
Journal of Chromatography, 540 (1991) 169475 
Elsevier Science Publishers B.V., Amsterdam 

CHROM. 22 849 

Direct enantiomeric separation of p-amino acids and 
/?-amino alcohols by ligand-exchange chromatography 

SHIGEO YAMAZAKI*, TOSHIFUMI TAKEUCHI and TAKENORI TANIMURA 

Laboratory of Analytical Chemistry, Toyama Medical and Pharmaceutical University, 2630 Sugitani, Toya- 
ma-shi 93Wl (Japan) 

(First received July 25th, 1990; revised manuscript received October lst, 1990) 

ABSTRACT 

Three underivatized b-amino acids and various aromatic /?-amino alcohols were separated into 
enantiomers by high-performance liquid chromatography using octadecylsilanized silica coated with N-n- 
dodecyl+hydroxyproline as the stationary phase and acetate buffer containing copper as the mobile 
phase. 

INTRODUCTION 

Although ligand-exchange chromatography (LEC) is very effective for enantio- 
merit separations of chelating reagents, the application of this technique has been 
mainly focused on a-amino acids and a-hydroxycarboxylic acids [ 11. There have been 
only a few studies on the direct enantiomeric separation of p-amino alcohols with 
phenol moieties by LEC [2,3]. For indirect enantiomeric separations of B-amino 
alcohols, two widely applicable LEC methods by which aromatic and aliphatic 
B-amino alcohols can be separated have been published [4-6]. Lam and Malikin [4] 
showed that reversed-phase chromatography with a chiral mobile phase containing 
Cu(II)-L-proline is applicable to the derivatives of various amino alcohol with 
o-phthaldehyde and a chiral thiol. Gelber and co-workers [5,6] employed r.-proline 
grafted silica gel as a stationary phase and copper(H) solution as a mobile phase for the 
separation. In their method, the stationary phase was laboratory-made and the 
/?-amino alcohols were derivatized to Schiff bases in order to improve the coordination 
power to copper(I1) under acidic conditions. Gelber et al. [5] considered the direct 
resolution of underivatized B-amino alcohols by LEC using a silica matrix packing to 
be impracticable, because complexation between copper(I1) and a /?-amino alcohol 
requires basic conditions, which would cause a deterioration of column stability. 

In a previous paper [7], we reported that underivatized B-amino alcohols which 
have a 2-amino-1-phenylethanol moiety could be separated into enantiomers by LEC 
independent of the phenol moiety of the structure. For this process we used 
octadecylsilanized silica gel (ODS) coated with N-n-dodeceyl+hydroxyproline 
(Cl,-Hyp) and a mobile phase containing copper(I1) at pH 6.0 We have now 
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attempted to extend the applicability of this method to the B-amino acids and aromatic 
b-amino alcohols listed in Tables I and II, respectively. 

In 1979, Davankov et al. [8] reported a method for the enantiomeric separation 
of b-amino acids; this was applicable to compound 3. Their method is not applicable 
for analytical purposes, but can be used for preparative purposes. In 1986, Lindner and 
Hirschbock [3] reported the enantiomeric separation of compound 2 with an ODS 
column and a chiral mobile phase containing copper(I1) and an L-tartaric acid 
derivative. They reported that b-amino acids were difficult to separate by LEC. More 
recently, Griffith et al. [9] reported separations of aliphatic /?-amino acids which were 
derivatized to the N-3,5-dinitrobenzoyl alkyl esters followed by chromatography on 
a Pirkle-type column. It should be noted that the increase in the excretion of compound 
1 has been of interest in connection with cancer markers, lead poisoning, etc. [lO,l 11. 

The structure of the p-amino alcohols shown in Table II can be divided into three 
types. Type I compounds (4,5,6,9, lo), contain an amino group attached to a primary 
carbon atom and a secondary alcohol group. Conversely, type II compounds (7, 8), 
contain an amino group attached to a secondary carbon atom and a primary alcohol. 
Type III compounds (11, 12), which have two asymmetric carbon atoms, contain an 
amino group attached to a secondary carbon atom and a secondary alcohol group. 

Many sympathomimetic amines have type I structures [ 121. For example, many 
/I-adrenergic antagonists (b-blockers) used therapeutically have a 2-amino-3-aryloxy- 
2-propanol component (compounds 9 and lo), while many fi-adrenergic agonists have 
a 2-amino-1-phenylethanol component. As might be expected for such useful 
compounds, separation methods have been the subject of a number of studies. For the 
b-blockers, a number of enantiomeric separation methods, using high-performance 
liquid chromatography, have been published [13-171. For the agonists, partial 
resolution by LEC [2,3], and complete resolution by ion-pair chromatography have 
been published [18]. Type II compounds derived from a-amino acid esters have been 
used in studies of the inhibition of enzymatic reactions, e.g., compound 5 has been used 
in the binding of phenylalanine to phenylalanine tRNA synthetase [19,20]. Type III 
compounds 11 and 12 have erythro and threo configurations, respectively, and have 
been used as chiral counter ions [21] for the fractional crystallization of acidic 
compounds and as catalysts of asymmetric reactions [21]. 

