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1.1. Asymmetric synthesis  

 

 In the realm of modern organic chemistry, the art of crafting complex molecules with 

precision and expertise has garnered profound attention. Asymmetric synthesis, a captivating 

and intricate facet of chemical synthesis, holds the key to manipulating molecules in a 

profoundly selective manner, bestowing upon them unique three-dimensional structures and, 

consequently, distinct properties. This profound scientific discipline, sometimes referred to as 

enantioselective synthesis, stands as a testament to the astonishing intricacies that govern the 

interactions between matter on a molecular scale.1,2 At its core, asymmetric synthesis is a 

branch of chemical synthesis that is dedicated to the construction of molecules possessing 

chirality – a property intrinsic to many organic compounds that results in their mirror-image 

isomers, known as enantiomers (Figure 1.1).  

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1.1 How does a chiral molecule function? 

 

 The enantiomers are characterized by their non-superimposable nature, akin to left and 

right hands, and possess the remarkable ability to exhibit vastly different biological, 

pharmaceutical, and chemical behaviors. The driving force behind asymmetric synthesis lies 

in the pursuit of harnessing this chirality to selectively access a single enantiomer, thereby 

unlocking the potential to engineer compounds with enhanced efficacy, reduced side effects, 

and improved functional properties. As one delves deeper into the intricate tapestry of 

asymmetric synthesis, a myriad of strategic approaches emerges, each representing a unique 
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thread in the grand fabric of enantioselective molecular construction. Transition metal-

catalyzed reactions, organocatalysis, biocatalysis, and kinetic resolution stand as but a few of 

the pivotal techniques that have been deftly woven into the discipline's landscape. These 

methodologies, often characterized by their ingenuity and creative design, offer chemists an 

expansive toolkit to navigate the challenging terrain of chirality control.3–6 

 

 The significance of asymmetric synthesis extends beyond the confines of the laboratory 

bench, permeating diverse scientific domains. From the realms of drug discovery and 

development, where enantiopure compounds hold the promise of minimizing adverse effects 

and maximizing therapeutic potential, to the realm of materials science, where chirality-driven 

properties are harnessed to engineer cutting-edge materials with tailored functionalities, the 

impact of asymmetric synthesis distinguishes no bounds. As our understanding of the 

fundamental principles governing asymmetric synthesis deepens, researchers continue to push 

the boundaries of what is achievable. The interplay of theory and experiment has paved the 

way for the elucidation of intricate mechanistic pathways and the development of novel 

strategies for controlling stereochemistry. Furthermore, the sustainable and environmentally 

conscious aspects of asymmetric synthesis have come to the forefront, spurring the 

development of greener methodologies that align with the principles of green chemistry.7,8 

 

 Asymmetric synthesis, an exquisite branch of chemical artistry, casts a spotlight on the 

intriguing phenomenon of chirality. Within the realm of enantioselective molecular 

construction, the quest for crafting single-handed molecules – those that exist exclusively in 

either a left- or right-handed form – fuels an unquenchable curiosity to unravel the profound 

implications of such seemingly subtle differences. These enantiomers, resembling mirror 

images, carry the potential to exhibit dramatically distinct behaviors in biological, medicinal, 

and chemical contexts. Enter the virtuoso of asymmetric catalysis, a pivotal player that 

elegantly guides the transformation of prochiral substrates into enantioenriched products, while 

sparingly consuming the catalyst itself. At its essence, asymmetric catalysis stands as a 

testament to the ingenious manipulation of molecular interactions. Catalysis, a concept rooted 

in the principles of accelerating chemical reactions, receives a refined twist when coupled with 

chirality. Asymmetric catalysts, often fashioned from chiral ligands, navigate the intricate 

dance of molecular substrates with finesse, steering them toward a specific enantiomer while 

rejecting its mirror image counterpart. This intricate choreography embodies the heart of 
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asymmetric synthesis, crafting molecules that exhibit newfound properties and behaviors, 

catalyzing advancements in diverse scientific domains.9,10 

 

1.2 Asymmetric catalysis  

 

 In the captivating realm of modern organic chemistry, a remarkable synergy between 

theory and experimentation has yielded a profound understanding of the intricate dance of 

atoms and bonds. Among the many virtuosic performances on this chemical stage, the art of 

asymmetric catalysis stands as a resplendent masterpiece, casting a luminous spotlight on the 

manipulation of molecular chirality and the orchestration of intricate transformations. Within 

this symphonic overture, the concept of privileged chiral ligands emerges as a pivotal motif, 

weaving an enchanting melody of selectivity and efficiency, while unlocking the door to a 

captivating array of enantioselective reactions. At the heart of asymmetric catalysis lies a quest 

to harness chirality's exquisite intricacies to create molecules of distinct handedness, where a 

single enantiomer takes center stage, while its mirror image counterpart languishes in the 

wings. This pursuit is fueled by the realization that these enantiomers, though near-identical in 

composition, can possess dramatically different chemical, physical, and biological properties. 

