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ABSTRACT

Enantiomer Separation Using Polysaccharides Based Chiral
Stationary Phases by HPLC

Hu Huang
Advissor: Wonjae Lee
Department of Pharmacy

Graduate School of Chosun University

Abstract: In chapter |, the liquid chromatographic enantiomer separation has
become one of the most essential research areas for development of chiral drugs
for over two decades. The first generation coating type chiral stationary phases
(CSPs) derived from polysaccharides have been the most widely utilized for
enantiomer resolution of a wide range of chiral compounds. Recently, the second
generation covalently immobilized type CSPs based on polysaccharides have been
developed and applied. The new type CSPs overcome the limitation of the coated
type CSPs related to solvent versatility and their applications, since the
chiral selectors of polysaccharide derivatives of these CSPs have been
immobilized to a silica matrix through covalent bonding. The covalently
immobilized type CSPs for enantiomer separation had been only employed under
normal phase and non-agueous polar organic solvent mode. However, very recently
only a few results employed under reversed phase conditions were reported.
Compared to normal phase liquid chromatographic enantiomer separation, reversed
phase enantiomer separation using aqueous mobile phases is particularly
convenient for biological samples of serum or plasma as well as aqueous
synthetic analytes. In this study, we present enantiomer resolution of several

NSAIDs (non-steroidal anti-inflammatory drugs) on covalently immobilized type

- viii -



CSP, Chiralpak |A under reversed phase as well as normal phase conditions.

In chapter Il, the liquid chromatographic enantiomer separation of
N-f luorenyImethoxycarbonyl (FMOC)  a-amino acid was performed on covalently
immobilized chiral column (Chiralpak IB) based on polysaccharide derivative as a
chiral selector by reversed phase liquid chromatography. The effect of the
reversed mobile phase on the chromatographic parameters of  the
enantioselectivities, resolution factors and retention times using covalently
immobilized Chiralpak [B was shown. Also the enantiomer separation of N-FMOC
a-amino acid in the reversed and normal phase was compared and the results
obtained in the former mobile phase were generally lower than those in the
latter mobile phase.

In chapter Ill, the liquid chromatographic method for the separation of
a-amino acid esters as benzophenone Schiff base derivatives on covalently
immobilized CSPs (Chiralpak |A, Chiralpak 1B, and Chiralpak IC) derived from
polysaccharide derivatives is described. Benzophenone imine derivatives of
a-amino acid esters were readily prepared by stirring benzophenone imine and
the hydrochloride salts of a-amino acid esters in 2-propanol. The
chromatographic separations were conducted at a flow rate 1 mL/min and a
detection wave length of 254 nm; 0.5% 2-propanol/hexane (v/v) was used on CSPs.
In general, the resolution of Chiralpak IC was superior to those of the other
CSPs. In addition, the resolutions of other arylimine derivatives of oa-amino
acid esters and the effects of different mobile phases on the enantiomeric
separation of a-amino acid esters as benzophenone imine derivatives on
Chiralpak IC were investigated.

In chapter IV, the Comparative liquid chromatographic enantiomer separation of
a-amino acids, their esters and primary amino compounds is performed using two
CSPs prepared by covalently bonding (+)-(18-crown-6)-2,3,11,12-tetracarboxylic
acid (18-C-6-TA) of the same chiral selector. In general, the separation factors
and resolution factors for these analytes on the crown ether type CSP 1 were
greater than on the crown ether type N-CH3 CSP 2, while these capacity factors

on the CSP 2 were quite greater than on the CSP 1. Except for leucine methyl

_ix_



ester and phenylalanine methyl ester, the elution orders of all analytes
including o-amino a-alkyl acids and phenylglycine alkyl esters on the CSP 1
are identical to those on the CSP 2. This study showed that different connecting
structures for these two CSPs might influence their ability to resolve the
analytes depending on their structures related to the chiral recognition

mechanism.

