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Abstract: The factor that makes enzyme biocatalysts for organic synthesis both fascinating and challenging from a
scientific standpoint is the field's higher interdisciplinarity, and which necessitates expertise from a wide range of
disciplines, including microbiology, organic synthesis, molecular biology, genetics, and reaction engineering.
Enzymes can now carry out a wide variety of organic reactions, including hydrolytic reactions, redox reactions, and
C-C bond formations, with higher performance. Enzyme catalysis has also evolved into a widely used
manufacturing technology in the chemical industry, especially in the fields of fine organic chemicals and
pharmaceuticals. More advances in molecular modeling for enzyme-catalysis syntheses are expected, allowing for a
greater number of biocatalytic techniques based on the enzymes that have been optimized or engineered by
rationalized protein engineering. The organic chemists mostly have successfully used these custom-made
biocatalysts (the isolated pure enzymes, the recombinant genetically modified microorganisms, also known as the
designer cells), an important milestone in the enzyme catalysis process in organic synthesis is into generally

accepted synthetic technology for academia as well as industries.
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Introduction

Enzyme catalysis for organic synthesis technique is
widely used in the preparation of organic chemical
compounds at an academic and industrial scale as
well. For various molecules, the artificial routes
supported enzyme chemical process have clothed
more competitive and excellent as compared to
classic methods (Greoger, 2010; Fischer, 1894).
Thus, an enzymatic chemical process is progressively
recognized by organic chemists in each domain and
business as a beneficial item. Enzymes can be used in
different chemical reactions and transformations. For
long ago the enzymatic catalysis processes were not
commonly used as the first-choice for organic
biosynthesis. The chemists have never used enzymes
in biocatalysis because of their organic reactions as
already known demerits, such as less the lower
stability of the enzymes during organic chemical
reaction conditions, substrate range, and the lower
efficiencies (Boester et al., 1997; Drauz et al., 2012).
However, the tremendous progresses and
improvements for enzyme discoveries, advancing
engineerings, and method for the development of
enzymes, during recent years, there are numerous
samples for the organic syntheses using enzymes

have been developed which just ignore and overcome

disadvantages.
The all of achievements and discoveries in microbiology,
biotechnology, and molecular biology are because of the
widely used enzymes in different processes due to their
tremendous efficiency (Chenault et al., 1988; Marulanda
et al., 2019). Enzymes are prepared at a favorable
economic rate. The high efficiency of enzymes leads to
the development of organic products. Chemists used
enzymes in chemical processes at the industrial level for
higher productivity.
Structure of catalytic enzymes
Three-dimensional  structure of  proteins\enzymes is
included; the primary structure of polypeptide chain\
polypeptides, the secondary structures in proteins include
a-helix and [-sheet, andthe tertiary structure. The
distinctive functions of the enzymes like catalytically
active peptids as well as the proteins are because of their
highly complex three-dimensional (3D) structures, and
also fitting or attachment of active sites in that structure
(Figure 1). This enables an extremely specific recognition
of specific substrates, resulting in glorious selectivity’s
i.e., chemoselectivity and stereoselectivity (Pera et al.,
2015; May et al., 2002).
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Figure 1. The three dimensional structure of the
enzyme catalysis

General Properties of enzymes catalysis

Fischer found the lock-and-key model of the 3D
enzymes which describes that the substrate fits or
adjusts in the active site of the enzymes same as the
key fits in the lock. All the enzymes are specific.
They are reversible i.e., the enzymes bind with the
substrates at its active site and forms the enzyme-
substrate complex, then its produces product and
release the enzyme for further reaction (Greoger et
al., 2006; Lange et al., 2017). Enzymes activity
requires favorable conditions like the temperature as
well as pH. The enzymes usually work at the neutral
acidic and basic condition and the pH is mostly 5 to
10.

Cofactor and Coenzymes

The cofactors are usually the non-coded compounds
which are essential for catalysis by enzyme they are
attached to the enzyme either covalently or non-
covalently. When a cofactor is formally attached to
enzyme covalently this is so called as a prosthetic
group. And in a non-covalent bond, a cofactor is
attached to the enzyme it is also called as a
coenzyme. Cofactors and coenzymes are used in the
catalysis of enzymes for organic synthesis (Kataoka
et al., 2003; Paul et al., 2019).

