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Abstract: This paper reviews the fundamental theory, catalyst design and optimization, influencing factors, 
and recent advances in palladium-catalyzed olefin isomerization reactions. The types of olefin isomerization, 
the catalytic mechanism of palladium catalysts, and strategies for catalyst development and improvement are 
discussed in detail. The influence of substrate structure and reaction conditions on isomerization efficiency 
is analyzed, and approaches to optimize catalytic systems are proposed. Additionally, the paper highlights 
practical applications of palladium-catalyzed olefin isomerization in the synthesis of pharmaceutical 
intermediates, total synthesis of natural products, preparation of polymer materials, and in the fields of energy 
and environmental science. These studies demonstrate that palladium-catalyzed olefin isomerization reactions 
have broad application prospects in organic synthesis, materials science, and energy conversion.
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Introduction

Olefin isomerization is an important class of 
reactions in organic synthesis. By altering 
the position or geometric configuration of 

carbon–carbon double bonds in olefin molecules, 
isomers with distinct physical and chemical properties 
can be generated. In recent years,  palladium-
catalyzed olefin isomerization reactions have attracted 
considerable attention due to their high efficiency 
and excellent selectivity. This paper aims to provide 
a comprehensive review of the fundamental theory, 
catalyst design and optimization, reaction parameters, 
and practical applications of palladium-catalyzed olefin 
isomerization, serving as a valuable reference for 
researchers in related fields.

1. Fundamental Theory of Palladium-
Catalyzed	Olefin	Isomerization	Reactions
1.1	Basic	Principles	of	Olefin	Isomerization
Olefin isomerization mainly includes two types: 
positional isomerization and geometrical isomerization. 
Positional isomerization refers to the migration of 
the carbon–carbon double bond along the carbon 
chain, such as the conversion of 1-butene to 2-butene. 
Geometrical isomerization involves the spatial 
rearrangement of substituents on either side of the 
double bond, i.e., interconversion between cis- and 
trans-isomers. The driving force of olefin isomerization 
mainly stems from thermodynamic factors, as different 
isomers possess different energy levels. Reactions tend 
to proceed toward the more thermodynamically stable 
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isomer. Generally, more substituted double bonds and 
trans-isomers are more stable. For instance, 2-butene is 
more stable than 1-butene, and trans-2-butene is more 
stable than cis-2-butene.

1.2 Mechanism of Palladium Catalysts
Palladium-catalyzed olefin isomerization typically 
follows a catalytic cycle consisting of several key 
steps:

(1)Oxidative Addition: The palladium catalyst 
(typically in the zero-valent state) undergoes oxidative 
addition with the olefin substrate to form a palladium–
olefin complex. During this step, the oxidation state of 
palladium increases from 0 to +2, as the double bond of 
the olefin is activated and two new σ-bonds are formed 
between palladium and the carbon atoms.

(2)Isomerization: The palladium–olefin complex 
undergoes isomerization under catalytic conditions. In 
this key step, the double bond either migrates along the 
carbon chain (positional isomerization) or undergoes 
geometric rearrangement (e.g., cis–trans isomerization). 
The specific mechanism may involve rearrangement of 
the metal–olefin complex and rotation around the C–C 
single bond in the metal-bound intermediate.
(3)β-Hydride	 Elimination:  The isomerized 

palladium–olefin complex undergoes β-hydride 
elimination to form a new olefin product and a 
palladium–hydride complex.  In this process, a 
hydrogen atom on the carbon atom bonded to palladium 
is eliminated, leading to the re-formation of the double 
bond[1].

(4)Reductive Elimination: The palladium–hydride 
complex reacts with another reactant molecule (such as 
an olefin or solvent) via reductive elimination, restoring 
the palladium to its zero-valent state and completing 
the catalytic cycle.

2. Design and Optimization of Palladium 
Catalysts
2.1 Homogeneous Palladium Catalytic Systems
Homogeneous palladium catalysts exist in the same 
phase as the reactants, typically in solution. Common 
homogeneous palladium catalysts include palladium 
complexes such as Pd(PPh₃)₄ and Pd(OAc)₂. These 
catalysts offer high activity and selectivity under mild 
conditions for olefin isomerization. The choice of 
ligand plays a crucial role in tuning the catalyst's activity 
and selectivity. Ligands can modify the electronic 

properties and steric environment around the palladium 
center, thereby influencing the rates of oxidative 
addition, isomerization, and β-hydride elimination. For 
example, phosphine ligands can adjust the stability of 
palladium–olefin complexes through their electronic 
and steric effects, ultimately affecting the selectivity of 
the isomerization reaction.

2.2 Heterogeneous Palladium Catalytic Systems
Heterogeneous palladium catalysts are present as solids, 
in a different phase from the reactants. These catalysts 
are advantageous due to their ease of separation, 
recyclability, and suitability for large-scale industrial 
processes. Common supports include activated 
carbon, alumina, and silica. To improve the activity 
and selectivity of heterogeneous palladium catalysts, 
support modification is often required. For instance, 
introducing specific functional groups or metal ions 
can alter the surface properties of the support, enhance 
the interaction between palladium and the support, and 
improve palladium dispersion and stability.

