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The worldwide market for active pharmaceutical ingredients (APIs) is currently in a
favourable condition. This market was valued at USD 237.4 billion in 2023 and is expected
to increase at a compound annual growth rate (CAGR) of 5.7% from 2024 to 2030 [1]. It has
been reported that around 90% of all chemicals (including APIs) are derived from catalytic
processes [2]. Beyond these raw data, the significant role of catalysis in the pharmaceutical
sector goes beyond its mere involvement in synthetic pathways; it also plays a pivotal role in
propelling the advancement of novel and more powerful drug candidates. In fact, the ability
of catalysts to facilitate complex transformations with high selectivity enables the creation
of molecular structures that might be challenging or even impossible to access through
traditional methods [3]. This expanded chemical space allows researchers to explore new
avenues for drug discovery, potentially leading to compounds with improved therapeutic
properties, reduced side effects, or novel modes of action. Additionally, the adaptability
of catalysis for pharmaceuticals spans its fundamental categories, namely homogeneous
and heterogeneous, as well as the following specific types: metal-based catalysis [4–7],
biocatalysis [8–11], organocatalysis [12–14] or photocatalysis [15,16]. Each type offers
unique advantages, allowing academic researchers and industries to tailor the choice of
catalyst to the specific requirements of a given synthetic transformation. This diversity
enhances the toolbox available to chemists, fostering innovation in drug development
and process optimization. Additionally, the application of catalysis in pharmaceutical
manufacturing extends beyond the synthesis of APIs [17] to include the production of
intermediates and key building blocks. By efficiently transforming starting materials into
more complex intermediates, catalysis contributes to overall process efficiency.

The role of catalysis becomes even more pronounced in the context of sustainable
chemistry. Green and sustainable practices are gaining traction in the pharmaceutical
industry, driven by both regulatory pressure and a growing awareness of environmental
impact [10,18]. Catalysis, with its ability to increase efficiency while minimizing the
environmental footprint, aligns perfectly with these sustainability goals. As the industry
strives to reduce its ecological impact, catalysis emerges as a key player in achieving
greener and more sustainable pharmaceutical processes. In this sense, the increasing
implementation of flow catalytic procedures [19–21] is undoubtedly fuelling the sustainable
production of pharmaceuticals. This efficiency is crucial not only for reducing costs but also
for enhancing the overall feasibility of bringing new drugs to market. The pharmaceutical
industry’s continuous quest for more economical and sustainable manufacturing processes
further underscores the importance of catalysis in this field.

This Editorial is dedicated to the Special Issue entitled “10th Anniversary of Catalysts:
Recent Advances in the Use of Catalysts for Pharmaceuticals”. The primary objective of
this Special Issue is to showcase recent examples that demonstrate the potential of various
catalytic processes in the field of pharmaceuticals. In total, five papers were finally accepted
for publication and inclusion in this Special Issue (four articles and one review). The
contributions are listed below.
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The article by Sanchez et al. (contribution #1) details the synthesis of thymol octanoate
through the lipase-catalysed esterification of thymol and octanoic acid. This involved the
use of both soluble lipases and immobilised lipase biocatalysts in solvent-free systems.
The interest in synthesizing and applying thymol esters has surged in recent years due
to their diverse biological activities, including their antioxidant, anti-inflammatory, an-
tibacterial, antifungal, antiparasitic, mosquito-repellent, and larvicidal properties, among
others [22]. Among the six examined soluble lipases, lipase B from Candida antarctica
demonstrated the highest activity in the reaction. In biocatalysis, immobilising enzymes
is a conventional strategy facilitating the transition from homogeneous to heterogeneous
catalysis, thereby enhancing the recovery and reutilisation of biocatalysts [23]. However,
upon immobilisation, the lipase’s activity diminished, possibly attributed to constraints
in the conformational changes required for a bulky substrate like thymol to access the
lipase’s active site. Various strategies for feeding thymol and lipase were assessed to
optimise thymol octanoate production, revealing lipase inhibition by the ester product
of the reaction. Addressing this challenge, a thymol/acid molar ratio of 1:4 mol/mol
emerged as the optimal condition, achieving a conversion rate approaching 94%. Under
these conditions, the concentration of thymol octanoate remained below levels inducing
notable inhibitory effects. Moreover, the immobilised lipase preserved over 90% of its initial
activity post-reaction, underscoring the enzyme’s potential for deployment in successive
reaction cycles.

