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Efficient synthesis of α-alkyl-β-amino amides by transaminase-
mediated dynamic kinetic resolutions 

Ángela Mourelle-Insua,a,b,† Daniel Méndez-Sánchez,a,c,† James L. Galman,b Iustina Slabu,b,d Nicholas 
J. Turner,*b Vicente Gotor-Fernández*a and Iván Lavandera*a 

The biocatalytic stereocontrolled synthesis of various acyclic anti- or syn-α-alkyl-β-amino amides through a dynamic kinetic 

resolution strategy is demonstrated. A series of commercially available and in-house transaminases (TAs) was employed to 

perform the transamination of a series of chemically synthesized racemic α-alkyl-β-keto amides. Among them, commercial 

(R)-selective TAs showed the best activities and selectivities, usually giving access preferentially to the anti-diastereoisomers 

with low to high diastereomeric ratios (up to 96%) and excellent enantiomeric excess (>99%). The stereoselective 

biotransamination experiments were successfully demonstrated at semipreparative (25 mM, 100 mg substrate), leading the 

corresponding optically active α-alkyl-β-amino amides in 45-90% isolated yield after a simple liquid-liquid extraction protocol

Introduction 

Chiral β-amino amides (also denoted as β3-amino amides) are 

valuable compounds due to their potential biological activities. 

Among them can be highlighted those that exhibit dipeptidyl 

peptidase IV (DPP-4) inhibitory activity such as sitagliptin1 (A, 

Fig. 1), which are employed for type-II diabetes treatment. Since 

sitagliptin was discovered, other related β-amino amide analogs 

have been synthesized and biologically tested,2 affording very 

promising results (e.g. compound B,2e Fig. 1). Moreover, if they 

are substituted at α-position (denoted as β2,3-amino amides), 

many interesting biological activities can be displayed, such as 

bestatin3 (C, Fig. 1), an aminopeptidase inhibitor, or KNI-272 

(D,4 Fig. 1), an HIV protease inhibitor. Also, -amino amides are 

synthetically useful precursors of valuable 1,3-diamines 

through reductive processes, and have been applied as ligands 

in metal-catalyzed reactions.5 

Among the different synthetic approaches (Fig. 2) that have 

been described to get access to enantio- or diastereoenriched 

β3- or β2,3-amino amides, the Mannich transformation has been 

the most applied.6 To induce chirality, enantiopure imines6k or 

amides6a,b,i have been utilized as precursors in the presence of 

a strong base at very low temperatures (<‒55 °C). Also, the 

employment of bases with sterically hindered ligands6c,l or 

metals such as samarium6d or cobalt6e gave straightforward 

access to -amino amides with usually good 

diastereoselectivities. A very interesting methodology has been 

developed by Kumagai, Shibasaki and co-workers, where 

different β-amino amides bearing substitutions at α position 

such as trifluoromethyl,6f fluorine,6g methyl,6h chlorine,6j or 

benzyloxy6m were synthesized with high diastereomeric ratios 

(dr) and excellent enantiomeric excess (ee) starting from 7-

azaindoline amides in the presence of a copper catalyst with a 

chiral ligand and using Barton’s base. Other more specific 

synthetic methods involve the aza-Michael addition on α,β-

unsaturated amides,7 multicomponent transformations,8 the 

hydrogenation9a,b or reduction9c of enamines, the reductive 

amination of β-keto amides,10 or the reduction of oxime 

precursors.11 

 

Fig. 1. General structure of β2,3-amino amides (top) and biologically active compounds A-

D containing the β3- or β2,3-amino amide core (bottom). 
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Fig. 2. Chemical and enzymatic approaches to obtain chiral (α-substituted) β-amino 

amides. 