Application

Except for hydrolases, all enzyme classes manifest
cofactor reliance. However, in some cases, for
example, lyases cofactors are not essentially used in
organic catalytic activity. Cofactors regenerate
themselves in the form of NADP AND NADPH
(Used in the redox process)
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Figure 2. Cofactor reusable mode relay on use of

formate dehydrogenase (reductive region)
The reducing agent in this reduction process is
NAD(P)h, a stoichiometric amount for these
molecules would not let us do this catalytic synthesis
(Figure 2), so by overcoming these problems. in situ
cofactors regenerate the cofactor so that they can be
used successfully in synthetic catalysis. To make the
process cheap cofactor regenerates economically in
the second enzymatic process (Silva et al., 2015;
Kizaki et al., 2003).
Cofactor reused mode relay on NAD(p)H oxidase
(oxidative region )
In this reaction, the substrate used in a stoichiometric
amount, the stoichiometric oxidizing agent is O,.
Cofactor restoration has been effectively evolved also
electrochemically and chemocatalytic reactions
developed enormously (Galkin et al., 1997; Greoger
et al., 2010).
Examples of enzymatic catalysis in organic
synthesis
Enzymatic synthesis catalysis is used in sweetener
aspartame and  semisynthetic  antibiotics like
amoxicillin, cephalexin, ampicillin, etc. Reduction of
aldehyde is performed by using aldehyde
dehydrogenase. In  enantioselective  acylation
(catalyst: ~ candida  Antarctica  lipase)  of
phenylethylamine with pentanoic acid.
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Figure 3. Reduction of aldehyde is performed by
using aldehyde dehydrogenase
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The process of alcoholysis in vinyl cinnamate and
benzyl alcohol (catalyst used in this process is PEG
lipase). In process of esterification of propanoic acid
and butanol (catalyst used in this process is CRL
candida rugosa lipase). In the organic synthesis of
enzymatic catalysis, biotechnological reactions take
place in which transformation of the water-insoluble
substrate into  non-aqueous media  occurred
(Delimanto, 2020; Suresh et al., 2021). Mixing,
sniping, and transfer of mass done efficiently by
using lipase catalyst (transesterification,
esterification, and suspension). Aldo ketoreductase
enzyme catalyst used for the asymmetric aldol
reaction. There are also many big achievements in the
synthesis of biodiesel by enzymatic catalytic activity
(Aui et al., 2021; Drauz et al., 2012). Lipase
efficiently does the transformation work of
triglycerides and then it is attractively used in the
biodiesel industry. Hence, the use of enzymes in
organic synthesis is adhesively used in the field of
conversion selectivity and yield.
Factor Affecting Enzymatic Reaction
In the presence of the organic solvents, many
enzymes are readily denatured and inactivated. As a
result, protein engineering and a variety of physical
and biochemical processes for stabilizing the
enzymes in presence of the organic solvents, like
immobilization, entrapment, and alteration, have
been established (Hollmann et al., 2011; De
Wildeman et al., 2007). Before going over the
benefits and disadvantages of using the enzymes as
biocatalysts in the organic synthesis processes (Table
1), a short rundown of some of the parameters for
selecting a particular synthetic processes (based on
chemo- or biocatalysts, like, classic resolutions for
shaping diastereomeric salt pairs) is given.

Table 1. Advantages and disadvantages of

enzymatic activities

Advantages Disadvantages
Improved enzyme ILs that are both
activity, selectivity, and renewable and
stability. biodegradable

Offers new non-aqueous Product separation needs
enzymology options  to be improved

with high quality.

ILs or aqueous-IL lonic liquids must be
mixtures are tolerated reused and  purified
by a wide range of efficiently to preserve

enzymes. their ‘greenness’ in
industrial applications.

Polar non-volatile

materials are a

specialty.

A large, preferably quantitative (product-related),
conversions have the benefit of using the least

amount of the substrates while also making
downstream processing easier. This is especially true
in reactions where the substrate as well as product
have similar properties, such as similar boiling
points, making separation difficult. In terms of
enantioselectivity, the resulting product should have a
higher enantiomeric excess of >99 percent e.e. (as
specified by the FDA in chiral drugs). To achieve
economically attractive volumetric productivities
during the technical production methods, a substrate
input of >100 gl1 (in general, optionally added in
portions) is desirable.

