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Enantiomeric Resolution of α-Amino Acid Derivatives 
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Two diastereomeric chiral stationary phases (CSPs) were applied to the liquid chromatographic resolution of various 
racemic α-amino methyl esters, α-amino N,N-diethylamides and α-amino N-propylamides. The CSP incorporating (R)- 
3,3’-diphenyl-1,1’-binaphtyl and (R,R)-tartaric acid unit as chiral barriers did not show any chiral recognition. In con-
trast, the CSP incorporating (R)-3,3’-diphenyl-1,1’-binaphtyl and (S,S)-tartaric acid unit as chiral barriers was found to 
show excellent chiral recognition especially for the two enantiomers of α-amino N-propylamides. Some of α-amino me-
thyl esters and α-amino N,N-diethylamides were also resolved on the CSP incorporating (R)-3,3’-diphenyl-1,1’- 
binaphtyl and (S,S)-tartaric acid unit. From these results it was concluded that the two chiral units composing the diast-
ereomeric CSPs can show “matched” or “mismatched” effect on the chiral recognition according to their absolute stereo-
chemistry.

Key Words: Chiral stationary phase, Enantiomeric resolution, Liquid chromatography, α-Amino acid de-
rivatives
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Figure 1. Structures of (R,R,R)-1, (R,S,S)-1, (R,R,R)-CSP 2 and (R,S,S)-
CSP 2.

Introduction

Chiral crown ethers have been known to be very useful as 
chiral selectors of liquid chromatographic chiral stationary pha-
ses (CSPs) for the separation of the two enantiomers of racemic 
primary amino compounds.1 Especially two types of chiral 
crown ethers incorporating chiral 1,1’-binaphthyl unit or two 
tartaric acid units have been most successfully utilized. CSPs 
based on crown ethers incorporating chiral 1,1’-binaphthyl unit 
was first developed by Cram and coworkers in late 1970s, but 
the chiral recognition efficiency of the CSPs was not so effec-
tive.2 Afterwards, CSPs based on (3,3’-diphenyl-1,1’-binaph-
thyl)-20-crown-6 dynamically coated on octadecyl silica gel3 or 
covalently bonded to silica gel4 were developed and successfully 
applied to the resolution of racemic primary amino compounds.

CSPs based on a crown ether incorporating two tartaric acid 
units, (+)-(18-crown-6)-2,3,11,12-tetracarboxylic acid, which 
was first synthesized by Lehn and coworkers,5 were also very 
successful in the resolution of various racemic primary amino 
compounds6 or racemic non-primary amino compounds.7 

However, chiral crown ethers incorporating both of 1,1’-bi-
naphthyl unit and tartaric acid unit have never been known until 
we succeeded in the preparation of two diastereomeric chiral 
crown ethers, (R,R,R)-1 and (R,S,S)-1 (Figure 1), incorporating 
both of (R)-3,3’-diphenyl-1,1’-binaphthyl and (R,R)- or (S,S)- 
tartaric acid unit.8 The two diastereomeric chiral crown ethers, 
(R,R,R)-1 and (R,S,S)-1, were tested for their possibility as 
chiral selectors of CSPs shortly 8 and the two diastereomeric 
CSPs, (R,R,R)-CSP 2 and (R,S,S)-CSP 2 (Figure 1), which were 
prepared by bonding the two diastereomeric chiral crown ethers 
to silica gel, were found to show “matched” or “mismatched” 
effect on the chiral recognition for the two enantiomers of tocai-
nide and its analogues according to their stereochemistry.9 In 
this study, as an another example, we wish to show that the two 

diastereomeric CSPs show distinct “matched” or “mismatched” 
effect on the chiral recognition for the two enantiomers of race-
mic α-amino esters or α-amino amides.

