White paper

Leverage the Benefits of Biocatalysis with the Right API CDMO
Timely evaluation of biocatalytic processes through partnership with an experienced CDMO
promises a wealth of advantages, including more eco-efficient production of high-quality APIs
Biocatalysis is an incredibly powerful tool for organic synthesis. In recent years, its scope
has been enhanced by the development of a broad range of enabling technologies, leading
biocatalysis to become an established methodology for manufacturing active pharmaceutical
ingredients (APIs). One of the main benefits of biocatalysis is that it increases conversion
efficiency for significantly higher yields with fewer by-products, equating to faster and more
cost-effective production. This is largely due to its superior enantio-, regio-, and stereoselectivity compared to using conventional metal catalysts. By integrating biocatalysis into
both ongoing and newly launched projects, Wavelength Pharmaceuticals has shown that it
is possible to increase product purity, minimize the production of unwanted enantiomers, and
lower the overall number of processing steps, translating to significant cost reductions.

One of the main benefits of biocatalysis is that it increases conversion
efficiency for significantly higher yields with fewer by-products, equating to
faster and more cost-effective production.”

Advantages of biocatalytic processing compared to using metal catalysts:
• Greater enantio-, regio-, stereo-, and stereoselectivity
• Increased atom utilization
• Reactions take place under mild conditions
• Higher yields
• Fewer synthetic steps
• Green chemistry
• Improved eco-efficiency
• Reduced waste
• Avoids pollution
• Reduced consumption of organic solvents
• Overcomes hazardous chemical reactions
• Shorter development times
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• Lower costs

Biocatalytic processes leverage fundamental enzyme characteristics
Enzymes play a pivotal role in the catalysis of many different bio-transformation reactions
in nature, typically exerting their effects under mild, neutral conditions. This has led to
them being evaluated as alternatives to traditional metal catalysts for driving various chemical
transformations, with a main reason for this being the global requirement to reduce pollution,
including that associated with mining and processing operations. Extracting precious metals
from beneath the earth’s surface and converting them into catalysts is one of the most polluting
activities worldwide, and major efforts are being made to develop more eco-efficient solutions.
Some of the first enzyme classes used as tools for organic synthesis were hydrolases (e.g.
amidases, esterases, and lipases), alcohol dehydrogenases, and ketoreductases. These have
since been joined by many other classes of enzyme, including transaminases, oxidases,
nitrilases, aldolases, and ammonia lyases, all of which perform distinct functions. An inherent
advantage of using these types of biomolecules for synthetic chemistry is that they increase
regio-, enantio-, and stereo-selectivity for more efficient conversion of substrate to product.

An inherent advantage of using enzymes for synthetic chemistry is
that they increase regio-, enantio-, and stereos-electivity for more efficient
conversion of substrate to product”

Another important characteristic of enzymes that makes them effective tools for organic synthesis
is their efficiency, which equates to only small quantities of enzyme being required to catalyze a
reaction. Integrating enzymes into production workflows can therefore dramatically reduce raw
material costs, translating to lower total costs for manufacturing the final product. Replacing
metal catalysts with enzymes also removes the need to perform complicated protection/
deprotection and activation steps, or multiple, time-consuming purifications. Additionally,
because enzymes achieve higher atom utilization than many existing metal catalysts, their use
increases the percentage of reactants that become useful products to provide yet further savings.

Biocatalysis Promotes Innovation
A review of intellectual property activities over a recent five-year period (2014-2019) highlights the growing
application of biocatalysis to organic synthesis. A comprehensive patent search focused specifically on asymmetric
synthesis revealed approximately 200 patents to have been granted during that time, covering all enzyme types and
spanning both industry and academia.
Granted patents were found to encompass the protection of novel protein sequences and new substrates, and the
invention of combined processes and multi-step enzymatic reactions. Process conditions were also well represented,
leading the authors to conclude that biocatalysis is increasingly recognized as a useful tool for asymmetric synthesis
and has significant potential for building IP and protecting synthetic routes.
Biocatalysis as Useful Tool in Asymmetric Synthesis: An Assessment of Recently Granted Patents (2014–2019),
Domínguez de María P et al, https://www.mdpi.com/2073-4344/9/10/802

Enabling technologies have increased the scope of biocatalysis
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The development of various enabling technologies has been critical in expanding the scope of
biocatalytic processing, as well as in promoting its uptake across the pharmaceutical industry.
For example, improved gene-mining techniques have permitted previously uncharacterized gene
clusters to be discovered, while advances in heterologous expression and production have allowed
the encoded enzymes to rapidly be scaled up and evaluated as tools for organic synthesis.

Recombinant technologies have also been hugely important in promoting the wider use of
biocatalysis, not least by enabling enzyme performance to be optimized such that smaller
quantities of reagent provide greater product yield. Other advances have generated enzymes able
to function effectively in organic solvents, thereby increasing the number of reactions for which
they can be used, and have made enzyme immobilization on solid supports (e.g. glass, silicon,
or any other polymer or resin) more efficient. Improved immobilization strategies not only make
it easier to remove enzyme residues from the resulting product, but also ensure valuable high
turnover enzymes can be reused multiple times without their activity becoming compromised.

Advantages of biocatalytic processing
Biocatalytic processing offers many advantages over using conventional metal catalysts.
The superior enantio- and regio-selectivity of enzymes results in higher yields of purer
product that typically comprises just a single enantiomer that has been modified on only a
specific site. Moreover, the improved stereo-selectivity further enhances product purity by
ensuring that only one stereoisomer reacts where a mixture of stereoisomers is present.
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Atom utilization is also better with biocatalysis; where two or more moieties on the same
molecule have the capacity to undergo a particular reaction, biocatalytic processing guarantees
that one site is consistently chosen over the other. The incredible selectivity of enzyme catalysts
consequently simplifies workflows by generating fewer by-products and reducing impurities to
markedly decrease the total number of synthetic steps required.

