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Structural Requirement for Chiral Recognition of Amino Acid

by (18-Crown-6)-tetracarboxylic Acid
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(+)-(18-Crown-6)-tetracarboxylic acid (18C6H,) is used as a chiral selector for various amino acids, where the
L-isomer is usually eluted prior to the D-isomer in HPLC using 18C6H,-linked column, except in the case of serine
and threonine. To clarify the structural scaffold of (+)-18C6H, responsible for chiral separation of amino acids, we
investigated the interaction mode between (+)-18C6H, and amino acids both in solution and solid states using X-ray
and NMR analyses and molecular orbital calculations. Consequently, it was found that an asymmetrical bowl-like
conformation of (+)-18C6H, is necessary for chiral separation. This conformation is constructed by chiral-specific
interaction between the C_-H groups of the amino acid and the polar oxygen atoms of (+)-18C6H,. It was also found
that the exceptional reverse elution observed with serine and threonine is due to additional interaction between the
polar groups of the amino acid side chain and (+)-18C6H,.
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Fig. 1. Schematic diagram of (+)-18C6H, column prepared by immobilizing (+)-(18-crown-6)-

tetracarboxylic acid ((+)-18C6H,) on 3-aminopropylsilanized silica-gel.
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Fig. 2. Enantiomer separation of Ala and Ser by (+)-18C6H, column. Chromatograms were

obtained by using 100% water containing 1 mM perchloric acid as mobile phase,
with a flow rate of 0.2 mL/min at 0 °C (UV 200nm detected).
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Fig. 3. Stereoscopic views of molecular interactions of (a) L-Ala, (b) D-Ala (c) L-Ser and

(d) p-Ser with (+)-18C6H,, viewed perpendicular to the crown ether ring. Amino

acids and (+)-18C6H, are depicted with filled and open bonds, respectively. The
thin dotted lines represent N-H...O/N...O interactions and the thick dotted lines

represent C-H...O or O-H...O
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Fig. 4. Distribution charts describing the geometry of (a) N-H...O and (b) C,-H...O interactions of
various amino acids with (+)-18C6H4 in complex crystals; ® D-enanitomer (straight interaction

type), A D-enantiomer (branched interaction type), O L-enantiomer (straight interaction type) and

A L-enantiomer (branched interaction type).
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Fig. 5. '"H NMR spectra of Ala-(+)-18C6H, with equimolar mixtures (6 mM each); (a) (+)-18C6H,, (b) DL-Ala,
(c) L-Ala with (+)-18C6H, and (d) D-Ala with (+)-18C6H,. (a): C, protons of Ala, (8): C; protons of
Ala, (i)~(iv): methylene protons of (+)-18C6H,; (i) H3a, H7b, H12a and H16b, (ii) H3b, H7a, H12b and
H16a, (iii) H4a, H6b, H13a and H15b, (iv) H4b, H6a, H13b and H15a, and (v) methine protons of (+)-

18C6H,: H1, H9, H10 and H18.

Table 1. Complex-induced chemical shifts (ppm) at saturation (Ad,) and apparent binding constants K,/mol’

A&(D)  A&() K. (D) Ka(L)

Ala 0.39 0.28 2332 1642

ABA 0.74 0.23 1323 1236
Ser 0.64 0.23 1455 1323

All chemical shifts are reported in ppm relative to TMS in

CD,0D at 298 K...
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Table 2. 'H chemical shifts (ppm) of Ala, Ser, ABA, Thr and Val in the absence
or presence of (+)-18C6H,.

1 X X N X
H chemical shifts of amino acids®

C.H CgH C,H
DL-Ala (Free) 4.02 1.54 -
L-Ala with (+)-18C6H, 4.17 1.54 -
As(L) 0.15 0.00 -
D-Ala with (+)-18C6H,4 428 1.58 -
As(D) 0.26 0.04 -
AAs(D-L) 0.11 0.04 -
DpL-Ser (Free) 4.04 3.99/3.95 -
L-Ser with (+)-18C6H, 4.15 4.03/3.99 -
As(L) 0.11 (NA)® -
D-Ser with (+)-18C6H, 437 4.04/3.88 -
As(D) 0.33 (NA) -
AAs(D-L) 0.22 (NA) -
DL-ABA (Free) 3.93 1.96 1.07
L-ABA with (+)-18C6H, 4.04 1.98/1.94 1.06
As(L) 0.11 0.02/-0.02 -0.01
D-ABAwith (+)-18C6H, 431 2.00/1.92 1.08
As(D) 0.28 0.04/-0.04 0.01
AAs(D-L) 0.17 (NA) 0.00
DL-Thr (Free) 3.81 4.28 1.34
L-Thr with (+)-18C6H, 3.86 425 1.34
As(L) 0.05 -0.03 0.00
D-Thr with (+)-18C6H, 3.93 4.25 1.34
As(D) 0.12 -0.03 0.00
AAs(D-L) 0.07 0.00 0.00
DL-Val (Free) 3.85 2.31 1.09
L-Val with (+)-18C6H,4 3.98 2.26 1.15/1.05
As(L) 0.13 -0.05 0.06/-0.04
D-Val with (+)-18C6H, 424 2.19 1.17/1.08
As(D) 0.39 -0.12 0.08/-0.01
AAs(D-L) 0.26 -0.07 (NA)

* All chemical shifts are reported in ppm relative to TMS in CD;0D at 298 K.
® Not available.
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) 15
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Fig. 6. Possible flow of transition of (+)-18C6H, from its planar/C,-type to convex/C;-type conformation. The
dotted lines represent O-H...O intramolecular interactions.
Step 1; (a) planar/C,.-type is changed to (b) planar/C,-type by moving the C4 and C6 atomic positions (the
arrows in (a) and (b)). Step 2; (b) is then changed to (c¢) convex/C,-type by distortion of the crown ether
ring. Step 3; (c) is further changed to (d) convex/C,-type (conformer I) by successive rotation around the
C4-05 bond (the arrows in (c) and (d)). Step 4; (d) is then converted into an equilibrium state with (e)
convex/C,-type (conformer II) or (f) convex/C,-type (conformer III) by successive rotation around the
C13-014 or O14-C15 bond (the dotted arrows in (d) ~ (f)).
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Fig. 7. Schematic interaction patterns of (a) L-Ala and (b) D-Ala with (+)-18C6H,. The dotted lines represent
N-H...O/N...O interactions. The conformation of (+)-18C6H, is roughly depicted with a bowl-shaped

figure with two concave and one lug.

Y
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(a) L-amino acid

(b) D-amino acid

Fig. 8. Possible general interaction model of (+)-18C6H, with amino acid. (+)-18C6H, is depicted with a bowl-
like shape with two hollows (big and small) and a lug on the rim.
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