Asymmetric catalysis elevates this endeavor to new heights, employing catalysts as chemical 

conductors that guide reactions toward a preferred enantiomer, akin to a maestro skillfully 

directing an orchestra.11,12 The virtuosity of asymmetric catalysis is elegantly showcased 

through the utilization of privileged chiral ligands (Figure 1.2).  
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Figure 1.2 Catalytic cycle 

 

 These ligands, akin to expert musicians, demonstrate an inherent ability to harmonize 

molecular transformations, driving reactions with remarkable precision and efficiency.  

 

1.3 Privileged chiral ligands  

 

 Privileged chiral ligands possess a unique blend of structural features that render them 

exceptionally adept at steering reactions towards desired enantiomers, effectively serving as 

guiding stars in the constellation of asymmetric catalysis.13 Within the realm of privileged 

chiral ligands, diverse structural motifs have emerged as focal points of exploration. From the 

salen and bi-2-naphthol-based ligands, which have orchestrated transformations through 

transition metal catalysts with unparalleled finesse, to the proline and thiourea-based ligands 

(Figure 1.3), which have conducted symphonies of organocatalysis with exquisite control, 

these privileged architectures exemplify the marriage of creativity and functionality.  
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Figure 1.3 Examples privileged chiral ligands 

 

 Such ligands, often imbued with modularity and tunability, empower chemists to 

choreograph intricate reactions with precision, affording an exceptional level of control over 

product enantioselectivity. This synergistic interplay enables chemists to craft catalysts that are 

finely tailored to the demands of specific transformations, thereby amplifying the impact and 

scope of asymmetric catalysis. 

 

1.3.1 Proline 

 

 Proline, an essential component of proteins, holds a distinct position in the realm of 

chiral ligands due to its unique structural characteristics and its versatile applications in 

asymmetric catalysis. Proline, formally known as pyrrolidine-2-carboxylic acid, is an amino 

acid with a five-membered ring structure. Its exceptional conformational rigidity, arising from 

its cyclic structure, imparts significant stereochemical control when employed as a ligand in 

asymmetric synthesis. The inherent chirality of proline allows it to act as a catalyst in various 

chemical transformations, promoting the formation of enantioselective products by influencing 

the reaction pathways. 
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 In asymmetric catalysis, proline-based ligands often serve as organocatalysts, 

facilitating reactions that traditionally required transition metal complexes. This 

organocatalytic approach has gained substantial attention due to its environmental friendliness 

and mild reaction conditions. The distinct mode of action of proline involves its interaction 

with reactants through hydrogen bonding, leading to the creation of chiral transition states that 

guide the reaction toward the desired enantiomer. Proline-based ligands find wide application 

in a plethora of reactions, such as aldol reactions, Mannich reactions, and Michael additions, 

among others. These transformations allow chemists to construct complex molecular 

architectures with high levels of stereocontrol, making proline a powerful tool in the synthesis 

of pharmaceuticals, natural products, and functional materials.14–18 

 

1.3.2 BINOL 

 

 BINOL, an acronym for 1,1'-bi-2-naphthol, possesses a distinctive structure 

characterized by two naphthalene rings connected by a central axis. This symmetrical yet chiral 

arrangement allows BINOL to engage in intricate interactions with metal catalysts and 

substrates, steering reactions toward the formation of enantiomerically enriched products. 

BINOL's chiral environment influences the pathways of chemical transformations, leading to 

the selective synthesis of molecules with specific laterality. Asymmetric catalysis, the 

cornerstone of chiral ligand applications, capitalizes on BINOL's ability to differentiate 

between mirror-image molecules. BINOL-based ligands, often in combination with metal 

catalysts, orchestrate a symphony of molecular interactions, inducing a desired stereochemistry 

in a variety of chemical reactions. These reactions range from classic transformations like 

asymmetric hydrogenation and allylation to more intricate processes such as Diels-Alder and 

Michael reactions. 

