
The catalyst system using the combination of ruthenium-based catalyst and carboxylic acid is useful for the
tail-to-tail dimerization of acrylonitrile without the formation of undesired by-product propionitrile.
Carboxylic acids having pKa 1.8–5.0 are suitable as co-catalyst for the dimerization of acrylonitrile.
Carboxylic acids are considered to be effective in the protonolysis step of the carbon–ruthenium bond of
intermediate Ru complex. 
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Ruthenium-catalyzed dimerization of acrylonitrile
in the presence of carboxylic acids

The carbonylation of iodobenzene catalyzed by water-soluble palladium–TPPTS complex has been investigated
in ionic liquid [bmim][p-CH3C6H4SO3]. The combination of palladium–TPPTS complex and [bmim][p-
CH3C6H4SO3] exhibits excellent catalytic activity and selectivity. The catalyst can be reused for 10 times. 
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Potassium dodecatungstocobaltate trihydrate
(K5CoW12O40·3H2O): A mild and efficient reusable
catalyst for the synthesis of �-acetamido ketones
under solvent-free conditions
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Carbonylation of iodobenzene catalyzed by water-
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Oxygen pretreatment of Au/SiO2 catalysts above
800 °C greatly enhances the catalytic activity
towards CO oxidation.
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Effect of oxygen treatment on the catalytic activity
of Au/SiO2 catalysts

Adsorption of benzene in the nanoporous mordenite
modeled with the embedded ONIOM2 scheme.
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Interaction of mordenite with an aromatic hydrocar-
bon: An embedded ONIOM study
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Rapid N-tert-butoxycarbonylation of amines using
Bi(NO3)3·5H2O as a mild and highly efficient 
catalyst under solvent-free conditions

A novel mesoporous Zn–Al-MCM-41 is found to be a highly active and recyclable heterogeneous catalyst
suitable for the selective synthesis of TBC by t-butylation of p-cresol with butyl alcohol having much higher
acidity and activity than other catalysts, such as Al-MCM-41(21), USY, H�, H-ZSM-5 and H-mordenite. 
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Highly selective synthesis of t-butyl-p-cresol (TBC)
by t-butylation of p-cresol with t-butyl alcohol over
microporous and mesoporous catalysts
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K7[PW11CoO40]-catalyzed one-pot synthesis of
polyhydroquinoline derivatives via the Hantzsch
three component condensation

The acidities and catalytic activities of sulfonic acid-functionalized ionic liquids with pyridinium cations
depend on the kinds of anions. The minimum-energy geometries of SFILs manifest that the anions have
strong interactions with the sulfonic acid proton. It is considered that in addition to the alkyl sulfonic acid
group, the anion is likely to serve as available acid sites. Hence the acidities and catalytic activities of SFILs
depend on the kinds of anions.
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The sulfonic acid-functionalized ionic liquids with
pyridinium cations: Acidities and their acidity–
catalytic activity relationships

A new bio-polymer heterobimetallic complex wool–Pd–Co has been found to be a novel efficient catalyst
for asymmetric hydration of unsaturated carboxylic acids with high enantioselectivity by a simple and clean
process under mild conditions. Chemical and optical yields are affected by some parameters, such as the (Pd
� Co) content in wool–Pd–Co, the Co/Pd molar ratio, reaction time, reaction temperature and amount of
water. After 5-time use of the complex, the chemical and optical yields of the products show no significant
changes. Obviously, the methods provide an alternative way to produce chiral �-hydroxycarboxylic acids.
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A novel efficient route for preparation of chiral 
�-hydroxycarboxylic acid: Asymmetric hydration
of unsaturated carboxylic acids catalyzed by hetero-
bimetallic complex wool–palladium–cobalt

Phenoxyacetic acid (PAA) and 2,4,5-trichlorophe-
noxyacetic acid (2,4,5-T) undergo photomineraliza-
tion in aqueous suspenstions of TiO2. 
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Titanium dioxide mediated photocatalysed degrada-
tion of phenoxyacetic acid and 2,4,5-trichlorophe-
noxyacetic acid, in aqueous suspensions
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Active catalysts for the oxygen reduction reaction
were prepared by growing nitrogen-containing 
carbon nanofibers during acetonitrile pyrolysis over
Fe or Co metal particles. The particles were 
supported by silica or magnesia, which could subse-
quently be removed with KOH or HCl washing,
respectively. Half-cell activity testing demonstrated
comparable activity to state-of-the-art platinum cat-
alysts. The figure is a TEM image of a fiber grown
over a 2-wt% Co/MgO support.
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Oxygen reduction reaction activity and surface
properties of nanostructured nitrogen-containing
carbon
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Degradation pathways of ethyl violet by photocat-
alytic reaction with ZnO dispersions

