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ABSTRACT

The objective of this tutorial review is to summarize some of the recent advances in a specific class of silica based
multifunctional, heterogeneous catalysis. We are focusing on recent advances have led to the preparation of silica
materials containing multiple, different functional groups that can be used as catalyst in organic synthesis. In this
review we summarizes the recent used silica based catalyst in synthesis of different organic compounds their
preparation, reaction schemes and procedures. This review will help the reader to understand the preparation and
use of silica based catalyst in both theoretical and practical aspect.
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INTRODUCTION

In present world of medicinal chemistry we are f&ing on the science of chemical compound which

pharmacologically active. Science of chemical coommbmeans to study about the production and priegeof

new compounds. Nature and synthesis are the twa s@irces of obtaining a new chemical compound.
chemistry, chemical synthesis is a purposeful eti@cuof chemical reactions to obtain a product,seweral

products. Many strategies and methods implant&yirthesis of different compounds and one of thethesuse of
catalyst to speed up the chemical synthesis process

A substance that increases the rate of a chengeation without itself being changed in the prodessalled as
Catalyst. In general, there are heterogeneous, genemus and biological catalysts. Heterogeneowudysit is a
type of catalysis in which the catalyst occupiadifferent phase than the reaction mixture. But fugra reaction
under heterogeneous catalytic conditions has seagvantages compared to other catalytic procd$sgsrel).

Solid acid catalysts play a prominent role in oigaynthesis under heterogeneous condittbni general, solid
acid catalysts are mainly based on clay and &licgilica-based materials are commonly used as dgetaeous
catalysts. Hybrid inorganic—organic materials casipg organic functional groups bonded from silszafaces are
versatile, heterogeneous catalysts. Recent advamees led to the preparation of silica materialsitaming
multiple, different functional groups that can lse=d as catalyst in organic synthesis, that isetfienctional groups
can act together to provide catalytic activity awedectivity superior to what can be obtained frathez mono-
functional materials or homogeneous catalysts. @egaunctionalization of amorphous, mesoporous, aedlitic
silica materials leads to a vast array of catadyjcactive materiald.
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FIGURE 1: Advantages of heter ogenous catalyst

As the literature survey reviles that silica basathlyst shown good applicability in modern synithgtocedure so

we are trying to explore some important and fretjyemsed silica based catalyst, their preparatiod synthetic
uses in this review.

Preparation of some silica based catalyst

Preparation of SO,-ZnCl,

To a mixture of anhydrous zinc chloride (3g) antvated silica (10 g) in a round bottom flask (1®0), sodium
dried toluene (60ml) was added and the reactionturéxwas refluxed for 12 hr, SjZnCl, was obtained as a free
flowing powder after filtration under reduced preesand drying at 1£C for 12 hr. and store in desicdter

Preparation of silica-supported antimony (111) chloride

A mixture of 1 g antimony trichloride (Sb{}] 6 g SiO2 and 15mL dried dichloromethane solweete stirred at
room temperature for 120 min. HCl gas evolved froma reaction vessel immediately. The solvent was th
removed on a rotary evaporator under reduced pressuafford white powder of silica-supported ardimg (l11)
chloride (6.44 g). It was applied in the next stge

Preparation of nano-SiO,

The synthesis of nano-Si@vas achieved by the ammonia-catalysed hydrolyisistaethyl orthosilicate (TEOS) in
a mixed solvent of deionized water and ethanol gidhEG as the surfactant agent in the process ah roo
temperature. In a typical procedure, 100mL ethandl 20mL deionized water were mixed together ieakbr, and
then 1.0 g of PEG (MW 6000) was dispersed intontitdure by ultrasonication. After adding ammoniateva(2.5
mL), tetraethyl orthosilicate (TEOS, 2mL) was addedhe reaction solution. The resulting dispersicas under
mechanically stirred continuously for 20 h at rotamperature. The resultant products were colleatetlwashed
with ethanol and deionized water in sequence, e tried under vacuum at-€Dfor 2 h for further ugg.

Preparation of Ni/SiO, catalysts

The catalyst was prepared by the impregnation ndetho dissolving nickel nitrate hexa hydrate (2.5X)7in
distilled water (20.0 mL) and adding it to silicald5.0 g) and stirring for 2 h using a magneticret at room
temperature (20 +2C) and ageing at room temperature overnight. Tleessxwater is removed by heating the
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mixture on water bath and using a rotavapor undeuwm to evaporate the water. The catalyst matieriddied in
an oven at 100-12C for 12 K.

