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Abstract: Liquid chromatographic comparisons for enantiomer resolution of N-fluor-
enylmethoxycarbonyl (FMOC) a-amino acids with fluorescence detection were made
on covalently bonded type chiral stationary phases (CSPs) (Chiralpak IA and
Chiralpak IB) and coated type CSPs (Chiralpak AD and Chiralcel OD) derived
from polysaccharide derivatives of the same chiral selectors. This is the first study
reported of enantiomer resolution with fluorescence detection on covalently bonded
type CSPs, Chiralpak IA and Chiralpak IB. In general, covalently bonded type
CSPs (Chiralpak IA and Chiralpak IB) showed lower enantioseparation than
coated type CSPs (Chiralpak AD and Chiralcel OD) for enantiomer resolution of
these analytes, respectively. Owing to higher sensitivity and broader solvent compat-
ibility in fluorescence detection on Chiralpak IA and Chiralpak IB than in UV
detection, however, this analytical method is expected to enlarge their application
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of enantiomer resolution, such as an online HPLC monitoring of asymmetric
synthesis.

Keywords: Enantiomer separation, Chiralpak IA, Chiralpak IB, Fluorescence
detection, Chiral stationary phase

INTRODUCTION

Chiral stationary phases (CSPs) derived from polysaccharide derivatives have
been extensively used for enantiomer separation of a number of racemic
compounds."'?!  Since chiral selectors of polysaccharide derivatives
are coated on a silica matrix, these types of CSPs have intrinsic drawbacks
of column stability and a limitation of mobile phases. Therefore, the
solvents such as halogenated solvents, tetrahydrofuran, ethyl acetate, and
acetone, which partially or totally dissolve the chiral selectors of the polysac-
charide derivatives must be excluded for mobile phases and analytes
solvents.!"*! These disadvantages are directly related to limitation of their
applicability including preparative separation due to solubility of analytes.
Many studies to solve these problems by covalently bonding the chiral
selectors of polysaccharide derivatives to a silica matrix have been
reported.”~°! Recently, covalently bonded CSPs on silica matrix, Chiralpak
TAMO=151 and Chiralpak IB,[16] which have the same chiral selectors,
amylose and cellulose tris(3,5-dimethylphenylcarbamate) of coated type
Chiralpak AD and Chiralcel OD, respectively, have been developed.
Therefore, it is considered that Chiralpak IA and Chiralpak IB are the cova-
lently immobilized CSP of Chiralpak AD and Chiralcel OD, respectively. In
this study, we present the comparative liquid chromatographic enantiomer res-
olution of N-fluorenylmethoxycarbonyl (FMOC) protected a-amino acids
on polysaccharide derived CSPs, covalently bonded type Chiralpak IA and
Chiralpak IB, and coated type Chiralpak AD and Chiralcel OD with
fluorescence detection.'"”!

EXPERIMENTAL

Chromatographic analysis was carried out using an HPLC consisting of a
Waters model 510 pump, a Rheodyne model 7125 injector with a 20 pL
loop, a spectrofluorometric detector (Jasco FP-920), and an HP 3396 series
II recorder. The excitation and emission wavelengths were 280 and 310 nm,
respectively. Chiralpak IA, Chiralpak IB, Chiralpak AD, and Chiralcel OD
columns (250 mm L x 4.6 mm 1.D.) were purchased from Daicel Chemical
Company (Tokyo, Japan). HPLC grade hexane (Hxn), 2-propanol, tetrahydro-
furan (THF), ethyl acetate, and dichloromethane were obtained from J. T.
Baker (Phillipsburg, NJ). Trifluoroacetic acid (TFA) was obtained from
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Aldrich (Milwaukee, WI). The racemic and L-N-FMOC «-amino acids were
prepared according to a reported procedure.!'®!

RESULTS AND DISCUSSION

Tables 1 and 2 show the effect of mobile phase on the enantiomer separation
of four N-FMOC a-amino acids on Chiralpak IA and Chiralpak IB with
fluorescence detection. Due to their covalently bonded nature, these two
CSPs are compatible with a large range of organic miscible solvents,
including the halogenated solvent of dichloromethane or chloroform. !¢l
The separation factors and retention times on Chiralpak IA and Chiralpak 1B
are considerably influenced by the nature of mobile phase.''®!'*'>! As shown
in Tables 1 and 2, the highest enantioselectivities for all analytes were
obtained using 5% 2-propanol in hexane with 0.1% TFA as a mobile phase,
except for N-FMOC valine using 25% dichloromethane in hexane with 0.1%
TFA. Interestingly, the elution orders of these analytes on Chiralpak IA are
variable depending upon the used mobile phases in Table 1, while their
elution orders on Chiralpak IB are unchanged regardless of the mobile
phases in Table 2.

Especially, this fluorescence detection method for enantiomer separ-
ation on Chiralpak IA and Chiralpak IB has great advantages over a UV
detection method. It provides higher sensitivity and much wider solvent
versatility irrelevant to the cutoffs of the used mobile phases, compared
to a UV detection method.!"” This is the first report for enantiomer resol-
ution with fluorescence detection on covalently bonded type CSPs,
Chiralpak IA and Chiralpak IB.