 

 BINOL's effectiveness lies in its role as a chiral scaffold, facilitating the creation of 

intricate transition states that dictate the outcome of reactions. Its ability to fine-tune molecular 

recognition and substrate orientation imparts an extraordinary level of control, enabling 

chemists to access specific enantiomers with remarkable efficiency.19–23 
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1.3.3 Salen  

 

 The chiral ligand salen (salen: ()-1,2-trans-N,N'-

bis(salicylidene)diaminocyclohexane) emerges as a compelling architect of chirality, 

orchestrating transformative reactions through asymmetric catalysis. Salen ligands are valued 

for their remarkable ability to selectively influence the formation of enantiomers – molecules 

with distinct mirror-image arrangements. These ligands, bearing a metal center coordinated by 

a symmetrically designed framework, act as precise navigators, steering chemical reactions 

towards desired three-dimensional outcomes. At the heart of salen's elegance lies its ingenious 

construction. The carefully designed ligand framework incorporates two salicylaldehyde 

moieties linked by a diaminocyclohexane bridge. This arrangement presents a platform for 

tailored interactions with metal catalysts and substrates, an essential facet of asymmetric 

catalysis. Salen's chiral backbone dictates the spatial orientation of reactants, directing their 

engagement in a manner that endows the final product with enantioselectivity. 

 

 Through a symphony of electrostatic forces, steric hindrance, and molecular 

recognition, salen ligands sculpt transition states with unparalleled precision. These transition 

states govern the path of reactions, ushering the formation of chiral products that hold distinct 

biological, pharmaceutical, and material applications. Salen's influence is tangible across a 

spectrum of reactions, ranging from oxidation and epoxidation to cycloadditions and 

polymerizations.24–29  

 

1.3.4 Thiourea 

 

 Thiourea ligands, characterized by a sulfur-nitrogen double bond, possess an inherent 

asymmetry that resonates deeply with the concept of chirality. This structural peculiarity allows 

thiourea to engage in selective interactions with a wide array of substrates and catalysts, 

steering reactions toward the production of molecules with specific handedness. With precision 

reminiscent of an artisan's touch, thiourea ligands orchestrate the transformation of reactants 

into enantioenriched products. By virtue of their chiral structure, they influence the 

arrangement of atoms during chemical reactions, guiding the formation of distinct enantiomers 

with elegant finesse. 
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 The allure of thiourea lies not only in its structural simplicity but also in its remarkable 

versatility. It finds a place of prominence in various catalytic processes, ranging from 

asymmetric synthesis to metal complexation. As a catalyst, thiourea engages in hydrogen 

bonding, π-π interactions, and other subtle forces, creating a chiral environment that serves as 

a gateway to chemo-, regio-, and stereoselectivity. Thiourea's impact extends across a broad 

spectrum of reactions, encompassing Michael additions, Mannich reactions, and more. Its 

contributions span beyond the laboratory bench, as industries harness its power to craft 

complex molecules with precision and efficiency.30–34 

 

1.4 Asymmetric homogeneous catalysis 

 

 These catalysts, soluble within the reaction medium, possess inherent chirality, a 

characteristic that enables them to wield control over the formation of enantiomerically 

enriched products. At its core, asymmetric homogeneous catalysis employs both transition 

metal complexes and organocatalysts as the catalysts of choice. These chiral agents interact 

harmoniously with reactants, choreographing a precise dance of molecular interactions that 

guides the synthesis of specific mirror-image molecules. Transition metal complexes, often 

adorned with intricate chiral ligands, play the role of conductors in this intricate symphony. 

These ligands meticulously orchestrate the trajectory of reactants, ensuring that they align in a 

manner that leads to the desired enantiomeric outcome. On the other hand, organocatalysts 

wield their chiral influence through non-covalent interactions like hydrogen bonding, enacting 

their role as artistic directors of diverse chemical transformations.35 

 

 While the elegance of asymmetric homogeneous catalysis is undeniable, challenges 

abound. Catalyst stability and selectivity form a dynamic duet, each influencing the other. 

Ensuring the recovery and recycling of precious catalysts presents logistical intricacies. 

