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ABSTRACT

Amorphous aluminophosphate, Cr or Fe—aluminophogsha2.5mol% of Cr or Fe) and Cr and Fe-
aluminophosphates (2.5, 5 or 25 mol% of Cr and &e)prepared by co-precipitation method. These nad$eare
characterized for their bulk, surface and acidioperties and applied as catalyst for the synthe§ikiologically
important 3,4-dihydropyramidinones by the Biginelindensation of benzaldehyde, urea and ethylacetate at
ambient reaction conditions.The materials are fotmdbe mesoporous, amorphous and possess highceuafaa
and weak and strong acid sites depending on the &y concentration of the transition metals. Al tnaterials
are catalytically active with 100% selectivity towa the formation of Biginelli product. Among aétltatalysts,
CrFeAlP with 5 mol % of Cr and Fe is found to be tfest catalyst because of its higher concentratiomeak acid
sites and also higher surface area and porosity maned to other phosphate materials investigated faterial
also found to be recyclable up to five cycles witHosing catalytic activity significantly.

Keywords: Amorphous metal-aluminophosphate, surface propertgirface acidity, Biginelli reaction, 3,4-
dihydropyramidinone

INTRODUCTION

Multi-component reactions (MCRs) have recently gdintremendous importance in medicinal and green
chemistry[1]. The main advantages of these reastame good atom economy, their applications in déoatbrial
chemistry and the use of diverse substrate molecAle important MCR in the synthetic chemistryhe Biginelli
type cyclocondensation reaction to produce 3,4-Bibgyrimidinones (3,4-DHPs) [2-3]. 3,4-DHPs areimportant
class of biologically active heterocyclic compoundghlich possess a vast variety of applications irdicieal
chemistry. 3,4-DHP derivatives are mainly usedasieum channel blockers, which inhibits the in-fl@ivcalcium
ions through plasma membrane channels and theriédite dascular muscles and minimize the force aflica
vascular contraction [4]. The DHP derivatives alg used as anti-hypertensive agents, anti-cadrcgs, anti-
batcterial and anti-viral drugs [5-7]. Another mastable fact is that 3,4-DHPs are the first lowiecalar weight
natural products to inhibit the binding of HIV gll® CD4 cells, which is a landmark in the treattrefnAIDS [8].
The multicomponent condensation for synthesis 4fC81P was first reported by PietroBiginelli in 188&d hence
the name Biginelli reaction [9]. It involves in gaal the homogeneous acid catalyzed reaction oiktura of ap-
keto ester (mainly ethylacetoacetate), an aronadédiehyde and urea (Scheme 1). The difficulties@ated with the
classical DHP preparation in strongly acidic medisnthe low to moderate yield. Various homogenecatslysts
were employed and reported in the literature torcavme these issues. The important homogeneousysiatal
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reported are AIGI[10], [AI(HO)](BF,)s [11], ZnCh [12], CuCh.2H,O [13], FeCL.6H,0O[14], Ziegler—Natta
catalyst [15], polyphosphate ester [16], Baker'asgg17], LaC}- 7H,O [18] and LiCIQ[17]. Most of the processes
involving above catalytic materials are either bosir eco-unfriendly, or the catalysts are non-sexable and
generate copious amount of acidic wastes.

/O O O |O ~ C
H+
M + /K —
+ J HzN NH2 NH
C
H

Benzaldehyde Ethyl acetoacetate Urea 3,4-DHP
Scheme 1. The Biginelli condensation of benzaldehyde, urea and ethylacetoacdtate to synthesize 3,4-DHP

The heterogeneous catalytic process is always d@®ithan the homogeneous one due to ease of separhthe

catalyst from the reaction mixture and the laclpas$sibility of reactor corrosion. Many authors hagported more
economic and greener methods using heterogenedalysts such as bentonite clay [19], silica-chleri0],

zeolites [21], ion exchange resins [22] and hetalsomcid [23]. Though the yield and selectivity thfe DHP

product was superior with some of the heterogematalytic systems listed above, the drawbacks &tsocwith

these catalysts are the longer duration, the edev@mperatures etc.