Keywords: enantiomer separation, <chiral stationary phase, non-steroidal
anti—-inflammatory drugs, amino acid derivative, liquid chromatography, amino
acid ester, benzophenone imine derivative,
(+)-(18-crown-6)-2,3, 11, 12-tetracarboxylic acid.
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Chapter |
Liguid Chromatographic Enantiomer Separation
of Non-steroidal Anti—inflammatory Drugs on Immobilized
Polysacchar ide Derived Chiral Stationary Phase

under Reversed and Normal Phase Mode



Abstract

The liquid chromatographic enantiomer separation has become one of the most
essential research areas for development of chiral drugs for over two decades.
first generation coating type chiral stationary phases (CSPs) derived from
polysaccharides have been the most widely utilized for enantiomer resolution of
a wide range of chiral compounds. Recently, the second generation covalently
immobi |l ized type CSPs based on polysaccharides have been developed and applied.
The new type CSPs overcome the limitation of the coated type CSPs related to
solvent versatility and their applications, since the chiral selectors of
polysaccharide derivatives of these CSPs have been immobilized to a silica
matrix through covalent bonding. The covalently immobilized type CSPs for
enantiomer separation had been only employed under normal phase and non-aqueous
polar organic solvent mode. However, very recently only a few results employed
under reversed phase conditions were reported. Compared to normal phase liquid
chromatographic enantiomer separation, reversed phase enantiomer separation
using aqgueous mobile phases is particularly convenient for biological samples of
serum or plasma as well as aqueous synthetic analytes. In this study, we present
enantiomer resolution of several NSAIDs (non-steroidal anti-inflammatory drugs)
on the covalently immobilized type CSP, Chiralpak |A under reversed phase as
well as normal phase conditions. Since the same acid additives are used under
reversed phase as well as normal phase conditions, this is the first comparative
report on both reversed and normal phase liquid chromatographic resolution of

NSAIDs regarding acid additive effect using Chiralpak [A.

Keywords: enantiomer separation, <chiral stationary phase, non-steroidal

anti-inflammatory drugs.
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1.2.1 &g J|J|
My AZOEDHL A8e OS2 JIIIS2 FAHE HPLCE AF=5He A20A
2ot AL, HPLC & JIJ12 Waters model 1525 binary pump, 20 uplL loopE JtH&l

Rheodyne model 7125 #=&JI, a dual absorbance detector(Waters 2487 detector)E

ArESIALH. 218 ZEo=Z= Chiralpak 1A(250 mmLx4.6 mm |.0., & Daicel

Chemical 3lAl) 2SS AFZGIUCH. (Figure 1.1)

O

Chiralpak [A

§ By
f% =
5 H

OR

Amylose tris(3,5-dimethylphenylcarbamate) derivative

=

Ile

immobilized on silica gel

Figure 1.1 Structures of Chiralpak [A.

1.2.2 &8 AN

HPLC E0HZ AtEdt= methanol (MeOH), acetonitrile(ACN), tetrahydrofuran(THF),
hexane, 2-propanol2 J. T Baker(Phillipsburg, NJ)Z2=E Methanesul fonic acid,
ethanesul fonic acid, trifluoroacetic acid, trichloroacetic acid, acetic acidit
L ZHSEES Aldrich(Milwaukee, WI)SE Sigma(St. Louis, Missouri) ZIAIZRE
PUBIUCH (Figure 1.2)



L |
(@) OH

fenoprofen flurbiprofen

OH ; :N OH
HaC 0

ibuprofen indoprofen
0
" o9 B
Ul - |
ketoprofen naproxen

Figure 1.2 Structures of NSAIDs.
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BHFRULCH. Table 1.12 &= 1-80lM= AZ0OIEDNIINAM OlSA0l 22 S0 =
AGHHIA A EOMHI2I 2 = & EIMHS SF S MMHE=0 ek S24=222 22l
Ha=(o)0ls BHE0l IX $£XN2 2el=(Rs)lles 2 &S Eles S BEHFAC

=S 60% MeOH/water (V/V)Oll
&b I Q! methanesulfonic acid2Z ALEotUS [ It £2 ZS0ldEH 2 &St
FE=2 2HFUCH. Table 1.12] &= 92 100l A methanol CHAl acetonitrile £=
tetrahydrofuran®2 A3t
JbE SLRUACH Table 1.1-1.110lA G& L= =& AZ20tE0MNTIHAM HH & &I
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Table 1.1 Effect of reversed mobile phase on the enantiomer separation of

ibuprofen and naproxen on Chiralpak [A.