Remarkably, enzymatic methodologies (Fig. 2) have also led to 

β-amino amides with excellent selectivities under mild reaction 

conditions.12 For instance, racemic β-amino nitriles have been 

selectively hydrolyzed via kinetic resolution (KR) using whole-

cells displaying nitrile hydratase activity.13 Rhodococcus species 

were found as the best candidates, and through this method the 

corresponding β-amino amides could be synthesized together 

with the corresponding β-amino acids due to the concomitant 

amidase activity found in the enzymatic preparation. Other 

enzymatic approaches to get access to these compounds have 

been the lipase-catalyzed aminolysis of racemic β-lactams14 or 

the acylation of β-amino amides,15 and the hydrolysis of racemic 

β-amino amides using aminopeptidases16 or amidases.17 All 

these protocols presented the limitation of a 50% conversion 

towards the final products, which is inherent to KRs. In order to 

overcome this drawback, desymmetrization of prochiral 

compounds18 or dynamic kinetic resolutions (DKRs)19 of racemic 

derivatives can be employed as efficient synthetic tools. 

Transaminases (TAs, also known as aminotransferases),20 

belong to a group of enzymes that have been intensively applied 

in the last decade towards the stereoselective synthesis of 

amines. They catalyze the reversible transfer of an amino group 

between an amine donor (typically an α-amino acid) and an 

amine acceptor (keto acids, ketones or aldehydes), using 

pyridoxal 5’-phosphate (PLP) as a cofactor. Amongst the 

different transformations that TAs can mediate, the 

asymmetrization of carbonyl compounds can be emphasized. 

An outstanding example of the relevance of these biocatalysts 

at industrial scale is the development of a variant from 

Arthrobacter sp. TA to obtain sitagliptin from the ketone 

precursor at high substrate concentration.21 Since Kroutil and 

co-workers showed the first example,22a TAs have been 

successfully applied in DKR processes.22b-i Researchers have 

usually taken advantage of the high acidity of the α-proton in 

the carbonylic derivatives, so the low reacting enantiomer can 

be easily racemized even at neutral pH. In one of our groups a 

DKR protocol was designed for the synthesis of a wide panel of 

diastereo- and enantioenriched α-alkyl-β-amino esters starting 

from the corresponding racemic β-keto esters employing TAs.23 

In general, high conversion and ee values were found, however, 

moderate dr values (<60%) were observed. Following this study 

and due to the lack of biocatalytic methodologies to synthesize 

β2,3-amino amides, we decided to develop a TA-mediated 

protocol to produce different diastereo- and enantioenriched α-

alkyl-β-amino amides through DKR transformations. Several 

reaction parameters including the source and amount of TA, pH 

and temperature have been studied in order to disclose an 

efficient and general asymmetric protocol. 

Results and discussion 

Initially, a wide panel of α-substituted β-keto amides was 

synthesized bearing different substitution patterns at the γ- (R1) 

and α-position (R4), as well as in the amide protecting group (R2 

and R3).24 As starting materials, commercially available β-keto 

esters 1a and 1b were used and a chemical25 or an enzymatic26 

methodology was applied in order to obtain the corresponding 

β-keto amides 2a-g (Scheme 1). The cyclic substrate 2h was 

straightforwardly synthesized in moderate yield (48%) from the 

corresponding commercially available racemic methyl 2-

oxocyclopentanecarboxylate (1c) using a CAL-B mediated 

aminolysis with benzylamine as nucleophile. 

Once the substrates were obtained, it was necessary to 

synthesise the racemic amines 3a-h that would serve as 

standards to develop GC and HPLC analysis methods (see ESI). 

With that purpose, the reductive aminations of the α-

substituted β-keto amides 2a-h were attempted using 2 equiv 

of NaBH3CN as reduction agent and 10 equiv of ammonium 

acetate as nitrogen source in dry methanol (Scheme 1). 

Mixtures of syn- and anti-diastereoisomers of the α-substituted 

β-amino amides 3a-h were obtained with low to high yields (36-

70%). 

 

 

 

Scheme 1 Synthesis of racemic α-substituted β-keto amides and β-amino amides. 
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N-Benzyl-2-methyl-3-oxobutanamide (2a, 25 mM) was chosen 

as model substrate for our study and 28 commercial 

transaminases (2 mg) from Codexis Inc. were tested. Based on 

previous studies using transaminases,27 25 mM concentration 

of 2a was used, selecting DMSO as cosolvent (2.5% v/v) for 

solubilizing the substrate, and phosphate buffer 100 mM pH 7.5 

(final volume: 500 µL) containing PLP (1 mM) as reaction media. 