In this paper, we demonstrate that b-amino acids and various p-amino alcohols, 
including noradrenaline, phenylglycinol, 1-amino-3-phenyl-2-propanol and 2-amino- 
1,2-diphenylethanol, can be separated into enantiomers by LEC, using ODS coated 
with Clz-Hyp as the stationary phase. 

EXPERIMENTAL 

Samples 
Compounds l-5 were purchased from commercial sources. Compounds 7 and 

8 were prepared by reduction of the appropriate amino acid esters [22]. Compounds 
6, 9 and 10 were prepared by addition of ammonia or methylamine to the 
corresponding epoxides [23,24]. Compounds 11 and 12 were prepared by reduction of 
cr-benzoin oxime [2.5]. To determine the elution order of enantomers, chiral samples 
were used. Chiral compounds 4 and 7 were commercially available. Chiral compound 
8 was prepared from L-phenylalanine. Chiral compounds 5, %12 were obtained by 
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fractional crystallization methods [25-281. Chiral compound 6 was prepared by 
reduction of (S)-phenyllactamide [29], which was derived from (S)-L-phenyllactic acid 
(commercially available). The compounds gave correct analytical data. 

Chromatography 
The column packing was Develosil ODS-5 (Nomura Chemical, Gifu, Japan), 

with a length of either 5 or 15 cm and I.D. 4 mm. Four 15cm columns in series were 
employed for compounds 1,2 and 4, because these compounds have smaller separation 
factors (LX) and/or capacity factors (k’). A 5-cm column was employed for compounds 
3, 11 and 12. For the other sample compounds a 15-cm column was employed. The 
C,z-Hyp coating procedure and the eluent used have been described in a previous 
paper [7]. For the detection of compounds 11 and 12, a UV monitor operated at 280 nm 
was used [7]. For the other solutes a spectrofluorometer using postcolumn reaction was 
used [7j. 

RESULTS AND DISCUSSION 

B-Amino acids 
Capacity factors and separation factors of the /?-amino acids studied are listed in 

Table I. The chromatogram of compound 1 is shown in Fig. 1. We found that 
compound 3 could be completely separated on a 5-cm column. The large k’ and 
a values of compound 3 suggest that hydrophobicity or the bulkiness of the phenyl 
group on the asymmetric centre of the compound plays an important role in the 
separation. For the more weakly retained compounds 1 and 2, longer columns (four 
15-cm columns) were applied. 

B-Amino alcohols 
Capacity factors and separation factors of the B-amino alcohols studied are 

listed in Table II. Because of its small k’, long columns (four 15-cm columns) were used 
for noradrenaline (compound 4). The chromatogram is shown in Fig. 2. Adrenaline, 
which is N-methylated noradrenaline, could not be separated by this method. The 

TABLE I 

CHEMICAL STRUCTURES, CAPACITY FACTORS (k’) AND SEPARATION FACTORS (a) OF 
THE B-AMINO ACIDS STUDIED 

H,NCH(R1)CH(R2)COOH 

Compound“ R’ R2 EFb k” 1 a 

1 H CH3 NDd 0.49 1.32 
2 CH3 H ND 0.55 1.10 
3 CsH5 H ND 28.0 1.49 

a Names of compounds: 1 = 3-amino-2-methylpropionic acid (3-aminoisobutyric acid); 
2 = 3-aminobutyric acid; 3 = 3-amino-3-phenylpropionic acid. 

b Configuration of the first-eluted enantiomer. 
’ Capacity factor of the first-eluted enantiomer. 
d ND = Not determined. 
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Fig. 1. Chromatogram of compound 1 (see Table I). Conditions: 
flow-rate, 0.2 ml/mm; sample size, 5 pg; eluent, 0.05 Ma&ate buffer 
R.F.I. = Relative fluorescence intensity. 

column length, 60 cm (15 cm x 4); 
(pH 6.0) containing 8 mMcopper(I1). 

chromatogram of compound 9 on a 15-cm column is shown in Fig. 3. Compound 10, 
which is N-methylated 9, gave a smaller a value than did compound 9. The same trends 
were observed in the a values of the other two pairs of type 1 compounds [7]. 

