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ABSTRACT

Coumarins were synthesized through one-pot reactions using starch
containing ZnO nanoparticlesas an efficient reusabl e catalyst under solvent-
freeconditions. The catalyst isinexpensive and readily available, stableand
storable, easily recycled and reused for several cycles with consistent
activity. The procedure offers advantages in terms of high yields, short
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reaction times, and mild solvent-free reaction conditions.
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INTRODUCTION

Coumarin anditsderivativesaretheimportant class
of naturaly occurring oxygen heterocyclic compounds
having adistinct and important placein the realm of
natural and synthetic organic chemistry asthesecom-
pounds display useful and diversebiological proper-
ties, viz. antibacterial, antiviral, anticancer, anti-HIV*
3, and al so have been used as additivesin food, cos-
metics, optical brightening agents, and laser dyes*9.
Dueto these applicationsand properties, avariety of
methods have been developed to synthesize
coumaring™Y, Despite these developments, the
Pechmann reaction, a two-component (activated
phenols and B-ketoesters) coupling under homoge-
neousacid cataysis, isavery well established method
for the preparation of substituted coumarin ringg*24,
However, thisreaction usualy involvestheuse of non-
reusable homogeneous Br@nsted, Lewis, and mineral
acids in an excess amount are necessary in the

classicd preparations, resultingin environmenta pollu-
tion.

With thecommencement of themodern era, ashift
inemphasisingreen chemistry isapparent with the de-
sretodevel op moreenvironmental friendly routestoa
myriad of materias. Thisshift hasbecome moreevi-
dent with the growth of nanotechnol ogy'®®!. Recently,
minera oxideshaveproved to beuseful to chemistsin
thelaboratory and industry dueto thegood activation
of adsorbed compoundsand reection rateenhancement,
selectivity, easier work-up and recyclability of the sup-
portsand theeco-friendly, green, reaction conditiong®
31 Green chemistry emphasi zes the devel opment of
environmentally benign chemical processesand tech-
nology*>%3, Recently, thedirection of scienceand tech-
nology hasbeen shiftingtoward moreeco-friendly, natu-
ral product resourcesand reusabl e catalysts. Natural
biopolymersareattractive candidatesinthe search for
solid support catalystg*%. |t was therefore thought
worthwhileto devel op anew and mild method using an
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inexpend vebiopolymer-based catdyst that can beeasly
separated, reused, and isnot contaminated by the prod-
ucts. Immohilization of catalystson solid support im-
provestheavailableactivesites, stability, hygroscopic
properties, handling, and reusability of cataysts, dl fac-
torsthat areimportant inindustry’*d. Hereinwewishto
report the preparation of starch containing ZnO
nanoparticlesasastable, highly active and reusable
heterogeneous catd yst in the Pechmancoumarin syn-
thesis(Schemel).

R'
- . Starch containing ZnO nanaparticle
= OHR' )J\/U\OEt Solvent-free, 80°C R — o o

R': CHy, CH,CI, Ph, Fu

Scheme 1

EXPERIMENTAL

Starting materia sused in the reactionswere pro-
cured fromAldrich or Merck Chemical Co. Thermal
gravimetric (TGA) analyseswere performed using air
as the oxidant at the heating rate of 2 °C/min on a
Shimadzu TGA-50 system. X-ray powder diffraction
(XRD) measurementswere performed using an X pert
diffractometer of Philipscompany with monochromated
Cuk,, rediation (. = 1.54056 A).The samples were
characterized with a scanning electron microscope
(SEM) (PhilipsXL 30) with gold coating.Mdting points
of al productswere determined in open glasscapillar-
ieson aMettler 9100 melting point apparatus. Infrared
(IR) spectrawererecorded by use of a4300 Shimadzu
FT-IR spectrometer. *H NMR spectrawere recorded
on aBruker 400-MHz spectrometer. Elemental analy-
siswasperformed on aHeraeus CHN Rapid and yzer.
Most of the productswere characterized by compari-
son of their melting pointsand IR and *H NMR spectra
withthoseof authentic samples.

TheZnO nanoparticlesweresynthesized by the pre-
cipitation of zinc hydroxidein agueoussolutionusing

Zn(OAc),'6H,0 as salt and sodium hydroxide
(NaOH) astheprecipitating agent.First, 0.1 mol/L Zinc
acetate solution was prepared by dissolving
Zn(OAc), 6H,0 indeionized water. The pH of 100 ml
deionized water was adjusted to 13.2 by the addition
of sodium hydroxide (3M), After completion of thepre-
cipitation procedure, the Zn(OH),gel wastransferred
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into the Milestonemicrowaveoven (Micro SYNTH)
operated at 350 W for 15 min. During the microwave
irradiation, the temperature of the solution reached
80°C. The resulting precipitate was then cooled to room
temperature, filtered, and washed with del onized water
morethan fivetimes. The solid obtained wasdried at
120 °C for 1 h to give the final product.In a typical
procedure, starch (1 g) was added to a suspensi on of
nanoparticles of ZnO (0.54 g) in dichloromethane
(DCM) (20mL). Themixturewasstirred at room tem-
perature overnight. Then the solvent wasremoved un-
der reduced pressure and the residue was heated at
100 °C under vacuumfor 5 hto furnish starch contain-
ing ZnO nanoparticles.