Biocatalysis can save vast quantities of reagents, consumables,
organic solvents, and energy over the lifetime of a project.”
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Another critically important benefit of biocatalytic processes is that they are far more ecoefficient than conventional methods. This is because enzymes, being originally derived from
natural products, generally perform best under mild (often ambient) conditions. While reactions
requiring the use of metal catalysts may necessitate heating to temperatures of 160oC, and/
or cooling to -60oC or lower, enzyme-catalyzed reactions instead run at temperatures in the
region of 10 - 40oC.
This green chemistry is both safer and more sustainable than metal-catalyzed approaches
and can save vast quantities of reagents, consumables, organic solvents, and energy over the
lifetime of a project to markedly reduce waste and environmental burden. Biocatalysis also
helps to avoid pollution and reduce global environmental impact by minimizing the use of rare
metals that often require extensive mining and processing operations.

Importance of evaluating biocatalytic processes during development
In recent years, the global chemical industry has become increasingly focused on developing a
greener and more sustainable footprint. The use of biocatalysis in pharmaceutical chemistry
represents a main route toward delivering on this goal, while also providing substantial cost
savings and faster time to market for urgently needed therapeutics. However, to fully leverage
the benefits of biocatalysis, it is vital that enzymatic processes are evaluated as early in the drug
development lifecycle as possible to ensure ample opportunity for optimization.
Determining the applicability of biocatalysis has lately become more straightforward due
to the growing availability of diverse kits of enzyme classes. Researchers can now screen
enzyme catalysts in much the same way as screening metal catalysts, subsequently using
other emerging tools and technologies to provide further improvement. For example, employing
molecular modeling tools for rapid de novo design of new enzymes can yield catalysts with
increased activity, enhanced temperature stability, or broader solvent compatibility to better
align with the process in question.

Biocatalysis: Proven Utility in API Manufacturing
Wavelength Pharmaceuticals has successfully integrated biocatalysis into both ongoing and newly launched projects
to provide benefits that include improved product purity, higher yield, reduced production of unwanted enantiomers,
and significant lowering of the overall number of processing steps. Moreover, these benefits have been realized using
milder reaction conditions – for example, being performed at room temperature rather than requiring heating to >65oC
under pressure with hydrogen – for safer working practices.
A broad range of drug products has benefited from Wavelength’s application of biocatalysis to API production. These
include a leading high-volume product for treatment of type 2 diabetes, where the enantiomeric excess has been
increased to >99% with conversion of 90-93%, and Clascoterone (a topical cortico-steroid for treating acne and
under development for treatment of androgen-dependent scalp hair loss), that has seen purity improve to >98%.
Remimazolam (a recently approved superior agent for induction and maintenance of procedural sedation) production
has been simplified through reduction in the number of processing steps, while Cannabidiol (CBD) has also profited
from a simplified synthetic route.
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Wavelength Pharmaceuticals – experts in biocatalysis
Wavelength Pharmaceuticals is globally recognized as a leading API CDMO with proven
expertise in developing and implementing biocatalytic processes in GMP commercial
production. Boasting over 30 years’ experience in delivering on worldwide launch and
commercialization goals, and with an exceptional track record in quality and regulatory compliance,
Wavelength’s success is underpinned by several critical factors – not least its unrivaled working
knowledge of both established and emerging processes within the field of biocatalysis.

By promoting the evaluation of biocatalytic processes at the outset of
a project, Wavelength helps reveal novel opportunities for achieving higher
yields with fewer by-products.”

With a broad suite of technical capabilities, backed by a highly trained team, Wavelength ensures
its partners are able to fully leverage the broad range of benefits biocatalysis has to offer.
Furthermore, by promoting the evaluation of biocatalytic processes at the outset of a project,
the company helps identify and implement novel opportunities for achieving higher yields with
fewer by-products that can provide a competitive advantage and expedite time to market.

Whether you’re looking to improve product purity, increase yields, or develop more eco-efficient working practices,
our highly experienced team has everything you need to succeed.
Contact us at marketing@wavelengthpharma.com to discuss how we can help bring your drug to market.

Wavelength is a customer-focused backward-integrated world-class developer and manufacturer of Active Pharmaceutical
Ingredients (APIs). It is the independent company of choice for pharmaceutical industry leaders that require advanced API solutions
and reliable supply to gain sustainable competitive advantage. The company is on the same wavelength as its customers – a partner
in tune with the results required to best support their needs. Founded in Israel in 1987, with more than 280 customers in 50 countries,
Wavelength produces more than 630 metric tons of commercial products every year, across a wide range of technologies including
injectables, inhalables, highly potent, cytotoxic and controlled substances. Its cGMP-compliant facility is a first-class operation
recognized for excellence in safety and environmental stewardship. Wavelength has achieved an exceptional track record for more
than 30 years with all leading global regulatory authorities, including USFDA, EU-EMA, PMDA, TGA, KFDA, ANVISA and COFEPRIS.
The company includes experts in complex chemistry, process development and scale-up, enzymatic reactions, crystalline forms and
particle design, spray drying and other bioavailability-enhancing solutions. Wavelength offers end-to-end customized solutions to
meet individual customer requirements, including full-spectrum API CDMO services from pre-clinical grams to multi-ton commercial
scale – always with uncompromising consistent quality, regulatory compliance and exceptional customer service.
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