2.3 Catalyst Deactivation and Regeneration
Catalyst deactivation is a common issue in palladium-
catalyzed olefin isomerization reactions. The primary 
causes of deactivation include palladium aggregation, 
poisoning,  and carbon deposi t ion.  Pal ladium 
aggregation reduces the number of active catalytic 
sites, leading to diminished catalytic activity. Poisoning 
occurs when impurities (e.g., sulfur or phosphorus 
compounds) react with palladium, rendering it 
inactive. Carbon deposition refers to the accumulation 
of carbonaceous by-products on the catalyst surface 
during the reaction, which can block active sites 
and hinder the diffusion of reactants. To regenerate 
deactivated catalysts, various methods can be employed 
[2]. For instance, high-temperature calcination can 
be used to remove carbon deposits and re-disperse 
palladium particles, addressing issues of aggregation 
and coking. For poisoning, chemical treatments such as 
washing with acidic or basic solutions can effectively 
remove impurities adsorbed on the surface of the 
palladium catalyst.

3.	Factors	Influencing	Palladium-Catalyzed	
Olefin	Isomerization	Reactions
3.1	Influence	of	Substrate	Structure
The structure of the substrate significantly affects the 
activity and selectivity of palladium-catalyzed olefin 
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isomerization reactions. The type of substituents on 
the olefin (e.g., alkyl, aryl, and functional groups) 
determines the electron density and steric hindrance 
around the double bond, thereby influencing the reaction 
pathway. For example, aryl-substituted olefins generally 
exhibit higher isomerization rates than alkyl-substituted 
ones due to conjugation between the aromatic ring and 
the double bond. Functional groups such as hydroxyl 
or ester groups may coordinate with the palladium 
catalyst, affecting the reaction selectivity. There is also 
a distinct difference in isomerization activity between 
conjugated and non-conjugated olefins. Conjugated 
dienes (e.g., 1,3-butadiene) exhibit faster isomerization 
rates due to π-electron delocalization, which enhances 
coordination with the palladium center. In contrast, 
non-conjugated olefins (e.g., 1-hexene) require higher 
activation energy, resulting in relatively slower reaction 
rates. The reactivity of cyclic olefins is also influenced 
by ring strain—highly strained rings (such as 
cyclopropene) are more prone to undergo isomerization 
and ring-opening reactions.

3.2 Regulation of Reaction Conditions

3.2.1 Effect of Temperature

Reaction temperature has a dual influence on the 
rate and selectivity of palladium-catalyzed olefin 
isomerization. At lower temperatures (20–80 °C), 
the reaction proceeds more slowly but with higher 
selectivity, making it suitable for thermally sensitive 
substrates. For instance, in the Pd(PPh₃)₂Cl₂-catalyzed 
isomerization of 1-octene, a reaction temperature of 
60 °C yields up to 90% selectivity for internal olefins, 
whereas increasing the temperature to 100 °C reduces 
selectivity to 80% but triples the reaction rate. At 
higher temperatures (100–150 °C), the reaction rate 
increases but may be accompanied by side reactions 
such as hydrogenation or polymerization, thereby 
lowering selectivity.

3.2.2 Solvent Effects

The polarity and coordinating ability of the solvent 
play important roles in palladium-catalyzed olefin 
isomerization. Polar solvents (e.g., DMF, DMSO) 
can enhance the solubility of homogeneous palladium 
catalysts and facilitate catalytic turnover. In contrast, 
nonpolar solvents (e.g., toluene, hexane) are more 
suitable for heterogeneous palladium systems, as they 
reduce competitive adsorption between the solvent and 

the catalyst surface. For example, in NHC-Pd-catalyzed 
isomerization reactions, polar solvents such as DMF 
improve catalyst activity, whereas toluene is more 
favorable for product separation.

3.2.3 Role of Additives

Acidic or basic additives can modulate the acidity 
of the reaction system and influence the activity and 
selectivity of the palladium catalyst. Acetic acid, as 
an additive, can protonate olefins and promote double 
bond migration, significantly enhancing the reaction 
rate in Pd(OAc)₂-catalyzed systems. Basic additives 
such as triethylamine can neutralize acidic byproducts 
formed during the reaction, thereby stabilizing the 
palladium catalyst and preventing deactivation. For 
instance, in the palladium-catalyzed isomerization of 
cyclopentene, the addition of triethylamine can double 
the catalyst's lifetime.

3.3 Optimization Strategies for Catalytic Systems

3 .3 .1  Synerg i s t i c  E f f ec t s  o f  Homogeneous–
Heterogeneous Catalytic Systems

Combining homogeneous palladium catalysts 
with heterogeneous supports to construct hybrid 
homogeneous–heterogeneous catalytic systems can 
integrate the high activity of homogeneous catalysis 
with the ease of separation typical of heterogeneous 
catalysis. For example, loading Pd(OAc)₂ onto an 
Al₂O₃ support results in a composite catalytic system 
that achieves a conversion rate of up to 95% in the 
isomerization of 1-hexene, with the catalyst being 
reusable for five cycles without significant loss 
of activity. This synergistic effect arises from the 
interaction between the homogeneous palladium 
species and the heterogeneous support, which retains 
the high catalytic activity of the homogeneous system 
while enabling easy separation and recovery of the 
catalyst [3].