Recently our group has reported the synthesis, actenization and catalytic applications of amorghou
aluminophosphate and a few metal-aluminophospl2teaf]. These materials possess weak acid-baselhasv
redox sites that can activate a number of indultii@portant organic reactions. These materiasrauch simpler
to prepare compared to the crystalline ALPOs andPi@A. The catalytic efficiency of these materialsyrba
altered depending on the experimental conditiongntaimed before and after their preparation, sushpd of
precipitation, precipitating agent, digestion of fhrecipitate, calcinations temperature etc. Theeewide scope to
develop these materials as a new class of hetezogencatalysts to affect a number of industriathportant
organic transformations. Most of the works reporedfar on amorphous aluminophosphate relates ynamithe
incorporation of one type of metal. However, fewdsés on the incorporation of two or more typesnatals in the
crystalline AIPOs are reported [28]. The study ghergic effects of two metals on the structural aodface
properties of amorphous aluminophosphate will beeniimteresting with respect to their catalytic aggions since
the development of cheaper and highly efficientalggic materials is still a challenging task in therld of
sustainable and green chemistry.

In the present work, amorphous aluminophophate GuiEe-aluminophosphates are prepared by co-pratipit
method from the respective metal nitrates and anumonhydroxide using ortho-phosphoric acid as the
phosphorous source, without using any surfactantstracture directing organic molecules. In ordersynthesis
catalytic materials with low particle size and highrface area, the precipitations are carried ¢ute cold
temperature. According von-Weimarn relation of sugsuration, Relative supersaturation, K = (Q-SY®ere, Q
= molar concentration of the mixed reagents befprecipitation,S = molar solubility of the precifiaat
equilibrium and K = a constant[29].Since the péatisize is inversely proportional to relative sigaguaration, for
the formation of precipitates by homogeneous nticleaa supersaturation of growth species mustrbated. A
reduction in temperature of an equilibrium mixtwsech as saturated solution would lead to supegegain. At high
relative super saturation, materials with reducedige size and high surface area are expected. prapared
materials are thoroughly characterized and usexhtadyst for the Biginelli condensation of uredyyétacetoacetate
and benzaldehyde to synthesize industrially antbbically important 3,4-dihydropyramidinones.
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EXPERIMENTAL SECTION

Material preparation

Preparation of aluminophosphate (AIP)

The aluminophosphate was prepared as per the pnaceeported in the literature [26].Calculated antoef the
aluminium nitrate [(Al(NQ)3;9H,0)] was weighed and taken in a 500mL beaker argbblied in 200mL de-ionized
water. To this solution required quantities of 8pB@sphoric acid with aluminium to phosphorous nraté of 1:1
was added. The whole beaker was kept in an ice dadhstirred well using a magnetic stirrer. To dheve clear
solution 28% laboratory grade ammonia was addeslghwith constant stirring over a period of 20 miest Initial
pH was 2 and addition of ammonia was stopped atl ®fp7.5. The precipitate obtained was filtered avabhed
continuously with distilled water to remove the gk salts. The precipitate was dried at °@@or 10h and
powdered samples were calcined at°85fdr 5h. The calcinedmaterial was abbreviated I&s A

Preparation of Cr/Fe-aluminophosphate

Chromium —aluminophosphate (CrAlIP) and iron —alwpimosphate (FeAlP) with2.5mol% of Cr or Fe, were
prepared by mixing aluminium nitrate nonahydrateAl(O3);9H,0)], chromium nitrate nonahydrate
[Cr(H,0)s](NOs)3 3H,0] or iron nitrate nonahydrate [Fe(W@9H,0O] in 500 mL of de-ionized water followed by
85% of KPQ, in the desired molar ratio. The beaker was kemririce bath, cooled and agitated on a magnetic
stirrer. To the above clear and cold solution, 28&oratory grade ammonia was added drop wise frdraratte
until pH reached 7.5. The resulting precipitate Wwascessed in a similar procedure used for aluntinephate
preparation explained above. The phosphorous &b to¢tal molar ratio was kept 1 in all the preparet with 2.5

mol percentage of the metal.

Preparation of Cr and Fe mixed -aluminophosphate (CrFeAlPn)

CrFeAlPn(where n = 2.5, 5 and 25 mol percentagbotfi Cr and Fe) were prepared using the same posed
applied for the preparation of the single metalk@ahophosphatesexcept the addition of the precwsatirof the
second metal. The metal nitrates including thalominium are dissolved in the initial stage befttre addition of
phosphoric acid. After precipitation was completidn rest of processing was done similar to thedeseribed in
former cases.