A large excess (1 M) of isopropylamine (iPrNH2) was added as 

amine donor in order to shift the equilibrium towards the amine 

formation. All biotransformations were incubated at 30 °C and 

250 rpm for 24 hours finding good conversions, excellent 

enantioselectivities and low to moderate diastereoselectivities 

with some (S)- and (R)-transaminases (Table 1 and Section 4.1 

in the ESI). As can be seen, in most cases the anti isomer of 3a 

was obtained (an exception is shown in entry 1 with ATA-260). 

These usually poor diastereomeric ratios could be due to a slow 

racemization rate. In order to develop a more efficient DKR 

procedure, the possibility of slowing down the enzymatic 

transamination process was attempted by decreasing the 

temperature or adding less amount of enzyme with the (S)-

selective ATA-251 (entries 4 and 5) and the (R)-selective ATA-

013 (entries 7 and 8). On the one hand, a lower temperature (10 

°C) led to diminished conversion values and similar 

diastereomeric ratios with ATA-251 (entry 4) and a dramatic 

loss of activity with ATA-013 (entry 7). On the other hand, when 

a lower loading of the TA was used (1 mg), slightly lower 

conversions and similar diastereoselectivities were attained 

with both enzymes (entries 5 and 8). 

Due to the fact that the modification of the enzyme quantity 

and temperature did not lead to any improvement, the 

application of typical TA reaction conditions to afford the DKR 

on other substrates was next envisaged. This way, the influence 

of the alkyl group at the α-position could be studied. For this 

purpose, N-benzyl-2-ethyl-3-oxobutanamide (2b) was 

employed as starting material for the transamination using all 

the transaminases working on the model substrate (Table 1 and 

Section 4.2 in the ESI). After analyzing the reaction mixtures, we 

found out that (S)-TAs were not selective with this substrate 

except in the case of ATA-234, which afforded anti-(2S,3S)-3b 

with very high dr and ee values (entry 9). Nevertheless, (R)-

transaminases still provided good results in terms of conversion 

and enantioselectivity values (entry 10). Furthermore, higher 

diastereomeric ratios (up to 80:20 anti:syn) were obtained in 

comparison with those achieved with the model substrate 2a. 

 

Table 1 Transamination of substrates 2a and 2b under dynamic conditions using commercial TAsa 

 

Entry Substrate Transaminase T (°C) c (%)b Ratio anti:sync ee anti (%)c ee syn (%)c 

1 2a ATA-260 (S) 30 96 31:69 >99 (2S,3S) >99 (2R,3S) 

2 2a ATA-254 (S) 30 89 85:15 >99 (2S,3S) >99 (2R,3S) 

3 2a ATA-251 (S) 30 98 65:35 >99 (2S,3S) >99 (2R,3S) 

4 2a ATA-251 (S) 10 65 63:37 >99 (2S,3S) >99 (2R,3S) 

5 2a ATA-251 (S)d 30 94 65:35 >99 (2S,3S) >99 (2R,3S) 

6 2a ATA-013 (R) 30 98 62:38 >99 (2R,3R) >99 (2S,3R) 

7 2a ATA-013 (R) 10 11 n.d. n.d. n.d 

8 2a ATA-013 (R)d 30 74 70:30 >99 (2R,3R) >99 (2S,3R) 

9 2b ATA-234 (S) 30 64 97:3 95 (2S,3S) n.d. 

10 2b ATA-013 (R) 30 96 80:20 >99 (2R,3R) >99 (2S,3R) 

a Reaction conditions: Substrates 2a or 2b (25 mM), transaminase (2 mg), isopropylamine (1 M), PLP (1 mM), DMSO (2.5% v/v, 12.5 µL), phosphate buffer 

100 mM pH 7.5 (final volume: 500 µL), 10 or 30 °C, 24 h and 250 rpm. b Conversion values were determined by GC analysis. c Selectivities (dr and ee) were 

determined by HPLC analysis using chiral columns. The major diastereoisomer is shown in parentheses. d Only 1 mg of transaminase was used. n.d. not 

determined. 
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Fig. 3. Influence of the pH in the DKR of α-alkylated β-keto amides 2a and 2b mediated 

by (R)-transaminases. Blue color is used to indicate the percentage of anti-(2R,3R)-3a,b 

(>95% conversion and >99% ee in all cases) at pH 7.5, while red bars denotes the 

percentage of anti-(2R,3R)-3a,b (>97% conversion and >99% ee in all cases) at pH 10.0. 

