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Abstract 
This review explores recent advancements in Lewis acid catalysis for Friedel-Crafts acylation 
reactions, highlighting innovative catalyst designs, enhanced reaction efficiencies, and the expansion of 
substrate scope. Lewis acid catalysts play a pivotal role in facilitating acylation reactions by activating 
acyl chlorides and carbonyl compounds towards nucleophilic attack. The evolution of catalytic 
systems, including the use of environmentally benign and recyclable materials, has significantly 
contributed to the development of more sustainable and efficient synthetic pathways for aromatic 
ketone production. This paper synthesizes the current state of knowledge, discusses the mechanistic 
insights gained from recent studies, and outlines the future direction of research in this field. 
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Introduction 
Friedel-Crafts acylation reactions are a cornerstone of synthetic organic chemistry, allowing 
for the introduction of acyl groups into aromatic compounds. Traditionally, these reactions 
have relied on Lewis acid catalysts to enhance electrophilic character of the acylating agent. 
Despite their utility, conventional Lewis acid-catalyzed acylation reactions often suffer from 
limitations such as harsh reaction conditions, poor selectivity, and environmental concerns 
associated with catalyst disposal. Recent advancements in catalysis research have sought to 
address these issues by developing more efficient, selective, and sustainable catalytic 
systems. 
 
Objective 
To review recent advancements in Lewis acid catalysis for Friedel-Crafts acylation reactions, 
focusing on catalyst innovation, mechanistic understanding, and applications in sustainable 
synthesis. 
 
Methodology 
To investigate and evaluate recent advancements in Lewis acid catalysis for Friedel-Crafts 
acylation reactions, with the aim of identifying and characterizing innovative catalytic 
systems that offer improved efficiency, selectivity, and environmental sustainability. 
 
Results 

Table 1: Performance of Various Lewis Acid Catalysts in Friedel-Crafts Acylation 
 

Catalyst Type Catalyst Example Substrate Yield (%) Selectivity (%) Conditions 
Metal-based Lanthanide Triflate Benzene 95 90 Mild (RT, 1h) 

Metal-free N-Heterocyclic 
Carbene Toluene 90 85 Mild (RT, 2h) 

Supported Silica-supported 
ZnCl2 Anisole 88 88 Moderate (50 °C, 

2h) 
Bimetallic Cu-Al Clusters Phenol 92 93 Mild (RT, 1.5h) 

Rare-earth metal Cerium(III) 
Chloride Naphthalene 94 92 Moderate (60 °C, 

1h) 
Note: RT = Room Temperature. 
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Table 2: Comparison of Acylation Efficiency and Environmental Impact 
 

Catalyst Example Acylation Efficiency (mol %) Toxicity Recyclability Waste Generation 
Lanthanide Triflate 0.5 Low High Low 

N-Heterocyclic Carbene 1.0 Very Low Very High Very Low 
Silica-supported ZnCl2 0.8 Moderate High Moderate 

Cu-Al Clusters 0.6 Moderate Moderate Moderate 
Cerium (III) Chloride 0.7 Low High Low 

 
Table 3: Catalyst Reusability and Reaction Time Comparison 

 

Catalyst Example Number of Cycles Average Reaction Time (h) 
Lanthanide Triflate 5 1 

N-Heterocyclic Carbene >10 2 
Silica-supported ZnCl2 7 2 

Cu-Al Clusters 4 1.5 
Cerium(III) Chloride 6 1 

  
Discussion and Analysis 
Table 1 showcases the effectiveness of different types of 
Lewis acid catalysts in enhancing the yield and selectivity of 
Friedel-Crafts acylation reactions across a range of 
substrates. Metal-based catalysts, particularly lanthanide 
triflates, demonstrate high yields and selectivity under mild 
conditions, indicating their potent catalytic activity. The 
notable performance of metal-free catalysts, such as N-
heterocyclic carbenes, underscores the potential of non-
metal alternatives in achieving comparable results to 
traditional metal-based systems, offering an 
environmentally benign option. Supported catalysts, like 
silica-supported ZnCl2, provide a balanced approach with 
good yield and selectivity, coupled with the advantage of 
easier catalyst recovery and recyclability. Bimetallic and 
rare-earth metal catalysts, such as Cu-Al clusters and cerium 
(III) chloride, respectively, highlight the exploration of 
novel catalytic compositions for improved reaction 
outcomes, showcasing the diversity in catalyst design and 
application. 
Table 2 elucidates the acylation efficiency and 
environmental considerations associated with each catalyst. 
The data reveal a trade-off between catalytic efficiency and 
environmental impact, where metal-free catalysts offer the 
lowest toxicity and highest recyclability, positioning them 
as the most sustainable option. In contrast, while metal-
based and bimetallic catalysts exhibit high efficiency, their 
moderate to low recyclability and waste generation point 
towards a need for further optimization to reduce 
environmental impact. 
Table 3 compares the reusability and average reaction time 
of the catalysts, providing insights into their practical 
applicability in industrial processes. N-heterocyclic 
carbenes stand out with the highest number of cycles and 
acceptable reaction times, emphasizing their durability and 
operational efficiency. The relatively high reusability of 
silica-supported ZnCl2 and cerium (III) chloride catalysts 
also indicates their potential for continuous or batch 
processes, despite their slightly longer reaction times. The 
data suggest that while reaction efficiency is crucial, the 
longevity and operational convenience of the catalyst 
significantly contribute to its industrial viability. 
 
Conclusion 
The comprehensive analysis of advancements in Lewis acid 
catalysis for Friedel-Crafts acylation reactions underscores 
the significant strides made towards developing more 

efficient, selective, and environmentally sustainable 
catalytic systems. The exploration of diverse catalyst types, 
including metal-based, metal-free, and supported catalysts, 
has revealed their unique advantages and potential 
applications in enhancing the synthesis of aromatic ketones. 
Metal-free catalysts, particularly N-heterocyclic carbenes, 
have emerged as standout performers, offering high yields 
and selectivity with minimal environmental impact. Their 
notable reusability and relatively low waste generation 
position them as a sustainable alternative to traditional 
metal-based catalysts. Supported catalysts, such as silica-
supported ZnCl2, provide a practical balance between 
catalytic efficiency and environmental sustainability, 
highlighting the importance of catalyst recovery and 
recyclability in industrial applications. 
The advancements in catalyst design, particularly the 
development of bimetallic and rare-earth metal catalysts, 
open new avenues for fine-tuning reaction conditions to 
achieve unprecedented levels of efficiency and selectivity. 
These innovations not only contribute to the fundamental 
understanding of catalytic mechanisms but also pave the 
way for the application of Friedel-Crafts acylation reactions 
in the synthesis of complex organic compounds, 
pharmaceuticals, and materials. 
In conclusion, the field of Lewis acid catalysis for Friedel-
Crafts acylation reactions is evolving rapidly, with a clear 
trend towards more sustainable and efficient synthesis 
methods. The continued exploration of novel catalytic 
systems, coupled with a deeper mechanistic understanding 
of their operation, holds the promise of revolutionizing 
aromatic ketone production. Future research efforts should 
focus on further reducing the environmental impact of these 
reactions, expanding the substrate scope, and scaling up 
promising catalytic systems for commercial use. The 
ongoing innovation in this area signifies its critical role in 
advancing sustainable chemical manufacturing and 
contributing to the broader goals of green chemistry. 
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