Material characterization

The elemental composition of materials was analyredCP-AES instrument (ARCOS from M/s. Spectro,
Germany). 0.2 g of the solid sample was dissolvedanc. HCI and made up to 100mL with distilled evaih a
standard measuring flask for analysis. The BETamarfarea, porosity and, lddsorption-desorption isotherms were
determined using MicromeriticsTristar 3000 instrumnén a typical measurement, 0.2g of the matevies screened
through 40/60 mesh size and degassed dC2f&0 2h in N gas flow. After cooling the sample to room temparat
adsorption-desorption analysis was conducted Uspaganadsorbate. The powder X-Ray diffraction pattefrthe
materials were recorded using Rigaku instrumergadawith Cu ki radiation. FT-IR spectra were recorded using
Thermo-Scientific Nicolet IR-380 instrument by KBellet technique in a range of 400 T@000cm'.
Temperature-Programmed Desorption of ammonia (TPR)}Nxperiments was performed on a pulse Chemisorb
instrument (Micromeritics) to characterize the #&gidf materials. In a typical experiment, 0.15fgwaterial sieved
through 40/60 mesh size was heated at 250 °C Faut in He gas flow, cooled to room temperature et 5%
NH; (balance nitrogen gas) was passed through thelsdorB30 minutes. After purging with He for 10 rates to
remove excess ammonia present, the TPR-Whs performed in the temperature range of 35—-80@t°a heating
rate of 10 °C/min. The TCD signals were measuréer 4l00°C and a waiting time of 15 minutes to remove any
physisorbed ammonia. Thermogravimetry(TG) analgéisn-calcined materials was carried out in TA @600
instrument using an aluminium pan in a temperanamge 30 to 8 by programmed heating at rate of
10°C/min.The SEM micrographs were obtained using alLJEED-2300 analysis station microscope.

Catalytic activity test

The catalytic Biginelli condensation of benzaldefyydrea and ethylacetoacetatewas performed in smdrypecked
RB flask fitted with a reflux condenser to one tod inecks. The other neck of the RB flask is cldsed rubber cork
and the analytical samples were removed carefaityugh this end. For the initial catalytic scregniest, 8mmol of
benzaldehyde, 8mmol of ethyl acetate and 12mmakeé were taken in the RB flask along with 0.1glyat and
5mL of ethanol as solvent. The RB flask containiegctants and catalyst was heated in an oil battagitated on a
magnetic stirrer at 9C for 2h. Then reaction mixture was cooled andsthigent ethanol was removed by applying
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vacuum under warm condition. Then ice cubes wededdo precipitate 3,4-DHP formed and thoroughlyedito
remove unreacted urea from the reaction mixture Sihrry was filtered and washed with ice cold wéddowed
by cold ethanol to remove un-reacted aldehyde tere3he product 3,4-DHP and catalyst were sepérhte
washing and filtration with hot ethanol. The filgacontaining the desired product dissolved in mthavas
concentrated and re-crystallized. The % yield @fasated DHP was calculated with respect to the hteafyinput
benzaldehdye. The product was also identified byME analysis and melting point determination.

RESULTSAND DISCUSSION

Physico-chemical properties

The list of materialswith atomic mol percentageCofand Fe, surface area, total pore volume, avgragediameter
and total acidity values are given in Table.1l. @tmmic mol percentage of Cr and Fe are found irdgagreement
with that of input addition. The surface area oftenials is in the range 137 to 193/m The increasing order of
surface of the material is CrFeAlP25<FeAlP< CrFeAP<AIP = CrAlP< CrFeAlP5.The variation in the e
area is related to the changes in the pore dianagtérparticle size due to the presence of tramsitin@tals in
aluminophosphate material.

While the surface area decreased from AIP by Feithgg it unchanged by Cr loading. In the case @bofium and
iron mixedaluminophosphates, the surface areausdao be decreased first with increase in the &Etamnole
percentage of chromium and iron and then gradulatiseased by a higher metal content up to 5mol%rédlis a
significant increase in the total surface area f&B% each Fe and Cr loaded sample (1%d)no 5% each Fe and
Cr metal loaded sample (193). But the surface area of CrFeAlP25 is foundeosignificantly decreased when
compared all other materials. It may be attributethe disturbance of porous network of aluminojptase by high
percentage of Cr and Fe.