A) Biotransaminations with 2a. B) Biotransaminations with 2b. 

Later on, the influence of the pH was analyzed in order to speed 

up the racemization process by increasing the pH up to 10 

(Sections 6.1 and 6.2 in the ESI). After 24 hours, no 

improvement was found with the (S)-TAs for substrate 2a but 

significantly better results were achieved in this DKR process 

using the (R)-TAs (Fig. 3A). Thus, at pH 10, these transaminases 

were capable of producing anti-(2R,3R)-3a with full 

conversions, excellent ee values and improved dr going from 

ratios close to 50:50 anti:syn up to 80:20 anti:syn. Encouraged 

by these results, the biotransaminations of 2b into 3b were set 

up at pH 10 (Fig. 3B). However, even though the DKR led to full 

conversions and excellent ee values, no better diastereomeric 

ratios towards the formation of anti-(2R,3R)-3b were found, as 

they remained untouched in some cases (ATA-024 and ATA-

025) and were much lower in other cases (ATA-013, ATA-033 

and ATA-415). Therefore, it can be concluded that pH can 

largely affect the selectivity of these processes, but that it must 

be checked carefully for each substrate as a clear trend was not 

observed. 

Afterwards, additional substrates 2c-e bearing different 

substitution patterns at the α-position to the amide (R4= n-Pr, 

allyl, and benzyl, respectively) were tested at pH 7.5 and pH 10 

(Table 2 and Sections 4.3-4.5 and 6.3-6.5 in the ESI). The best 

results were provided by (R)-transaminases ATA-013, ATA-024 

and ATA-033. Substrates 2c and 2d, bearing a n-propyl or an allyl 

moiety at the -position, respectively, led to similar results than 

those obtained in the biotransamination of 2b (R4= Et). At pH 

7.5 good conversions, moderate diastereomeric ratios towards 

the formation of the anti-amines (3c and 3d) and excellent ee 

values for both diastereoisomers were found (entries 1 and 3). 

Furthermore, when the pH was basified up to pH 10, the 

biotransformations led to the formation of the amines with full 

conversions and excellent enantioselectivities and similar dr 

(entries 2 and 4). Next, the reactivity of 2e bearing the bulkiest 

substituent (a benzyl group) was studied, finding an inversion in 

the diastereoselectivity as the syn-diastereoisomer was the 

major one. At pH 7.5, high conversions, moderate 

diastereomeric ratios and excellent ee values were observed 

(e.g., ATA-033, entry 5). At pH 10, a significant improvement in 

the diastereoselectivity was observed for this biocatalyst, as can 

be seen in entry 6. 

Then, N-benzyl-2-methyl-3-oxopentanamide (2f) bearing an 

ethyl group in R1 position was used as starting material for the 

biotransamination process (Table 2 and Sections 4.6 and 6.6 in 

the ESI). In this case, only one (S)-TA displayed significant 

activity with this substrate (ATA-234, entry 7) and, even though, 

it revealed very good diastereoselectivity and excellent ee 

values towards the synthesis of the anti-(2S,3S)-

diastereoisomer, the conversion was very low (15%). 

Furthermore, several (R)-transaminases were capable of 

synthesizing the corresponding amine 3f, being ATA-024 

especially good providing high conversions, moderate 

diastereomeric ratios and excellent enantioselectivity (entries 8 

and 9). The influence of the amide moiety was studied by 

introducing a piperidine group (Table 2 and Sections 4.7 and 6.7 

in the ESI). The biotransamination of 2g was revealed to be 

efficient with (S)-TAs as occurred with the model substrate 2a, 

obtaining very promising results with ATA-256 (entry 10), which 

afforded selectively syn-(2R,3S)-3g. On the other hand, several 

(R)-TAs led to conversion values and diastereomeric ratios 

comparable to those achieved with substrates 2b-d. Excellent 

enantioselectivities were observed in all cases. Furthermore, an 

increase in the pH up to 10 led to better dr, especially when 

ATA-025 was the TA of choice (entries 11 and 12). 
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Table 2 Transaminase-mediated DKR of α-substituted β-keto amides 2c-h at pH 7.5 and pH 10a 

