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For their broad applicability of enantiomer separation of a
number of chiral compounds, many chiral stationary phases
(CSPs) based on polysaccharide derivatives have been
developed and extensively used.'” Among these CSPs,
cellulose tris(3,5-dimethylphenylcarbamate) derived CSP
(Chiralcel OD or Chiralcel OD-H) and cellulose tris(4-
methylbenzoate) derived CSP (Chiralcel OJ or Chiralcel OJ-
H) have proven to be highly useful CSPs.”” These type
CSPs are usually prepared with coating or adsorbing the
polysaccharide derivatives of the chiral selectors on a silica
matrix. It has been used with a limited range of solvents and,
therefore, it has been mainly employed with nonnal phase
eluents, such as hexane/2-propanol mixtures.* Compared to
normal-phase enantiomer separation, however, reversed-
phase enantiomer separation using aqueous mobile phases
may often provide advantages.” Especially, it is important
for samples that have problems for analysis under nomnal
phase conditions because of their solubility and intrinsic
aqueous biological samples or synthetic analytes with
aqueous solvents. Since these coated cellulose derived CSPs
like Chiralcel OD and Chiralcel OJ have been applied with
normal phase eluents, only a few of results for enantiomer
separation using aqueous mobile phases on these CSPs have
been reported.®'® The first attempt of reversed-phase enantio-
mer separation on the polysaccharide derived CSP has been
reported by Ikeda er af. Four chiral drug analytes have been
enantioseparated with good separation factors (a = 1.10-
1.61) on Chiralcel OD using aqueous buffer-acetonitrile
solutions.® The second report on enantiomer separation of
one hydantoin biological analyte of a major metabolite of
phenytoin on Chiralcel OJ using aqueous ethanolic solution
(Rs = 2.2) has been published by Eto er /.’ Also, the
enantiomer resolution of four drug analytes on Chiralcel OJ
using aqueous acetonitrile solution has been performed by
Ishikawa er a/¥ A series of quaternary tropane alkaloids
have been resolved with good separation factors on Chiraleel
OD using aqueous ion pair mobile phases and nonnal phases
by Hempe er af., respectively.” Weinz and his co-workers
have reported on enantiomer resolution of only two bio-
logical samples of glutethimide and its analog analytes on
Chiralcel OD using aqueous acetonitrile solution (e = 1.21,
1.14)." In this study, we present enantiomer resolution of N-

fluorenylmethoxycarbonyl (FMOC)} aamino acids on
Chiralcel OJ-H and Chiralee]l OD-H under the dual-mode of
reversed as well as normal phase conditions. This is the first
report on both reversed and normal phase liquid chromato-
graphic enantiomer separation using Chiralcel OJ-H and
Chiralcel OD-H, coated cellulose based CSPs.

Table 1 and 2 show liquid chromatographic results for the
separation of the enantiomers of N-FMOC a-amino acids on
Chiralcel OJ-H and Chiralce]l OD-H under reversed and
nomnal phase conditions. In general, the enantioselectivities
on these two CSPs for the resolution of N-FMOC aramino
acids under reversed phase condition of 40% acetonitrile in
50 mM phosphate buffer are lower than those under normal

Table 1. Enantiomer Separation of A~FMOC acAmino Acids on
Chiralcel OJ-H under Reverse Phase and Normal Phase

Anal Reverse mode Normal mode
nabee o K* Rs Conf! & K Rs Conf?
1 Ala 100 202 - - 147 367 132 D
2 ABA® 112 242 112 D 238 301 278 D
3 Asn 1.00 045 - - Ll6 937 07¢ D
4 Asp 100 075 - - 121 709 08 D
5 Gln .00 081 - - 1321329 103 L
6 Glu 100 075 - - 148 10,13 1.2 L
7 Ilen 135 551 277 D 353 137 182 D
8 Leu 163 489 473 D 141 133 220 D
9 Met 1.06 443 082 D 174 634 205 D
10 Norleu .18 575 210 D 269 152 1.5¢ D
11 Norval 125 381 155 D 364 194 239 D
12 PG .10 899 106 L 100 1275 - -
13 Phe .00 737 - - 111 520 069 D
14 Ser .00 0.74 - - 110 727 073 D
15 Thr 1.20 092 010 D 468 448 275 D
16 Tvr 1.05 282 075 D 1.75 4127 336 D
17 Val 1.17 390 149 D 289 174 290 D

Mobile phase; 40% acetonitrile in S0 mM phosphate bufler (pH 2} for
reverse mode and 10% 2-propanol/hexane(V/V) containing (1% TFA
for normal mode on Chiraleel QJ-T1, respectively; Tlow rate = 0.5 mL/
min {reverse mode), 1 mL/min (normal mode); Detector UV 254 nm,
“Separation factor. “Capacity factor for the first eluted enantiomet.
“Resolution faclor. “indicates the absolule configuration of the second
retained enantiomer, “2-Aminobutyric acid.
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Table 2. Enantiomer Separation of N-FMQOC a-Amine Acids on
Chiralcel OD-H under Reverse Phase and Normal Phase

Reverse made Normal mode

o kK''PORsS Confd o kYW Rs® Conl
Ala 1.88 10,10 6.82 194 573 33

| [

2 ABAT 159 1340 420 L 144 497 2.18
3 Asn 146 1.68 223 [ 253 2729 197
4 [
5 [

Analyte

[
[.
[.
Asp 1.37 275 1.97 193 812 2.75 [

5 Gilu 133 291 1.41 . 147 886 1.92 D
6 Cin 145 1.59 158 D 1.09 1370 097 D

7 lleu 121 2931 471 - 120 564 110 D
8  Leu ne’ 126 484 1.63 D
9 Mel ne 127 900 168 D
10 Norleu 1.17 4862 292 L 132 511 198 L
1T Norval ne 122 492 1.46 l.