Table 1. Various phosphate materialswith atomic mol per centage of metals, BET surface ar ea, pore volume, por e diameter and total

acidity
) Atomic mol percentage BET Surface area Pore Volume BJH ad_sorptlon Total acidity
Material Pore Diameter
of Cr and Fe (m?/g) (cn/g) (nm) (mmol/g)
Fe: Nil
AP Cr: Nil 181 0.50 10.9 0.09
FeAlP Fe: 2.56 153 1.00 26.4 0.06
Cr: Nil
Fe: Nil
CrAIP Cr 241 181 0.90 19.6 0.13
Cr: 2.35
CrFeAlP2.5 Fe: 240 167 1.00 25.2 0.08
Cr:4.73
CrFeAlP5 Fe- 486 193 0.80 16.3 0.12
Cr: 23.80
CrFeAlP25 Fe: 24.64 137 0.43 12.43 0.70

The average adsorption pore diameter increasedsivithe and double metal loading in aluminophosphaily up
to 2.5% percentage of metal loading. Pore diamisteglightly decreased by higher metal content (5%tafs
loading). The 5% Fe and Cr loaded sample possesgedte diameter of 16.3nmversus 25.2nm of 2.5%éddad
sample. Thus by higher amount Cr and Fe loading),(8¥%&n though surface area is increased, theganeeter is
not changed significantly. An interesting obsematis that due to metal loading in pure aluminiunogphates the
total pore volume is increased from 0.5 to almostLig in all samples except CrFeAlP25. It is anextlddvantage
to aluminophosphate that the extent of intake of mactant molecule will be higher with Fe or Caded one. A
high value of pore volume is obtained in the 2.5%ahloaded sample, after that there is slight elese. It may be
attributed to the blockage of pores due higher arhotihetero metals in AlP.

N, adsorption-desorption isotherms of the materiedspaesented in Figure 1. While AIP, type-V isotheand H4
hysteresis loop with limiting adsorption, CrAIP,AEB and CrFeAlP materials exhibited type-V isothemith H3
type hysteresis loop which did not exhibit any timg adsorption at high P{®alue. The hysteresis loops observed
is attributed to capillary condensation taking plagithin a narrow range of tubular pores, confirgnithe high
dimension of the pores [30]. The H4 type hystergssIP revealed the absence of large mesoporesrautiopores
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and presence of slit like pores which is compliraento the surface area results. This fact is agabstantiated by
the presence of hysteresis loops at low pressgierreThe H3 type hysteresis in metal-aluminophasgh and
mixed metal-aluminophosphates revealed the wideoeels with aggregates of plate like particles [31].

The powder XRD profiles of all materials are foumdbe amorphous with broad peak aroufdo? 25 degree as
reported in literature (Figure 2)[26].The Fourieraiisform-Infra Red (FTIR) spectra of aluminophosphand
Cu/zZn-aluminophosphates are shown in Figure 3.th#dl phosphates prepared showed nearly similar ayeH
stretching vibration band zone (3600-3000 $roentered at 3500 ¢t which is attributed to the surface hydroxyl
groups associated with metal, aluminum and phospisortoms [32]. The weak absorption bands aroud &6,
pointed out the presence of adsorbed carbon dioxidiecules. It is to be noted that all the samghesibited
characteristic absorption peaks due to the asynitnébrations of phosphate in the range of 1100140 cnt'. The

IR spectra also exhibited shoulder peaks at 7255Mdcm' which are respectively assigned to the symmetric
stretching mode of P-O-P and bending mode of O{fols [33].

CrFeAlIPS

CrFeAIP2.5

FeAlIP

CrAIP

Volume of gas adsorbed/desorbed (ecm3g STP)

T T T T T

0 01 02 03 04 05 06 07 08 09
Relative pressure (P/Pg)

[

Figure 1. N,adsor ption-desor ption isother ms of materials
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Figure 2. PXRD profiles of AIP and Cr/FeAlP materials

Since Biginelli type condensation is catalyzed bigaites, the type and strength of acidic sitepwofe and metal
loaded aluminophosphates has an important roleldg m the reaction. Ammonia temperature programmed
desorption (NH-TPD) profiles of the AIP, Cr/FeAlP materials aneegented in Figure 4. The acidic properties of
pure aluminophosphate are significantly affecteddsyand Fe incorporation during its precipitati@enerally
weak acid sites are observed in aluminophosphatasoand the F. of 170C temperature. It is observed from
Figure 4 that the peak is shifted to higher temijpeeaside by the incorporation of metals such as@t Fe.The
amount of strong acid sites is increased in aluptiesphates with increasing amount of Cr and FeleArcshift
from weak to medium and then to strong acidic site®bserved from pure aluminophosphate to CrFeAlPn
samples. A predominant amount of strong acidissate found to be formed in the CrFeAIP25.
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Figure 3. FT-IR spectra of (a) AIP, (b) CrAlP, (c) FeAIP, (d) CrFeAlP2.5, (e) CrFeAlP5 and (f) Cr FeAlP25
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Figure 4. NH3-TPD profiles of aluminophosphatesand Cr/Fe-AlPs
The Scanning Electron Micrographs of AIP and CriREAb are given Figure 5. In general all the materae