 

Entry Substrate TA pH c (%)b Ratio anti:sync ee anti (%)c ee syn (%)c 

1 2c ATA-024 7.5 97 89:11 >99 (2R,3R) >99 (2S,3R) 

2 2c ATA-024 10 >99 88:12 >99 (2R,3R) >99 (2S,3R) 

3 2d ATA-013 7.5 97 74:26 >99 (2R,3R) >99 (2S,3R) 

4 2d ATA-013 10 >99 80:20 >99 (2R,3R) >99 (2S,3R) 

5 2e ATA-033 7.5 99 28:72 >99 (2R,3R) >99 (2S,3R) 

6 2e ATA-033 10 99 13:87 >99 (2R,3R) >99 (2S,3R) 

7 2f ATA-234 7.5 15 99:1 >99 (2S,3S) n.d. 

8 2f ATA-024 7.5 84 79:21 >99 (2R,3R) >99 (2S,3R) 

9 2f ATA-024 10 97 72:28 >99 (2R,3R) >99 (2S,3R) 

10 2g ATA-256 7.5 85 2:98 n.d. >99 (2R,3S) 

11 2g ATA-025 7.5 95 64:36 >99 (2R,3R) >99 (2S,3R) 

12 2g ATA-025 10 >99 91:9 >99 (2R,3R) >99 (2S,3R) 

13d 2h ATA-415 7.5 82 90:10 >99 (1R,2R) >99 (1S,2R) 

14d 2h ATA-415 10 97 92:8 >99 (1R,2R) >99 (1S,2R) 

a Reaction conditions: Substrates 2c-h (25 mM), transaminase (2 mg), isopropylamine (1 M), PLP (1 mM), DMSO (2.5% v/v, 12.5 µL), phosphate buffer 100 

mM pH 7.5 or 10 (final volume: 500 µL), 30 °C, 24 h, 250 rpm. b Conversion values were determined by GC analysis. c Selectivities (dr and ee) were 

determined by HPLC analysis using chiral columns. The major diastereoisomer is shown in parentheses. d Note that for this substrate the chiral centers are 

in positions 1 and 2, as shown in Scheme 1. n.d. not determined. 

Finally, encouraged by previous studies where excellent 

diastereomeric ratios were attained by using a cyclic β-keto 

ester as starting material,23 the biotransamination of cyclic β-

keto amide 2h was envisaged through this DKR strategy (Table 

2 and Sections 4.8 and 6.8 in the ESI). In this case, only (R)-TAs 

seemed to be effective biocatalysts, leading ATA-415 to the best 

results (entries 13 and 14). Especially at pH 10, excellent 

conversions, ee values and high dr (92:8) towards the formation 

of (1R,2R)-3h was attained. It was interesting to observe that 

ATA-013 could catalyze at pH 10 the formation of a side-product 

corresponding to the enamine intermediate obtained after the 

addition of one molecule of isopropylamine to the β-keto amide 

(65%). 

All the amines were fully characterized by 1H, 13C and DEPT-

NMR experiments, IR spectroscopy and high resolution mass 

spectrometry (HR-MS). Furthermore, homodecoupling NMR 

experiments were performed and the coupling constants 

between H2 (H1 for 3h) and H3 (H2 for 3h) calculated in order to 

determine which diastereoisomer was the major one (Section 8 

in the ESI). In all cases, with the exception of the α-benzylated 

β-amino amide 3e, the anti-diastereoisomer was found to be 

preferentially formed, which is consistent with the previous 

results obtained with the commercial enzymes when α-alkyl-β-
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amino esters were synthesized.23 The absolute configuration 

was also assigned based on the known stereopreference shown 

by these TAs with structurally similar α-alkyl-β-keto esters.23 

Table 3 Synthesis of α-substituted β-amino amides 2a-h through a DKR process catalyzed 

by (S)-selective transaminases BmTA and BmTA S119Ga 

 