Tables 3 and 4 show the comparative results of enantiomer separation of
N-FMOC a-amino acids on covalently bonded type CSPs (Chiralpak IA and
Chiralpak IB) and coated type CSPs (Chiralpak AD and Chiralcel OD) using
2-propanol in hexane with 0.1% TFA as a mobile phase with fluorescence
detection. Chiralpak IB and Chiralcel OD derived from cellulose tris(3,5-
dimethylphenylcarbamate) showed, in general, higher enantioselectivity
than Chiralpak IA and Chiralpak AD derived from amylose tris(3,5-dimethyl-
phenylcarbamate), respectively. Most of N-FMOC «a-amino acids enantiomers
were well separated on Chiralcel OD. Also, in general, Chiralpak IA and
Chiralpak IB of covalently bonded type CSPs showed lower enantioseparation
than Chiralpak AD and Chiralcel OD of coated type CSPs, respectively. It was
reported that the reduction in enantioselectivity on covalently bonded CSPs is
due to the lack of the ordered arrangement of polysaccharide derived chiral
selectors bonded to the silica matrix."*®! It is interesting that the elution
orders of the resolved N-FMOC a-amino acids on the covalently bonded
type Chiralpak IB derived from cellulose tris(3,5-dimethylphenylcarbamate)
are observed to be identical with those on coated type Chiralcel OD of
the same chiral selector using 2-propanol in hexane with 0.1% TFA as a
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Table 1. Effect of mobile phase on the enantiomer separation of some N-FMOC a-amino acids on Chiralpak IA

5% 2-Propanol /Hxn 15% THF/Hxn

20% Ethyl acetate/Hxn

25%Dichloromethane /Hxn

Mobile* with 0.1% TFA with 0.1% TFA with 0.1% TFA with 0.1% TFA
phase

Analyte o K¢ Conf.? o K¢ Conf.? a® K¢ Conf.? o Ki° Conf.?
Ala 1.09 5.28 D 1.07 6.15 D 1.00 5.76 — 1.00 437 —
Leu 1.26 4.82 L 1.00 5.21 — 1.07 4.08 L 1.16 3.04 L
PG 1.31 5.02¢ D 1.09 9.92 D 1.11 6.35 L 1.18 8.40 L
Val 1.08 5.92 L 1.08 4.02 D 1.00 3.59 — 1.21 2.81 L

“Mobile phase; Hexane (Hxn), Tetrahydrofuran (THF); Flow rate = 1 mL/min.

bSeparation factor.

“Capacity factor for the first eluted enantiomer.

“Indicates the absolute configuration of the second retained enantiomer.
“10% 2-Propanol/Hxn (V/V) with 0.1% TFA.
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Table 2. Effect of mobile phase on the enantiomer separation of some N-FMOC a-amino acids on Chiralpak IB

. 5% 2-Propanol /Hxn 15% THF/Hxn 20% Ethyl acetate/Hxn 25% Dichloromethane /Hxn
Mobile” with 0.1% TFA with 0.1% TFA with 0.1% TFA with 0.1% TFA
phase
Analyte of K;° Conf? o K;° Conf? o’ K;° Conf? o’ K;° Conf.?
Ala 1.40 7.15 L 1.07 6.01 L 1.09 10.25 L 1.00 11.93 —
Leu 1.42 4.65 D 1.13 3.72 D 1.18 5.53 D 1.24 7.33 D
PG 1.34 3.65° D 1.18 6.65 D 1.19 9.61 D 1.00 13.45 D
Val 1.21 4.61 D 1.10 3.12 D 1.20 5.04 D 1.17 6.21 D

“Mobile phase; Hexane (Hxn), Tetrahydrofuran (THF); Flow rate = 1 mL/min.
bSeparation factor.

“Capacity factor for the first eluted enantiomer.

“Indicates the absolute configuration of the second retained enantiomer.

“10% 2-Propanol/Hxn (V/V) with 0.1% TFA.

saseyq A1BUOnR)S [BIIY) PIJLO)) PUB PIPUoy AJUd[BAO))

L6LT



18:13 23 January 2011

Downl oaded At:

1798 J. Y. Jin et al.

Table 3. Enantiomer separation of N-FMOC a-amino acids on Chiralpak IA and
Chiralpak AD

Chiralpak IA Chiralpak AD

Entry Analyte o Kk? Rs° Conf? of | Rs®  Conf?

