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Polysaccharide-derived chiral stationary phases (CSPs)

are known to show high chiral recognition ability in HPLC

and have been extensively used to separate a broad range of

racemic compounds.1-3 These type CSPs are usually

prepared coating or adsorbing the polysaccharide derivatives

on silica gel. Therefore, the solvents such as chloroform,

methylene chloride, and tetrahydrofuran which dissolve or

swell the chiral selectors of the polysaccharide derivatives

cannot be used as mobile phases.4 For example, in case of

Chiralpak AD prepared by coating amylose tris(3,5-

dimethylphenylcarbamate) derivative, one of the widely

used polysaccharide type CSPs, suitable mobile phases like

hexane, 2-propanol and ethanol should be used for the

column safety.3,4 It may be damaged in case of even the use

of only a little amount of inappropriate solvents used as

mobile phases and/or sample solvents. These limitations

represent a disadvantage for new applications using these

CSPs and, especially, preparative separation due to solubili-

zation of analytes. To overcome these problems, therefore,

the development of polysaccharide-derived covalently

bonded CSPs has been of great interest and various results of

different attempts have been reported.4-12 Recently,

Chiralpak IA prepared by chemically bonding amylose

tris(3,5-dimethylphenylcarbamate) derivative on silica gel,

which is used as the same chiral selector of coated type

Chiralpak AD has been introduced. In this study, we present

the comparative liquid chromatographic enantiomer resolu-

tion of N-fluorenylmethoxycarbonyl (FMOC) protected α-

amino acids ethyl ester derivatives on two polysaccharide-

derived CSPs, covalently bonded type Chiralpak IA and

coated type Chiralpak AD.13,14 This is the first report

concerning the comparison of the chiral separations on

Chiralpak IA and Chiralpak AD using normal mobile

phases.

For enantiomer separation of N-FMOC α-amino acids

ester derivatives, very a few results on CSPs have been

reported.15-18 Rizzi has separated three FMOC α-amino

acids methyl esters enantiomers on cellulose triacetate type

column.15 Miyazawa et al. have reported on the resolution of

only one analyte of FMOC 2-aminobutanoic acid methyl

ester enantiomers among many different N-protected amino

acid derivatives.16,18 Küsters et al. have reported on the

resolution of fifteen N-FMOC α-amino acids methyl and

isopropyl esters enantiomers on a polysaccharide-derived

CSP.17 To our knowledge, our results are the first reported

for the enantiomer resolution of N-FMOC α-amino acids

ethyl ester derivatives.

Table 1 shows the effect of mobile phase on the

enantiomer separation of some N-FMOC α-amino acids

ethyl esters on Chiralpak IA. The enantioselectivities and

retention times are greatly influenced by the nature of

mobile phase. As shown in Table 1, in general, 5% 2-

propanol in hexane as a mobile phase afforded the greatest

enantioselectivity with the highest resolution factor, whereas

20% chloroform in hexane afforded the lowest enantio-

selectivity. It is notable that the elution orders of three

analytes using 10% tetrahydrofuran or 10% ethyl acetate or

20% chloroform in hexane are different from those using 5%

2-propanol in hexane. 

Table 2 shows the comparative data of enantiomer

separation of N-FMOC α-amino acids ethyl esters on

Chiralpak IA and Chiralpak AD using 2-propanol in hexane

as a mobile phase. In general, Chiralpak IA showed slightly

lower enantioseparation than Chiralpak AD for enantio-

resolution of N-FMOC α-amino acids ethyl esters. Several

results have reported that a certain decrease in the enantio-

Table 1. Effect of mobile phase on the enantiomer separation of some N-FMOC α-Amino Acids Ethyl Esters on Chiralpak IA

Mobile Phasea 5% 2-Propanol/Hxn 10% THF/Hxn  10% Ethyl acetate/Hxn 20% Chloroform/Hxn

Analyte α
b k'1

c Conf.d α
b k'1

c Conf.d α
b k'1

c Conf.d α
b k'1

c Conf.d 

Ala  1.60 4.29 L  1.30 5.81 L  1.13 7.46 L  1.00 6.61 -

Leu  2.63 3.69  L  1.69 4.51 L  1.14 5.18 L  1.00 5.76 -

Phe  1.30 7.05  L  1.10 9.75 D  2.41 9.68 D  1.20 7.15 D

PG  1.14 8.18 L  1.09 8.73 D  1.21 8.95 D  1.07 7.37 D

Val  1.42 3.15 L  1.22 4.07 D  1.12 4.23 D  1.40 2.75 D

aMobile phase; Hexane (Hxn), Tetrahydrofuran (THF); Flow rate = 1 mL/min; Detector 254 nm. bSeparation factor. cCapacity factor for the first eluted
enantiomer. dindicates the absolute configuration of the second retained enantiomer. 
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separation was observed on polysaccharide-derived coval-

ently bonded CSPs, compared to the results on the corre-

sponding coated type CSPs.5,7,10 The lowered enantio-

selectivity on bonded CSPs might be responsible for the lack

of ordered arrangement of the chiral selector bonded to the

matrix.7,10 

Most of N-FMOC α-amino acids ethyl esters enantiomers

were well separable on Chiralpak IA and Chiralpak AD.

