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Abstract – The combination of 8-quinolinecarboxaldehyde and benzoic acid 

proved to be an effective catalyst system for the racemization of N-unprotected 

α-aryl- or α-alkyl-substituted α-amino amides. Application of this system to 

chemoenzymatic dynamic kinetic resolution provided an efficient access to 

enantiomerically pure N-acetyl-α-amino amides in good to high yields.

Inspired by the enzyme cofactor pyridoxal-5′-phosphate (PLP), heteroaromatic or aromatic aldehydes

have long been utilized as catalysts for the chemical transformations of amines and amino acid 

derivatives.1,2 The unique feature of aldehyde catalysis resides in the reversible formation of a Schiff base 

with unprotected amine functionality, which causes a considerable increase in α-C−H acidity.3 In

particular, analogs of pyridinecarboxaldehyde or salicylaldehyde are known to be effective for the 

activation of N-unprotected α-amino acid derivatives, facilitating the subsequent deprotonation to 

generate resonance-stabilized carbanions with the aid of Brønsted bases and/or Lewis acids. Based on this 

Schiff-base activation strategy, the synthetic potential of using aldehydes as catalysts has been 

significantly expanded, leading to the development of catalytic α-functionalizations of amino acids and 

N-unprotected amino esters.4 Another notable aspect of aldehyde catalysis is that it permits smooth

racemization of chiral N-unprotected α-amino acid derivatives under mild conditions compatible with 

enzymatic kinetic resolution. For instance, Aron and coworkers reported that 2-pyridinecarboxaldehyde 

allowed stereorandomization of α-amino esters in protic polar solvents under the influence of zinc acetate 

and appropriate Brønsted bases. Furthermore, they combined this catalysis with alcalase-catalyzed 

asymmetric saponification to establish an efficient dynamic kinetic resolution (DKR) as a practical means
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for the preparation of optically active α-amino acid derivatives.5 Considering the increased α-C−H acidity 

of α-amino acids upon Schiff-base formation,6 various α-amino acid derivatives, other than unprotected 

amino acids and amino esters, would likely be amenable to this mode of aldehyde-catalyzed 

stereoconvergent reaction systems. However, the use of less acidic substrates, such as α-amino amides, in 

such systems has been underexplored despite the synthetic versatility of this class of amino acid 

derivatives.7-9   

We recently found that 8-quinolinecarboxaldehyde, in cooperation with a suitable acidic cocatalyst, 

a considerably higher catalytic activity than the combination of pyridinecarboxaldehyde or 

with certain acids, enabling the smooth racemization of α-amino esters without the requirement of any 

Brønsted base additives in nonpolar solvents.10 During the course of our studies along this line, we 

envisioned that our acid-assisted racemization catalysis would be competent for the activation and 

tautomerization of α-amino amides because of the high coordination aptitude of amide functionality to the 

acid cocatalyst.11,12 Herein, we communicate the successful realization of this possibility: aldehyde- and 

acid-cocatalyzed efficient racemization of N-unprotected α-amino amides. We also demonstrate the 

compatibility of the hybrid catalysis with an enzymatic system through its application in DKR using 

Candida antarctica lipase B (CALB) immobilized on an acrylic resin.  

We initially selected L-phenylglycine amide (1a) as a model substrate and attempted its racemization 

reaction in toluene at 40 °C for 24 h in the presence of 8-quinolinecarboxaldehyde (2) and zinc acetate 

dihydrate (Table 1, entry 1). While this catalyst combination was capable of promoting the epimerization 

of 1a, the turnover number (TON) was low. Interestingly, switching the acidic cocatalyst from zinc-based 

Lewis acid to benzoic acid led to a slight increase in TON (entry 2). Subsequent optimizations of the 

reaction parameters revealed that raising the temperature had a beneficial effect on the reaction efficiency, 

with TON reaching 6.7 when the racemization was conducted at 70 °C for 4 h. In the cases of employing 

other Brønsted acids, such as trichloroacetic acid, acetic acid, p-toluenesulfonic acid, and 

trifluoromethanesulfonic acid, as cocatalysts under similar conditions, lower TONs were generally 

observed (entries 4-7). We then focused on the evaluation of the catalytic performance of different 

aldehydes. Although 2-pyridinecarboxaldehyde was effective for catalyzing the reaction, its TON was 

lower than that of 2 (entry 8). In addition, the catalytic activities of 3-pyridine- and 