Moreover, orchestrating a harmonious interplay of catalysts, ligands, and reactants can be akin 

to conducting a complex symphony, requiring meticulous coordination.36–39 

 

1.5 Asymmetric heterogeneous catalysis  

 

 Asymmetric heterogeneous catalysis stands as a captivating branch of modern 

chemistry, offering a distinctive approach to crafting chiral molecules with precise three-

dimensional arrangements. This field harnesses solid catalysts, each possessing a carefully 
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designed chiral environment, to orchestrate enantioselective transformations. In contrast to its 

homogeneous counterpart, asymmetric heterogeneous catalysis involves catalysts existing as 

solids while the reactants remain in liquid or gaseous phases. These solid catalysts, often 

derived from modified or immobilized chiral homogeneous catalysts, interact with substrates 

at their surface, guiding reactions towards producing specific enantiomers. Solid catalysts in 

asymmetric heterogeneous catalysis showcase a fascinating array of surface properties that 

facilitate chirality-induced selectivity. Immobilized chiral ligands on the catalyst surface 

establish a platform for strategic interactions with reactants, enabling the creation of chiral 

transition states that favor desired enantiomeric outcomes.40–44 

 

 This thesis embarks on an exploration of the captivating work of asymmetric 

heterogeneous catalysis, delving into the arrangement of chiral surfaces, the intricacies of 

catalyst design, and the mechanistic tones that underscore enantioselective transformations. 

 

1.5.1 Methodologies for immobilizing homogeneous asymmetric catalysts  

 

 In this, it is noted that the challenging task of separating the catalyst from the reaction 

medium in a way that is both simple and affordable is a significant barrier to the commercial 

utilization of chiral homogeneous catalysis. One of the most methodical solutions to this 

problem is the confinement of the catalyst-active substance on a hard support.45 Many 

researchers have offered alternative techniques for immobilizing chiral compounds. Based on 

the catalyst-solid support interaction, covalent binding, electrostatic interaction, adsorption, 

and encapsulation are four key methods for immobilizing homogeneous catalysts as depicted 

in Figure 1.4 
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Figure 1.4 Various tactics for the confinement of homogeneous chiral catalysts. 

 

(A) Encapsulation  

 

 This strategy involves entrapping a homogeneous catalyst within a porous support 

structure, preventing substantial physical or chemical association. The two techniques utilized 

are a flexible polymeric matrix or a rigid inorganic structure, with zeolites being preferred for 

their internal cavities. The catalyst is synthesized within the support's voids or trapped by it. 

Due to their internal cavities and narrow apertures, zeolites are the preferred material for this 

procedure, also known as the "ship-in-a-bottle" technique. Drawbacks include the challenge of 

finding materials with precise pore distribution and potential catalyst loss during the surface 

cleaning or Soxhlet extraction. While successful recycling preserves enantioselectivity, 

repeated regeneration reduces activity. The catalyst possesses short side chains and an 

inorganic backbone. This immobilization approach offers promising possibilities for enhancing 

catalytic processes in various applications.46–54  
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(B) Covalent binding  

 

 Functional groups are covalently attached to solid supports using the tethering 

technique, creating catalysts suitable for diverse reaction conditions and reducing leaching 

risks compared to non-covalent interactions. Silica and organic polymers are commonly used 

as support materials, with two main methods: post-grafting and co-condensation for 

incorporating active sites into silica materials. Post-grafting modifies silica surfaces through 

silylation, avoiding unwanted side reactions. Co-condensation yields materials with uniformly 

distributed functional groups. Polymer-supported catalysts are prepared using similar 

techniques like copolymerization or post-grafting onto pre-formed resins. These approaches 

enhance catalytic processes, providing stable catalysts with defined structures for various 

applications.55–61  

 

(C) Electrostatic interaction 

 

 Enantioselective catalysts can be immobilized non-covalently on solid supports using 

electrostatic interactions. Positively or negatively charged enantioselective scaffolds can be 

immobilized on solid supports containing cationic or anionic species through electrostatic 

interactions. Layered materials (LMs) like anionic compounds and cationic clays, such as 

montmorillonite or hectorite like hydrotalcite (LDH), are excellent substrates due to their high 

surface area and ion-exchange capacity. Heterogeneous LDH catalysts with enantioselective 

organic scaffolds or complexes can be synthesized through different methods, including direct 

incorporation by mixing a freshly made anionic organic catalyst solution with LDH in an 

inorganic host. During the process, the organic and inorganic ionic counterparts reform, 

facilitating the insertion of the organocatalyst into the inorganic matrix.62–68  

 

(D) Adsorption 

 

 Noncovalent immobilization occurs through physisorption or chemisorption. 

