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ABSTRACT

A simple protocol is described for the synthesis of alkenes derivatives in excelent yields by Knoevenagel
condensation of aromatic aldehyde with active methylene compounds in water, acetonitrile and solvent free
condition using selenium promoted ZrO, solid catalyst at room temperature. The performance of the catalyst was
effective in presence of water. Zirconia and selenium promoted ZrO, solid catalyst exhibited the same crystallite size
of 28 nm and tetragonal phase but different activity. The catalyst can be easily recovered by filtration, higher yield
of product and can be recycled efficiently.
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INTRODUCTION

Knoevenagel condensation of aromatic aldehyde weitive methylene compounds has been extensively
investigated in view of its significance in carbcarbon bond formation in organic synthesis [1]. Rmoevenagel
condensation is a key step in the commercial prooluof antimalarial drug lumifantrine a componefitcoartem
[2].This reaction has been widely used in synthekisoumarin and their derivatives an importantugref organic
compounds used as additives to food and cosm&jc#t has numerous applications in synthesis o themicals
and in synthesis of carbocyclic as well as heteriicycompounds of biological significance [4, 5]hére is
considerable interest in the Knoevenagel produetaise of their biological activity, for examplgjphostins, such
asa-cyanothiocinnamide, are known to inhibit autophusplation of the EGF receptor, in addition to pessing
antiproliferative effects on keratinocytes [6].

Different catalysts have been employed to accommphss reactionBases such as amines, alkali alkoxides, alkali
hydroxide, pyridine, piperidine and ammonium saltéalyze the reaction in presence of organic seéven9.
Knoevenagel condensation is also catalyzed by lejuice in the absence of solvent [10]. These catalare in
homogeneous phase with the reagents, effectivaatalyzing the reaction but difficult to separated aare not
recycled. Lewis acids like CugjiLl], LaCk[12] and ZnCJ[13] catalyze this reaction in solvent free coralitiThe
use of conventional Lewis acids like CyClaCk and ZnC} pose significant problems in handling, disposal an
regeneration due to their toxic and corrosive reatur

The green chemistry perspective is to reduce oriedite the use and generation of hazardous sulestaliconomic

considerations and environmental evaluations haghgd the chemical industry to adopt new eco fhieaatalysts
and cleaner technologies with minimum disposal. €ealy liquid phase reactions are carried out iaspnce of
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organic solvents. Many of the organic solvents taséc and their use must be minimized or avoidedt&¥ as
solvent and solvent free organic reactions reptesenvironmentally benign procedures [14]. Howetke, past
decade has witnessed the emergence of heterogemataiysts comprising of inorganic materials such a
clays[15,16], zeolites [17-19], hydrotalcites [2Qplid bases[21] and modified silica [22] owing their
environmentally benign properties, which aptly agglin this reaction. lonic liquids are also edesidly
alternatives to organic solvent and recyclable. iseacid ionic liquids are also exploited for Knoeagel
condensation [23, 24].

From the environmental and economic perspectivegmtework is focused on development of new zirctrsised
heterogeneous catalyst and using aqueous mediaivans free condition to perform Knoevenagel corgigion.
Zirconia has high thermal stability and acid-basepprties. Zirconia based solid acid catalysts taogoughly
investigated for several organic transformationd apnthesis of fine chemicals [25, 26]. Among tleéidsacid
catalysts reported, sulfated zirconia received mattdntion due to its high activity to catalyze maeactions even
at low temperatures but at higher temperature dedstivated and forms sulphuric acid in presenceaiér [27].
However, above problems can be overcome by syrihgssolid super acids by incorporating Mp®igO and
other metal oxides into zirconia[28-31].Herein, veport the preparation of Sg@rO, catalyst and Knoevenagel
condensation of aromatic aldehyde with active metigycompounds over Sg@rO, catalyst at room temperature
in presence of water, acetonitrile and in solvese fcondition.

EXPERIMENTAL SECTION

SeQ/ZrO, catalyst was prepared using Zr@8H,O, NgSeQ.5H,0 as precursors and the sample obtained was
calcined at 923 K for 6 h in air atmosphere [28].

The powder X-ray diffraction patterns of catalyséres recorded on XRD 7000 Schimadzu instrument liygus
nickel filtered Cuk, radiation and scintillation counter detectt. spectra were recorded in CR@sing BRUKER
AV-Ill 400 MHz. FTIR spectra recorded using BRUKEMPTICS, Germany TENSOR 27.