A performance of bimetallic Pd–Cu catalysts supported on functional gel type resin and gamma-alumina in
the liquid-phase hydrogenation of nitrates has been compared. Pd–Cu alloys (alumina support) or isolated
domains of metallic palladium and copper, if any, were found by means of TEM and XRPD. The Pd–Cu 
catalysts supported on alumina were more active, but less selective to nitrogen than their resin type 
counterparts. In spite of smaller metal particles generated inside the polymer framework, this type of catalyst
proved to be more stable than that supported on �-alumina.
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Supported Pd–Cu catalysts in the water phase reduc-
tion of nitrates: Functional resin versus alumina
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Preparation, characterization, and catalytic activity
of synthetic carbon-supported (phthalocyaninato)
cobalt-containing complexes in dodecane-1-thiol
oxidation reaction
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Palladium-catalyzed heteroannulation of catechol
with functionalized propargylic carbonates:
Influence of the functional group on the regioselec-
tivity of the cyclization

The overall reaction of the etherification of 4,4�-bis(chloromethyl)-1,1�-biphenyl with phenol is Tetra-n-
butylammonium bromide was used as a liquid–liquid phase-transfer catalyst (LL-PTC, Q). Potassium 
phenoxide (PhO�K�) was synthesized in situ directly by reacting phenol with potassium hydroxide in the
aqueous phase. 4,4�-(Chloromethylphenoxymethyl)-1,1�-biphenyl was first synthesized by reacting phenox-
ide with 4,4�-bis(chloromethyl)-1,1�-biphenyl in an organic solvent. Afterward, 4,4�-bis(phenoxymethyl)-
1,1�-biphenyl was produced by further reacting phenoxide with 4,4�-(chloromethylphenoxymethyl)-1,1�-
biphenyl.
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Reaction of 4,4�-bis(chloromethyl)-1,1�-biphenyl
and phenol in two-phase medium via phase-transfer
catalysis

The oxidation of carbon monoxide with aqueous hydrogen peroxide was carried out over Pt– and Au–NaY
catalysts, that were prepared by the impregnation of NaY zeolite (Si/Al = 5.6, SBET = 910 m2/g) with aque-
ous solutions of tetramine platinum(II) nitrate and hydrogen tetrachloroaurate trihydrate, respectively. The
Pt– and Au–NaY catalysts exhibited high activity at relatively low temperatures as low as 303 K in the
CO–H2O2 reaction. Pt–NaY was compared favorably with Au–NaY at similar reaction conditions, where the
specific reaction rate constant, Km, over Pt–NaY was five times of magnitude higher than that of Au–NaY
at 323 K. These data were confirmed by the values of activation energy evaluated from Arrhenius plots. The
Pt–NaY was reduced in flowing H2 at 623 K for 2 h. The catalytic activity of reduced Pt–NaY was about 44
times more active than that of analogous unreduced catalyst at 303 K. The catalytic activity of Au–NaY was
greatly affected by thermal treatment. A higher Km value was obtained at 353 K over Au–NaY, exceeding
this temperature led to a decrease in activity due to sintering of Au particles. It is proposed that a dual
Au(0)/Au(I) site is necessary to catalyze the reaction, where, Au(0) accelerates the H2O2 decomposition and
the CO adsorption capability was enhanced on Au(I) site.
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Aqueous H2O2 as an oxidant for CO over Pt– and
Au–NaY catalysts
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Mechanochemical, solvent free, palladium-
catalyzed hydrodechlorination of chloroaromatic
hydrocarbons
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Easily recyclable polymeric V(V) salen complex for
the enantioselective O-acetyl cyanation of aldehydes