Especially, Chiralpak IA afforded base-line separation (α =

1.14-2.63, Rs = 1.63-9.34) for all investigated N-FMOC α-

amino acids ethyl esters enantiomers except for asparagine

analyte (entry 4). It is noted that the consistent elution order

of the resolved N-FMOC α-amino acids ethyl esters is

observed on Chiralpak IA and Chiralpak AD using 2-

propanol in hexane as a mobile phase, the L-enantiomers

being preferentially retained.

In conclusion, we demonstrated the comparative liquid

chromatographic separation of enantiomers of N-FMOC

protected α-amino acids ethyl esters on covalently bonded

type Chiralpak IA and coated type Chiralpak AD derived

from amylose tris(3,5-dimethylphenylcarbamate) of the

same chiral selector. Although Chiralpak IA showed slightly

lower enantioselectivity than Chiralpak AD, most of N-

FMOC α-amino acids ethyl esters enantiomers were base-

line separated on Chiralpak IA and Chiralpak AD. Owing to

the compatibility with a broad range of solvents and column

safety of Chiralpak IA, it is expected to enlarge its new

application of enantiomer separation. Especially, it is

expected to be useful for preparative separations, because

the halogenated solvent like chloroform or methylene

chloride shows often better solubility than the other solvents.

Experimental Section

Chromatography was performed at room temperature

using an HPLC consisting of a Waters model 510 pump, a

Rheodyne model 7125 injector with a 20 μL loop, a variable

wavelength detector (Waters 490) and an HP 3396 series II

recorder. Chiralpak IA and Chiralpak AD column (250 mm

L × 4.6 mm I.D.) were purchased from Daicel Chemical

Company (Tokyo, Japan). HPLC-grade hexane (Hxn), 2-

propanol, tetrahydrofuran (THF), ethyl acetate and chloro-

form were obtained from J. T. Baker (Phillipsburg, NJ).

Trifluoroacetic acid (TFA) was obtained from Aldrich

(Milwaukee, WI). The racemic (or enantiomerically pure)

N-FMOC protected α-amino acids and their esters were

prepared according to the conventional methods.19
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Table 2. Enantiomer Separation of N-FMOC α-Amino Acids Ethyl Esters on Chiralpak IA and Chiralpak AD

Entry Analyte
Chiralpak IA Chiralpak AD

α
a k'1

b Rsc Conf.d α
a k'1

b Rsc Conf.d

1 Ala 1.60 4.29 5.84 L 1.61 2.56 5.42 L

2 ABAe 1.86 3.97 6.90 L 1.84 2.45 6.73 L

3 ACAf 1.77 3.54 6.21 1.77 1.79 5.49

4 Asn 1.06 8.82g
 0.75 L 1.00 8.93 − −

5 Asp 1.25 9.70 3.18 L 1.04 5.04 0.76 L

6 Glu 1.48 10.59 5.22 L 1.57 4.91 5.39 L

7 Gln 1.27 8.57g 2.81 L 1.33 7.21 3.90 L
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14 PG 1.14 8.18 1.63 L 1.15 4.93 1.84 L

15 Ser 1.50 4.78g
 5.66 L 1.71 4.27 7.17 L

16 Thr 1.91 4.57g 8.42 L 1.89 4.81 8.36 L

17 Tyr 1.22 15.14g 2.89 L 1.27 11.85h 3.15 L

18 Val 1.42 3.15 4.30 L 1.52 1.98 4.72 L

Mobile phase; 5% and 10% 2-propanol/hexane (V/V) on Chiralpak IA and Chiralpak AD, respectively; Flow rate = 1 mL/min; Detector 254 nm.
aSeparation factor. bCapacity factor for the first eluted enantiomer. cResolution factor. dindicates the absolute configuration of the second retained
enantiomer. e2-Aminobutyric acid. f2-Aminocaprylic acid. g,h10% and 15% 2-propanol/hexane (V/V), respectively.
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