Preparation of HCIO,/S O, catalyst

Seventy percent aqueous perchloric acid (1.8 & fi2nol) was added to a suspension of,3&30—400 mesh, 23.7
g) in ether (70 ml). The mixture was concentrated ene residue was heated at 2@0for 72 h under vacuum to
give HCIO~SiO, (0.5 mmol/g) as free flowing powd8r

Preparation of PPA/SIO,

PPA (4.0 g) was charged in the round-bottom flasiki CHC} (100 mL) was added. After the mixture was stiraed
50 °C for 1 h, followed by Si©(16.0 g, 70-230 mesh) was added to the solutiod,tike mixture was stirred for
another 1 h. CHGlwas removed by evaporation, and the resultingl sedis dried in vacuo at room temperature for
3 h. Used PPA/SiOQwas regenerated as follows: PPA/SiWas recovered by filtration from the reaction rang,
and then it was put in the 50 mL round-bottom flaskl dried in vacuum at 100 °C for @ h

Preparation of 3-mercaptopropylsilica (M PS)

To 20 g of SiQ in dry toluene, 25 ml of (3-mercaptopropyl)trimexlysilane was added, and the mixture of the
reaction was refluxed for 24 h. After this peritide mixture was filtered to obtain 3-mercaptoprgpida (MPS)
which was washed with acetone and dried. 3-Mergapfuylsilica (MPS) was oxidized with B, (excess) and 2—3
drops of HSQ, (conc) in methanol (20 ml) for 24 h at rt and thika mixture was filtered and washed withCH
and then acetone to obtain $iPr-SQH catalyst. The modified S¥Pr-SQH was dried and used as a solid acid
catalyst in the organic synthesis

Recent synthetic Applications of Silica based catalyst

Ziarani et al. reported a facile, efficient methiod the preparation of 1,8-dioxo-decahydroacridiiregxcellent
yields using silica-based sulfonic acid as a heggemeous solid acid catalyst, which makes this ir@adlean, safe
and high-yielding process. The reaction was camigidunder solvent free conditions at P2Dfor 2 h by taking a
1:1.2:2 mol ratio mixture of an aromatic aldehyder,amine and 5, 5-dimethyl- 1,3-cyclohexanediongive the
desired products (Scheme 1). After dissolving thele product in hot ethanol, the catalyst was resddvom the
reactioéqO]mixture by simple filtration and then,esftooling the filtrate, the pure products wereaoi®d as yellow
crystals™

SiO,-Pr-SQH

+ RNHzor NH,0Ac Solvent free

Scheme 1

Kantevari et al. developed a highly efficient, g; four-component synthesis of 1,2,4,5- tetrastuited
imidazoles by the condensation of various aldehydenrzil, aliphatic or aromatic primary amines amdmonium
acetate under solvent free conditions using perchlacid adsorbed on silica gel (HGKSBIO,) as catalyst in
excellent yields. HCIQ-SiO, exhibited remarkable catalytic activity with respéo the reaction time (2-20 min),
amount of catalyst. (Scheme 2). Present protociti WCIO,—SiO, catalyst is convincingly superior to the recently
reported catalytic method.
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Some new derivatives of acenaphtho[1,2-b]furarcieffitly synthesized by one-pot reaction of (acettagpén-1-
yloxy)trimethylsilane, various aldehydes and isaiglas at the presence of silica-supported ionicidigby
Sandaroos et al (Scheme 3). To a magneticallyedtimixture of aldehyde (1 mmol) and catalyst (0vxhol) in
DMF (40 mL) at @C was drop-wise added to a solution of (acenapéthgtyloxy)trimethylsilane (1 mmol) in
DMF (10 mL) over a 30 min period. Then, the mixtwas allowed to warm to room temperature and tdeaith a
solution of isocyanide (1.0 mmol) in DMF (10 mL)h& mixture was refluxed for 10 h, cooled to roomperature,
and filtered. The filtrate was extracted with dimldmethane (4 x 15 mL). After evaporation of sotyd¢ine residue
was washed with ether and crystallized from ac&iteto give analytically pure produtd.
1