Experimental

Chromatography was performed with an HPLC system con-
sisting of a Waters model 510 HPLC Pump (Milford, MA, 
USA), a Rheodyne model 7725i injector (Rohnert Park, CA, 
USA) with a 20 µL sample loop, Waters 486 tunable absorbance 
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Table 1. Resolution of α-amino esters and α-amino amides (3) on (R,R,R)-CSP 2 and (R,S,S)-CSP 2a

R

NH2

X

O

3

entry
Analytes (3) (R,R,R)-CSP 2 (R,S,S)-CSP 2

R X k1 α RS k1 α RS

3a CH3 OCH3 4.04 1.00 - 0.74 (S) 1.57 3.22
3b (Alanine) (CH3CH2)2N 3.03 1.00 - 0.58 (S) 1.33 2.45
3c CH3CH2CH2NH 2.47 1.00 - 0.42 (S) 2.28 5.26
3d (CH3)2CH OCH3 3.60 1.00 - 0.67 1.00 -
3e (Valine) (CH3CH2)2N 1.60 1.00 - 0.38 1.00 -
3f CH3CH2CH2NH 1.35 1.00 - 0.27 (S) 1.34 1.17
3g (CH3)2CHCH2  OCH3 1.72 1.00 - 0.40 (S) 1.23 1.25
3h (Leucine) (CH3CH2)2N 1.27 1.00 - 0.35 1.00 -
3i CH3CH2CH2NH 1.10 1.00 - 0.25 (S) 1.60 1.65
3j CH3SCH2CH2 OCH3 3.65 1.00 - 0.64 (S) 1.27 1.76
3k (Methionine) (CH3CH2)2N 2.37 1.00 - 0.50 (S) 1.13 0.52
3l CH3CH2CH2NH 2.03 1.00 - 0.41 (S) 1.74 2.60
3m C6H5CH2 OCH3 2.73 1.00 - 0.56 (S) 1.08 0.32
3n (Phenylalanine) (CH3CH2)2N 1.98 1.00 - 0.45 1.00 -
3o CH3CH2CH2NH 1.64 1.00 - 0.34 (S) 1.34 1.81
3p C6H5 OCH3 2.55 1.00 - 0.58 (S) 1.88 4.09
3q (Phenylglycine) (CH3CH2)2N 1.78 1.00 - 0.45 (S) 1.81 2.88
3r CH3CH2CH2NH 1.51 1.00 - 0.41 (S) 3.34 6.28

aMobile phase: ethanol-hexane-trifluoroacetic acid-water (30:70:0.5:0.2, v/v/v/v). Flow rate: 0.5 mL/min. Detection: 210 nm UV. Temperature: 20 oC. k1:
Retention factor of the first eluted enantiomer. In the parenthesis, the absolute configuration of the first eluted enantiomer is presented. α: Separation factor.
RS: Resolution factor.

detector (Milford, MA, USA) and Younglin Autochro data mo-
dule (Software: YoungLin Autochro-WIN 2.0 plus) (Seoul, 
Korea). Chiral columns (150 × 4.6 mm I.D.) packed with (R,R, 
R)-CSP 2 or (R,S,S)-CSP 2 were available from the previous 
study.9 The temperature of the chiral columns was maintained at 
20 oC by using a Julabo F30 Ultratemp 2000 cooling circulator 
(Seelbach, Germany). 

Racemic and optically active analytes including α-amino est-
ers and α-amino amides (3) were prepared from corresponding 
α-amino acids as following. Racemic or optically active α-amino 
acids were treated with di-tert-butyldicarbonate in the presence 
of triethylamine in a mixed solvent of dioxane and water (1:1, 
v/v) to afford N-t-BOC-α-amino acids. N-t-BOC-α-Amino acids 
thus prepared were treated with methanol, diethylamine or pro-
pylamine in the presence of coupling agent EEDQ (2-ethoxy-1- 
ethoxycarbonyl-1,2-dihydroquinoline) in methylene chloride 
to afford N-t-BOC-α-amino esters or N-t-BOC-α-amino amides. 
Finally, treatment of N-t-BOC-α-amino esters or N-t-BOC-α- 
amino amides with trifluoroacetic acid in methylene chloride 
produced racemic and optically α-amino esters and α-amino 
amides (3).