characterized by irregular aggregates of plate dilkapes with non-uniform porous nature, with theripparticle
spaces which is also considered as the reasomfosipy of these materials.
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Figure5. The SEM images of AIP and CrFeAlP2.5

Catalytic activity of AIP, Cr/FeAlP in Bigindli condensation

The catalytic activity of AIP, CrAIP, FeAlIP and GARIPn materials are investigated in Biginelliconsiaion of
benzaldehyde, urea and ethyl acetoacetate ancesiéts are presented in Table 2. Pure aluminoplatspiAlP)
possessed a yield of 47% of the isolated produlf. i8 characterized by weak acidic sites from ammdPD
studies and this is the reason for the comparatilest yield of the product. The FeAlPshowed slighticreased
yield than AIP. FeAlP is characterized by weak mcgites but with higher concentration of thesessihan in AIP
and thus the activity is also affected marginaByt a good yield of DHP is achieved with CrAIP a@d~eAlPn
catalysts, which is attributed due a higher comegioin of moderate strength acidic sites in thestalgsts. A high
yield of 74% was achieved using CrFeAlP5 with thi¢ial experimental conditions, which possessedardy a
high surface area, porosity but also high acidiergjth. An interesting observation with CrFeAlP2&atyst is that
the yield of the product is low (61%) even thougledntains a good amount of moderate and strorgjcasites.
This may be attributed to the low surface area, pmre volume and pore diameter of this materiak Tdw pore
size in this catalyst will limit the formation bylkproduct molecule DHP and the less dispersioniatedaction of
substrates and active sites. Thus the catalysA&R5 is identified as the best catalyst out ofsbkected ones and
further optimization studies are conducted usirggsiime.

Table2. Theyield of DHP using different aluminophosphate catalysts

Catalyst used % Yield of DHH
AlP 47
FeAlP 55
CrAlP 63
CrFeAlP2.! 65
CrFeAlP5 74
CrFeAlP25 61

Reaction condition: temperature ®) duration 2h, mol ratio of benzaldehyde:EAA:uie®: 1.5, catalyst amount 10% w.r.t benzaldehyde,
solvent ethanol (5ml).

Optimization of reaction conditions

Since CrFeAlPS5 is identified as the best catalysBiginelli condensation of benzaldehyde, urea iyl

acetoacetate to synthesis 3,4 DHP, the optimisaiforeaction condition is carried out using thigatgst. The
experimental conditions studied are temperatureatauin, damount of catalyst and use of solventstlier same
reaction. The resultswith respect to the yieldsofated product are discussed below.

Effect of Temperature
The effect of reaction temperature in the rang@0s100°C on the catalyst performance in Biginelli condéiasais
studied using CrFeAlIP5 catalyst keeping all rermgjrionditions the same. The results are tabulatddble 3. A
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significant increase in the separated product yigldoted by increasing temperature from norme8ad8C. After
this temperature, there found only marginal inceciasthe yield of the product. Thus°80is considered to be the
optimum temperature and safe condition for thevatittn of the substrates and for a satisfactoryalgst
performance. Beyond this temperature a slight yadlb to green coloration is formed in the reactiointure and it
may be due to the formation of Hantzsch reactiadpct between ethylacetoacetate, aldehyde and ararfusmed
from urea and water. The Hantzsch pyridine synth&sia multi-component reaction between an aldehtwe
equivalents of a beta keto ester and a nitrogerdsinch as ammonium acetate or ammonia and theigiresd1,4-
dihydropyridine, which is also a medicinally impamt organic compound[34].

Table 3. The effect of temperatureon theyield of product

Temperature®C) | %Yield of 3,&DHP
30 24
50 41
60 54
70 60
80 74
90 76
10C 79

Reaction condition: Catalyst CrFeAlP5, duration &l ratio of benzaldehyde:EAA:urea 1:1:1.5, casalgmount 10% w.r.t benzaldehyde,
solvent ethanol 5ml.

