs), 3.99 (s, 3H, OCH), 6.76 (d, J=2.30 Hz, 1H, Ar-H), 6.88 (q, J=3.70, HH, Ar-H), 7.46 (d, J=8.70 Hz, 1H,
Ar-H), 8.41 (s,1H, CH).

RESULTSAND DISCUSSION

In this paper, we decided to investigate the Knoagel condensation reaction to prepare 3-acyl-comsighen we
set out for the synthesis of coumarins via cond@saf ortho-hydroxybenzaldehydes with ethyl acetoacetate or
ethyl benzoylacetate using nano-ZnO as an effictatdlyst at room temperature (Scheme 1). To iigest the
generality of this process, various salicylic algtéds were reacted under similar conditions, allgwihe easy
synthesis of 3-acyl-coumarins in good yields (TabjeThis one-pot procedure is convenient and ghitéorward
with simple product isolation. From Table 1, ithche observed that the reactions proceeded faséer the
conventional methods and the yields were comparable

Table 1 Synthesis of 3-acyl-coumarinsin the presence of nano-ZnO as a catalyst

Entry R R? | Product| Yield(%)
1 H CHs; 3z 98
2 3-hydroxy | CHs 3k 98
3 4-hydroxy | CH 3c 98
4 5-bromo CH 3d 96
5 4-methoxy| CH 3e 98
6 H Ph 3f 95
7 3-hydroxy Pt 3g 96
8 4-hydroxy Ph 3h 96
9 5-bromo Ph 3i 93

10 4-methoxy| Ph 3 95

To show the merits and advantages of using nano@n®catalyst, our method is compared with redodactions
(Table 2). The reaction results without catalystrdase and the reaction time increases. This méshsudtable for
ortho-hydroxy benzaldehydes but thetho-hydroxyaryl ketones were recovered and unchanfjedtiae reaction.

Table 2 Comparison of various catalystsfor the synthesis of 3-acetyl-coumarin (3a)

Entry Catalyst Time  Yield(%) Reference
1 nano-ZnO 1.5h 98 This article
2 H14[NaP5W3c0115] 2h 98 12
3 Piperidinium acetate 2h 89 13
4 none 10h 90 14
5 Piperidine 2h 50 15
6 [bmIm]OH 15mir 88 16

We performed the effect of various solvents onsyrethesis of 3a. This reaction was carried outainous solvents
and the best results in terms of yield and timeaioled in acetonitrile (Table 2). The effect of teargiure was
studied by carrying out the reactions at differerhperatures. The yields of reactions increasethegeaction
temperature was raised. From these results, itdeegled that refluxing temperature would be the teraperature
for all reactions.

Table 2. Synthesis of 3ain the presence of different solventsusing nano-ZnO asa catalyst

Entry Solven Time(h!  Yield(%)®

1 THF 2 68
2 CHOH 2 93
3 CH,CN 2 98
4 CHCE 2 75
5 Solvent-free 2 90
6 CHsOH 2 90
2Yields were analyzed by GC

Reusability of nano-ZnO
Next, we investigated the reusability and recyclaighano-ZnO. At the end of the reaction, the gatatould be
recovered by a simple filtration. The recycled batacould be washed with methanol and subjecteaigecond run
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of the reaction process. To assure that catalysts wot dissolved in acetonitrile, the catalystsemgeighted after
filteration and before using and reusing for thetmeaction. The results show that these catabstsiot soluble in
acetonitrile. In Table 3, the comparison of effizig of nano- ZnGn synthesis of 3a after five times is reported. As
it is shown in Table 1 the first reaction usingaeered nano-Zn@fforded similar yield to those obtained in thetfir
run. In the second, third, fourth and fifth rurte yield were gradually decreased.

Table 3. Reuse of the nano-ZnO for synthesis of 3-acetyl counarin (3a)

Entry Time(h) Yield/%°

1 1.5 98
2 2 95
3 3 92
4 4 83
5 4.5 80
(a) Isolated yields
CONCLUSION

In conclusion, we have developed a simple and ieffic synthesis of 3-acyl-coumarins via Knoevenagel
condensations in high yields and selectivities frortho-hydroxy benzaldehydes using nano-ZnO as a catalyst
under mild conditions at room temperature. Moreotfex fast reaction time, simple experimental proced
recyclability of the catalyst and high yields oetproducts are the advantages. We believe our guoeevill find
important applications to the synthesis of coungarin
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