Entry Substrate TA c 
(%)b 

Ratio 
anti:sync 

ee anti 
(%)c 

ee syn 
(%)c 

1 2a Bm 91 35:65 >99 
(2S,3S) 

>99 
(2R,3S) 

2 2a Bm 
S119G 

60 30:70 >99 
(2S,3S) 

>99 
(2R,3S) 

3 2b Bm 70 60:40 >99 
(2S,3S) 

>99 
(2R,3S) 

4 2b Bm 
S119G 

57 45:55 >99 
(2S,3S) 

>99 
(2R,3S) 

5 2c Bm 76 70:30 >99 
(2S,3S) 

>99 
(2R,3S) 

6 2c Bm 
S119G 

49 41:59 >99 
(2S,3S) 

>99 
(2R,3S) 

7 2d Bm 78 60:40 >99 
(2S,3S) 

>99 
(2R,3S) 

8 2d Bm 
S119G 

58 42:58 >99 
(2S,3S) 

>99 
(2R,3S) 

9 2e Bm 15 75:25 >99 
(2S,3S) 

>99 
(2R,3S) 

10 2e Bm 
S119G 

<1 n.d. n.d. n.d. 

11 2f Bm <1 n.d. n.d. n.d. 

12 2f Bm 
S119G 

<1 n.d. n.d. n.d. 

13 2g Bm 30 45:55 >99 
(2S,3S) 

>99 
(2R,3S) 

14 2g Bm 
S119G 

<1 n.d. n.d. n.d. 

15d 2h Bm 92 80:20 >99 
(1S,2S) 

>99 
(1R,2S) 

16d 2h Bm 
S119G 

79 30:70 >99 
(1S,2S) 

>99 
(1R,2S) 

a Reaction conditions: Substrates 2a-h (5 mM), transaminase (2 mg/mL), 

isopropylamine (50 equiv), PLP (1 mM), DMSO (1% v/v, 5 µL), HEPES 50 mM pH 9.0 

(500 µL final volume), 37 °C, 24 h, 250 rpm. b Conversion values were determined 

by GC analysis. c Selectivities (dr and ee) were determined by HPLC analysis using 

chiral columns. The major diastereoisomer is shown in parentheses. d Note that for 

this substrate the chiral centers are in positions 1 and 2, as shown in Scheme 1. 

n.d. not determined. 

At this point, it seemed evident that only (R)-TAs were capable 

of accepting all this panel of substrates to perform efficient 

DKRs. For this reason, we decided to explore the activity of 

some in-house transaminases. TAs containing the spuC gene 

from Pseudomonas species, in particular P. putida (Pp spuC), P. 

chlororaphis subsp. aureofaciens (Pc spuC) and P. fluorescens 

(Pf spuC),28 and transaminases from Vibrio fluvialis (Vf),29 

Chromobacterium violaceum (Cv),30 Alcaligenes denitrificans 

(Ad),31 Bacillus megaterium (Bm)32 and our high overproducing 

transaminase variant Bm S119G33 were tested towards α-

substituted β-keto amides 2a-h finding that only BmTA and 

BmTA S119G were capable of reacting with the selected 

substrates (Table 3). 

