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Synthesis of Chiral Amino Acids via Direct Amination of Diazo Ester with a
Rhodium-Based Catalyst

An Honors Thesis submitted in partial fulfillment of the requirements for Honors in the
Department of Biochemistry, Chemistry, and Physics

By
Steven J. Boyles

Under the mentorship of Dr. Abid Shaikh
ABSTRACT

Amino acids are critical molecules within living organisms as they are the building blocks
of proteins. In organisms, proteins serve as regulators of necessary processes, structural
components in tissue, hormones, and neurotransmitters. Amino acid therapy is an emerging
treatment in the medical field used to treat symptoms of diseases such as Alzheimer’s
disease, Parkinson’s disease, and multiple sclerosis. Amino acid therapies have also shown
promising effects when it comes to treating mood disorders and weight management. In
order to increase the number of amino acids available and increase the potential treatments
for other ailments, there is a drive to increase the availability of synthetic methods of amino
acid synthesis. Previous research has shown that these methods are best aided by the use
of a rhodium, ruthenium, or copper catalyst. This paper proposes a synthetic path utilizing
these catalysts to accomplish this task. The proposed reaction strategy was successful, and
it is determined to be an effective means to synthesize chiral amino acids.
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Introduction

Amino acids are crucial to all living organisms and without them, living organisms
would not be able to function. The most important function of amino acids is serving as
the constituent parts of proteins in the body'. Proteins are critical in the human body
contributing to everything from the structure and function of cells to the regulation of
various processes. These proteins then go one to serve as enzymes?, hormones',
antibodies?, neurotransmitters', and structural components in tissues>.

Amino acids are essentially molecules that contain an amino group and a carboxylic
acid group within the same molecule'. These two functional groups give these amino acids
unique polar and intermolecular properties®. All amino acids also have other functional
groups within their structure that determine other important structural and functional
properties of the amino acid. The human body uses 20 standard amino acids to serve as the
building blocks of proteins. These 20 amino acids are more specifically alpha amino acids.
This means that the amino group and the carboxylic acid group are one central carbon away
from each other in the molecule.! This arrangement determines a lot of the functional
properties of these amino acids and makes them crucial molecules when building proteins?.
Of these 20 amino acids, nine are considered “essential” amino acids because they are
crucial in protein synthesis, but the body cannot synthesize them on its own. These nine
amino acids must be obtained from other sources, typically from the diet!.

Due to the importance of amino acids in the body, other amino acids different from
the 20 standard ones used by the body have been used to address various health conditions
or imbalances within the body*. Amino acid therapies have currently been used to treat

mood disorders®, metabolic disorders®, and tissue damage’. Amino acid therapy is also



showing promising results when it comes to treating neurological conditions, such as
Alzheimer's disease®, Parkinson's disease’, multiple sclerosis'®, and epilepsy!!; weight
management and control'?; and detoxification!?. Amino acids are important precursors in
processes that help mitigate the symptoms of these diseases.

Due to the emerging importance of amino acid therapy, there is a drive to expand
the number of amino acids available for these therapies'®. Additionally, there is also a drive
to find efficient reactions to synthesize these novel amino acids'®. There is extensive
research into what the standard set of 20 amino acids do in the body'. Expanding the library
of amino acids available for therapies is important in order to drive further research into
what these nonstandard amino acids can offer medical professionals and scientists'?.
Current research has proposed reactions under the presence of catalytic metals such as
copper, ruthenium, rhodium, and palladium to yield non-standard amino acids'®.

Furthermore, reactions that yield enantiomerically pure amino acids are the most promising

due to their ability to yield the highest quality products'®.

Literature Overview

Amino acid synthesis can be achieved via various chemical methods that typically involve
the reaction of appropriate starting material to form the desired amino acid. Traditionally,
Strecker synthesis is a common method that involves the reaction of an aldehyde or ketone
with ammonia and cyanide followed by the hydrolysis of the cyanide to a carboxylic acid
to provide an amino acid (Scheme 1a).'® Another method is the Gabriel synthesis, which
involves the reaction of phthalimide with an alkyl halide to form an N-alkyl phthalimide,
which can then undergo hydrolysis and decarboxylation to yield an amino acid (Scheme

1b)."7
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Scheme 1. Literature methods for the synthesis of amino acids.

Research Hypothesis and Objective

This work involves the functionalization of diazo esters with zerz-butanesulfinamide using
a metal-catalyzed carbenoid insertion strategy. The use of fert-butanesulfinamide for
amination of diazo esters has not been pursued in the literature. We anticipate the use of
chiral tert-butanesulfinamide is a viable approach for the synthesis of diastereoselective N-
sulfinyl amino esters, which on further removal of fert-butanesulfonyl group and successive
ester hydrolysis would provide pure amino acids (Scheme 2). In comparison with the
previous methods, the work highlighted in this paper was performed at room temperature,

safely on a common benchtop, and using commercially available starting materials.
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Scheme 2. Our new method for the synthesis of amino acids.



