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ABSTRACT

A new routeto obtain 5-arylidene barbituric/thiobarbituric acid derivatives
is reported using a fly ash. It was modified by fusion with NaOH and
characterized by XRD, FT-IR spectroscopy. It hasbeen found that modified
fly ash shows efficient catalytic property in the synthesis of 5-arylidene
barbituric/thiobarbituric acid derivatives by Knoevenagel condensation
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of aromatic aldehydes with barbituric/thiobarbituric acid in agueous
medium. The method is simple, high yielding and cost efficient.
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INTRODUCTION

Barbituric acid anditsderivatives are associated
with anumber of biological activitiessuch asantibac-
terid, hypotensive and sedatives¥. Alsoit actsashyp-
notic and anaesthetic agents?. Benzylidene barbitu-
ric acidsare useful as potentia organic oxidizer for
the asymmetrical synthesis of disulfides®. Some of
them have been recently studied asnonlinear optical
materialg4.

Asaresult of their importance from apharmaco-
logicdl, industria and synthetic point of view, therehas
beenincreasinginterest in thedevel opment of efficient
methodol ogiesfor the synthes sof 5-arylidene barbitu-
ric/thiobarbituric acid via Knoevenagel condensation
reaction. Generdly they are synthesized by condensing
barbituric acid with aldehydes under conventional re-
flux conditionsin aqueous mediumi®. In past decades
many synthetic methods®® for the preparation of these

compounds have been reported and uses variety of
cataystssuch asaminosulfonic acid®, NH,OH/AcOH,
K-10clay, silicagel, basic dumina, NaCl, KSF clay,
K SF NaCl®. Many of these methodsinvolve expen-
sive reagents, higher temperature and lower yields.
However, theresearch continuesfor themild, efficient
and versatile method for the synthesisof 5-arylidene
barbituric/thiobarbituricacid.

TheKnoevenagel condensation of aldehydeswith
activemethylenecompoundsisanimportant and widely
employed carbon-carbon bond formationin organic
synthesi 2% with numerousapplicationsinthesynthesis
of thefinechemicasandin synthesisof carbocyclicas
well asheterocyclicd™ compoundsof biologica signifi-
cance. Thereactionsareusudly catalyzed by basessuch
asamines, anmoniaor sodium ethoxidein organic sol-
vents. Lewis acidg!¥, surfactantd*¥, zeolites* and
heterogeneous catal ysts*® have al so been employed
to catalyzethereactions.
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Thedeve opmentin catdyssduring last few decades
have been mandated mainly by consderationsrelaedto
the abatement and prevention of pollution conservation
of raw materials and eco-friendly production of fine
chemicals. With growing ecological concern chemical
procedures have been subjected to increasing pressure
tominimizethedisperson of wastechemical.

Inrecent years, fly ash attractsattention of chemist
duetoitsabundant availability through therma power
plant. Fly ashisthe solid wasteresidue produced from
codl, oil, and biomass combustion. Large quantities of
fly ash are produced in e ectric power plantsthrough-
out theworld every year. Efficient disposd of coa fly
ashisaworldwideissue. Thefly ash produced from
theburning of pulverized cod inacod-fired boilerisa
fine-grained, powdery particulate material that iscar-
ried off intheflue gasand usualy collected from flue
gasby meansof e ectrogtati c precipitators, baghouses,
or mechanica collection devicessuch ascyclones. Be-
cause of variationsin coa sfrom different sources, as
well asdifferencesinthedesign of fired boilers, not dl
fly ashisthesame.

In past two decades, agreat dedl of effort hasbeen
conducted for the application of fly ash asvaue-added
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products, thesemgor applicationsinclude building and
construction materials such as cement(¢l,
geopolymer!™”, ceramic materia*®, zeolitesynthesi§%9,
nuclear waste stabilization'®, Except theutilizationin
construction material, no other applications have put
into practicethus more effortsarerequired to explore
new applicationsof fly ash. In recent years, moreand
more research has been carried out to explorethe ap-
plications of fly ash in heterogeneous catalysis in
Knoevenagel condensation, Biginelli, Hantzsch reac-
tion, Beckmann rearrangement, formation of Schiff
bases? and 1,2,4,5-Tetrazines?. It dsoused assolid
support®in H, production.

In continuation of our work on synthesis of or-
ganic compoundsusing solid cata yst?#?, herein, we
wish to report synthesis of 5-arylidene barbituric/
thiobarbituric acid by condensation of aromatic al-
dehydeswith barbituric acid using modified fly ash.
The purpose of present investigationisto activate
the asreceived fly ash by chemical method followed
by thermal method and to study theinfluence of acti-
vated fly ash to catalyze condensation reaction. Acti-
vated fly ash was shown to be one of the most effi-
cient for thisreaction.