The desired enantiopure amines 3a-d,h were successfully 

synthesized by both (S)-transaminases. In all cases, moderate to 

high conversions and excellent ee values were found, leading 

BmTA and BmTA S119G to the formation of syn-(2R,3S)-3a with 

low diastereomeric ratios (entries 1 and 2). However, with the 

rest of the substrates, BmTA led to the preferential formation 

of the anti-diastereoisomer as the major product with low to 

moderate dr (entries 3, 5, 7 and 15), while BmTA S119G 

afforded the opposite diastereoisomer, leading to the 

formation of syn-3b-d,h with low to moderate 

diastereoselectivities (entries 4, 6, 8 and 16). Unfortunately, the 

α-benzylated keto amide (2e, entries 9 and 10) was not a good 

substrate for these enzymes. Meanwhile the derivative 2f was 

not accepted by either BmTA or BmTA S119G (entries 11 and 

12). BmTA was still capable of producing anti-(2S,3S)-3e with 

15% conversion and moderate dr but BmTA S119G completely 

lost its activity. Similar results were found with the substrate 

bearing a piperidine group in the amide moiety (2g), the BmTA 

displaying low activity (entry 13), while BmTA S119G was not 

capable of producing 3g in any extension (entry 14). The 

absolute configuration of the final products was determined 

due to the well-known (S)-selectivity of these two enzymes.32,33 

In order to demonstrate the applicability and reproducibility of 

this procedure, semipreparative biotransformations were set 

up. Hence, this would allow us to isolate and fully characterized 

the new diastereoenriched and enantiopure α-substituted β-

amino amides 3a-h. For this purpose, the robust ATA-025 was 

chosen as biocatalyst and DMSO was replaced with acetonitrile 

(MeCN) as cosolvent in order to facilitate the work-up 

protocols. DKRs of all substrates were carried out under the 

optimized reaction conditions at pH 7.5 (Scheme 2A).34 The final 

products were obtained after acid-base extractions in moderate 

to high isolated yields (45-86%) starting from 100 mg of the 

corresponding racemic α-substituted β-keto amides 2a-h. The 

anti-diastereoisomer was always obtained as the major product 

with the exception of α-benzylated β-amino amide 3e, finding 

low to moderate diastereomeric ratios (from 60:40 to 85:15) 

and excellent enantioselectivities in all cases (>99% ee for both 

diastereoisomers). Additionally, the biotransformation of 2a 

into the corresponding α-methylated β-amino amide 3a was 

performed at pH 10 (Scheme 2B). In this case, the anti-amino 

amide was obtained as the major diastereoisomer in moderate 

dr (80:20 anti:syn), high isolated yield (90%) and excellent ee 

values for both diastereoisomers (>99% ee). 



Journal Name  ARTICLE 

This journal is © The Royal Society of Chemistry 20xx J. Name., 2013, 00, 1-3 | 7  

Please do not adjust margins 

Please do not adjust margins 

 

Scheme 2 Semipreparative scale biotransformations of α-substituted β-keto amides 2a-

h into the corresponding diastereoenriched and enantiopure amines 3a-h. A) At pH 7.5. 

B) Synthesis of α-methylated β-amino amide 3a at pH 10. The major diastereoisomer is 

drawn. 

Conclusions 

β-Amino amides are structures that can be found in many 

biologically active compounds. Various efficient and selective 

chemical methodologies have been described to synthesize β3-

amino amides in enantioenriched form, but the introduction of 

a chiral center at α-position (β2,3-amino amides) hampers the 

stereoselective synthesis of these derivatives due the existence 

of four possible product diastereoisomers. This is especially 

challenging for the case of acyclic α-alkyl-β-amino amides, 

where effective chemical or enzymatic methods have still not 

been found. 

After reaction optimization, various commercial (R)-

transaminases displayed interesting activities as they 

recognized the different keto amides 2a-h working at a 

remarkable substrate concentration (25 mM), attaining in 

general high conversions, moderate diastereomeric ratios and 

excellent ee values by choosing the appropriate pH for each 

particular case. In general, anti-isomers were preferentially 

obtained except for the case of the α-benzylated compound, 

where the syn-(2S,3R)-3e isomer was preferentially achieved. 

Remarkably, in-house (S)-selective TAs from Bacillus 

megaterium (BmTA and a mutant BmTA S119G) were also able 

to transform some of these substrates, affording the opposite 

enantiomers anti-(2S,3S)- and syn-(2R,3S)-3a-d or trans-(1S,2S)- 

and cis-(1R,2S)-3h with low diastereomeric ratios. 

Furthermore, semipreparative biotransformations using 

commercially available ATA-025 were set up, obtaining results 

comparable to those obtained at small-scale. This fact proved 

the reproducibility and applicability of the method, facilitating 

the characterization of a wide panel of new diastereoenriched 

α-substituted β-amino amides. 
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combined and dried over Na2SO4 and the solvent was 
eliminated under reduced pressure, obtaining the amines 3a-
h in moderate to high yields (45-90%). 