Analyte buprofen Naproxen

Mobile phase a®  k'?" BRs® Conf.® a® k't Rs® Conf.c

1. 60% MeOH/water (V/V) with

20mM methanesul fonic acid
2. 60% MeOH/water (V/V) with

10mM methanesul fonic acid
3. 60% MeOH/water (V/V) with

5mM methanesulfonic acid
4. 60% MeOH/water (V/V) with

10mM ethanesulfonic acid
5. 60% MeOH/water (V/V) with

10mM trifluoroacetic acid
6. 60% MeOH/water (V/V) with

5mM trifluoroacetic acid
7. 60% MeOH/water (V/V) with

10mM trichloroacetic acid
8. 60% MeOH/water (V/V) with

10mM acetic acid
9. 40% ACN°/water (V/V) with

10mM methanesul fonic acid
10. 40% THF'/water (V/V) with

10mM methanesul fonic acid

1.13 7.67 1.74 S 1.24 6.52 3.01 S

1.12 7.26 1.70 S 1.22 6.18 2.89 S

1.12 6.63 1.08 S 1.21 5.43 1.89 S

1.12 6.36 1.02 S 1.21 5.43 1.77 S

1.12 6.98 1.03 S 1.20 5.33 1.85 S

1.12 5.98 0.97 S 1.20 5.13 1.64 S

1.06 4.61 1.43 S 1.13 2.9 2.64 S

4.32 - - 1.00 3.21 - -

Mobile phase; Flow rate = 0.5 mL/min; Detector UV 254 nm.

“Separation factor.

®Capacity factor of the first eluted enantiomer.

‘Resolution factor.

‘Indicates the absolute configuration of the second eluted enantiomer .

*Acetonitrile. fTetrahydrofuran



Table 1.2 Enantiomer separation of NSAIDs on Chiralpak |A under reversed phase
conditions.

60% MeOH/water (V/V)

lobile phase with 10 mM methanesulfonic acid
Analyte a’ k' Rs® Conf .
oroten 05 B4 om
Flurbiprofen 1.38 11.66 4.74
Ibuprofen 1.13 7.74 1.78 S
Indoprofen 1.18 16.53 1.21
Ketoprofen 1.03 5.30 0.38 R
Naproxen 1.24 6.64 3.10 S

Mobile phase; Flow rate = 0.5 mL/min; Detector UV 254 nm.
“Separation factor.

®Capacity factor of the first eluted enantiomer.
‘Resolution factor.

YIndicates the absolute configuration of the second eluted enantiomer .



Table 1.3 Enantiomer separation of NSAIDs on Chiralpak |A under reversed phase

conditions.
‘ 60% MeOH/water (V/V)
Mobile phase
with 10 mM ethanesulfonic acid
Analyte ol K'p Rs® Conf.®
Fenoprofen 1.04 7.72 0.62
Flurbiprofen 1.37 10.89 4. .41
[buprofen 1.12 7.26 1.70 S
Indoprofen 1.17 14.99 1.16
Ketoprofen 1.03 5.09 0.29 R
Naproxen 1.22 6.18 2.89 S

Mobile phase; Flow rate = 0.5 mL/min; Detector UV 254 nm.
®Separation factor.
bCapacity factor of the first eluted enantiomer.

“Resolution factor.