0 0
CHO
NaOH/Fly ash
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Scheme 1

EXPERIMENTAL

All chemicals are commercially available from
Aldrich and Rankem. TheH NMR spectrawerere-
corded on 400 MHz instrument in DM SO asasolvent
and the chemical shiftswerereported with TMSasan
internd sandard. Mdlting pointswere measuredin open
capillariesin paraffin bath and are uncorrected.

General procedure

A mixtureof aromatic aldehydes (5 mmol), barbi-
turicacid (5 mmol) and the catalyst, NaOH/fly ash (4%

weight with respect to the reactants) in water (20mL)
was refluxed at 70-80°C for the time mentioned in
TABLE 2. Thereactionwasmonitored by TLC. After
completion of reaction, the catalyst wasfiltered under
hot conditionsand washed with acetonesevera times.
Thefiltrate poured onicein beaker. The product so-
lidifies; it wasfiltered, washed with water and recrys-
tdlized in ethanol to afford the product in excd lent pu-
rity. All synthesi zed compoundswerecharacterized with
'H NMR and Mass spectroscopy. Also the melting
pointsrecorded were consistent with literaturevalue.

Spectral data of selected compound
3b) *HNMR (DMSO-d,, 400 MHz) &: 7.54(d, 2H),
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8.08 (d, 2H), 8.25 (s, 1H), 11.27 (s, 1H), 11.41
(s, 1H).
MS(ESI): m/z=251(M+1)
'H NMR (DMSO-d,, 400 MHz) &: 7.64-8.32
(m, 4H), 8.90 (s, 1H), 11.36 (s, 1H), 11.51 (s,
1H).
MS(ES!): m/z=262(M+1)
3) 'HNMR (DMSO-d, 400 MH?2) 5: 3.12(s, 6H),
6.80 (d, 2H), 8.15 (s, 1H), 8.42 (d, 2H), 10.90
(s, 1H), 11.03 (s, 1H).
MS(ES!): m/z=260(M+1)
'H NMR (DM SO-d,, 400 MH2) 5: 7.78(s, 1H),
7.89 (t, 2H), 7.97 (d, 1H), 9.32 (d, 1H), 10.13
(s, 1H), 11.71 (s, 1H).
MS(ESI): m/z=278(M+1)
Details of fly ash

Thefly ash powder with an average diameter of
20-30 umusedinthisstudy wascollected from Ther-
mal Power Station, Parli, Beed District, Maharashtra,

India. TABLE 1 showsthe chemica composition of
thefly ash (on dry basis) used.

TABLE 1: Composition of fly ash used in thisstudy.

30)

3K)

Constituents Fly ash (%)
SO, 70.14
Fe, 05 7.01
Al;O4 20.31
Na,0 0.22
Ca0 1.64
MgO 0.27
K,0 0.38

Catalyst preparation

Fly ash (20gm) was mixed with 4gm of NaOH.
Thismixturefusedinair, dried in electric oven at
70°C for 1.5 hr, the fused product was calcined at
600°C for 2 hr in high temperature mufflefurnacein
presence of air. Thiscatalyst isused for condensa-
tion reaction.

X-ray diffraction

The X-ray diffraction (XRD) patterns were re-
corded on Bruker 8D X-ray diffractometer usingmono-
chromator CuKa, radiation (40 Kv and 30 mV) of
wavdength (\)=1.54056 A° fly ash analyzed in the range
5-80° (20, where 0 is angle of diffraction).
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(A) XRD spectraof Fly ash beforefusion; (B) XRD spectra of
Fly ash after fusion with NaOH

X-ray diffraction patern showsfly ashiscrystdline
innature. ‘A’ shows the XRD pattern of fly ash and ‘B’
showsthe XRD pattern of NaOH/fly ash. Some new
high intensepeaksat 23.21°, 29.7° and 31.2° observed
inthe XRD spectrum after fusion treatment to fly ash
dueto surface modification of fly ash by fusion with
NaOH.

FT-IR spectroscopy

ThelR spectrawere recorded on FT-IR spectro-
photometer (Jasco FTIR/4100 Japan) using dry KBr
as standard referencein the range of 4000-500 cm?

20

1 L 1 ' 1
3000 2000 1000 500
Wawvenumber [cm-1]

(A) FT-IR spectraof fly ash beforefusion; (B) FT-IR spectra
of fly ash after fusion with NaOH.