The chromatogram of compound 11 is shown in Fig. 4. Both the k’ and the 
a value of the threo form (compound 12) are larger than those of the erythro form 

TABLE II 

CHEMICAL STRUCTURES, CAPACITY FACTORS (k’) AND SEPARATION FACTORS (a) OF 
THE /I-AMINO ALCOHOLS STUDIED 

R3HNCH(R’)CH(RZ)OH 

Compound” R’ RZ R3 EFb k” a 

4 H 
5 H 
6 H 
7 CsHs 
8 CHGHS 
9 H 

10 H 
11 CsHs 
12 CsHs 

H 
H 
H 
H 
H 
H 
CHB 
H 
H 

R 
s 
s 
R 
ND“ 
S 

;S,2R) 
(1x2s) 

1.28 1.14 
9.20 1.98 

21.1 1.26 
13.3 1.13 
27.0 (1.0) 
24.6 1.63 
26.9 1.23 
14.0 1.30 
31.5 1.42 

0 Names of compounds: 4 = 2-amino-1-(3,4-dihydroxyphenyl)-ethanol (noradrenaline); 5 = 
2-amino-1-phenylethanol (phenylethanolamine); 6 = 1-amino-3-phenyl-2-propanol; 7 = 2-amino-2- 
phenylethanol (phenylglycinol); 8 = 2-amino-3-phenylpropanol (phenylalaninol); 9 = I-amino-3-phen- 
oxy-Zpropanol; 10 = I-methylamino-3-phenoxy-2-propanol; 11 = (lRS,ZSR)-Zamino-l,Zdiphenyl- 
ethanol (erythro form); 12 = (1 RS,2RS)-2-amino-l,2-diphenylethanol (rhreo form). 

b--d As Table I. 
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Fig. 2. Chromatogram of compound 4 (see Table II). Conditions: sample size, 0.5 pg; other conditions as in 

Fig. 1. 

(compound 11). Also, in a previous paper [7] we reported that both the k’ and the 
o! values of norpseudoephedrine (three form) are larger than those of norephedrine 
(erythro form). The eluent used was a mixture of acetonitrile and acetate buffer 
containing copper(I1). Using an eluent containing no acetonitrile, compounds 11 and 
12 gave large k’ values compared with those of other solutes used in this work. To 
shorten the analysis time, an eluent containing acetonitrile was used. Lowering the 
acetonitrile concentration in the eluent resulted in longer retentions and better 
resolution of the enantiomers. Even on 5-cm columns, the resolutions of compounds 
11 and 12 were adequate. Because the adsorption of Clz-Hyp is dependent mainly on 
the hydrophobic interaction between the dodecyl group of Clz-Hyp and the octadecyl 

0 20 40 

Time/min 

60 

Fig. 3. Chromatogram of compound 9 (see Table II). Conditions: column length, 15 cm; flow-rate, 0.4 
ml/min; sample size, 5 pg; eluent, 0.05 M acetate buffer (PH 6.0) containing 8 mM copper(I1). 
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Fig. 4. Chromatogram of compound 11 (see Table II). Conditions: column length, 5 cm; flow-rate, 0.4 
ml/min; sample size, 5 pg; eluent, acetonitrile-O.05 M acetate buffer (PH 5.75) containing 1 mM copper(I1) 
(17.5:82.5, v/v). 

group of ODS, the “bleeding” of C12-Hyp from the column might be caused by an 
acetonitrile-rich eluent. To test the stability of the coating against the eluent used, 3 1 of 
the eluent were delivered to the column. Subsequently no change in the retention of 
these compounds was observed, indicating that the stability of the coating was 
sufficient. 

Concerning the positions of amino and alcohol groups in the structure, 
compounds 5 and 7 are geometric isomers of compounds 6 and 8, respectively. 
Chromatograms of these compounds are shown Fig. 5. Comparing the a values of type 
I compounds (5 and 7) with those of type II compounds (6 and 8), the proposed method 
was found to be more convenient for the separation of type I compounds in the 

I I I J I I 
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Fig. 5. Chromatograms of compounds 5, 6,7 and 

0 15 30 0 15 30 

Time/min Timefmin 

8 (see Table II). Conditions as in Fig. 3. 
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corresponding pair. For both the pair of type I compounds (5 and 6) and the pair of 
type II compounds (6 and 7), the c( values of the compounds which have a phenyl group 
attached to the asymmetric carbon were larger than those of the compounds which 
have a benzyl group attached to the asymmetric carbon. These results indicate that the 
long distance between the bulky phenyl group and the chiral carbon atom was 
disadvantageous for the separation. Aliphatic b-amino alcohols with no aromatic 
group, such as 1-amino-2-butanol and 2-amino-1-butanol, could not be separated by 
this method, except for truns-2-aminocyclohexanol, which could be completely 
resolved using an eluent with a higher copper(I1) concentration (12 mM, at pH 6). 

