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Kinetics and mechanism of hydrogenation of some olefins catalysed 
by anchored montmorillonitebipyridinepalladium(II) acetate 

D THOMAS SADANAND, B RAMESH, S GOPIKANTH REDDY and 
P K SAIPRAKASH* 
Department of Chemistry, University College of Science, Osmania University, 
Hyderabad 500007, India 

MS received 21 March 1997; revised 16 July 1997 

Abstract. Kinetics of hydrogenation of some olefins such as 2,5-furandione, 
cis-butenedioic acid, trans-butenedioic acid, cis-methylbutenedioate and trans- 
methylbutenedioate catalysed by anchored montmoriUonitebipyridinepalladium(II) 
acetate have been studied in THF medium. The observed rate was found to be first 
order with respect to partial pressure of hydrogen and fractional order with respect 
to both [catalyst] and I-substrate]. The rate of hydrogenation follows the trend: 
2,5-furandione > cis-butenedioic acid > trans-butenedioic acid > cis-methylbu- 
tenedioate > trans-methylbutenedioate. Thermodynamic parameters were evaluated, 
the rate law and a probable mechanism have been proposed. 

Keywords. Olcfin; catalytic hydrogenation; anchored catalyst; montmorillonite; 
kinetics of hydrogenation. 

1. Introduction 

The second half of the twentieth century saw a breakthrough in the field of catalysis 
with the technique of heterogenizing homogeneous catalysts by anchoring them to 
insoluble supports (Pittman 1980). Enhanced reaction rates were obtained when metal 
complex homogeneous catalysts were attached to a suitable support (Ermakov 1981). 
Such catalysts also offer advantages in recovery and recycling of the active species as 
well as enhanced specificity, though leaching cannot be avoided. The inorganic 
supports that have been explored include silica, alumina, glasses, zeolites and clay 
(Pinnavaia and Welta 1978). Of all these, clays are shown to be good supports. Smectite 
clay, which includes hectorite and montmorillonite, has greater potential as providing 
better catalyst support (Quale and Pinnavaia 1979). The intra-crystal space of the clay 
can be swelled by various solvents and the degree of swelling depends upon the 
interlayer cations, the substrate and negative charge density on the silicate sheet 
(Hartley 1985). Successful attempts were made to synthesize a series of montmorillo- 
nite functionalised palladium(II) complexes (Choudary et al 1985; Choudhary and 
Bharati 1987; Shimazu et al 1993). Even though mechanistic studies of hydrogenation 
of olefinic compounds were explored (Turkervich et al 1950; Bailor and Itatani 1967; 
Nayak et a11985) very little attention has been paid to the kinetic study for understand- 
ing the mechanism. Here we report the hydrogenation of a series of olefins, namely 
2,5-furandione, cis-butenedioic acid, trans-butenedioic acid, cis-methylbutenedioate 
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Hydrogenation of some allylic alcohols catalysed by anchored 
montmorillonitebipyridinepalladium(II) acetate - A kinetic study 
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Hydrogenation of some allyli c a lcohols like 2-methyl-2-propen- l-ol, 4-penten-3-01 , trtllls-2-buten-l -ol, trtllls-3-penten-2-01 and 4-
methyl-3-penten-2-01 has been carried out by anchored montmorillonitebipyridinepalladium(ll) acetate in THF medium. Under the 
reaction conditions 100% saturation of carbon-carbon doubl e bond is observed and there is neither polymerisation nor isomeri sation. 
The observed rate has been found to be first order each with respect to partial pressure of hydrogen and [substrate] and frac tional order 
with respect to [catalyst] . The rate of hydrogenation follows the order: 2-methyl-2-propen-l-ol > 4-penten-3-o1 > trtllls-2-buten-l-ol 
> trGlls -3-penten-2-o l > 4-methyl-3-penten-2-01. Thermodynamic parameters have been evaluated, rate law and a plausible mechan ism 

have been proposed. 

One of the most intensively investigated research areas 
in recent years in the field of catalysis is immobilization 
of transition metal complexes on solid supports like or
ganic polymers and inorganic oxides ' -

6. Serious interest 
in these catalysts originated with efforts to develop in
dustrially competitive-homogeneous catalysts to supplant 
heterogeneous catalysts, which met with li mited success 
due to the separation problem associated with homoge
neous sys tems. In addition to providing a solution to this 
problem, the new anchored catalysts have attractive fea
tures of being reproducible, allowing control and knowl
edge of the nature of the incipient species immobilized 
on the support. Inorganic supports that have been used 
are silica, alumina, g lasses, zeolites and clay. Of all these, 
clays are shown to be good catalyst supports. The clay 
used in our study is montmorillonite, a smectite clay. 
Thi s clay possesses large amounts of highly reactive 
species which can be readily exchanged by inorganic 
complexes. Apart from this, the intra-crystal space can 
be swelled by various polar solvents? The degree of 
swelling depends on the interlayer cations, the substrate 
and negative charge density on si licate sheet. Keeping 
these advantages in mind, Choudary et at synthesized a 
series of montmorillonite functional ised palladium(IJ) 
complexes8.9. Number of attempts were made to hydro
genate the olefinic compounds, us ing anchored catalysts, 
however on ly in few instances detailed kinetic study 
has been undertaken 10-1 8 . We report a detailed kinetic 

study of hydrogenation of some allylic alcohols catalysed 

by anchored montmorillonitebipyridine-pa ll adium(II) ac
etate. 