From IR datait was observed that theband at 1047
and 525 cm'! are characteristic peak of stretching and
bending of Si-O-T (T=Al or Fe) respectively. After
chemica and thermal treatment stretching and bending
modesof S-O-T shiftstowards|ower wavelengthi.e.
986 and 697 cm and new intense peak appeared at
1441 cm™. The broad peak around 3500-3000 cm'?

Q
4000

Au Tudian Yournal



OCAIJ, 8(10) 2012

Lakshman S.Gadekar and Machhindra K.Lande

389

was due to O-H stretching of water and the peak at
around 1682 cmt corresponding to bending modes of
O-H of water.

TABLE 2: Condensation reaction of aromatic aldehydesand
barbituricacid or 2-thiobarbituricacid.

Time Yield®® M.P.in°C

ey R Xmin) %) Found  Li

3a H 0O 30 92 255256  256-258%
3b  4-Cl o 35 86  294-295 297-298%
3¢ 3-NO, O 40 78 245246 245-2455°
3d 4-OH 0O 35 a1 >300 >3001%

32 40CH; O 30 89 298-299 296-298%
3Ff 4F 0O 25 94 295296 295-297'%
3y 4-CH, O 30 94  276-277 276-277'%
3h 2-0CH; O 35 87 263-264 267.5-268°
3i  4<(CHy),N O 30 95 276-277  274-276°
3 4Cl S 35 91 293-294 291-292'%
3k 3-NO, S 45 89  263-265 261.5-264
3 4F S 35 96 217-219 217-218%
3m 4-CHj, S 40 92 >300 >300/%¢!
3n 40CH; S 40 94 >300 >300/%¢!
30 4<(CHy,N S 35 87 256-258 257-258.3%)

3p 2-0CH; S 35 85  288-289 288.5-289.51%
aYield refer to isolated products;  all compounds are known
and their physical and spectroscopic data consistent with those
of authentic samples.

TABLE 3: Sudy of catalyst in condensation of benzalde-
hydeand barbituricacid.

Weight of Catalyst Time (min) Yield® (%)
No catalyst 30 57
2 30 78
4 30 92
6 30 92
8 30 91

aYield refer to isolated products.

RESULTSAND DISCUSSION

Theoptimum reaction conditionswereinitidly inves-
tigated by cons dering condensation of benzal dehyde (5
mmol) and barbituricacid (5 mmol) inwater. Thequan-
tity of thecatayst used waswith respect tothetotd weight
percentage of theinitial components. After cooling the
reaction mixtureit was observed that the product (3a,
TABLE 2) wasprecipitated, so it necessary tofilter the
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reaction mixturein hot condition repeatedly. The prod-
uctsof reaction were purified by recrystalization pro-
cessinethanol. With these optimized conditionsin hand,
severd subgtituted aromatic aldehydesweretrested with
barbituricacid and theresultsaresummarizedin TABLE
2. Therecovered catdyst waswashed severd timeswith
acetoneand dried at 110°C.

To study theinfluence of catalyst amount on the
yield of reaction product the amount of catalyst was
varied in case of 3areaction that is the reaction be-
tween benzal dehyde and barbituric acid (TABLE 3)
when the catal yst was 2% then the product obtained
only 78% and when the catalyst wasdoubledi.e. 4%
with respect toinitia reactant, substantial increasein
theyield (92%) of product was observed, further in-
creaseintheamount of catalyst no change occurredin
the product yield. A test without catalyst was a so car-
ried out in order to check whether some reactionsun-
der same condition could tekesplace. It wasfound that
reaction occursat avery lower extent (57%) than the
catalytic reactions. The separated catalyst wasagain
reused for condensation reaction and thiswasrepeated
threetimes. Inthese cases, theyield of 3awasfoundto
be 89, 84, and 81% in each successvetimesuse. Thus,
theactivity of the catalyst wasfound to decreases after
itsrecyclability. The presence of high concentration of
strong Bronsted acid sitesalong with Lewisacid sites
inthe catayst are primarily responsiblefor rapid reac-
tionleadingto highyieldsof the product.

CONCLUSION

Fly ash derived silica-aluminacatalyst for conden-
sation reaction wassynthesized easily and inexpensively
by thefusion of fly ashwith NaOH followed by activa
tion. The cataytic activity performed in condensation
reaction and it was concluded that NaOH/fly ash cata
lyst could be agood for catalytic use. Chemical and
heat treatments of thefly ash support greatly andim-
proveditscataytic activity.

We have successfully carried out condensation re-
actionusing fly ash asasolid acid catalyst for the syn-
thesis of 5-arylidenebarbituric acid and 5-
arylidenethiobarbituric acid derivatives. Theexperimen-
tal procedureissmple. Furthermorethismethodisad-
vantageous because of clean reaction conditions, high
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