R ~NH

O—TMS

CH é HSO,~Si0,, DMF —
Rl—_IN:C_ + | + —
R2 Reflux

Scheme 3

Nasseri and Sadeghzadeh prepared nano-SiO2 cdtalystnexpensive starting materials in aqueousienedhich

catalysed the synthesis a-aminophosphonates froemgdes, amines and diethylphosphate under ulticeam in

water (Scheme 4). A mixture of aldehydes (1 mmafjnes (1 mmol), diethylphosphate (1 mmol) and r&i®

(0.0007 g) in water (5 ml), at room-temperature \veadiated by ultrasound for 10-20 min (the pregref the
reaction was monitored by TLC). After completiome tcatalyst was filtered and washed witf©OH5 ml) and EtOH
(5 ml). The reaction mixture was cooled to ambienmperature and extracted with ethyl acetate (® mL). The
combined organic layers were dried oves®i@, filtered and the solvent removed under reducedsuré®.

NHR,

o o) . OEt
|| Nano-SiG /
H—P—OEt + + R NH ———— 5 R P——OEt

Water 1 ||
H Ry
OFEt o)
Scheme 4

Krishnamurthy and Jagannath Prepared derivativetriakzolo/benzimidazoquinazolinones via silica-praetb
solvent-free method using microwave irradiationhwdn excellent yield (Scheme 5). A Slurry of equamno
guantities of 3-amino-1,2,4- triazole/2-amino bemidiazole, dimedone and benzaldehyde in a minimuamtipy of
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ethanol/MDC was allowed to adsorb over silica Jéle solvent is removed by evaporation and the igmated
silica gel was irradiated with Microwaves of 150W 120C and pressure of 100 psi till the completion of th
reaction. After completion of the reaction (as mar@d by TLC), it was cooled to room temperature #re product
was extracted with methylene chloride (3 x 15 ffilje crude product was recrystalised to get a pomgound.

X

H 0
NH. 9
N/< X Silica gel N
H\ N+ ‘ + — J N
/ ¥ " {_LL
I 7 x O N N
H

Scheme5

Antimony trichloride based silica gel (SB@Ei0,) was developed and studied by Safari et al. whifitiently
catalyses the four-component cyclocondensation 2fliketone, aldehyde, ammonium acetate, and pyirarine
under solvent-free conditions to afford the cormesfing tetrasubstituted imidazoles in high yiel8sHeme 6). A
mixture of 1 g antimony trichloride (Sbgl 6 g SiQ and 15mL dried dichloromethane solvent were stiaeroom
temperature for 120 min. HCI gas evolved from #h&ction vessel immediately. The solvent was therowed on a
rotary evaporator under reduced pressure to affbiite powder of silica-supported antimony (Il1) ohitle (6.44 g).
It was applied in the next stage. In a 50mL rouonttdm flask mixture of benzyl (1 mmol), ammoniunetate (4
mmol), benzaldehyde (1 mmol) and primary amine (daf) in the presence of 0.1 g SBSIO, catalyst was stirred
at 120C for appropriated time. The progress of the reactivas monitored by TLC. After cooling, the reastio
mixture was dissolved in acetone and filtered. Tilete was concentrated on a rotary evaporatateumeduced
pressure and the solid product obtained was wastthdvater and recrystallized from acetone—w#ter

CHO o) NH,
4 NH,0Ac N —
X SHCLSIO, |
/
| " *oa Solvent free, 126C / \ AN
X ol N n
n

Scheme 6

Niknam et al. studied the reaction of 3-mercaptppisilica (MPS) and chlorosulfonic acid in chlorafo afforded
silica bonded S-sulfonic acid (SBSSA), which wagdiss a catalyst for the room temperature synthafsis
quinoxaline derivatives from 1,2-diamino compouratgl 1,2-dicarbonyl compounds (Scheme 7). The ctaly
could be recycled and reused several times withoytoss of efficiend$f.
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Wang et al. developed a highly efficient, inexpgasrecyclable, convenient, and green protocotfeamoselective
aza-Michael addition reactions of amines/thiolsuf-unsaturated compounds using silica sulfuric a88A or
Si0,-SO;H) was developed. This method is simple, convenat the title compounds are produced in good to
excellent yields (Scheme 8). acrylic acid 2-phemjésyl-ethyl ester( PTEA) was allowed to react with
morpholine in the presence of a varying quantiiesSiO-SO;H. The results show that an excellent yield of the
Michael adduct can be achieved by reacting a maxtfr morpholine (1.2 equiv.) and PTEA (1.0 equiw)the
presence of SIESO,H (SSA, 100 mg) at room temperatliré