The influence of structure on reactivity is a topic of 
current interest in the study of the mechanism of alkene 
hydrogenation on supported metal catalysts 19.20. There
fore in this study, to determine as how olefin structure 
influences rate of_hydrogenation , the catalyst was tes ted 
with a series of olefins of varying double bond substitu
tion like 2-methy l -2~propen-l-ol (I), 4-penten-3-01 
(II), trans-2-buten-l-ol (III), trans-3-penten-2-01 (IV) 
and 4-methyl-3-penten-2-ol (V)(Scheme.l ) 

~ 
OH 

>=y 
OH 

=y" "1 ~/ 
OH OH OH 

I II .m: 

Scheme-I 
Tn all cases, the reaction is a function of substituents on 
the olefinic bond. The catalyst was very effective to
wards 100% selectivity in the hydrogenation of carbon
carbon double bond without any polymerisat ion and 
isomerisation . Thi s is in contrast to the hydrogenation 
of allyl alcohols catalysed by other catalysts like pol y
mer bound palladium catalysts where isomerisation is a 
side reaction I5 .16 . 
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Abstract

Hydrogenation of 1-hexene, 1-heptene and 1-octene was carried out using anchored montmorillonitebipyridine-

palladium(II) acetate (CI), montmorillonitebipyridinepalladium(II) chloride (CII) and montmorillonitediphenyl-

phosphinopalladium(II) chloride (CIII) in THF. Under the reaction conditions 100% saturation of the carbon±

carbon double bond was observed. The observed rates were ®rst order with respect to the partial pressure of

hydrogen and fractional order with respect to [substrate] and [catalyst]. The hydrogenation rates were found to be:

1-hexene > 1-heptene > 1-octene for all three catalysts. The reactivity order of various catalysts is: CI>CII>CIII.

Thermodynamic and activation parameters were evaluated. A rate law and a plausible mechanism has been proposed.

Introduction

Palladium and rhodium complexes have been used as

catalysts in many heterogeneous and homogeneous

reactions [1±5]. The design of catalysts for heterogeneous

reactions is not easy because the catalytically active sites

are not well-de®ned. Although this problem is solved in

homogeneous catalytic systems, inherent practical pro-

blems like corrosion, deposition of the catalysts on the

walls of the reactor, and recovery of the catalysts from the

reaction mixture remain, and the homogeneous catalysts

have been applied in only limited number of chemical

processes [6, 7]. The ideal union of the chemical

advantages of homogeneous catalysis with the practi-

cality of a solid heterogeneous system gave rise to

anchored catalysis [8]. These new generation catalysts in

which metal complexes are bound to insoluble organic or

inorganic supports have advantages for both homoge-

neous and heterogeneous catalytic systems. Apart from

enhanced activity, these anchored catalysts o�er many

advantages such as recovery and recycling of the active

species as well as enhanced speci®city and activity [9].

Platinum group metals have been widely used for

decades as hydrogenation catalysts. The most e�ective

metal varies with each substrate. Though palladium,

platinum, rhodium and ruthenium have been anchored

to a variety of supports, it appears that, except in some

cases, palladium is the metal of choice. It is an extremely

active catalyst for carbon±carbon double bond satura-

tion, particularly in the presence of multiple unsatura-

tion, as it is much more labile than other metals. The

activity and selectivity of a catalyst vary with the

method of preparation, the type of metal atom or ion

and the nature of ligands attached to metal [10±12].

Catalytic hydrogenation of organic functional

groups is one of the most common steps in the

synthesis of organic compounds. Unfortunately during

the past few decades, there has been very little

fundamental research into kinetics [13±19]. Therefore

in order to understand the kinetics of hydrogenations

of ole®ns using anchored catalysts, hydrogenation of

1-hexene, 1-heptene and 1-octene have been carried out

using anchored montmorillonitepalladium(II) complexes

such as montmorillonitebipyridine palladium(II) acetate,

montmorillonitebipyridinepalladium(II) chloride and

montmorillonitediphenylphosphinopalladium(II) chlor-

ide. Montmorillonite, the solid support used to anchor

the palladium(II) complexes in the present study, is a

naturally occurring clay [8]. It possesses large amounts

of highly reactive surface consisting of two-dimensional

polymeric silicate anions separated by layers of

hydrated cations, normally Na+ and Ca2+. The most

important property of montmorillonite from the

standpoint of catalyst design is its ability to swell in

di�erent solvents to a di�erent extent and, exert cation

exchange capacity and intercalation. This paper de-

scribes the e�ect of increasing the chain length of

ole®ns, the nature of ligands around the metal ion and

the e�ect of interlayer spacing of the clay on hydro-

genation rates.
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