Results and Discussion

We envisioned the most straightforward route for the synthesis of an amino acid would
involve the acquisition of diazo ester which will serve as a reactant further in the reaction
sequence. As a next step, we tried the amine insertion to diazo ester as the most important
transformation. Multiple metal catalysts were utilized in this experiment to yield the
desired product. Rhodium trifluoroacetate dimer and dichloro(p-cymene)ruthenium(II)
dimer catalysts both yielded a dimeric product of diazo ester. Later trials with rhodium(II)
octanoate dimer yielded the correct product from reaction. After successful execution of
step 2 of this synthesis, tert-butyl sulfoxide was removed using dilute hydrochloric acid
and further treatment with lithium hydroxide resulted in the required amino acid as final
product. All the products and intermediates were isolated in high analytical purity and were
fully characterized using 'H NMR and '*C NMR spectroscopy. It is worth mentioning that
the final amino acid product was isolated as a racemic mixture. We did not carry out
analysis for enantioselectivity determination, however, we anticipate to develop a chiral

HPLC method in order perform this analysis.

Conclusion

In conclusion, we plan to develop a simple and efficient synthesis to both enantiomers of
amino acids. We anticipate obtaining high yields and enantioselectivities of intermediates
and products. The major advantages of the process are the use the commercially available

chiral auxiliaries and catalyst, which can provide both enantiomers of the products.



Experimental Section

General experimental considerations: All the starting materials such as were purchased
from Aldrich and used without further purification. Thin layer chromatography (TLC) was
performed using Merck silica gel 60 Faso aluminum coated plates and were visualized by
exposure to short-wave ultraviolet light or by exposure to iodine sealed in a bottle. Organic
solutions were concentrated by rotary evaporation and flash column chromatography was
performed with silica gel 60 A. Methaol-D4 and CDCls were used as a solvent (99.8%) for
the NMR studies was purchased from Aldrich. The 'H and '3C NMR spectra were obtained
on a 400 MHz JEOL NMR spectrometer and chemical shifts are reported relative to

internal tetramethylsilane TMS or the residual solvent signal.

Experimental procedure for the synthesis of diazo ester.
N
OEt  ,ABSA OEt
m DBU /ACN O)J\g/
Ethyl phenylacetate (1 mL) and 2.25 g of p-ABSA were mixed in 20 mL of acetonitrile in
a 100 mL round bottom flask. A mixture of 4 mL 1,8-diazabicyclo[5.4.0]undec-7-ene
(DBU) and 4 mL acetonitrile was added dropwise to the stirring round bottom flask that
had been cooled in an ice bath. This was allowed to stir for 24-48 hours. Upon confirmation
of the production of the diazo ester via thin layer chromatography (TLC), the reaction
mixture was quenched with water (15 mL) and extracted with ethyl acetate (3 x 20 mL).
The organic layers were combined, wash with brine, dried over anhydrous sodium sulfate
and concentrated under reduced pressure. The resulting crude residue was purified by flash

chromatography on silica gel and 10% ethyl acetate in hexanes as an eluting solvent to



afford the desired product. The product formation was confirmed by 'H NMR

spectroscopy, a scan of product is provided below.
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Experimental procedure for the amination of diazo ester.
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Diazo ester 11 mg was placed in a 20 mL scintillation vial, along with 9 mg fert-
butanesulfinamide and were dissolved in 2 mL acetonitrile. 1 mg of a metal catalyst
(rhodium(IT)octanoate) was then added and the resulting reaction mixture was allowed to

stir for 24 hours. The reaction progress was monitored by TLC to confirm the desired

product formation. Upon this confirmation, the reaction mixture was separated via column



chromatography. The desired product was then further confirmed by 'H NMR

spectroscopy.
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Experimental procedure for the removal tert-butylsulfoxide and hydrolysis of ester.
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Amino ester 50 mg was placed in a 20 mL scintillation and 10 mL of dilute hydrochloric
acid was added slowly. The reaction mixture was stirred for 30 min and then extracted with
ethyl acetate. The crude product was further dissolved in dioxane and a dilute solution of
lithium hydroxide was added dropwise. The reaction mixture was allowed to stir at room

temp. for 4 hours and then water. Slow removal of water under reduced pressure provided



translucent crystals of pure amino acid. The product formation was confirmed using 'H

and '°C NMR spectroscopy.
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