12 PG 1.15 4943 2.02
13 Phe 1.19 74.30 2.34
14 Ser 198  4.02 4.13
15 Thr 1.56 475 341
16 Tyr .11 18.61 1.34
17 Val 145 30.52 3.55

1.82 790G 2.09 L
132 847 1.54 L
270 698 415 D
141 501 157 L
113 1590¢ 0.76 L

[
[
L.
L.
[
[ .00 440 - -

Mobile phase: 40% acelonilrile in 50 mM phosphate bufler (pl[ 2) for
reverse mode and 108 2-propanolihexanc(V/V) containing 0.1% TFA
for normal mode on Chiralee! Q-1 respectively: Flow rate = 0.5 ml.f
min (reverse mode), 1 ml/min {(normal mode); Detector 254 nim.
“Separation  lactor. “Capacity factor [or the hrst eluted enantiomer.
“Resolution factor. “indicates the absolute configuration of the sceond
retained enantiomer. “2-Aminobutyric acid. No clution until 500 min
retention time. “30% 2-propanolfhexane( V/V) containing 0.1% TFA.

phase condition of 2-propanol/hexanc(V/VY  containing
0.1% TFA (trifluoroacctic acid), respectively. It is observed
that the cnantiosclectivilies using Chiraleel OJ-H on normal
phasc mode arc greater or lower than those using Chiraleel
OD-H. Howcver, the separation factors on Chiraleel OD-H
under reverse phase conditions are greater than those on
Chiralcel OJ-H and, therefore, all investigated A-FMOC o+
amino acids enantiomers on Chiralcel OD-H showed fairly
eood enantioselectivities (= 1.11-1.98) except three analytes
{entries 8,9 and 11} in Table 2. Typical chromatograms of
resolution of N-FMOC valine enantiomers on Chiralcel OJ-
H and Chiralcel OD-H under reversed phase conditions are
presented in Figure 1, respectively. Especially, all resolved
analytes in reverse mode were base-line separated on
Chiralcel OD-H (Rs = 1.34-6.82) and most of the examined
analytes showed base-line resolution in normal mode on the
same CSP (Rs = 0.76-3.38). Therefore, Chiralcel OD-H is
effective under not only normal-phase conditions but also
reversed-phase conditions for enantiomer resolution of A-
FMOC a~amino acids. It is interesting that the elution orders
of the resolved N-FMOC a~amino acids on Chiraleel OD-H
in reverse mode are not always identical with those in
normal mode. Since the chiral recognition mechanisms
related to enantiomer separations may be affected by the
used mobile phases, reversals of the elution orders on the
polysaccharide derived CSP are often observed by the
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Figure 1. Chromatograms of enantiomer separation of N-FMQC
valine on Chiralcel OJ-H (ihe top) and Chiralcel OD-H (ihe
bollom) under reversed phase conditions. The chromatographic
conditions are given in Tables 1 and 2.

change of mobile phase, '

In summary, we demonstrated enantiomer separation of A-
FMOC gramino acids on coaled cellulose derived CSPs,
Chiraleel OJ-H and Chiraleel OD-H under both normal and
reversed-phase conditions, Although the separation faclors
for resolution of N-TFMOC g~amino acids in reverse mode
arc generally lower than those in normal mode, these CSPs
can be usefully applicd in dual mode, not only nomal-phasc
conditions but also reversed-phase conditions (or enantiomer
resolution of N-FMOC gramino acids, In particular, this
reversed-phase analytical method using Chiraleel OD-H is
expected to be quite uselul {or determination of the enantio-
meric purity of analytical samples in biological matrices of
serum or plasma and in asymmetric synthesis using aqueous
solvents.

Experimental Section

Chromatographic analysis was performed at room temper-
ature using an HPLC consisting of an SCL-10A system
controller, LC-10AD pump and SPD-10AVP diode array
detector {Shimadzu, Kyoto, Japan). Chiralcel OJ-H and
Chiraleel OD-H (250 mm L x 4.6 mm LD.. 5 um) were
purchased from Daicel Chemical Company (Tokyo, Tapan).
HPLC-grade acetonitrile, hexane and 2-propanol were
obtained from J. T. Baker (Phillipsburg, NJ). Trifluoroacetic
acid (TFA) was obtained from Aldrich (Milwaukee, WT).
The racemic and enantiomerically pure A-FMOC @-amino
acids were prepared according to the conventional methods."?
The reversed mobile phase was consisted of acetonitrile and
50 mM NaHzPO, buffer. Mobile phases were adjusted to pH
2 with 10% phosphoric acid. The pH of the buffers was
adjusted before mixing with acetonitrile. The mobile phases
for HPLC were filtered through a Millipore membrane filter
(0.45 g} and degassed before use.
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