YIndicates the absolute configuration of the second eluted enantiomer.
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Table 1.4 Enantiomer separation of NSAIDs on Chiralpak |A under reversed phase

conditions.
‘ 60% MeOH/water (V/V)
Mobile phase
with 10 mM trifluoroacetic acid
Analyte ol K'p Rs® Conf.®
Fenoprofen 1.04 6.92 0.33
Flurbiprofen 1.37 10.47 4.35
[buprofen 1.12 6.63 1.08 S
Indoprofen 1.17 14.19 0.92
Ketoprofen 1.03 4.66 0.17 R
Naproxen 1.21 5.43 1.89 S

Mobile phase; Flow rate = 0.5 mL/min; Detector UV 254 nm.
®Separation factor.

®Capacity factor of the first eluted enantiomer.
Resolution factor.

YIndicates the absolute configuration of the second eluted enantiomer.
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Table 1.5 Enantiomer separation of NSAIDs on Chiralpak |A under reversed phase

conditions.
‘ 60% MeOH/water (V/V)
Mobile phase
with 10 mM trichloroacetic acid

Analyte ol K'p Rs® Conf.®
Fenoprofen 1.04 6.85 0.32
Flurbiprofen 1.37 10.42 4.20

[buprofen 1.12 6.98 1.03 S
Indoprofen 1.17 13.26 0.91

Ketoprofen 1.03 4.85 0.14 R
Naproxen 1.20 5.33 1.85 S

Mobile phase; Flow rate = 0.5 mL/min; Detector UV 254 nm.
®Separation factor.

®Capacity factor of the first eluted enantiomer.
Resolution factor.

YIndicates the absolute configuration of the second eluted enantiomer.
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Table 1.6 Enantiomer separation of NSAIDs on Chiralpak |A under reversed phase
conditions.

60% MeOH/water (V/V)

NobTle phase with 10 mM acetic acid

Analyte a’ k' Rs® Conf .
oot o 6@ 0@
Flurbiprofen 1.35 9.69 3.89

Ibuprofen 1.12 5.98 0.97 S
Indoprofen 1.17 13.00 0.85

Ketoprofen 1.00 4.55 -

Naproxen 1.20 5.13 1.64 S

Mobile phase; Flow rate = 0.5 mL/min; Detector UV 254 nm.
®Separation factor.
bCapacity factor of the first eluted enantiomer.

“Resolution factor.

YIndicates the absolute configuration of the second eluted enantiomer.
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Table 1.7 Enantiomer separation of NSAIDs on Chiralpak

|A under normal phase

conditions.
‘ 10% 2-propanol/hexane(V/V)
Mobile phase
with 10 mM methanesul fonic acid

Analyte ol K'p Rs® Conf.®
Fenoprofen 1.25 1.07 3.75
Flurbiprofen 1.42 0.97 5.80

[buprofen 1.00 0.66 -

Indoprofen 1.30 23.08 6.48

Ketoprofen 1.14 2.75 2.82 S
Naproxen 1.09 2.13 1.83 S

Mobile phase; Flow rate = 0.5 mL/min; Detector UV 254 nm.
®Separation factor.

®Capacity factor of the first eluted enantiomer.
Resolution factor.

YIndicates the absolute configuration of the second eluted enantiomer.
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Table 1.8 Enantiomer separation of NSAIDs on Chiralpak

|A under normal phase

conditions.
‘ 10% 2-propanol/hexane(V/V)
Mobile phase
with 10 mM ethanesulfonic acid

Analyte ol K'p Rs® Conf.®
Fenoprofen 1.25 1.00 3.70
Flurbiprofen 1.41 0.94 5.77

[buprofen 1.00 0.65 -

Indoprofen 1.28 21.07 6.28
Ketoprofen 1.14 2.74 2.82 S
Naproxen 1.09 2.10 1.80 S

Mobile phase; Flow rate = 0.5 mL/min; Detector UV 254 nm.
®Separation factor.

®Capacity factor of the first eluted enantiomer.
Resolution factor.