Compound 8 and aliphatic B-amino alcohols could not be separated by the 
proposed method. However, we were able to accomplish a complete separation by 
LEC using ODS columns and a chiral mobile phase containing copper(I1) and 
L-proline. These results will be published elsewhere. 

As preliminary experiments have shown, the method possesses several ad- 
vantages: precolumn derivatization is not required; the eluent is aqueous; B-amino 
acids and a variety of aromatic p-amino alcohols can be separated into enantiomers; 
and a commercially available column can be used. 

REFERENCES 

1 V. A. Davankov, J. D. Navratil and H. F. Walton (Editors), Ligand Exchange Chromarography, CRC 
Press, Boca Raton, FL, 1988. 

2 H. G. Kicinski and A. Kettrup, Fresenius’ 2. Anal. Chem., 320 (1985) 51. 
3 W. L. Lindner and I. Hirschbock, J. Liq. Chromarogr., 9 (1986) 551. 
4 S. Lam and G. Malikin, J. Chromatogr., 368 (1986) 413. 
5 L. R. Gelber, B. L. Karger, J. L. Neumeyer and B. Feibush, J. Am. Chem. Sot., 104 (1986) 7729. 
6 C. H. Shieh, B. L. Karger, L. R. Gelber and B. Feibush, 1. Chromatogr., 406 (1987) 343. 
7 S. Yamazaki, T. Takeuchi and T. Tanimura, J. Liq. Chromatogr., 12 (1989) 2239. 
8 V. A. Davankov, Y. A. Zolotarev and A. A. Kurganov, J. Liq. Chromatogr., 2 (1979) 1191. 
9 0. W. Griffith, E. B. Campbell, W. H. Pirkle, A. Tsipouras and M. H. Hyun, J. Chromatogr., 362 (1986) 

345. 
10 H. R. Nielsen and S. A. Killmann, J. Nat/. Cancer Inst., 71 (1983) 887. 
11 D. F. Evered, E. C. Crutcher, D. Barltrop and C. D. Strelow, Biochem. Sot. Trans., 12 (1984) 853. 
12 A. G. Gilman, L. S. Goodman, T. W. Rail, F. Murad (Editors), Goodman and Gilman’s The 

Pharmacological Basis of Therapeutics, Macmillan, New York, 1980. 
13 C. Pettersson and G. Schill, J. Chromatogr., 204 (1981) 179. 
14 Y. Okamoto, M. Kawashima, R. Aburatani, K. Hatada, T. Nishiyama and M. Masuda, Chem. Left., 

(1986) 1237. 
15 C. Pettersson and M. Josefsson, Chromarographia, 21 (1986) 321. 
16 G. Schill, I. W. Wainer and S. A. Barkan, J. Chromntogr., 365 (1986) 73. 
17 D. W. Armstrong, T. J. Ward, R. D. Armstrong and T. E. Beesley, Science (Washington, DC), 232 (1986) 

1132. 

18 C. Pettersson and H. W. Stuurman, J. Chromatogr. Sci., 22 (1984) 441. 
19 R. Mulivor and H. P. Rappaport, J. Mol. Biol., 76 (1973) 123. 
20 J. Pimmer and E. Holler, Biochemistry, 18 (1979) 3714. 
21 K. Saigo, S. Ogawa, S. Kikuchi, A. Kasahara and H. Nohira, Bull. Chem. Soc.Jpn., 55 (1982) 1568. 
22 H. Seki, K. Koga, H. Matsuo, S. Ohki, I. Matsuo and S. Yamada, Chem. Pharm. Bull., 13 (1965) 995. 
23 A. J. Castro and C. R. Noller, J. Am. Chem. Sot., 68 (1946) 203. 
24 P. W. Erhardt, C. M. Woo, R. J. Gorczynski and W. G. Anderson, J. Med. Chem., 25 (1982) 1402. 
25 J. Weijlard, K. Ptister, III, E. F. Swanezy, C. A. Robinson and M. Tishler, J. Am. Chem. Sot., 73 (1951) 

1216. 

26 J. Read and I. G. M. Campbell, J. Chem. Sot., (1930) 2682. 
27 G. S. Kozlova, F. I. Roitfeld and V. I. Gunar, Khim.-Farm. Zh., 17 (1983) 452; C.A., 99 (1983) 87732f. 
28 Y. Yost and J. L. Holtzman, J. Pharm. Sci., 68 (1979) 1181. 
29 B. Marsman and H. Wynberg, J. Org. Chem., 44 (1979) 2312. 


