Biocatalytic Method for the Synthesis of Enantiomerically Pure β-Methyl-phenylethylamines.
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−Abstract − A new method for the synthesis of important building blocks − enantiomerically pure β-methyl-phenylethylamines − has been developed. Kinetic dynamic enzymatic resolution methodology was applied at key stages of the synthesis. A double biocatalytic purification approach was used to achieve high optical purity of the obtained products. The resulting amines are promising building blocks for the development and production of new pharmaceuticals and biologically active compounds.
−Кеуwords - biocatalysis; chiral 3-arylbutanoic acids; chiral b-methyl phenylamines; lipase; enzymatic resolution, optical activity
Introduction
Chiral amines are well-known key structural elements of both natural biologically active compounds and various pharmaceuticals [1-3]. Amines containing a β-methyl stereogenic center are present in many bioactive substances and medicinal drugs [4-6]. Among them are physiologically active compounds and pharmaceuticals such as Lorcaserin, a commercially available drug for obesity treatment, as well as biarylpropylsulfonamides and NPS-1392 − bioactive compounds that play a crucial role in the development of central nervous system disorders such as schizophrenia, autism, epilepsy, Parkinson’s disease, Alzheimer’s disease, and amyotrophic lateral sclerosis (Scheme 1) [4-6].


Scheme 1. Examples of pharmaceuticals and physiologically active compounds containing a β-methyl-ethylamine fragment.
In most cases, optically active β-methyl-phenylethylamine building blocks are obtained using asymmetric hydrogenation methods with Ru- and Rh-catalysts [7,8]. However, this method often has certain drawbacks, such as the high cost of these catalysts, the inability to obtain both enantiomers of the target compound, and the fact that these compounds are typically produced only in small, milligram-scale quantities. Other methods explored for the synthesis of β-aryl-propylamines include chiral column separation, fractional crystallization, organocatalysis, and biocatalytic approaches. However, in all these cases, the enantioselectivity and chemical yields remained moderate [9-12].
Biocatalytic synthesis reactions are among the most economically advantageous transformations in synthetic organic chemistry, as the starting materials are usually produced on a large scale from inexpensive sources or are commercially available at a low cost. Another advantage of this method is the use of water as a solvent for these reactions. Water is one of the most environmentally friendly, inexpensive, and widely available solvents. Additionally, biocatalysts themselves are always of biological origin, derived from bacteria, fungi, or living cells. The conditions for enzymatic reactions are typically mild and environmentally friendly, making such approaches a key aspect of "green chemistry" [13].
Thus, in our work, we employed this approach to obtain enantiomerically pure β-methyl-phenylethylamines. To achieve this goal, a multi-step synthetic scheme was developed, incorporating enzymatic hydrolysis of racemic 3-arylbutanoic acids at the key stage (Scheme 2).


Scheme 2. Retrosynthesis of β-methyl-phenylethylamines.
Results and discussion
Racemic esters of 3-arylbutanoic acids 2a–h were synthesized using our previously reported method [14], following a two-step procedure outlined in Scheme 3 below.


	№
	Compound
	R

	1
	2a
	H

	2
	2b
	2-F

	3
	2c
	4-F

	4
	2d
	4-Br

	 5
	2e
	3-CF3

	6
	2f
	4-Cl

	7
	2g
	4-OMe

	8
	2h
	4-CN


Scheme 3. Synthesis of racemic esters of 3-arylbutanoic acids.

In the first step of the synthesis, esters of unsaturated arylcarboxylic acids were obtained via the Horner–Wittig reaction, starting from the corresponding substituted acetophenones and ethyl 2-(diethoxyphosphoryl)acetate, followed by hydrogenation in the presence of palladium hydroxide. As a result, ethyl 3-arylbutanoates 2a–h were obtained with a 90% yield and were used in further transformations without additional purification.


	Compound
	(R)-Ester
	(S)-Acid
	Ea

	
	R
	Yield,%
	ee, %
	Yield,%
	ee, %
	

	2a
	H
	45
	91
	41
	90
	>100

	2b
	2-F
	48
	95
	27
	77
	>100

	2c
	4-F
	45
	95
	47
	94
	>100

	2d
	4-Br
	46
	95
	44
	93
	>100

	2e
	3-CF3
	20
	92
	30
	70
	>100

	2f
	4-Cl
	44
	96
	40
	93
	>100

	2g
	4-OMe
	40
	93
	35
	99
	>100

	2h
	4-CN
	41
	92
	42
	99
	>100


Scheme 4. Biocatalytic enantioselective resolution of arylcarboxylic acid esters 
Next, the obtained racemic mixtures of esters were subjected to enzymatic kinetic resolution. Some of the most effective esterases and hydrolases were selected as biocatalysts, including lipases from Burkholderia cepacia, Pseudomonas cepacia, and Candida antarctica B, which combine broad substrate specificity with high regio- and enantioselectivity. The enzymatic hydrolysis of the racemic arylcarboxylic acid ester was carried out in a phosphate buffer at pH 7.0 using Amano PS lipase [14–16]. As a result, (R)- and (S)-arylcarboxylic acids 3a–g were obtained with yields of 52–60% and enantiomeric purity of 77–99% (Scheme 4).
In cases of moderate optical purity of the obtained products, additional (double) enzymatic deracemization was employed to enhance the enantiomeric purity of the arylcarboxylic acids (Figure 5) [14].



Scheme 5.An example of the double enzymatic deracemization of arylcarboxylic acids. 
In the next stage of our work, the enantiomerically pure arylcarboxylic acids were converted into chiral, optically pure amines via the Curtius rearrangement, followed by hydrogenation of the intermediate Cbz-amines. All Cbz-amines 4a–g were synthesized for the first time and characterized using 1H NMR. They were used in subsequent reactions without further purification.
Thus, at the next stage, the Cbz-amines 4a–g were subjected to hydrogenation in the presence of Pd/C (5%), followed by purification through recrystallization of the hydrochloride salts of the obtained amines. The reactions proceeded with good yields, resulting in the formation of the amine hydrochlorides 5a–g (Scheme 6).


Scheme 6. Synthesis of β-methyl-phenylethylamines
The absolute configurations of the obtained products were determined by comparing the optical rotation values with literature data. It was thus shown that all the amines were obtained with retention of the absolute configuration of the stereogenic center. All optically active β-methyl-phenylethylamines were obtained with high chemical yields, optical purity <95%, and with retention of the absolute configuration of the chiral center. They were described and characterized using modern physicochemical methods, such as NMR, HPLC, LC-MS, elemental analysis, and optical rotation measurements.
Conclusion
In this work, we have obtained and described all the optical isomers of β-methyl-phenylpropanoic acids. For this, we applied the methodology of enzymatic kinetic resolution using various lipases, such as Burkholderia cepacia lipase, Pseudomonas cepacia lipase, and Candida antarctica B lipase. The best and most efficient lipase for the enzymatic hydrolysis of β-methyl-phenylpropanoic acids, Amano PS lipase, was identified. To achieve the highest level of enantiomeric purity, a dual biocatalytic deracemization method was applied. Subsequently, the obtained β-methyl-phenylpropanoic acids were converted into optically pure β-methyl-phenylethylamines, with the Curtius rearrangement used at the key stage. All optically active β-methyl-phenylethylamines were obtained with high chemical yields, optical purity <95%, and retention of the absolute configuration of the chiral center, and were described and characterized using modern physicochemical methods. Thus, all the enantiomers of β-methyl-phenylethylamines were obtained, which represent promising building blocks for the synthesis of potential pharmaceuticals and biologically active compounds.
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