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In this work, we demonstrate a nuclear magnetic resonance (NMR) method for racemic amide 
and lipase interaction as a first-pass design method in the enzymatic kinetic resolution of amines. As 
a novel adaptation of commonly used protein-ligand screening NMR methodologies, this approach 
relies upon a lipase-amide interaction wherein the time-consuming is reduced drastically and new 
insights are produced during the development of biocatalysis reactions. 
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Introduction

Nowadays, the development of new methods for 
preparing chiral organic compounds is a major goal of 
synthetic organic chemists1 due recognized importance 
of chirality in biological processes by differences in 
affinity that each enantiomer presents for receptors and/
or enzymes.2 Biocatalysis, that consists in the use of 
enzymes as catalysts, is one of the most efficient routes 
to enantiopure compounds.3 The growth of biocatalysis is 
because of the production and discovery of new enzymes 
and applications in a wide variety of chemical reactions.4

The design and optimization of biocatalytic reactions 
are based on the same rules as traditional organic reactions, 
such as temperature, pH, substrate and other features. 
However, the insights about how these parameters affect the 
performance of enzymatic reaction are a harder task. These 
difficulties are inserted into any field in which employs 
biological systems. Furthermore, the evaluation of enzymes 
that catalyze new organic reactions is a complex activity and 
time consuming, requiring a tedious labor intensive process 
that is generally referred as an enantiomeric excess (ee), 
turnover number (TON), yield (%), time (hours or days) 
and experimental conditions.

The enzymatic reaction requires an interaction of 
active site of the enzyme to the substrate. In this context, 
nuclear magnetic resonance (NMR) has become a powerful 
technique to advance studies of enzyme-substrate (protein-
ligand) interactions.5 Numerous NMR techniques have been 

used for characterizing these complexes. One technique that 
has exhibited promise for rapid screening, the saturation 
transfer difference (STD), utilizes cross relaxation.6 
STD NMR consists of applying a selective radio frequency 
pulse to a macromolecule at a resonance where no ligand 
signals are present. The magnetization is transferred to the 
bound ligands by spin-diffusion.7 Moreover, STD NMR 
allows the combination with almost any type of NMR 
experiment enabling a variety of investigations.

In this short report, an investigation was carried out 
to evaluate whether amide-lipase complexes could be 
detected by NMR via the monitoring of changes in the 
STD experiment and relaxation behavior8 for design the 
enzymatic kinetic resolution of organic amines by lipases 
(Scheme 1). The amines compounds have been chosen due 
to their great importance in biocatalysis9 and especially 
in the pharmaceutical industry since a huge number of 
molecule drug candidates have nitrogen atom.10 The chiral 
amines are also used as starting material to form new 
peptide bonds.11 Thus, the development of new procedures 
to understand and simplify biocatalysis methodologies to 
obtain chiral amines and/or amino acids is an area with 
great emphasis.

Experimental

The lipases (lipase Candida antarctica, CALB; 
Amano G, Amano M, lipase PS and Amano AK), 
(+)-methylbenzylamine (MBA), (−)-MBA, (+/−)-MBA and 
deuterated solvents (dimetil sulfoxide, DMSO-d6, 99.9% 
purity; deuterium oxide, D2O, 99.8% purity with 0.03% v/v 
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of 3-(trimethylsilyl)propionic-2,2,3,3-d4 acid sodium salt, 
TPS) were purchased from Sigma Aldrich® (St. Louis, 
MO, USA). The pronton (1H) spectra were measured on a 
300 MHz Avance III Bruker (Billerica, MA, USA) equipped 
with a 5 mm direct broadband observed (BBO) probe. The 
chemical shifts of 1H NMR are reported in parts per million 
(ppm) relative to TPS peak (d 0.0 ppm), coupling constant 
(J) in Hertz and integrated intensity.

The NMR samples were prepared in D2O:DMSO-d6 
(90:10) in a 1.0 mmol L−1 solution of chiral N-(1-
phenylethyl)-acetamide with 0.4 mg of lipase.

The acquisition of NMR spectra were recorded at a 
temperature of 298 K with a spectral width of 12 ppm. 
In STD experiment, selective saturation of the lipase was 
achieved by a train of Gaussian shaped pulse of 50 ms 
each, truncated at 1%, and separated by a 1 ms delay. The 
duration of presaturation was 1.5 s. A T1ρ filter, 30 ms 
spin lock pulse was utilized to remove residual lipase 
resonances. The irradiation power of the selective pulse 
was γ/B1 = 52 Hz. The on-resonance irradiation (Ion) of 
the lipase was performed at a chemical shift of 3.4 ppm. 
Off-resonance irradiation (Ioff) was set at 40 ppm, where 
no lipase signals are present. A total number of 32 scans 
was collected for each experiment. Spectra processing was 
performed on a Bruker’s TopSpin 3.2 software (Billerica, 
MA, USA).