Physisorption relies on weaker forces like Van der Waals, while chemisorption involves 

stronger interactions like hydrogen bonding for stable adsorption. Silica is an effective host for 

physisorption of chiral metal complexes. Hydrophobicity affects adsorption characteristics. 

Immobilization on supports with free OH groups can be done via hydrogen bonding or using a 

"linker" or direct immobilization of the chiral catalyst. The approach serves as a counterion for 
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cationic enantioselective catalysts, enabling immobilization of various cationic substrates. 

Enantioselectivity for hydrogenation reactions improved after immobilization on diverse 

silicas due to structural constraints. The distinction between supporting approaches and 

chemisorption involving hydrogen bonds remains a debated topic.69–77  

 

(E) Self-supported 

 

 Enantioselective catalysts can be self-supported through noncovalent or covalent 

anchoring to soluble or insoluble supports. One method involves using coordination bonds to 

create homochiral metal-organic solids by linking chiral scaffolds with metal centers, forming 

ditopic or polytopic structures. Another approach utilizes chiral polyfunctional scaffolds as 

connectors with metal ions or groups as junctions to produce metal-organic based homochiral 

solids with active sites on the main chain. These modular materials can be chemically modified 

for fine-tuning catalytic performance. These self-supported enantioselective catalysts offer 

strong enantioselectivity and efficiency in asymmetric transformations and can be easily 

recycled after the reaction without losing activity or selectivity.78–82 

 

 In summary, identifying a heterogeneous catalyst can be challenging. Immobilization 

processes and support materials are used to enhance catalytic activity and selectivity under 

optimal conditions. Immobilization prevents deactivation due to dimerization and cluster 

formation. However, additional synthetic pathways and methods are needed, potentially 

increasing catalyst costs. Weak metal complex-support interactions, like dipole-dipole and 

hydrogen bonding, can be used for immobilization. Supported catalysts come in various forms, 

such as physisorption, zeolite entrapped coordination compounds, polymer matrices, and 

supported ionic liquid phase catalysts. Alternatively, complex-support interaction can occur 

through ionic or covalent bonds via metal-ligand complex chemisorption, covalent anchoring, 

or ionic bonding. 

 

1.5.2 Immobilization of chiral catalyst on organic polymers 

  

 Polymer-supported ligands and catalysts are gaining popularity due to their ease of 

separation and recyclability. They are considered as powerful tool for sustainable chemistry as 

they can be easily retrieved and recycled. However, in heterogeneous catalysis using a polymer 

support, the organic yield of a nonnatural process may decrease due to inefficient substrate-
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supported catalyst interactions. Polymeric-supported catalysts have become popular choices in 

recent years, due to their easy recovery and recyclability. While polymer-supported catalysts 

can sometimes result in lower chemical yields, the development of highly reactive and chiral 

catalysts has enabled excellent enantioselectivities in asymmetric reactions. In fact, polymeric 

catalysts have demonstrated higher enantioselectivities compared to low-molecular-weight 

catalysts. The polymer network microenvironment can also benefit asymmetric processes. 

Common polymer substrates for chiral catalyst immobilization include crosslinked polystyrene 

and poly(ethylene glycol) (PEG). Soluble PEG-supported catalysts, for example, exhibit high 

reactivity and can be utilized in aqueous conditions. Polyethylene fibers, polymeric monoliths, 

polynorbornenes, and methacrylates are effective substrates for immobilizing homogeneous 

asymmetric catalysts as well.  

 

 Enantioselective catalysts have been immobilized on organic polymer supports in large 

numbers due to the effectiveness of supported catalysts and substrates in diverse organic 

transformations. Polymeric chiral catalysts achieve higher enantioselectivities. Amphiphilic 

polymer supports allow organic polymer-supported catalysts to perform in aqueous and organic 

solvents. As polymeric chiral catalysts are insoluble, they can be readily recovered and 

reused.83–89  

 

1.5.3 Chiral catalysts supported by a dendrimer 

 

 Catalyst recovering is an essential experiential purpose in assisted catalyst 

development, especially for dendrimer catalysts. Various approaches are used to separate and 

recycle chiral dendrimer catalysts. In general, two methods can be employed to manufacture 

dendrimer catalysts: (i) incorporating a chiral organocatalyst (or metal complex) into the 

dendrimer's core; and (ii) inserting several chiral metal complexes at the dendrimer's periphery.  

