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Abstract:Background: Amino acids are essential biomolecules, and the synthesis of a-amino
acids from a-aminonitriles has attracted significant interest in medicinal chemistry,
biotechnology, and green chemistry. This work focuses on hydrolytic pathways including
classical acidic, alkaline, and catalytic methods.

Methods: a-Aminonitriles were prepared via the Strecker synthesis and subjected to hydrolysis
under acidic, alkaline, and heterogeneous catalytic conditions using ZnO and TiO.. Reaction
progress was monitored through IR and NMR spectroscopy, while final amino acids were
analyzed with HPLC for yield and stereochemical purity.

Results: Acidic hydrolysis afforded amino acids in high yields but produced ammonium salts,
while alkaline hydrolysis resulted in sodium salts requiring neutralization. Catalytic hydrolysis
using ZnO and TiO: provided higher efficiency, improved stereoselectivity, and minimized by-
products. The catalysts were reusable, highlighting potential for sustainable large-scale synthesis.
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Introduction

Amino acids are indispensable components of biological systems, serving as the building
blocks of proteins and precursors for numerous bioactive molecules. Synthetic methods for
amino acids have received increasing attention in the fields of medicinal chemistry, industrial
biotechnology, and green chemistry. One of the most versatile approaches is the hydrolysis of a-
aminonitriles, which are typically synthesized via the Strecker reaction. While classical acidic
and alkaline hydrolyses are well-documented, there is a growing need to develop catalytic
pathways that offer high efficiency, stereoselectivity, and sustainability. This study explores
multiple hydrolytic approaches, with an emphasis on catalytic methods that minimize
environmental impact.
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Amino acids are indispensable biomolecules that serve as structural units of proteins and
precursors for many biologically active compounds. They play vital roles in metabolism,
signaling, and cellular structure. The demand for amino acids continues to grow due to their
applications in pharmaceuticals, food industry, agriculture, and Dbiotechnology.
Several synthetic methods exist for amino acid production, but the Strecker synthesis remains
one of the most classical and widely applied. Hydrolysis of a-aminonitriles derived from
Strecker synthesis is a key route for a-amino acid production. However, conventional acidic and
alkaline hydrolyses face challenges such as salt formation, environmental concerns, and
stereoselectivity limitations.

Recent advances in catalysis and green chemistry have enabled the development of efficient
and sustainable methods for stereoselective hydrolysis. This research explores these pathways
with special focus on catalytic hydrolysis methods.

Materials and Methods

a-Aminonitriles were synthesized via the classical Strecker reaction using aldehydes,
ammonia, and hydrogen cyanide. The obtained a-aminonitriles were purified and subsequently

hydrolyzed under different conditions:
1) Acidic hydrolysis using hydrochloric acid (HCI).
2) Alkaline hydrolysis with sodium hydroxide (NaOH).

3) Catalytic hydrolysis using heterogeneous catalysts (ZnO, Ti02).
Reaction progress was monitored using IR and NMR spectroscopy, while final products were
analyzed via HPLC for purity and stereoisomeric composition.

This research was carried out at the Department of Organic Chemistry, Karshi State
University, between 2023 and 2024. o-Aminonitriles were synthesized using the classical
Strecker reaction from aldehydes, ammonia, and hydrogen cyanide. All experiments were
repeated three times to ensure reproducibility.

Acidic hydrolysis was conducted with concentrated HCl under reflux, while alkaline
hydrolysis was performed using NaOH solution. Catalytic hydrolysis utilized ZnO and TiO: as
heterogeneous catalysts. Reaction progress was monitored using thin-layer chromatography
(TLC). Final amino acid products were characterized by IR spectroscopy (PerkinElmer), NMR
(Bruker 400 MHz), and HPLC (UV detector). Yields were calculated based on isolated products,
and stereochemical purity was confirmed using standard references.

Reaction Schemes

1. Strecker Synthesis: R-CHO + NHs + HCN — R-CH(NH2)-CN

2. Acidic Hydrolysis: R-CH(NH2)-CN + 2H>0 + HCIl — R-CH(NH:z)-COOH + NH.4Cl

3. Alkaline Hydrolysis: R-CH(NH2)-CN + 2H20 + NaOH — R-CH(NH2)-COONa + NH3
4. Catalytic Hydrolysis: R-CH(NH2)-CN + H.O — R-CH(NH2)-COOH (ZnO/Ti0Ox)
Results and Discussion

The hydrolysis of a-aminonitriles under acidic conditions provided o-amino acids in high
yields, but significant amounts of ammonium salts were generated. Alkaline hydrolysis yielded
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sodium salts of amino acids, which required subsequent neutralization. Catalytic hydrolysis,
however, showed superior results: higher reaction rates, reduced by-product formation, and
improved stereoselectivity. ZnO and TiO: catalysts demonstrated excellent reusability, making
them promising candidates for industrial applications. Furthermore, spectroscopic data
confirmed the successful conversion of o-aminonitriles into amino acids with high
stereochemical purity.

Acidic hydrolysis yielded amino acids in 70-85% yield, but generated large amounts of
ammonium salts, complicating purification. Alkaline hydrolysis afforded 65-80% yields but
required neutralization of sodium salts. Catalytic hydrolysis, on the other hand, provided superior
outcomes with yields of 85-95%, reduced by-product formation, and higher stereoselectivity.
ZnO and TiO: catalysts were recyclable up to five cycles with minimal loss of activity, making
them industrially attractive. Spectroscopic evidence confirmed complete conversion:
disappearance of nitrile peak at ~2250 cm™ and appearance of carboxyl and amino signals.
HPLC analysis further confirmed purity and stereochemical preference for L-amino acids.
These findings support earlier research (Zhao & Jiang, 2016; Kobayashi & Matsumoto, 2004)
and emphasize the scalability of catalytic hydrolysis for sustainable amino acid synthesis.

Conclusion

The findings of this study highlight hydrolysis of a-aminonitriles as an efficient strategy for
the synthesis of a-amino acids. Among the evaluated pathways, catalytic hydrolysis not only
improved yield but also reduced environmental burden, aligning with the principles of green
chemistry. These results demonstrate a potential route for sustainable industrial-scale amino acid
synthesis, bridging laboratory research with industrial application.

This study demonstrates that catalytic hydrolysis of a-aminonitriles is a superior strategy for
synthesizing a-amino acids. Compared to classical acidic and alkaline routes, catalytic methods
provide higher efficiency, better stereoselectivity, and environmental benefits. ZnO and TiO:
catalysts show strong potential for sustainable and large-scale industrial application.

Future research should investigate additional heterogeneous and enzymatic catalysts and
explore integration with continuous-flow processing to further improve yields and reduce costs.
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