Each of racemic and optically active α-amino esters and α- 
amino amides (3) thus prepared was dissolved in methanol (usu-
ally 1.0 mg/mL) and then used for the resolution on (R,R,R)-CSP 
2 and (R,S,S)-CSP 2. The usual injection volume was 0.3 µL. 

The void volume was determined by injecting 1,3,5-tri-tert- 
butylbenzene as an unretained analyte.

Results and Discussion

Resolution of primary amino compounds on chiral crown eth-
er-based CSPs has been usually performed with the use of acidic 
aqueous mobile phase.4,6 However, tocainide and its analogues 
were previously found not to be resolved at all or to be resolved 
very poorly on (R,R,R)-CSP 2 and (R,S,S)-CSP 2 with the use of 
acidic aqueous mobile phase.9 Instead, a mixed solvent cons-
isting of ethanol-hexane-trifluoroacetic acid-water (30:70:0.5: 
0.2, v/v/v/v) was found to be most useful as a mobile phase for 
the resolution of tocainide and its analogues on (R,R,R)-CSP 2 
and (R,S,S)-CSP 2.9 Similarly, in this study, we found that race-
mic α-amino esters and α-amino amides (3) were not resolved on 
(R,R,R)-CSP 2 and (R,S,S)-CSP 2 with the use of acidic aqueous 
mobile phase, but they were resolved quite well with the use of 
a mixed solvent consisting of ethanol-hexane-trifluoroacetic 
acid-water (30:70:0.5:0.2, v/v/v/v) as a mobile phase especially 
on (R,S,S)-CSP 2.

The chromatographic results for the resolution of α-amino 
esters and α-amino amides (3) on (R,R,R)-CSP 2 and (R,S,S)- 
CSP 2 with the use of a mixed solvent consisting of ethanol- 
hexane-trifluoroacetic acid-water (30:70:0.5:0.2, v/v/v/v) as a 
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Figure 2. Chromatograms for the resolution of racemic (a) phenyl-
glycine methyl ester (3p), (b) phenylglycine N,N-diethylamide (3q) and
(c) phenylglycine N-propylamide (3r) on (R,S,S)-CSP 2. For the chro-
matographic conditions, see the footnote to Table 1.

mobile phase are summarized in Table 1. Trifluoroacetic acid in 
the mobile phase is believed to be used as an acidic modifier to 
protonate the primary amino group of analytes. Complexation of 
the resulting ammonium ions (R-NH3

+) of analytes inside the 
crown ether ring cavity of the CSPs have been known to be es-
sential for the chiral recognition of primary amino compoun-
ds.1,4,6 Small amount of water added to the mobile phase is used 
in order to reduce the peak tailing stemmed from the strong hy-
drogen bonding between the chiral crown ether moiety of the 
CSP and the ionic analytes as proposed previously for the reso-
lution of tocainide and its analogues on (R,R,R)-CSP 2 and 
(R,S,S)-CSP 2.9 

As shown in Table 1, α-amino esters and α-amino amides (3) 
were not resolved at all on (R,R,R)-CSP 2. In contrast, α-amino 
methyl eaters were resolved quite well on (R,S,S)-CSP 2 except 
for valine methyl ester (3d) and all of α-amino N-propylamides 
were resolved very well with the resolutions (RS) of greater than 
1.17. Some of α-amino N,N-diethylamides were also resolved on 
(R,S,S)-CSP 2. From these results it is concluded that combina-
tion of (R)-3,3’-diphenyl-1,1’-binaphthyl and (S,S)-tartaric acid 
unit shows a “matched” effect on the chiral recognition while 
combination of (R)-3,3’-diphenyl-1,1’-binaphthyl and (R,R)- 
tartaric acid unit shows a “mismatched” effect as proposed pre-
viously for the resolution of tocainide and its analogues on 
(R,R,R)-CSP 2 and (R,S,S)-CSP 2.9 The results summarized in 
Table 1 clearly demonstrate that “matched/mismatched” con-
cept, which was first used by Masamune for the double asym-
metric induction,10 might be applicable to evaluate the chiral re-
cognition ability of the two diastereomeric CSPs consisting of 
two different chiral units.