 

 The innovative supramolecular dendritic catalysis method offers several advantages 

over traditional covalent techniques for synthesizing catalysts. It simplifies the process of 

catalyst synthesis and makes it easier to recycle the precious dendrimer support. Furthermore, 

by attaching different catalytic units to the supports at specific locations, supramolecular 

dendritic catalysis can also enable tandem and/or multicomponent asymmetric catalysis. Chiral 

dendrimer catalysts are thus poised to link the aperture between asymmetric homogeneous and 

heterogeneous catalytic systems, with a highly promising future. However, creating stable, 
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active, and efficient hyperbranched polymeric (or enantioselective dendrimer) catalysts 

remains a challenging task.61,90–95 

 

1.5.4 Self-supported chiral catalysts 

 

 A new generation of immobilized chiral catalysts based on self-supporting chiral 

molecules showed exceptional enantioselectivity and activity in heterogeneous asymmetric 

catalytic processes. Self-sustaining chiral catalysts can be categorized as either organic-

inorganic hybrid polymers or metal-organic coordination polymers, depending on the skeleton 

constitutions they possess. Polyfunctional (polytopic) organic molecules link metal atoms and 

clusters in MOCPs and MOFs to form extended arrays of metal-ligand complexes. In terms of 

their compositions, these compounds can either be classified as metal-ligand coordination 

polymers or metal-organic frameworks. The simplest coordination polymer comprises one 

metal ion and one bridging ligand with two coordination sites. Coordination sites produce 

polymeric chains, layers, or networks. In organic-inorganic hybrid polymers, the inorganic 

units consist of infinite arrays of metal-to-metal, which are modified by organic ligands or 

functionalities. These compounds combine the structural properties of both organic and 

inorganic materials, resulting in a unique class of materials with tunable properties and diverse 

applications. Due to versatile synthetic methods for synthesis from molecular building blocks, 

this self-supported chiral catalyst may preserve their structural solidarity during mild reactions. 

By assembling molecular building blocks, the self-supported chiral catalyst can be designed 

systematically with the required physical and chemical properties such as catalytic aptness and 

chirality. Polyfunctional chiral ligands that have multiple sites and catalytically operative 

metals are used to form coordination polymers or modify inorganic-organic composites, such 

as hybrid metal oxides, to create a self-supported chiral catalyst assemblage with catalytic 

ability and chiral topography. 

 

 In the recent years, innovative methods for the immobilization of soluble chiral 

chemicals in homochiral metal-organic hybrid polymers have been developed, offering a 

potential solution for heterogeneous asymmetric catalysis. These techniques have not only 

improved the activity and selectivity of MOCP catalysts but have also enhanced their stability 

and compatibility with reaction systems. As a result of the multifaceted challenges associated 

with MOCPs, several concepts and methods have been explored in catalysis, inorganic, 

polymers, supramolecular, and organometallic chemistry. With their potential applications in 
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numerous organic processes and materials chemistry, it is anticipated that MOCPs for catalyst 

immobilization will inspire more industrial and academic research community.54,96–100 

 

1.5.5 Phase-transfer catalysis 

 

 Phase transfer catalysis (PTC) is today a key synthetic technique, valued in many areas 

of organic chemistry and used widely in industry. While asymmetric PTC derived structurally 

lucid nonracemic, chiral catalysts has been developed gradually, despite its potential to create 

a new domain in contemporary asymmetric catalysis by using structurally and stereochemically 

modulated tetraalkylonium cations (Q+). Massive efforts have recently enabled a number of 

bond-forming reactions to be achieved under gentle phase-transfer catalyst conditions. 

Interestingly, this shows the limits of prevailing systems but also drives the growth of 

innovative methods to expand asymmetric PTC. The strategy of rational chiral phase-transfer 

catalysts and synthetically useful conversions is to be emphasized in the near future. As a result, 

sustainable chemical processes could be developed around the world to produce industrially 

important compounds.101–107  

 

1.5.6 Immobilization of chiral catalyst on inorganic materials 

 

 In the wide-ranging field of heterogeneous asymmetric catalysis research, the use of 

inorganic support in the sketching of entrapped catalysts favored reusability, and the potential 

application of this strategy is growing. In enabling easy catalyst reuse, the heterogenization of 

chiral catalysts onto inorganic materials also significantly improves the catalytic performances 

(activity, stability, and enantioselectivity), mostly as a result of site isolation and confinement 

effects. 