Results and Discussion

The presented application of STD NMR allows to 
investigate the lipase-product binding directly from a 
lipase-containing product solution, when the hydrolysis rate 
constant of amide in aqueous solution is negligible.12 The 
use of racemic amine to straight measure the interaction 
with lipases was discarded because of the weak interaction 
observed in the NMR experiments. DMSO-d6 solvent 
was added to solubilize the amide. The presence of 10% 
of DMSO-d6 in the aqueous solution does not affect the 
catalytic activity and the solubility of all lipases evaluated.12 
Initially, this issue was addressed by analysing model 
system, amide-(R) and amide-(S) with CALB to observe 

the chiral interaction effects and to optimize the STD NMR 
parameters. CALB lipase was used in the free form and 
was chosen to start the experiments due to the recognized 
structural stability, solvent tolerance, comercial availability, 
broad substrate scope and good catalytic activity in a 
enzymatic kinetic resolution reactions.9,13,14 Relaxation 
experiments (T1 and T2) were performed to corroborate the 
results of STD NMR.

Figure 1 shows the different steps involved in the 
STD NMR experiment, the 1H spectrum of amide-(R) and 
STD spectra of amide-(R) in presence and without CALB 
lipase. The STD NMR experiment shows magnetization 
transferation to the amide-(R) ligand only when the CALB is 
presented (Figure 1, spectrum b). The STD NMR experiment 
carried out with amide-(S) and CALB in aqueous solution 
obtaining no signals. This evaluation is important to confirm 
that the transferation of NMR irradiation to ligand comes 
from lipase and do not from NMR experiment (Figure 1, 
spectrum  c). The result obtained highlights the great 
stereospecificity of the proteins. Moreover, this simple 
method can be used to know which enantiomer will be 
formed without extensive use of high-performance liquid 
chromatography (HPLC) for new enzymes.

The selective saturation was optimized between 
−1.0‑1.0 ppm and 3.0-4.0 ppm (Figure 1, NMR irradiation). 
Normally, it is not possible to irradiate peptides protons of 
the enzyme because of the presence of substrate signals, but 
in this situation there are not substrate signals, achieving 
a greater response saturating the CALB signal at 3.4 ppm. 
After these results, the inhibitory effect of amide-(R) 
(enzymatic reaction product) was confirmed by STD NMR 
in which enzymatic kinetic resolution of amines13 do not 
have the same effectiveness than alcohols15 because of the 
strong interaction to lipase.

In the second set of experiment, the evaluation of 
differents lipases with racemic amide was performed. 
Usually, the design of lipase type on enzymatic kinetic 
resolution spend days or weeks. Computational studies16 
and experimental procedures17 have been developed to 
aid this stage of planning. The focus is the simplification 
of biocatalysis design by NMR, significantly reducing 

Scheme 1. Alternative design of lipases in the enzymatic kinetic resolution of amines.
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the time-consuming of this step, employing the desired 
racemic amide. It is important to realize that the signals 
observed in the racemic amide-lipase interaction come 
only from the amide-(R) as evaluated previously. This 
strategy was successfully employed by Thompson et al.18 
in a simplification of chiral chromatographic development 
measuring the interaction of small substrates with stationary 
phases by STD NMR.

Results for lipases design in the enzymatic kinetic 
reaction of racemic amines by STD NMR experiments 
are shown in Figure 2. These data are promising evidence 
that the interaction between amide and lipase can be used 
as screening methodology in few minutes. Accordingly, 
lipases with strong STD effect of most protons indicating 
a spatial closeness with racemic amide and have a greater 
potential of carring out a effective biocatalysis (Figure 3, 
CALB, Amano G and Amano M), and lipases with weak or 
without STD effect could be discarded in the reaction steps 
(Figure 3, lipase PS and Amano AK).13 The STD effect can 
be improved replacing the acetyl group for trifluoroacetyl 
group (Figure 3). The carbon of carbonyl group becomes 
poorer in electrons, increasing the interaction with the 

lipase CALB. This effect can be visualized by the aromatic 
signals in the STD NMR experiment (Figure 3, spectrum b).

An important note is that the overall rate and selectivity of 
the enzymatic reaction depends on the protein environment. 
Lipases are highly sensitive to changes performed in the 
reaction medium,19 which STD NMR could be used to 
evaluate such as co-solvent, pH and temperature.

Although the binding strength is not directly proportional 
to the STD NMR effects, the results obtained were used 
as an exploratory exercise of adapting a protein-ligand 
interaction methodology for enzymatic kinetic resolution 
of amines. The present study also empirically optimized 
the STD parameters, including saturation transfer time, 
pulse width and pulse shape. Subsequently, the STD NMR 
measurements were compared to the results obtained from 
relaxation experiments.