Typical experimental procedurefor thesynthesis
of coumarins

A mixtureof phenol (1 mmoal), B-ketoester (1 mmol)
and starch containing ZnO nanoparticles (0.1 g) was
ground and heated to 80°C. After completion of the
reaction (monitored by TLC), the mixturewas cooled
to room temperature and extracted with EtOAc
(2x5mL).The solution was concentrated and the crude
product wasrecrystallized from ethanol yielding each
of purecoumarinsAll thecoumarin derivativesarewell
knowninliterature and wereidentified by comparison
of their physical and spectrd data.
4-(Chloromethyl)-5, 7-dihydr oxy-2H-chr omen-2-
one(2)

'H NMR (250 MHz, DMSO-d,): 5.11 (s, 2H,
CH,CI), 6.25(d, J=2.60, 1H,ArH), 6.29(d, J= 2.60,
1H,ArH), 6.35(s, 1H, C=CH), OH not observed, IR
(KBr): 3157, 1655 cm™. EIMS: m/z: 226 (M").

5, 7-Dihydr oxy-4-phenyl-2H- chr omen-2-one(3)
'H NMR (250 MHz, DMSO-d,): 5.74 (s, 1H,
C=CH), 6.15 (d, J = 2.55, 1H, ArH), 6.26 (d, J =

2.55, 1H,ArH),7.31-7.38 (m, 5SH, ArH), OH not ob-
served, IR (KBr): 3155, 1660 cm™. EIMS: m/z:255.

5, 7-Dihydr oxy-4-trifluor omethyl-2H-chr omen-2-
one(4)

'H NMR (250 MHz, DMSO-d,): 6.24 (d, J =
2.62, 1H,ArH), 6.34(d, J=2.62, 1H, ArH), 6.50 (s,
1H, C=CH), OH not observed, IR (KBr): 3158, 1665
cm EIMS: m/z: 246 (M*).
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7-Hydr oxy-4-methyl-2H-chr omen-2-one(5)

'H NMR (250 MHz, DMSO-d,): 2.65 (s, 3H,
Me), 6.41 (s, 1H, C=CH), 6.91-7.72 (m, 3H, ArH),
ArH 3155, 1690 cm™. EIMS; m/z: 176 (M*)

7-M ethoxy-4-methyl-2H-chr omen-2-one(8)

'H NMR (CDCl,): 2.59(s, 3H, Me), 4.22 (s, 3H,
OMe), 651 (s, 1H, C=CH), 7.01-7.51 (m, 3H, ArH),
IR, (KBr): 1685 cmrt. EIMS: m/z: 190 (M*).

7, 8-Benzo-4-methyl-2H-chromen-2-one(12)

IHNMR (CDCl,): 2.71 (s, 3H, Me), 6.51 (s, 1H,
C=CH), 7.50-8.91 (m, 6H, ArH), IR, (KBr): 1675
cm EIMS: m/z: 210 (M™).

RESULTSAND DISCUSSION

Characterization resultsof theZnO nanoparticles

TGA analysisof the zinc hydroxidewereinvesti-
gated by raising itstemperature at therateof 2 °C/min
inair upto 720°C to analyze it’s thermal decomposi-
tion behavior. Figure 1 showsthe TGA curves of the
as-prepared zinc hydroxide. One main stage of mass
losswas observed. The strong peak observed at 415
°C in the derivative thermogram can be attributed to
the decomposition of Zn(OH)2 to ZnO. The observed
masslossat 415 °C was 13%, which was in good agree-
ment with thenominal valuefor theZn(OH)2to ZnO
transformation (18%).

99 -
97 -
95 -
93 -

91 -

‘Weight Percentage

89

87

85

isthe crystal size, k isthe shapefactor, which usualy
takesavaueof about 0.9%, )\ is the wavelength of X-
ray source used, B is the full width at half-maximum
(FWHM), and 0 is the Bragg diffraction angle. The
average particlesizeof ZnO particleswasestimated to
be 28 nm (Figure 2). The SEM image of the ZnO
nanoparticlesisshowninFigure 3.
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Flgure 2: XRD pattern of starch contalnlng ZnO
nanoparticles

F|gure3 SEM |mageof sarch contaunlnanO nanopartlcles

TABLE 1: Effect of different amountsof starch containing
Zn0O nanoparticlesand solventson formation of 7-hydr oxy-4-
methyl-2H-chr omen-2-one?

