Preparation of enantiomerically pure 3-heteryl-2-methylpropanoic and 3-heterylbutanoic acids by enzymatic kinetic resolution
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−Abstract − A new approach has been developed for synthesizing important compounds with potential biological activity − enantiomerically pure 3-heteryl-2-methylpropanoic and 3-heterylbutanoic acids. The kinetic dynamic enzymatic resolution methodology was applied at key synthesis stages. A dual biocatalytic purification method was employed to achieve a high degree of 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 heterocyclic compouns; chiral 3-heterylbutanoic acids; 3-heteryl-2-methylpropanoic acids; lipase; enzymatic resolution, optical activity
Introduction
Heterocyclic compounds play an extremely important role in pharmacology, as they form the basis of many pharmaceutical drugs. Approximately 75–90% of registered pharmaceutical compounds contain heterocyclic structures. [1] This is due to a range of properties and characteristics of these compounds, such as a broad spectrum of biological activity, pharmacophoric nature, structural diversity, the ability to enhance drug solubility, penetration through biological membranes, and stability within the body. [2,3] Heterocyclic aliphatic carboxylic acids represent an intriguing class of nitrogen-containing organic compounds that exhibit diverse biological and pharmacological activities. Among them are important pharmaceutical agents such as antibiotics, non-steroidal anti-inflammatory drugs, antiviral agents, histamine antagonists, and GABA inhibitors. [4-7] They are also widely used as precursors in the synthesis of many biologically significant compounds. [8]
In recent years, there has been a significant increase in the use of chiral pharmaceutical agents. The regulatory requirements on this matter were published by the U.S. Food and Drug Administration (FDA) as early as 1992 in a document titled Development of New Stereoisomeric Drugs [9, 10]. In accordance with these requirements, there has been a substantial shift toward the development of enantiomerically pure pharmaceuticals. As a result, the demand for enantiomerically pure drugs is growing annually by 13–15% [11, 12]. Therefore, the development of new, simple, accessible, cost-effective, and environmentally friendly methods for obtaining such compounds remains a highly relevant task in modern chemistry.
Chiral, enantiomerically pure 3-heteryl-2-methylpropanoic acids, and 3-heterylbutanoic acids are scarcely described in the literature. In their racemic form, they have been synthesized via the Horner–Wittig reaction, starting from the corresponding heterylcarbonyl compounds [13]. In a stereochemically pure form, they have been obtained through asymmetric hydrogenation using chiral cobalt-based catalysts, though the optical yields in this case remained moderate [14].
Therefore, in our work, we have developed a method for obtaining stereochemically pure 3-heteryl-2-methylpropanoic and 3-heterylbutanoic acids through enzymatic kinetic resolution using lipases as biocatalysts.
Results and discussion
At the first stage of our work, racemic esters of 3-heteryl-2-methylpropanoic and 3-heterylbutanoic acids (2a–e and 4a–b) were synthesized. To obtain them, we employed the approach previously described by us [15], following the two-step procedure shown in Figure 1 below.
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Scheme 1. Synthesis of racemic esters of 3-heterylbutanoic acids and 3-heteryl-2-methylpropanoic acids.
Thus, by applying the Horner–Wittig reaction at a key stage, unsaturated heterylcarboxylic acids 1a–d and 3a–b were obtained from the corresponding substituted heterocyclic carbonyl compounds and ethyl 2-(diethoxyphosphoryl)acetate. These intermediates were then hydrogenated in the presence of palladium hydroxide. As a result, racemic 3-heterylbutanoic acids 2a–e and 3-heteryl-2-methylpropanoic acids 4a–b were obtained in ~90% yields and were used in further transformations without additional purification.
	The next stage involved obtaining enantiomerically pure isomers of heterylcarboxylic acids. To achieve this, enzymatic kinetic resolution was employed using lipases as biocatalysts. A selection of highly efficient and highly selective enzymes was tested, including lipases from Burkholderia cepacia (Amano PS), Pseudomonas cepacia, and Candida antarctica B. Among these, Amano PS lipase proved to be the most effective in hydrolyzing racemic esters of heterylcarboxylic acids.
The enzymatic hydrolysis was carried out in an aqueous medium using a phosphate buffer at pH 7.0 with Amano PS lipase [15–17]. As a result, all enantiomers of 3-heterylbutanoic acids (2a–d) and 3-heteryl-2-methylpropanoic acids − (R)-esters 2a–d, 4a–b and (S)-acids 5a–d, 6a–b – were obtained with yields of 52–60% and enantiomeric purity of 97–100% (Figure 2).