Even though the reason for the “matched/mismatched” effect 
of the two diastereomeric CSPs on the chiral recognition is not 
clear yet, the two phenyl and the two carboxylic groups of 
(R,R,R)-1 were previously proposed to block the crown ether 
ring cavity and consequently, the approach of analytes to the 

crown ether ring cavity and the enantioselective complexation 
of primary ammonium ions (R-NH3

+) inside the crown ether 
ring cavity are quite difficult based on three dimensional struc-
ture of (R,R,R)-1 obtained with the molecular mechanics calcu-
lation (Cache Version 3.2).9 On the contrary, the two phenyl and 
the two carboxylic groups of (R,S,S)-1 were proposed to be lo-
cated relatively outside the crown ether ring cavity and conse-
quently, the approach of analytes to the crown ether ring cavity 
and the enantioselective complexation of the primary ammo-
nium ions (R-NH3

+) of analytes inside the crown ether ring cavi-
ty are relatively easy.9 In this instance, (R,S,S)-CSP 2 derived 
from (R,S,S)-1 is expected to show higher chiral recognition 
ability than (R,R,R)-CSP 2.

The difference in the chiral recognition efficiency of (R,S,S)- 
CSP 2 for the resolution of α-amino methyl esters, α-amino N,N- 
diethylamides and α-amino N-propylamides is quite clear from 
Table 1. As an example, the different chiral recognition efficien-
cy of (R,S,S)-CSP 2 for the resolution of phenylglycine methyl 
ester (3p), phenylglyicine N,N-diethylamide (3q) and phenyl-
glycine N-propylamide (3r) are illustrated in Figure 2. Among 
the three different type derivatives of α-amino acids, α-amino 
N-propylamides are resolved most efficiently on (R,S,S)-CSP 2 
in terms of both the separation factors (α) and the resolutions 
(RS) as shown in Table 1 and Figure 2. In addition to the com-
plexation of the primary ammonium ion (R-NH3

+) in the cavity 
of the crown ether ring of the CSP, the enantioselective hy-
drogen bonding between the N-H hydrogen of analytes and 
the crown ether moiety of the CSP might be responsible for the 
efficient resolution of α-amino N-propylamides. However, the 
exact mode of the hydrogen bonding is not clear yet.

Even though the separation factors (α) for the resolution of 
α-amino methyl esters, α-amino N,N-diethylamides and α-ami-
no N-propylamides are always greater on (R,S,S)-CSP 2 than on 
(R,R,R)-CSP 2, the retention times of analytes denoted by the 
retention factors, k1, are always much longer on (R,R,R)-CSP 2 
than on (R,S,S)-CSP 2 under an identical condition as shown 
in Table 1. The “mismatched” fair of the two different chiral uni-
ts composing (R,R,R)-CSP 2 might retain the two enantiomers 
strongly and non-enantioselectively instead of the enantioselec-
tive complexation of the primary ammonium ions (R-NH3

+) of 
analytes inside the crown ether ring cavity of the CSP. However, 
the exact reason is not clear yet.

In summary, (R,S,S)-CSP 2 incorporating (R)-3,3’-diphenyl- 
1,1’-binaphtyl and (S,S)-tartaric acid unit as chiral barriers was 
found to show quite effective chiral recognition efficiency for 
the resolution of α-amino methyl esters, α-amino N,N-diethyl-
amides and α-amino N-propylamides while (R,R,R)-CSP 2 
incorporating (R)-3,3’-diphenyl-1,1’-binaphtyl and (R,R)-tar-
taric acid unit did not show any chiral recognition. From these 
results it was concluded that the two chiral units composing 
(R,S,S)-CSP 2 show “matched” effect, but those composing 
(R,R,R)-CSP 2 show “mismatched” effect on the chiral recogni-
tion. This study provides a good example for the demonstration 
of the “matched/mismatched” effect of the two different chiral 
units composing two diastereomeric CSPs. Consequently, we 
need some efforts to select the “matched” pair of two chiral units 
in developing effective diastereomeric CSPs.
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