1,5,7-Triazabicyclo[4.4.0]dec-5-ene (TBD, a bicyclic guanidine base) functionalized SBA-15 was found to
be an efficient catalyst for Aldol reaction of trimethylsilyl enolate with aldehydes. Both aryl aldehydes and
alkyl aldehydes provided the aldol product in good yields. The applicability of this catalyst was extended to
Michael reaction and in the synthesis of quaternary carbon. This novel heterogeneous catalyst offer several
attractive advantages over soluble base catalysts such as high catalyst activity under mild reaction condition,
easy recovery of the catalyst and reusability of the catalyst. 
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An efficient, eco-friendly process for aldol and
Michael reactions of trimethylsilyl enolate over
organic base-functionalized SBA-15 catalysts

Mesoporous silica/polymer sulfonate composite materials are prepared by mixing hexadecyltrimethyl-
ammonium bromide, polymer sulfonates and tetraethoxysilane in aqueous solution and used as catalysts for 
�-methylstyrene dimerization and Friedel–Crafts alkylation reaction of aromatics. 
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Preparation of mesoporous silica/polymer sulfonate
composite materials
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Efficient method for ring opening of epoxides with
amines by NaY zeolite under solvent-free conditions
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In situ generation of Pd nanoparticles in MCM-41
and catalytic applications in liquid-phase alkyne
hydrogenations

Acylation of 1,4 dimethoxybenzene with acetic anhydride is studied systematically over several solid acids
and the ion exchange resins were found to be superior.

Ganapati D. Yadav, Ketan P. Pimparkar
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Insight into Friedel-Crafts acylation of 1,4-
dimethoxybenzene to 2,5-dimethoxyacetophenone
catalysed by solid acids—mechanism, kinetics and
remedies for deactivation
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On the mutual interactions between noble metal
crystallites and zeolitic supports and their impacts
on catalysis

Ethylene–hexene copolymers were produced by a
rac-Et(Ind)2ZrCl2/TiCl4/MAO(methylaluminox-
ane)/SMB(silica-magnesium bisupport) catalyst by
varying the amount of 1-hexene used. It was found
that the number of chemical composition distribu-
tion (CCD) peaks was increased and the short chain
branches were distributed over the lower tempera-
ture region with increasing 1-hexene content. 
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Lim, In Kyu Song
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Chemical composition distributions and microstruc-
tures of ethylene–hexene copolymers produced by a
rac-Et(Ind)2ZrCl2/TiCl4/MAO/SMB catalyst
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Zinc perchlorate hexahydrate [Zn(ClO4)2·6H2O] as
acylation catalyst for poor nucleophilic phenols,
alcohols and amines: Scope and limitations

Acid catalysts having 30% loading of 12-tungstosilicicacid onto hydrous zirconia and neutral alumina were
synthesized by impregnation method. The synthesized catalysts were evaluated for the cyclohexylation reac-
tions of phenol, which were carried out by varying different parameters. The activities of both the 
catalyst were compared in order to see the effect of nature of the support. 
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Liquid phase cyclohexylation of phenol with cyclo-
hexene using 12-tungstosilicicacid supported onto
different supports
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Experimental and semiempirical studies of effect of
MCM-41 and cation exchanged zeolite Y on rate
enhancement and diastereoselectivity of
Diels–Alder reaction of p-benzoquinone and some
derivatives with cyclopentadiene

The use of homogeneous ruthenium catalysts to
hydrogenate pyrolysis oil is reported. The hydro-
genation experiments were performed at mild 
conditions (40 bar, 90 °C) using a biphasic system
(water/toluene) and RuCl2(PPh3)3 as the toluene
soluble catalyst. Significant reductions in the
amounts of 1-hydroxy-2-propanone (1) and 1-
hydroxy-2-ethanal (2), present in pyrolysis oil in
significant amounts, were observed. Model studies
showed that 1 and 2 are selectively hydrogenated to
1,2-propanediol and 1,2-ethanediol, respectively.
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Hydrogenation of fast pyrolyis oil and model com-
pounds in a two-phase aqueous organic system
using homogeneous ruthenium catalysts