1 ABA® 1.07 690 0.96 D .13 346 140 D
2 ACA 1.06  5.98 0.85 — .13 295 136 —
3 Ala 1.09 5.28 1.25 D .12 3.05 146 D
4 Asn 128  8.19% 196 L 120 697 203 L
5 Asp 1.07  3.70° 0.72 D 1.17 490 094 D
6 Gln 1.10  6.67% 0.54 L 142 564 379 L
7 Glu 1.11 4015 1.14 L 1.27 530 2.69 L
8 Ileu 1.08  7.26 1.07 L 1.17 399 186 D
9 Leu 126  4.82 3.34 L 1.19 322 185 L
10 Met 1.05 12.11 0.71 L 1.00  5.57 — —
11 Norleu 1.04 6.75 0.45 L 107 9.69" 0.92 D
12 Norval  1.00 7.12 — — 112 10.63" 1.63 D
13 PG 1.31 5.02¢  3.86 D 140 7.62 456 D
14 Phe 1.08  3.31¢* 091 L 1.13 489 150 L
15 Ser 1.07  3.65®* 0.60 L 1.09 478 1.05 L
16 Thr 1.09  3.76® 092 D 1.14 505 155 D
17 Tyr 125 15.35% 276 L 1.31 2655 3.79 L
18 Val 1.08 592 1.15 L 1.14 424 143 D

Mobile phase; 5% and 10% 2-propanol/hexane (V/V) containing 0.1% TFA on
Chiralpak IA and Chiralpak IB, respectively; Flow rate = 1 mL/min. “Separation
factor. “Capacity factor for the first eluted enantiomer. “Resolution factor. “Indicates
the absolute configuration of the second eluted enantiomer. “2-Aminobutyric acid.
f2-Aminocaprylic acid. "10% and 5% 2-propanol /hexane(V/V) containing 0.1%
TFA, respectively.

mobile phase in Table 4, as the similar results using different mobile phases
are shown in Table 2. However, Chiralpak IA and Chiralpak AD derived
from amylose tris(3,5-dimethylphenylcarbamate) showed three exceptions
of the elution orders (entries 8, 11, and 18) in Table 3.

In conclusion, an HPLC fluorescence analysis of enantiomer separation
of N-FMOC a-amino acids on covalently bonded type CSPs (Chiralpak TA
and Chiralpak IB) and coated type CSPs (Chiralpak AD and Chiralcel OD)
was performed. In general, cellulose tris(3,5-dimethylphenylcarbamate)
derived CSPs, Chiralpak IB and Chiralcel OD showed higher enantioselec-
tivity than amylose tris(3,5-dimethylphenylcarbamate) derived CSPs,
Chiralpak IA and Chiralpak AD, respectively. Also, Chiralpak IA and
Chiralpak IB showed, in general, lower enantioselectivity than Chiralpak
AD and Chiralcel OD, respectively. However, this analytical method
using fluorescence detection affords high sensitivity and compatibility
with a much wider range of solvents on covalently bonded type CSPs
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Table 4. Enantiomer separation of N-FMOC a-amino acids on Chiralpak IB and
Chiralcel OD

Chiralpak IB Chiralpak OD

Entry Analyte af K;” Rs Conf? o K;” Rs®  Conf?

1 ABA‘ 123  6.28 2.02 L 138 523 289 L
2 ACA 1.12 478 1.55 — 141 448 278 —
3 Ala 140 7.15 3.95 L 1.80 586 525 L
4 Asn 1.10  4.37% 048 L 1.60  5.05% 1.81 L
5 Asp 122 502" 150 L 1.58  6.77% 2.80 L
6 Gln 1.00  4.81% — 1.17 14.01 0.86 D
7 Glu 1.16  6.00" 1.15 L 133 9.69 1.80 L
8 Ileu 1.51  4.59 542 D 1.51 430 3.62 D
9 Leu 142 4.65 3.97 D 126 519 201 D
10 Met 1.07 435" 076 L 1.14  7.80 1.11 L
11 Norleu 1.07 5.84 0.80 L 1.15 469 1.19 L
12 Norval 1.05 6.06 0.68 L 1.07 498 0.61 L
13 PG 134 3.65" 3.14 D 171 7.88 3.79 D
14 Phe 1.08 3.69" 0.70 L 1.10 849 0.70 L
15 Ser 1.65 625" 373 L 256 2.70% 5.01 L
16 Thr .11 466" 074 L 148 729 298 L
17 Tyr 1.08 7.76°  0.56 L 1.10 20.50% 0.55 L
18 Val 121  4.61 2.25 D 1.13 455 1.10 D

Mobile phase; 5% and 10% 2-propanol/hexane (V/V) containing 0.1% TFA on
Chiralpak IB and Chiralpak OD, respectively; Flow rate = 1 mL/min. “Separation
factor. “Capacity factor for the first eluted enantiomer. “Resolution factor. “Indicates
the absolute configuration of the second eluted enantiomer. “2-Aminobutyric acid.
/2-Aminocaprylic acid. #"20% and 10% 2-propanol /hexane (V/V) containing 0.1%
TFA, respectively.

(Chiralpak IA and Chiralpak IB). It permits the creation of new applications
of enantiomer separation for fluorescent analytes, including a direct online
HPLC monitoring for determination of enantiomeric purity during asym-
metric synthesis procedures on these covalently bonded CSPs.!'*!
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