YIndicates the absolute configuration of the second eluted enantiomer.
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Table 1.9 Enantiomer separation of NSAIDs on Chiralpak

|A under normal phase

conditions.
‘ 10% 2-propanol/hexane(V/V)
Mobile phase
with 10 mM trifluoroacetic acid

Analyte ol K'p Rs® Conf.®
Fenoprofen 1.25 0.97 3.68
Flurbiprofen 1.41 0.90 5.44

[buprofen 1.00 0.64 -

Indoprofen 1.27 22.35 5.61

Ketoprofen 1.13 2.65 2.47 S
Naproxen 1.08 2.02 1.62 S

Mobile phase; Flow rate = 0.5 mL/min; Detector UV 254 nm.
®Separation factor.

®Capacity factor of the first eluted enantiomer.
Resolution factor.

YIndicates the absolute configuration of the second eluted enantiomer.
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Table 1.10 Enantiomer separation of NSAIDs on Chiralpak |A under normal phase

conditions.
‘ 10% 2-propanol/hexane (V/V)
Mobile phase
with 10 mM trichloroacetic acid

Analyte ol K'p Rs® Conf.®
Fenoprofen 1.23 0.94 2.93
Flurbiprofen 1.40 0.89 5.32

[buprofen 1.00 0.61 -

Indoprofen 1.27 22.17 5.10

Ketoprofen 1.12 2.39 2.14 S
Naproxen 1.07 1.86 1.36 S

Mobile phase; Flow rate = 0.5 mL/min; Detector UV 254 nm.
“Separation factor.

®Capacity factor of the first eluted enantiomer.
Resolution factor.

YIndicates the absolute configuration of the second eluted enantiomer.
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Table 1.11 Enantiomer separation of NSAIDs on Chiralpak |A under normal phase

conditions.
‘ 10% 2-propanol/hexane (V/V)
Mobile phase
with 10 mM acetic acid

Analyte ol K'p Rs® Conf.®
Fenoprofen 1.22 0.91 2.87
Flurbiprofen 1.38 0.90 5.16

[buprofen 1.00 0.63 -

Indoprofen 1.29 21.29 5.53
Ketoprofen 1.10 2.47 1.92 S
Naproxen 1.07 1.86 1.28 S

Mobile phase; Flow rate = 0.5 mL/min; Detector UV 254 nm.
“Separation factor.

®Capacity factor of the first eluted enantiomer.
Resolution factor.

YIndicates the absolute configuration of the second eluted enantiomer.
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Figure 1.3 Chromatograms of enantiomer separation of racemic naproxen (left) and determination of the enantiomeric
purity of a currently marketed S-naproxen drug (R : S = 0.8 : 99.2) (right) under reversed phase condition on
Chiralpak IA.

Mobile phase: 60% MeOH/water (V/V) with 10 mM methanesulfonic acid; Flow rate: 0.5 mL/min; Detection UV 254 nm;
Injection amount: 5 ug.
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Abstract

The liquid chromatographicEnantiomer separation of N—-fluorenylmethoxycarbony!|
(FMOC) a-amino acid was performed on covalently immobilized chiral column
(Chiralpak 1B) based on polysaccharide derivative as a chiral selector by
reversed phase liquid chromatography. The effect of the reversed mobile phase on
the chromatographic parameters of the enantioselectivities, resolution factors
and retention times using covalently immobilized Chiralpak |B was shown. Also
the enantiomer separation of N-FMOC a-amino acid in the reversed and normal
phase was compared and the results obtained in the former mobile phase were

general ly lower than those in the latter mobile phase.

Keywords: enantiomer separation, chiral column, amino acid derivative, liquid
chromatography
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2.2.1 &€ J|J|
X AZOIEDHI AE2 Us2 JIJIS2 F4E HPLCE AIE6t0 A 20A
2ot AT, HPLC & J1J12 Waters model 1525 binary pump, 20 ul loopE JtH&l
Rheodyne model 7125210, a dual absorbance detector(Waters 2487 detector)&
ArESIALH. 218 ZBEo=Z= Chiralpak 1B(250 mmLx4.6 mm |.0., & Daicel
Chemical 3IAl) ZES AF2GHACH (Figure 2.1)

O

Chiralpak 1B

OR 0 Me
0 9 N
RO R= i
n H
OR o

Cellulose tris(3,5-dimethylphenylcarbamate) derivative

immobilized on silica gel

Figure 2.1 Structures of Chiralpak IB.