The 2:1 adducts of Diels–Alder reaction of cyclopentadiene with p-benzoquinone catalyzed by MCM-41
and alkali cation exchanged zeolite Y characterized as endo-anti-endo and endo-anti-exo as the major 
products, respectively, were rationalized by semiempirical calculations using PM5 method. 
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A �-Bi2Mo2O9 catalyst was prepared by a co-pre-
cipitation method for use in the oxidative dehydro-
genation of n-butene. It was found that the 
�-Bi2Mo2O9 catalyst showed a high and stable 
catalytic performance without catalyst deactivation,
in spite of its thermal instability and low oxygen
mobility.
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Unusual catalytic behavior of �-Bi2Mo2O9 in the
oxidative dehydrogenation of n-butene to 1,3-buta-
diene
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Quaternary onium tribromide catalyzed cyclic car-
bonate synthesis from carbon dioxide and epoxides

The effect of various reaction parameters such as molar ratio of the reactants, temperature, time and catalyst
dose, etc. on the conversion of acetic acid was studied and the findings are discussed. The 15 wt.% MPA
intercalated sample shows highest conversion (84.15%) with almost 100% selectivity for n-butyl acetate. 
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Heteropoly acid intercalated Zn/Al HTlc as efficient
catalyst for esterification of acetic acid using 
n-butanol

Synthesis of diphenyl carbonate (DPC) from phenol and CO2 has been explored in CCl4 with zinc halides
as catalyst. DPC yield and selectivity are influenced by the catalyst usage, reaction temperature, CO2 pres-
sure and initial composition of reactants. ZnCl2 as Lewis acid exhibits high catalytic activity for DPC syn-
thesis. Based on the experimental observation, possible reaction scheme has been proposed. 
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Synthesis of diphenyl carbonate from phenol and
carbon dioxide in carbon tetrachloride with zinc
halides as catalyst
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The preparation and characterization of new group 4 ansa-metallocene complexes containing chiral sub-
stituents and their role as catalysts in ethylene and propylene polymerization are described. 
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Effect of preparation technique on the properties of
platinum in NaY zeolite: A study by FTIR spec-
troscopy of adsorbed CO

Sulfoxidation catalysts generated in situ from titanium(IV) isopropoxide and enantiopure Schiff bases 
promote the enantioselective oxidation of alkyl aryl sulfides to the corresponding sulfoxides with over 90%
chemoselectivity and up to 60% ee at low catalyst loadings (<1 mol%), 30% aqueous hydrogen peroxide
being the terminal oxidant.

Konstantin P. Bryliakov, Evgenii P. Talsi

Journal of Molecular Catalysis A: Chemical 264
(2007) 280

Asymmetric oxidation of sulfides with H2O2 cat-
alyzed by titanium complexes with aminoalcohol
derived Schiff bases
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Lanthanum(III) nitrate hexahydrate or gadolinium
(III) chloride hexahydrate catalyzed one-pot synthesis
of �-amino nitriles
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A systematic approach on the effects of the addition of different amounts of co-catalyst on organoaluminate
ionic liquids bulk composition taking into account the interaction between the original anions and the added
co-catalyst and, particularly, the effects on catalytic performance of cationic nickel complexes is evaluated. 
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The role of aluminum species in biphasic butene
dimerization catalyzed by nickel complexes

First-principles calculations based on density func-
tional theory and the generalized gradient approxi-
mation have been used to study the adsorption and
dissociation of CH4 on Ni(1 0 0) surface. Three
reaction pathways starting from different CH4
orientations are considered. Because the energy 
barriers for the different reaction pathways take 
similar values, the CH4 orientation has a minor
effect on the reactivity.
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First-principles calculations of CH4 dissociation on
Ni(1 0 0) surface along different reaction pathways
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Gallium(III) iodide-promoted stereoselective aldol
coupling of �,�-acetylenic ketones
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Ph3P catalyzed efficient synthesis of ethyl 2-(acetyl-
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propenoates by nucleophilic addition to ethyl propi-
olate

+
O

35 mol% GaI 3

CH3CN, r.t.

O

H I

OH

Ar

Z-isomer

Ar H

O



xvi Contents

Majid M. Heravi, Tina Benmorad, Khadijeh
Bakhtiari, Fatemeh F. Bamoharram, Hossein H.
Oskooie

Journal of Molecular Catalysis A: Chemical 264
(2007) 318

H3�xPMo12�xVxO40 (heteropolyacids)-catalyzed
regioselective nitration of phenol to o-nitrophenol in
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