Starch

Entry Containing  Condition/solvent z—n;?:S \(2'/9')‘3
. k . ‘ ‘ . ZnO (g) °
100 200 300 400 500 600 70 1 0 80°C/solvent free 120 30
Temperature (°C)
. 2 0.05 80 °C/solvent f 120 65
Figurel: TGA curvesof Zn(OH), sotvent e
) 3 0.10 80 °C/solvent free 10 90
. The XRD pattern of theZnO sampleis pt@ertted 4 0.10 Reflux/ EtOH 20 70
inFigure2. All the pgaksm Figure2 t:qul d belnde>.<ed 5 0.10 Reflux/ H,0 20 75
to ctJbl cZnOcrystall ites. No peak arisingfroman im- 6 0.10 Reflux/ CHCl 60 40
purity wasobservedin Figure 2. Theaverage particle 7 0.10 Reflux/ CHCN 120 55

sizein the ZnO nanoparticles was estimated by the
Debye-Scherrer equation®: D = k\/Bcos, where D

Onganic CHEMISTRY — commmm

aReaction conditions: resorcinol (1 mmol), ethyl acetoacetate (1
mmol), 80°C, solvent-fiee.; °| solated yield.
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In order to evaluate the catalytic efficiency of the initidly amodd study was carried out onthe synthesis
ZnO nanoparticleson the Pechmann condensationand  of compound 4by the cyclocondensation of resorcinol
to determinethemost appropriatereaction conditions, (1 mmol) and ethyl acetoacetate (1 mmol) under differ-

TABLE 2: Sarch containing ZnO nanopar ticlescatalyzed synthesisof coumarins

0 0
: : L b (0 Mp(°C) Mp("C)
Entry Substrate Product Time(min)  Yield® (%) (found)  (reported)
HQ HO 0. _0O
HO OH R
1 R=CH, 10 95 274-276  280-281
2 R= CH.CI 15 85 178-180  187-189
3 = Ph 15 78 239-241  243-246
4 R= Furyl 20 70 244-246  254-255
HO HO 0._0
5 O m 5 90 180-182  185-187
OH
@]
6 O»OH @r 25 80 76-78 78-80
O @]
7 M@OOH y m 15 75 160-162  164-166
MeO MeO. O 0
8 10 92 170-172 171
o W
OH
9 @7 10 90 236-238  241-243
OH =
HO HO. 0. _O
10 OOH W 10 85 248-250  256-257
H,C CHs
CHs
11 @7 15 82 258-260  263-265
20 80 150-152  154-156

aReaction conditions: phenol (1 mmol), g-ketoesters (1.1 mmol), starch, ZnO nanoparticles (0.1 g) and 80°C.; °| solated yield.
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ent setsof reaction conditions (TABLE 2). With the
various solvents of EtOH,H,0O, CHCI,, CH,CNand
also under solvent-free conditions, and with various
amountsof thecatalyst, thereactionwasfaster and pro-
ceededto givethe highest yield with 0.1 g ofstarch con-
taining ZnO nanoparticles under solvent-free
conditionsinat 80°C (entry3).

To study substituent effectsonthereactivity of the
phenol, the reactionswere performed on avariety of
phenols. Thereactionsworked well andtheresultsare
illustrated in TABLE 2. Substrateshaving el ectron-do-
nating groupsin parato thesiteof eectrophilic substitu-
tiongavemaximumyieldsa 80°C in the minimum time.
M ethoxyphenols (entries 7, 8) showed no detectable
demethylation under thegiven conditions. Simplephe-
nol without any substituents (entry 6) required longer
reaction duration, as no electron-donating group is
present. Similarly, 1-naphthol (entry 12) requireslonger
reaction time, dueto the presence of another phenyl
ring. To generdizethe protocol, we a so attempted the
condensation reaction using a further variety of -
ketoesters such as ethyl 4-chloroacetoacetate, ethyl
benzoylacetate and ethyl furoacetate (TABLE 3). Indl
these cases, good yid dsof the corresponding coumarin
derivativeswere obtained.

Thereusability of the catayst wasd soinvestigated.

TABLE 3 : Recyclability ofstarch containing
ZnOnanoparticles

Run 1 2 3
Time (min) 5 10 10
Yield (%) 90 88 80

OC,Hs
9 O oN o
| i
--Zn-0-Zn-0- - ————» - -Zn-0-Zn-O--

Zn-0—2Zn-0O- -
L
HO 0 HO™ T L ocHs
NS -
A
O O

H
Scheme2: Plausiblemechanism for thecatalytic activity of
starch, ZnO nanoparticles

For thispurpose, the same model reaction was again
studied under the optimized conditions. After the
completion of thereaction, the catalyst wasrecovered
using the procedure described in the experimental sec-
tion and reused for thereaction. Thecatalyst could be
used at least threetimeswith only adlight reductionin
the catalytic activity (90% yield for 1st use; 88% for
2nd use; 80% for 3rd use).

A reaction mechanismisproposedinscheme?2. In
ZnO nanoparticles, thereareacid-basebifunctiond stes
whereZn and O act asaweak Lewisacidic siteand
relatively high strength Bronsted basic site, respectively.

CONCLUSIONS

In conclusion, we describeamild and convenient
method for the preparation of some coumarinshby the
Pechmann cyclocondensation reaction of phenolsand
B-ketoesters using cheap, non-toxic, recyclable, and
eadly available and support biodegradable catdyst un-
der solvent-free conditions. Additionally, thisnew re-
action might beauseful tool for high-throughput or-
ganic synthess.
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