 

 The use of inorganic materials for catalyst heterogenization will remain a significant 

technique in the future for producing highly efficient chiral catalysts. Incorporating the distinct 

characteristics of inorganic substances in conjunction with a combinatorial strategy and 

advanced catalyst screening methods may enhance the potential for the growth of efficient 

chiral systems. This approach is expected to further facilitate the heterogenization of catalysts 

and improve the success rate of screening for highly efficient catalysts. Since the thesis 

primarily focuses on porous silica material as the support, a concise overview of mesoporous 

silica is provided below.108–113  
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1.6. Porous silica materials  

 

 In the realm of catalysis, where molecular transformations are orchestrated with finesse, 

catalyst supports play an instrumental role in shaping the performance and efficacy of catalytic 

systems. Among these, porous silica materials stand as architecturally exquisite platforms, 

poised at the intersection of structural versatility and catalytic prowess. This thesis embarks on 

a profound exploration into the multifaceted realm of porous silica materials as catalyst 

supports, delving into their design, impact on catalytic efficiency, and their role in tailoring 

selectivity across diverse reactions. At the heart of porous silica materials lies a complex 

network of interconnected pores and channels, akin to a scaffold that cradles catalytic species. 

This structural intricacy, reminiscent of an artful framework, provides a high surface area and 

a three-dimensional milieu for the deposition and immobilization of catalytically active 

species. The porous domains not only serve as repositories for active counterparts but also 

influence the accessibility of reactants to the catalytic sites, thereby orchestrating a delicate 

balance between reactivity and selectivity.114–116 

 

 The design and synthesis of porous silica catalyst supports involve a choreography of 

chemistry and engineering. The controlled adjustment of pore size and distribution, akin to 

tuning an instrument, governs the diffusion of reactants and products, thus influencing the rate 

and outcome of catalytic reactions. Additionally, the surface modification of these materials 

with functional groups or other catalytic promoters acts as a conductor's baton, orchestrating 

the interactions between the support and the catalytic species. Porous silica materials have 

graced the catalytic stage across a panorama of reactions, including hydrogenation, oxidation, 

cross-coupling, and beyond. Their remarkable stability, compatibility with diverse catalytic 

species, and facile surface engineering enable them to serve as ideal scaffolds for both 

homogeneous and heterogeneous catalysis. As catalyst supports, these materials not only 

enhance catalytic activity but also influence stereoselectivity and regioselectivity, akin to a 

director guiding the performance of each performer on a dramatic stage. Furthermore, the 

synergy between porous silica materials and catalysts extends beyond the confines of 

laboratory-scale reactions. These materials have found applications in industrial catalysis, 

where factors like stability, scalability, and recyclability is paramount. Their ability to 

accommodate high catalyst loadings, withstand harsh reaction conditions, and facilitate catalyst 

recovery aligns with the pragmatic demands of large-scale processes, rendering them as 
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indispensable components of sustainable and efficient industrial catalytic methodologies.117–

120 

 

 This thesis illuminates the captivating role of porous silica materials as catalyst 

supports, delving into their structural intricacies, synthesis methodologies, and catalytic 

impact. By scrutinizing their influence on reaction mechanisms, selectivity patterns, and their 

contributions to sustainable chemistry, we uncover the underlying work that governs catalysis 

on these architecturally diverse platforms. As we traverse through diverse applications, from 

fine chemical synthesis to industrial processes, a panoramic view of porous silica materials as 

catalyst supports emerges, spotlighting their pivotal role in catalytic innovation and their 

significance in the quest for sustainable and selective chemical transformations. 

 

 This summary indicates the potential of heterogeneous chiral catalysis to greatly 

influence the academia and industrial research on chiral compounds. Several noteworthy 

instances have showcased the importance of solid support surfaces and pores. However, there 

remains a considerable need to enhance the enantioselectivity, activity, and stability of most 

heterogeneous chiral catalysts before their extensive integration into the industrial production 

of chiral compounds. 
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