Experiments based on relaxation is an important tool 
for studying the dynamics of free small molecules, such as 
ligands, inhibitors or substrates, and their macromolecular 
partners (protein, DNA and micelle).20 These experiments 
can be used to study the strength and topology of 
intermolecular interactions (Table 1).

Figure 1. Amide-(R) and lipase Candida antarctica (CALB) interaction in D2O:DMSO-d6 (9:1) at 298 K by saturation transfer difference nuclear 
magnetic resonance (STD NMR) experiment. (a) 1H NMR spectrum of amide-(R); (b) STD NMR spectrum of amide-(R) in presence of CALB lipase; and 
(c) STD NMR spectrum of amide-(R) without CALB lipase.

Figure 2. Racemic amide and lipases interaction in D2O:DMSO-d6 (9:1) at 298 K by saturation transfer difference nuclear magnetic resonance (STD NMR) 
experiment. CALB: Lipase Candida antarctica.
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A comparative study with the relaxation times of 
amide‑(R) and amide-lipase complexes was performed. 
Lower the relaxation time value reveals a strong interaction 
with lipase in the hydrogen position. Studies performed 
through relaxation experiments showed a strong interaction 
in the chiral center of amide (Table 1, entries 2-4 and 8-9) 
emphasizing the stereochemistry effect. These binding 
patterns resemble that groups linked to the aromatic 
fragment slightly changes the performance of enzymatic 
kinetic resolution.9,13-15 The lipase PS and Amano AK 
relaxation behaviors are enterily different from those 
signals (Table 1, entries 5, 6, 11 and 12), suggesting altered 
binding. The relaxation experiments presented exhibit the 

same behavior as the STD NMR for lipases design. Based 
on the identification of small molecules binding to the lipase 
by STD NMR, new candidate amines compounds can be 
rated with CALB in aqueous solution (D2O/DMSO-d6, 
90:10).

Conclusions

The application of STD NMR provides useful tool into 
the simplification of enzymatic kinetic resolution of amines 
design. The STD NMR method is rapid, simple and can be 
used to design a variety of lipases before the reaction steps, 
reducing drastically the time-consuming. The data from 

Table 1. Proton (1H) nuclear magnetic resonance (NMR) relaxation experiments for interaction of racemic amide and lipases

 

entry Lipase Relaxationa Signal 1 Signal 2 Signal 3 Signal 4b

1 amide-(R) T1 / s 2.52 1.54 1.22 0.44

2 (R) + CALB 2.50 1.35 1.11 0.43

3 (R) + Amano G 2.52 1.43 1.16 0.44

4 (R) + Amano M 2.20 1.46 1.07 0.44

5 (R) + lipase PS 1.83 1.51 1.07 0.44

6 (R) + Amano AK 1.58 1.50 1.05 0.41

7 amide-(R) T2 / ms 500 120 1210 120

8 (R) + CALB 496 85 1072 117

9 (R) + Amano G 500 102 1155 120

10 (R) + Amano M 412 118 976 118

11 (R) + lipase PS 450 114 994 120

12 (R) + Amano AK 397 120 1113 115
aAll relaxation experiments were performed in triplicate; ball aromatic signals. CALB: Lipase Candida antarctica.

Figure 3. Amide-CF3-(R) and lipase Candida antarctica (CALB) interaction in D2O:DMSO-d6 (9:1) at 298 K by saturation transfer difference nuclear 
magnetic resonance (STD NMR) experiment. (a) 1H NMR spectrum of amide-CF3-(R); (b) STD NMR spectrum of amide-CF3-(R) in presence of CALB 
lipase; and (c) STD NMR spectrum of amide-(R) in presence of CALB lipase.

Table 1. Proton (1H) nuclear magnetic resonance (NMR) relaxation experiments for interaction of racemic amide and lipases

 

entry Lipase Relaxationa Signal 1 Signal 2 Signal 3 Signal 4b

1 amide-(R) T1 / s 2.52 1.54 1.22 0.44

2 (R) + CALB 2.50 1.35 1.11 0.43

3 (R) + Amano G 2.52 1.43 1.16 0.44

4 (R) + Amano M 2.20 1.46 1.07 0.44

5 (R) + lipase PS 1.83 1.51 1.07 0.44

6 (R) + Amano AK 1.58 1.50 1.05 0.41

7 amide-(R) T2 / ms 500 120 1210 120

8 (R) + CALB 496 85 1072 117

9 (R) + Amano G 500 102 1155 120

10 (R) + Amano M 412 118 976 118

11 (R) + lipase PS 450 114 994 120

12 (R) + Amano AK 397 120 1113 115
aAll relaxation experiments were performed in triplicate; ball aromatic signals. CALB: Lipase Candida antarctica.
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STD NMR and relaxation experiments provide insights 
for structural information that can be used to investigate 
the modes of interactions.
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