4-pyridinecarboxaldehyde were negligible, suggesting that the mutual spatial arrangement of formyl 

functionality and pyridine nitrogen was critical for efficiently promoting the epimerization of α-amino 

amides (entries 9 and 10). The insufficient reactivity of salicylaldehyde also underscored the importance 

of the structure of the aldehyde catalyst (entry 11). Eventually, the combination of 2 and benzoic acid was 

identified as the optimal hybrid catalyst system, and the treatment of L-1a with this system at 70 °C for 24 
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h resulted in the quantitative recovery of 1a in a nearly racemic form (entry 12).13 Furthermore, 

α-alkyl-substituted α-amino amides, with less acidic α-proton, were amenable to the present catalytic 

racemization, as enantiomerically pure phenylalanine amide (1b) was completely racemized under 

identical conditions (entry 13). 

 

Table 1. Catalytic racemization of phenylglycine amide by hybrid catalysis of aldehyde and 

acidic additivea 

 

  

 

We next turned our attention to the application of the 2/benzoic acid hybrid catalyst system for the DKR 

of α-amino amides. Taking into account the heating conditions required for the catalytic racemization, we 

chose the chemoenzymatic approach using immobilized CALB because of its thermal stability and 

preeminent stereocontrolling ability in the kinetic resolution of chiral amines through asymmetric 
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N-acylation.14 Although the DKR of chiral α-amino amides has been elegantly achieved by the 

combination of the CALB-catalyzed N-acylation with Pd/AlO(OH)-catalyzed racemization via reversible 

dehydrogenation−hydrogenation,15 the catalysis used for the racemization in this protocol is apparently 

intolerant of reducible functional groups, such as bromide and alkynes. In contrast, the aldehyde catalysis 

would exhibit a superior functional-group compatibility.  

As an experiment to demonstrate the feasibility of parallel aldehyde-catalyzed racemization and 

CALB-catalyzed N-acylation, we examined the reaction of 1a with ethyl acetate as an acyl donor under 

the conditions indicated in Table 2. As expected, the combined use of CALB, aldehyde 2, and benzoic 

acid allowed the conversion of racemic phenylglycine amide (1a) to N-acetyl amide 3a in high yield with 

complete enantioselectivity (entry 1). It is noteworthy that racemic phenylalanine amide (1b) also 

 

Table 2. Chemoenzymatic dynamic kinetic resolution of α-amino amidea 

  

 

underwent DKR smoothly to furnish the corresponding amide 3b albeit with slightly lower 

enantioselectivity (entry 2). Further exploration of the substrate scope showed that α-amino amides 

possessing 4-bromo- or 4-ethynylphenyl substituents appeared to be good substrates, affording the 

enantiomerically pure acetylated products 3c and 3d in uniformly good yields (entries 3 and 4). Other 
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derivatives of racemic phenylglycine amide 1, such as those with 4-substituted phenyl or fused aromatic 

side chains, were also converted to N-acetylamino amides 3e-3g with over 99% ee (entries 5-7). 

Moreover, this system tolerated α-amino amides 1 having sterically demanding ortho-substituted phenyl 

groups, leading to the production of 3h and 3i without notable decrease in enantioselectivity (entries 8 

and 9). 

In conclusion, we demonstrated that the combination of 8-quinolinecarboxaldehyde and benzoic acid 

enabled the smooth catalytic racemization of N-unprotected α-amino amides. Owing to its compatibility 

with enzymatic transformations as well as various functional groups, the present aldehyde/Brønsted acid 

hybrid catalyst system allowed the efficient chemoenzymatic DKR for directly converting a range of 

racemic α-amino amides to the corresponding N-acetyl amides of high optical purity. We believe that this 

study expands the potential utility of the catalysis of heteroaromatic aldehydes, particularly in the context 

of judicious combination with different modes of catalysis for the development of otherwise difficult 

asymmetric transformations. 
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