Enzymes have a huge benefit as catalysts in organic
synthesis. The presence of high enantioselectivity is
also normal in Enantioselectivities often surpass E-
values in enzymatic resolution processes a hundred
percent In regio- and stereoselectivities, higher to the
excellent stereoselectivities which have been reported
enzymatic reactions that are diastereoselective, and
so on (Hall and Bommarius, 2011). Even when wild-
type enzymes have unsatisfactory stereoselectivity,
many protein engineering technologies exist which
have already been proven to be successful in
improving enzymatic efficiency in many cases. The
enzymes are very interesting biocatalysts which fill a
critical gap in the development of technically easy,
feasible as well as economically appealing
biocatalytic methods. Aside from the particular
operation, another essential feature for appealing
biocatalysts is a cost-effective manufacturing
process. When it comes to decade-long the
biotransformations using wild-type species, the
criterion has undoubtedly been a limiting factor and
disadvantage in enzymatic chemistry. The use of
wild-type species has significant disadvantages, such
as the low expression of the desired protein, which
necessitates a large amount of biomass for
biotransformation (Nestl et al., 2014; Winkler et al.,
2012). The major impact of side reactions is another
consequence of lower protein expression of desired
enzyme in wild-type microorganisms. Because of
breakthroughs in molecular biology related to protein
engineering, Enzymes can now (mostly) be obtained
in recombinant form.

Fermentation's Development and the First
Microbial Transformations

Through using biotransformations was the discovery
of the synthesis of ethanol from glucose. Whole
microorganisms cells including yeasts
Schizosaccharomyces pombe, Saccharomyces
cerevisiae as well as the bacterial cells producer like
Zymomonasmobilis, have been used in these
processes. Furthermore, use of the a-amylase for
starch saccharification dates back around 5000 years
in the Egypt or Mesopotamia, when it was used to
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make beer. The development of cheese from milk
held in stomach of the sheep is another earlier
enzyme-catalyzed process (Kroutil et al., 2013;
Scheller et al., 2014). Even though the existence and
function of this enzyme, chymosin, were unknown at
the time, people may use it for a variety of purposes.
Since microorganisms have been the primary source
of enzymes, the historical production of enzymatic
synthesis has been closely linked to the advancement
of microbiology.

The microbial-based biotransformation was done by
Knoll AG on an industrial level in the 1930s. It was
the synthesis of intermediate for L-ephedrine
((1S,2S)-2-methylamino-1-phenyl-propane-1-ol). L-
ephedrine and pseudoephedrine both are medicinally
used to prevent low blood pressure and they also
work as bronchodilators. Pharmaceutically they play
a role as decongestants as well as anti-asthmatics
(Figure 4).

Formation of Biocatalytically  Synthesized
Intermediates

The formation of catalytically synthesized
intermediates i.e L-phenylacetylcarbinol and its D-
enantiomer takes place with the help of
microorganisms. A condensation process of active
acetaldehyde that is derived from pyruvic acid and
benzaldehyde is added externally, along with
microorganisms’  yeasts  like  Saccharomyces
cerevisiae and Candidautilis are used and this form
the basis for the synthesis of catalytically synthesized
intermediates (Gelalcha, 2014; Ku;lig et al., 2012).
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Figure 4. Formaion of L-ephedrine

In biocatalytic organic synthesis, the conversion of
acrylonitrile with the aid of enzyme nitrile hydrase
into acrylamide is a big achievement.

Nitrile

Hydratase
G 3 NH,
+H,0 O

Acrylonitrile Acrylamide

Figure 5. Conversion of acrylonitrile to
acrylamide

This biocatalytic conversion is now an industrial
production process and yields about 400 000 tons of
acrylamide annually (Figure 5).
An well-dressed example for using immobilized or
wild-type microorganisms in the production of non-
proteinogenic amino acids shows the biocatalytic
synthesis for semisynthetic b-lactam side-chain D-p-
hydroxyphenylglycine (Guo et al., 2018; Schober and
Feber, 2013). The compound b-lactam side-chain D-
p-hydroxyphenylglycine is used to prepare
amoxicillin (a commercial semisynthetic antibiotic)
Conclusion
In conclusion, enzyme biocatalysis has now become
an attractive biosynthetic method of organic
chemistry in recent decades as a result of remarkable
interactions among chemistry, biology, and
engineering, thus complementing established classic
chemical and biochemocatalytic approaches. final
thoughts In terms of selectivity, vyield, and
conversion, it has been observed that using enzymes
in the above-mentioned techniques provides efficient
organic synthesis. At the same time, it overcomes the
disadvantages ~ of  traditional  enzyme-based
approaches.
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