Knoevenaged condensation of aromatic aldehyde with active methylene compounds

In this study used commercially available chemicate used without any further purification. In gital
experimental procedure a mixture of aromatic aldeh{2Zmmol) and malononitrile/ethyl cyanoacetate poumd
(2.1mmol) is taken in a 25 ml round bottomed flaskl 0.1 g of the catalyst was added. The reactiature was
stirred in water or acetonitrile and solvent fremdition. The progress of the reaction is followsd TLC and
complete disappearance of aldehyde is treated rapletion of the reaction. The catalyst was sepdrétem the
reaction mixture after completion of the reactigrfitiration and reused. The mixture was extractéith ether. The
organic layer was dried over sodium sulphate ahcgeabwas removed under vacuum using rotator-exatporThe
product was subjected silica gel column chromatalgyaising ethyl acetate in petroleum ether as éliceget pure
product. Isolated yields are determined quantiédyivqualitatively by NMR, IR and compared with laeitic
samples.

RESULTSAND DISCUSSION

Knoevenagel condensation of aromatic aldehyde waitiive methylene compounds is basically a basdyzath
reaction. In Knoevenagel condensation the actimatiomethylene via abstraction of proton to gereeeat anion is a
prerequisite for the initiation of the reactiom Mg-Al-O-t-Bu-hydrotalcite higher activity of theatalyst is ascribed
to the presence of anion —OtBu paired with Mg amanAin frame hydrotalcite which more effectivelysatacts a
proton from activated methylene group to promote hiigher rate of reaction [32]. Zirconia’'s acidiedabasic
properties can be altered by incorporating suitapfemoter atom. Incorporation of promoter atomse lik
molybdenum, tungsten, iron, alumina and bismuthaapbk the surface acidity. For Comparison of agtiat
various zirconia based catalysts, Knoevenagel awat®n of 4-nitro benzaldehyde with malononitrilader
solvent free condition at room temperature is usedhodel reaction. Table 1 shows the results oKtimevenagel
condensation. In this study the samples 0@ selenium promoted Zs@xhibit only the tetragonal phase but the
average crystallize size of the samples is28 nme RuO, and selenium promoted ZyQlo not have the same
activity in Knoevenagel condensation of aromatidellyde with active methylene compounds in liquichgeh at
room temperature. Alkenes derivatives are obtaine@l5-4 hrs time over selenium promoted Zmzhere as pure
zirconia is totally inactive. In addition to thisdium selenate which was used to impregnate onorzia is also
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almost inactive in catalyzing the Knoevenagel cosdéon of aromatic aldehyde with active methyleompounds
under similar condition. Molybdenum and tungsteonpoted catalysts also exhibit tetragonal phaseHhsutctivity

is not comparable with that of selenium promote@.Zzatalyst. Incorporation of promoter into the zim@nlattice

alters the bulk and surface properties of zircoifigis higher activity of selenium promoted Zr@ay be due to
lattice defects created by promoter selenium artdbit® redox properties. Knoevenagel condensatiovadabus

aliphatic, aromatic and heterocyclic aldehydes withlononitrile on sulfate-ion promoted solid acidtatyst

requires heating of the reaction mixture and mione for the completion of the reaction [33]. Inesgum promoted
zirconia catalyst incorporation of promoter atontes®im may probably be creating basic sites algetextural

properties of the catalyst thereby increasing @sidity. Higher activity of selenium promoted zing® catalyst for
Knoevenagel condensation of 4-nitro benzaldehydth wialononitrile under solvent free condition abmo

temperature may be due to basic properties ofatadyst.

N N R,  Se0,zr0,
. < N —
7 oom temperature
26 R CN Water/SoI\I?ent free

Scheme|: Knoevenagel condensation of aromatic aldehyde with active methylene compounds at room temperaturein water-medium and
solvent-fr ee condition on novel SeO,/Zr O, catalyst

Table 1 Comparison of activity of promoted zirconia catalysts for Knoevenagel condensation of 4-nitr o benzaldehyde with malononitrile
under solvent free condition

Entry Catalyst Time (h)  Yiefd%)
1 Zro, 24 No reaction
2 NaSeQ.5H,0 6 18
3 SeQ/z2ro, 0.75 96
4 MoGs/ ZrO, 2 84
5 WO,/ ZrG, 5 75

?|solated yields.

