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Catalysis for sustainable chemistry 

Catalysis impacts society broadly, enabling advancements in diverse areas that range 
from renewable energy to drug discovery. Indeed, around 35% of gross domestic product 
(GDP) globally relies on catalysis [1], and over 75% of all industrial chemical 
transformations and 90% of newly developed processes utilize catalysts [2]. Due to the 
ubiquitous and essential nature of catalysis, the development of more efficient and 
environmentally-friendly catalytic processes represents a key step towards a more 
sustainable future. 
 
Within chemical industry, the pharmaceutical and fine chemical sector is a particularly 
crucial area for the implementation of sustainable catalysis. Pharmaceutical and fine 
chemical synthesis is currently reliant on non-sustainable technologies, such as precious 
metal catalysis [3], and this sector generates over an order of magnitude more waste per 
product (kg/kg) than other areas of chemical industry (e.g., bulk chemical synthesis or oil 
refining) [4]. Over the past several decades, significant progress towards the sustainable 
synthesis of pharmaceuticals and fine chemicals has been achieved through replacing 
non-sustainable chemistry, reducing waste, and increasing efficiency [5]. For instance, 
technologies such as base-metal catalysis [6], biocatalysis [7], and organocatalysis [8] 
have been developed that can be substituted for precious metals in some chemical 
transformations. As an example, in the manufacturing process of the type 2 diabetes 
medication Sitagliptin, scientists at Merck developed a biocatalytic transamination 
reaction to replace a rhodium-catalyzed asymmetric hydrogenation, resulting in a 
substantial increase in productivity (53% increase in kg/l per day) and yield (10-13% 
increase) and a reduction in waste (19% decrease), while simultaneously eliminating the 
need for precious metals in this process [9]. Clearly, the development of more sustainable 
technologies can render the pharmaceutical and fine chemical sector more 
environmentally friendly, while simultaneously increasing productivity and efficiency.  
 
In the sections below, I will highlight some of my lab’s contributions towards sustainable 
catalysis, focusing on the areas of organocatalysis [10] and photoredox catalysis [11, 12], 
and discuss future directions in these areas.  
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My recent research contributions 

My lab focuses on the development of novel activation pathways that enable new 
chemical transformations, including work in the fields of organocatalysis [10] and 
photoredox catalysis [11, 12]. In particular, synthetic methodologies developed by my lab 
utilize native functional groups such as carboxylic acids [13, 14], alcohols [15], and even 
C−H bonds [16, 17, 18] as versatile cross-coupling handles to enable the expedited 
synthesis of complex molecules from abundant, bench-stable precursors. Such 
methodologies have been rapidly adopted by the fine chemical and pharmaceutical 
industry, enabling more efficient and sustainable syntheses of target compounds. 
 
For example, the fragrance company Firmenich currently synthesizes a target 
compound—Lily of the Valley (Fig. 1)—through a single-step chemical reaction that is 
promoted by the combination of an organocatalyst and a photocatalyst [19], an approach 
that was first developed in my lab [20]. This organophotocatalytic process allows the 
initial six-step route to Lily of the Valley to be reduced to a single step, starting from a 
biomass-derived precursor, (−)-β-pinene, and a feedstock chemical, propanal. The 
optimized route eliminates toxic or energetic reagents (i.e., peroxy acids and pyridinium 
chlorochromate), while also minimizing the waste generated during the synthesis, 
resulting in a significantly more sustainable process overall.  

Outlook to future developments 

Since their development, organocatalysis and photoredox catalysis have been rapidly 
adopted by both academia and industry, however, most methodologies that utilize these 
activation modes are designed for small-scale processes (i.e., <1 gram output). 
Translating more of these methodologies to an industrial scale is thus an essential goal, 

Fig. 1. Expedited synthesis of Lily of the Valley through the merger of organocatalysis and 
photoredox catalysis.  
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and, excitingly, significant progress is currently being made in this direction [21, 22]. I 
am optimistic about the long-term adoption of these activation modes at the commercial 
scale by chemical industry, and I believe that this constitutes an important route towards 
making catalysis more efficient and more sustainable.  
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