3.3.2 Continuous Flow Catalytic Processes

The adoption of continuous flow catalytic processes 
can enhance the performance of palladium-catalyzed 
olefin isomerization reactions. Continuous flow 
systems offer superior mass and heat transfer, precise 
control over reaction conditions, and a reduction in side 
reactions. For instance, in the palladium nanoparticle-
catalyzed isomerization of 1-pentene, continuous flow 
reactors demonstrate higher conversion and selectivity 
compared to batch reactors. This improvement is 
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attributed to the more uniform contact between catalyst 
and substrate and the more accurate temperature 
control achievable in flow systems.

4. Recent Applications of Palladium-
Catalyzed	Olefin	Isomerization
4.1 Applications in Organic Synthesis

4.1.1 Synthesis of Pharmaceutical Intermediates

Palladium-catalyzed olefin isomerization reactions 
play a critical role in the synthesis of pharmaceutical 
intermediates. For example, in the synthesis of the 
antihypertensive drug Losartan, palladium-catalyzed 
olefin isomerization enables the efficient preparation 
of a key intermediate. This process leverages the 
regioselectivity of palladium catalysis to convert 
terminal olefins into internal olefins at specific 
positions, thereby avoiding the need for multiple 
synthetic steps in traditional methods and improving 
overall efficiency. Chiral palladium-catalyzed 
isomerization also provides an effective route for the 
synthesis of chiral pharmaceutical intermediates. In 
the case of erythromycin synthesis, asymmetric olefin 
isomerization catalyzed by palladium complexes 
bearing chiral  phosphine l igands enables the 
construction of key stereocenters with greater atom 
economy and selectivity than traditional asymmetric 
synthesis methods.

4.1.2 Total Synthesis of Natural Products

Palladium-catalyzed olefin isomerization has been 
widely employed in the total synthesis of natural 
products. For instance, in the synthesis of terpenoid 
natural products, the isomerization of cyclic and acyclic 
olefins mediated by palladium catalysts enables the 
efficient formation of complex cyclic structures [4]. This 
method takes advantage of the high catalytic efficiency 
of palladium to carry out isomerization reactions under 
mild conditions, achieving transformations that are 
often challenging with conventional synthetic strategies 
and providing new approaches for natural product 
synthesis.

4.2 Preparation of Polymeric Materials

4.2.1 Polymerization of Isomerized Olefin Monomers

Palladium-catalyzed olefin isomerization can be 
utilized to prepare olefin monomers with specific 
structures for the synthesis of polymeric materials. For 
example, internal olefin monomers can be obtained 

via the isomerization of 1-alkenes catalyzed by 
palladium. These internal olefins can yield polymers 
with varying degrees of branching, thereby tuning the 
physicochemical properties of the resulting materials. 
Compared to polymers derived from terminal olefins, 
those from internal olefins exhibit higher thermal 
stability and improved mechanical strength.

4.2.2 Synthesis of Functional Polymeric Materials

Palladium-catalyzed olefin isomerization also provides 
a strategy for synthesizing functional polymeric 
materials containing isomerizable double bonds. For 
instance, through palladium-catalyzed isomerization, 
responsive double bonds can be introduced into 
polymer chains to produce light-responsive materials. 
These materials can undergo cis–trans isomerization 
under light irradiation, resulting in changes in physical 
properties such as solubility and optical behavior, 
which show promising potential for smart material 
applications.

4.3 Applications in Energy and Environmental 
Fields

4.3.1 Petroleum Processing

Palladium-catalyzed olefin isomerization reactions are 
applied in petroleum refining to improve fuel quality. 
In catalytic cracking processes, palladium catalysts 
promote the isomerization of linear olefins into 
branched olefins, thereby increasing the octane number 
of gasoline. Compared with traditional acid-catalyzed 
isomerization, this method offers higher selectivity and 
is more environmentally friendly, significantly reducing 
the discharge of acidic wastewater.

4.3.2 Biomass Conversion

Palladium-catalyzed olefin isomerization can also be 
used for upgrading olefins derived from biomass. For 
example, olefinic compounds produced from lignin 
degradation can be converted into more stable isomers 
via palladium catalysis, thereby improving the calorific 
value and stability of biofuels. This approach provides 
a novel strategy for the efficient utilization of biomass 
resources and contributes to reducing dependence on 
fossil fuels.

Conclusion
In summary, palladium-catalyzed olefin isomerization 
reactions exhibit broad application prospects in organic 
synthesis, polymer material development, and the 
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energy and environmental sectors. Through rational 
catalyst design and optimization, as well as precise 
control of reaction conditions, efficient catalysis of 
olefin isomerization can be achieved, providing a 
powerful tool for the synthesis of compounds with 
specific structures and functions. In the future, with 
the continuous advancement of catalytic science and 
organic synthesis technologies, palladium-catalyzed 
olefin isomerization reactions are expected to play an 
increasingly important role in a broader range of fields.
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