Table 2 Influence of solvent on activity of selenium promoted zir conia catalyst for Knoevenagel condensation of 4-nitro benzaldehyde
with malononitrile

Entry Solvent Time (h)  Yief(%)

1 Acetonitrile 15 92

2 DMF 2 90

3 Ethanol 2.5 90

4 Chloroform 35 88

5 Watel 0.t 96

6 Solvent free 0.75 96
#|solated yields.

The influence of the solvent on Knoevenagel conaiéms catalyzed by SefZrO, was investigated using the same
model reaction between 4-nitro benzaldehyde withonaitrile at room temperature and the resultsgiven in
table 2. In presence of water and solvent free itiondhe reaction was completed in 0.5 h and G.7bhe reaction
was slowest in presence of non polar solvent cfbono.

Knoevenagel condensation of various aromatic aldelyith active methylene compounds did not takeepla the

absence of the catalyst. The catalytic activityselenium promoted zirconia was investigated forkheevenagel
condensation of various aromatic aldehydes witlvachethylene compounds in presence of water, aitgéte and

solvent free condition for comparison. The resales presented in the tables 3. All the reactiomssdtigated were
completed in 0.5 - 5 h duration producing alkenesvatives with 80-96% yield. Aromatic aldehyde hwvilectron

withdrawing group (4-Nitro benzaldehyde) offer dedf 96% under solvent free condition and the iieactvas

completed in 0.75 h with malononitrile. Knoevenagehdensation of 4-Nitro benzaldehyde with eth@rnacetate
was completed in 2.5 h with yield of 92%. In theeaf the electron releasing groups reasonably gisbdis
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Table 3 Selenium promoted Zr O, catalyst for Knoevenagel condensation of aromatic aldehydes with active methylene compoundsin
water, acetonitrile and under solvent free condition

Solven_t_ Water Acetonitrile
Entr R R free condition
y Time Yield T Vield Time Yield |
(h) (%) (%) (h) (%)
1 @—CHO -CN 3 94 25 94 35 90 12
2 @—cm -COOGHs 3.0 92 2.75 92 35 88 12
CHO
3 Q -CN 25 90 2 92 25 88 9
Cl
CHO
4 Q -COOGHs 4 88 3.5 88 3 85 9
@]
5 G@cm CN 15 93 1 93 3 89 30
6 d@cm -COOGHs 3 91 2.5 91 35 86 30
Cl CHO
7 ;:> CN 2 94 15 94 35 89 9
(@]
Cl CHO
8 §:> _COOGHs 35 90 3 90 35 86 9
(@]
9 mc-o—@—cm -CN 45 84 3.75 84 4 84 12,30
10 H3c:-o—©7c:|—|o -COOGHs 5 80 45 80 45 80 12,30
11 H3c~©—c+|o -CN 35 94 3 94 45 88 12
12 H304©7CHO -COOGHs 4.5 89 4 89 5 84 12
13 o cHO CN 075 96 0.5 96 15 92 30
14 oZN—Q—CHo _COOGHs 2.5 92 2 92 3 90 30
?|solated yields.

PAll the products were characterized by IR and *H NMR spectra comparing with those of authentic samples, 1123

are obtained and more reaction time is requirembtoplete the reaction. Malononitrile is more reazttompared to
ethyl cyanoacetate and the reaction with malonidmitequired short time for completion of the réaict This may
be attributed to the fact that abstraction of @qrdrom the active methylene group of ethyl cyaretate is difficult

due to lower acidity.

Higher yields of alkenesridatives are obtained in water medium and solviee¢

conditions. Considering environmental impact, waehe best solvent for Knoevenagel condensatibalyzed by
SeQ/ZrO, and this catalyst facilitates solvent free reacttso.

The reaction is completed in shorter time with itherease in amount of the catalyst. The reusakilitthe catalyst
is investigated using 0.1 g of the catalyst tolgagacondensation of 4-Nitro benzaldehyde with malatrile under
solvent free condition. After completion of the ¢gan the catalyst was filtered out and the sameoca&alyst was
directly used for the next cycle without any adutitil treatment. There is no appreciable changetinity for 5-6

runs.
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CONCLUSION

In conclusion we have demonstrated that all thalgsts used to study Knoevenagel condensation tedragonal
phase but different activities. This can be attéloito difference in redox potential of the promatom and acid-
base properties. All the catalysts exhibited highetivity in presence of water. Among tested gatal selenium
promoted zirconia gave high yield of 96% in shoderation. Catalyst can be easily separated froenréaction
mixture and recycled. A green heterogeneous pramegsatalyst is developed for C-C bond formation.
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