OH O /@ S0, 508, 60°C OWO\/\S /©

Solvent free

Scheme 8

A novel synthesis of triazolo[1,2-a]indazole-1,&@ne derivatives by reaction of urazole, dimedand aromatic
aldehydes under conventional heating and microwaxadiation and solvent-free conditions using silic
nanoparticles prepared from rice husk ash as ctelgs developed by Hamidian et al (Scheme 9). ¥ure of
dimedone (1, 5 mmol), urazole (2, 5 mmol), aldeh{@enmol) and nanosilica sulfuric acid (125 mg) vaated at
80 °C in a round-bottom flask for the appropriateet After completion of reaction (monitored by TL&e
mixture was cooled to room temperature, then EtQBE mL) was added to the mixture, which was filtete
remove the catalyst. The washing step was repewtexk. After evaporation of the solvent, the residu
recrystallized from ethyl acetate/hexane (1:3)fforel pure produdt?.

HsC_ s
HaC CHy F|>h
(@]

O N O

Y \‘[/ Nano SiQ-OSO;H o N
+ —_— S
+ ArCHO Solvent free /
o o HN NH heat or MW N
Ar

O
Scheme 9

Cao et al. developed an improved synthesis of foolitionalized pyrrolo[2,3,4-kl]lacridine derivativewith
different substituted patterns using silica sutfudcid (SSA) as a heterogeneous catalyst underowsse
irradiation conditions (Scheme 1)
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Scheme 10

Manolov et al. reported an application of @amidoalkylation reaction, as an alternative efiti synthesis of 4-
aryl- and 4-methyl-1,2,3,4-tetrahydroisoquinolineridatives. The amides required for this purposeildagesult

from reaction of aminoacetaldehyde dimethylacetih wlifferent substituted benzenes in polyphosphagid,

followed by acylation of the obtained amines wiflffestent acid chlorides or sulfochlorides. They quared the
cyclisation step using conventional (milieu of édeifluoracetic acid = 4:1) and solid supportedagents
(SiO./PPA), as recovered, regenerated and reused wibgsiof its activity catalyst (Scheme 11). Andrfduhat in

comparison to conventional methods, the yieldhiefreaction was greater and the reaction time e,

O Ry O R; O Ry
R
Ry Ry CH,0, Si0/PPA !
Rl -
AP
2
Rl Rl NH2 Rl

Scheme 11

An efficient silica-HSO, mediated synthesis of a variety of chalcones wasrted by Sultan et al. which afforded
the targeted compounds in very good yield compé&oeiiase catalyzed solvent free conditions as veekhad or
base catalyzed refluxing conditions. When substituPhAc and ArCHO were condensed in the presence of
different reagents, the capricious yield of thedutis depends upon the nature of reagent usedr{tectig). In
general, the base- catalyzed reaction under reffugonditions gave the lowest yields in almosta#ies. The effect
was more pronounced when either substrate contdiaad +R groups (such as OH, NMer —I and —R groups
(such as N@. The acid catalyzed reaction also suffered thablem of low yields. The low yield with base-
catalyzed refluxing conditions was attributed te thxidation of aldehydes to their correspondindaaylic acids
via the Cannizarro reaction, which results in amrrall decrease in the active concentration of aldeh The
oxidation of aldehydes to carboxylic acids was mpecbnounced with para-substituted. The solvent {{®E)
conditions led to quite a high yield of the produwbwever, the yields were quite low when eitheboth of the
reactants contains —I and +R/—R groups. The yielgsich substrates under SSA conditions are qigteeff".

Q 0
N X Z
| ilica-H,SO Ar
R_(;)K““ ArCHO Sllca—Hzi R{j)‘\/\
G

Scheme 12

24
Scholars Research Library



Parjanya Kumar Shukla et al Arch. Appl. Sci. Res., 2014, 6 (5):18-25

Xu et al. studied an efficient synthesis of 2-hygr@-(trifluoromethyl)-2H-chromene-3-carboxylatediwh was
carried out under solvent-free conditions in anrowe microwave oven via the Knoevenagel condensabid
salicylaldehydes with ethyl trifluoroacetoacetablidiwed by intramolecular cyclization in the preserof silica-
immobilized L-proline (Scheme 13J.

OC—O/\
CHO Q Q N

L-proline/SiO,

+ FSCMO/\ - S5 OH
Solvent free

OH o) CF3

Scheme 13
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