Effect of duration of the reaction

Catalytic condensation experiments of benzaldehydssg and ethyl acetoacetate are conducted atafiffeeaction
duration (10 min-4h) and the corresponding pergmitgeld of separated product are calculated. Eselts are
presented in Table 4. It is observed that highdyielobtained by duration of 3 hours and after thate found no
notable change. Thus 3 hour duration is concludeti@optimum for the reaction using CrFeAlP5 gatal

Table 4. The effect of duration of thereaction on theyield of product

Reaction time| % Yield of 3,4-DHH
10 min 23
30mir 35
1h 51
2h 74
3h 82
4h 85

Reaction condition: Catalyst CrFeAlP5, temperat8BC, mol ratio of benzaldehyde:EAA:urea 1:1:1.5, tgamount 10% w.r.t
benzaldehyde, solvent ethanol (5ml).

Table5. Effect of the solvent on theyield of the DHP

Solvent use | % Yield of 3,4DHP
Nil 45
Ethanol 82
Ethyl acetate 84
Acetonitrile 71
Hexane 47

Reaction condition: Catalyst CrFeAlP5, temperat8€BC, duration 3h, mol ratio of benzaldehyde:EAA:ute& 1.5, catalyst amount 10% w.r.t
benzaldehyde, solvent 5mL.

Effect of solvent
The Biginelli condensation experiments using CrAAtatalyst are conducted without any solventsveitid polar

and non-polar solvents. Solvents selected for thdies are ethanol, ethyl acetate, acetonitrile laexhne. The
results in terms of percentage yield of Biginelloguct is given in Table 5. It is interesting totedhat without
using any solvents a thick greenish-yellow colarduct formed in the reaction medium within 10 masitBut the
yield of desired product 3,4-DHP is found to be tow, ie 20%. It may be attributed to occlusionusi-reacted
substrates in the solid product mass with interompof agitation in the reaction mixture and alsgedo formation
of Hantzsch reaction product, which is not desifidte probability of reaction of urea and water (@this formed as
byproduct of the Biginelli reaction) to form ammanis higher in absence of any solvent and henchehig
probability for formation Hantzsch reaction prodbgt condensation of aldehyde, ethylacetoacetateaamdonia.
Almost a similar conversion is achieved in all gw@vents other than hexane. Thus a selection arsalvent is
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desirable for the Biginelli reaction using alumihogphate catalyst because the solvation of reaciggbod in this
case.

Effect of amount of catalyst

Biginelli condensation experiments are carriedlmutarying the amount of catalyst CrFeAlP5 usedptimize the
quantity of catalyst needed. The results are tabdlan Table 6, where the result of a reaction aithusing any
catalyst is also given. While the results are myglie in the absence of the catalyst, the yieldnigeased by
increasing the weight percentage of the cataly@0tfrom 10. A maximum conversion and high yieldhodre than
95% towards the desired product is obtained usifgwight percentage of the catalyst with respect to
benzaldehyde.

Table 6. Effect of catalyst amount on theyield of the DHP

Weight % of the catalyst used % Yield of 3,4-DHP
Without catalyst Nil
10 82
20 >95

Reaction condition: Catalyst CrFeAlP5, temperat8€EC, duration 3h, mol ratio of benzaldehyde:EAA:ute®: 1.5, solvent ethanol 5mL.
CONCLUSION

Amorphous AIP, CrAIP, FeAlP and CrFeAlPn materigidere n = 2.5, 5 or 25) are prepared by co-preatiph
method without using any surfactant or structurealing molecules. These materials are charactebyevarious
analytical methods. The surface and acid propedfesluminophosphate is found to be affected sigaiitly by
incorporation of Cr/Fe. These materials are usecaalysts for the Biginelli type condensation t&ac to
synthesize highly important pharmacological compubuB8,4-dihydropyrimidinone under ambient reaction
conditions. Among the various Cr/Fe -aluminophosphaCrFeAlP5 has been found to be an efficierdlysit for
the synthesis of 3,4-dihydropyramidinone via Bidlineondensation of benzaldehyde, ethylacetoacedatk urea
with 100 % selectivity. The catalytic activity ifirdbuted the presence of high concentration ofknesgd sites along
with a high surface area and porosity. Incorporatib Cr and Fe in aluminophosphate by co-precijpitamethod
resulted in design of highly efficient catalyst fgplication in the synthesis of 3,4-dihydropyrimihes
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