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

	
	HetAr
	Yield,%
	ee, %
	
	Yield,%
	ee, %
	

	2a
	2-Pyridine
	40
	97
	5a
	38
	
	>100

	2b
	3-Pyridine
	41
	100
	5b
	40
	100
	>100

	2c
	4-Peridine
	38
	97.5
	5c
	45
	100
	>100

	2d
	5-Pyrazole
	35
	100
	5d
	37
	100
	>100

	4a
	3-Pyridine
	39
	100
	6a
	42
	100
	>100

	4b
	4-Pyridine
	40
	99
	6b
	40
	97.5
	>100


[bookmark: _Hlk189656359]Scheme 2. Biocatalytic enantioselective resolution of heterylcarboxylic acid esters
Next, the obtained (R)-esters 2a–d, 4a–b were subjected to acidic hydrolysis by boiling in 3N hydrochloric acid, yielding good, quantitative results without the need for additional purification (Figure 3). In all cases, the hydrolysis proceeded without racemization, preserving the absolute configuration of the compounds. As a result, all stereoisomers of 3-heterylbutanoic acids 5a–d and 3-heteryl-2-methylpropanoic acids 6a–b were obtained. They were characterized using available physicochemical methods (Table 1).


Scheme 3. Acid hydrolysis of (R)-heterylcarboxylic acid esters
Table 1
3-Phenylbutanoic acids and methyl-3-phenylpropanoic acids
	п/п
	Compound
	Optical Rotatory Power
	HPLC

	
	
	ee, %
	[α]D20
	C (g/100 mL); solvent
	τ (R)
(min.)
	τ (S)
(min.)
	Conditions

	1
	(R)-5a
	97
	−14,86
	0,5, MeOH
	12.362
	9.606
	a

	2
	(S)-5a
	97,5
	+15,36
	0,5, MeOH
	12,081
	9.656
	a

	3
	(R)-5b
	100
	−30,91
	0,5, MeOH
	12.682
	-
	b

	4
	(S)-5b
	100
	+32,36
	0,5, MeOH
	-
	17.407
	b

	5
	(R)-5c
	97.5
	−26,95
	0,5, MeOH
	7.465
	6.278
	c

	6
	(S)-5c
	100
	+29,97
	0,5, MeOH
	-
	6.852
	c

	7
	(R)-5d
	100
	−3,17
	0,5, MeOH
	17.947
	-
	d

	8
	(S)-5d
	100
	+2,22
	0,5, MeOH
	-
	16.531
	d

	13
	(S)-6a
	100
	−38.71
	0,5, CH2Cl2
	47.881
	-
	e

	14
	(R)-6a
	100
	+38.18
	0,5, CH2Cl2
	
	41,411
	e

	15
	(S)-6b
	97.5
	−28,26
	0,5, CHCl3
	4,071
	3,615
	f

	16
	(R)-6b
	99
	+28,46
	0,5, CHCl3
	-
	3,442
	f


Conditions: а Column: Chiralpak AD-H (250 × 4,6 mm, 5 mkm) − 3; Mobile Phase: Hexane: IPA:MeOH, 50:25:25; Flow Rate, 0,6 mL/min. b Column: Chiralcel OJ-H (250 × 4,6 mm, 5 mkm) − 3; Mobile Phase: Hexane(0.1%TFA):IPA:MeOH, 70:15:15; Flow Rate, 0,6 mL/min. c Column: Chiralpak AD-H (250 × 4,6 mm, 5 mkm − 3; Mobile Phase: CO2:MeOH, 90:10; Flow Rate, 2,0 mL/min. d Column: Chiralpak AD-H (250 × 4,6 mm, 5 mkm) − Mobile Phase: Hexane (0,1% TFA): IPA, 90:10; Flow Rate, 0,6 mL/min. e Column: Chiralcel OJ-H (250 × 4,6 mm, 5 mkm) − OJH0CE–UF008 − 3; Mobile Phase: Hexane(0.1%TFA):IPA(0.1%TFA):MeOH(0.1%TFA), 90:5:5; Flow Rate, 0.6 mL/min. f Column: Chiralpak AD-H (250 × 4,6 mm, 5 mkm) − 3; Mobile Phase: CO2:MeOH, 80:20 ; Flow Rate, 2,0 mL/min
Conclusion
In this work, we obtained and described all optical isomers of 3-heterylbutanoic and 3-heteryl-2-methylpropanoic acids. For this purpose, a method of biocatalytic kinetic resolution of racemates of the esters of these acids was employed. Different lipases were used as biocatalysts, namely Burkholderia cepacia Amano PS lipase, Pseudomonas cepacia lipase, and Candida antarctica B lipase. The most effective lipase for the enzymatic hydrolysis of the esters of these acids was found to be Amano PS lipase. All optically active heterylcarboxylic acids were obtained with high chemical yields, optical purity >95%, and the preservation of the absolute configuration of the chiral center. These compounds were described and characterized using modern physicochemical methods.
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