Khiari et al. (contribution #2) reported another biocatalysed process in the production
of (S)-2-(4-isobutylphenyl)propanoic acid (ibuprofen eutomer, also known as dexibupro-
fen [24]). This was achieved through the enzymatic kinetic resolution of racemic ibuprofen.
In this study, the authors explored the efficacy of immobilised lipase B from Candida
antarctica, along with the combination of organic solvents and orthoformates with varying
chain sizes (ranging from one to four carbon atoms). These orthoesters serve as “water
trapper/alcohol releaser molecules”, resulting in a significant improvement in the enantios-
electivity and enantiomeric excess of the target compound. Simultaneously, this approach
tackles a substantial challenge in biocatalysis in organic media by eliminating excess water
in the medium, therefore impeding the undesired reversibility of the reaction. Through the
optimization of reaction conditions, the utilization of these acyl donors in the presence of
a cosolvent leads to an enhanced enantiomeric excess and enantioselectivity. Specifically,
employing a reaction medium comprising isooctane/dichloromethane 80/20 (v/v), triethyl
orthoformate (TEOF), and a small quantity of EtOH to facilitate the enzymatic esterifica-
tion catalysed by immobilized CALB resulted in an outstanding kinetic resolution. This
approach achieved higher enantioselectivity values (up to E = 31.8) compared to similar
procedures reported in the literature.

Deep eutectic solvents (DESs) are becoming quite popular, as they are very useful and
versatile [25], up to the point of being termed “Green and sustainable solvents of the fu-
ture” [26]. In fact, DESs not only serve as solvents for many types of catalytic processes, but
they can also promote reactions by themselves, acting as catalysts. In this sense, Procopio
et al. (contribution #3) present an effective and sustainable approach for N-Boc deprotec-
tion using a choline chloride/p-toluenesulfonic acid DES, functioning as both a reaction
medium and a catalyst. This Boc amine-protecting group is widely used in both synthetic
organic chemistry and peptide synthesis within multistep reactions, which are very useful
for the preparation of drugs or intermediates. Anyhow, the conventional approaches for Boc
removal pose many drawbacks rendering them environmentally unsound. Consequently,
there is a need for a gradual refinement of Boc removal techniques to ensure practicality,
cleanliness, and the minimization of potential environmental impacts, according to green
chemistry principles [18]. The applied conditions facilitate the deprotection of various
N-Boc derivatives, showing a wide substrate scope, e.g., structurally diverse amines, amino
acids, and dipeptides, yielding excellent results under very mild reaction conditions.

Applications of catalytic methodologies in the pharma industry are not exclusively
limited to their use in the reaction itself, but also in the downstream processes. For these
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purposes, photocatalysis is as powerful tool. In this sense, the article from Quian et al.
(contribution #4) reports the application of a visible-light-driven (VLD) hybrid photocatalyst
(created by covalently doping Fe phthalocyanine (FePc) into a graphitic carbon nitride
(gCN) skeleton) for the elimination of highly toxic nitroaromatic compounds (NACs) from
wastewater [27]. Thus, the photocatalytic reduction is capable of converting NACs into
their corresponding aromatic amines, easily degraded and less toxic than NACs. Utilizing
p-nitrophenol (p-NP) as the model pollutant, the best of the designed hybrid catalysts
(gCN-FePc-1) proved to be very effective and feasible to be reused; additionally, it showed
excellent photocatalytic universality for other NACs. The authors also proposed a plausible
mechanism to illustrate the photocatalytic reduction process of p-NP, highlighting how the
covalent modification of FePc into the gCN skeleton is an effective strategy to modulate the
electronic structure, confirming the potential of this VLD photocatalysts for eliminating
NAC contamination in wastewater.

Asymmetric oxidation has emerged as a valuable tool in the synthesis of active phar-
maceutical ingredients (APIs), particularly for generating optically active sulfoxides pos-
sessing different biological activities. It is well known that traditional oxidative protocols
often involve non-sustainable conditions requiring the use of hazardous reagents and
solvents, so that greener solvents, reagents, and catalysts are demanded. The article from
García-Fernández et al. (Contribution #5) is an updated review focusing on the latest ad-
vancements in the development of environmentally friendly approaches for the synthesis
of APIs and their intermediates using oxidative procedures. Many of these approaches
involve biocatalytic methods, employing mild reaction conditions and reagents [28]; in
this field, biocatalysed oxidative processes leading to several APIs, islatravir, captopril
and modafinil are noted. Additionally, recent years have witnessed the exploration of
alternative greener synthetic approaches for oxidative API synthesis, including light or
light-mediated reactions and electrochemical synthesis, which are also discussed in this
review. Hence, the collective use of these techniques, coupled with sustainable solvents
and reagents, empowers chemists to execute green procedures in the preparation of APIs.

In conclusion, catalysis stands as a cornerstone in the synthesis of pharmaceuticals,
offering unprecedented benefits in terms of efficiency, selectivity, and sustainability. As
evidenced by the articles included in this Special Issue, the integration of catalytic processes
has propelled drug synthesis into a new era of innovation and environmental responsibility.
Continued research and collaboration across disciplines will undoubtedly shape the future
landscape of catalysis in pharmaceutical development.
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