2.2.2 &¥ AN
HPLC S0HZ AtE6t= acetonitrile(ACN) 2 J. T Baker(Phillipsburg, NJ)Z%H
S2 25 Aldrich(Milwaukee, WI)&2 Sigma(St. Louis,
Missouri)SIAI2 2H FotAdD 2ASE T Aldrich(Milwaukee, WI)E2 Sigma(St.
Louis, Missouri) BIALRRE  PUSIACH. " *(Figure 2.2) 0lsS& 02
acetonitriledt phosphate buffer& AFZStH 1M NaOHLE HCIS AtEStH pH 28 &=
= membrane filter(0.45 um)& O USHH AtESHRCE.

trifluoro—acetic acid(TFA) S
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Phenylalanine

Threonine

Norleucine

Q
H,N—CHC—OH

Phenylglycine

OH

Tyrosine

Figure 2.2 Structures of a-amino acids.
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2.2.3 g4
DL-PhenylglycineS CHEZAQ! o2 TSt 20l BFSAI2ICH. NaC0s2 424mg(4mmol )
tod EA30 €20 H0 10mLE Jtotd =QICt. DL-Phenylglycine 302mg(2mmol)
Fotod Jtst &= Dioxane 6mL Ittt LSO fluorenylmethoxycarbony | (FMOC)

I
Ol

chlorideE 517mg(2mmol)E I8t & AR20IM 7AI2F SOF WBHEHCH BISE& 20
ISt NaHCO; 29 10mL2t H0 20mLE Jtst Ct2, Diethyl Ether2 H0&E=2 FZStC}.
HOEZS F ot ice bathOlA 5% HCI U2 pHE <& 2 &2 AFEH OXIL
MEZl=0 018 oust & A3 HXGIH F

(~SE2 94.8%)
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iAol X &M=s 2=l

7\ 7\

- — CO,H
ﬂ NH, 30%Dioxane ﬂ 2
H 1 +R T CH,OCNH
‘ CH,0CC Na,CO; , 2
/ \ COOH / \ R

Figure 2.3 Preparation of N-FMOC derivatives of a—-amino acids.
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Table 2.1 Effect of mobile phase on the enantiomer separation of N-FMOC a -amino

acids on Chiralpak IB.

60% ACN in 50 mM
phosphate buffer (pH 2)
Analyte al K'? Rs®  Conf.®

Mobile phase

Asparic acid 1.16 0.30 1.12 L
Nor leucine 1.07 1.66 1.26 L
Norvaline 1.09 1.34 1.70 L
Phenylglycine  1.03 1.83 0.30 D
Serine 1.29  0.41 2.68 L
Valine 1.15 1.24  2.24 L

60% ACN in 75 mM
phosphate buffer (pH 2)
ol k' Rs®  Conf.*

Mobile phase; Flow rate = 0.5 mL/min; Detector UV 254 nm.

®Separation factor.

bCapacity factor of the first eluted enantiomer.

“Resolution factor.

YIndicates the absolute configuration of the second eluted enantiomer.

_31_



Table 2.2 Effect of mobile phase on the enantiomer separation of N-FMOC a -amino

acids on Chiralpak IB.

_ 65% ACN in 0.1% TFA 60% ACN in 0.1% TFA
Mobile phase
aq. solution ag. solution
Analyte al K'? Rs®  Conf.? «a@ k' Rs®  Conf.®

Asparic acid 1.20  0.20 1.38 L 1.25 0.23 1.74 L
Nor leucine 1.07 1.07 1.42 L 1.08 1.59 1.52 L
Norval ine 1.09 0.85 1.60 L 1.11 1.23 1.94 L
Phenylglycine  1.04 1.06 0.40 D 1.04 1.56 0.56 D
Serine 1.40 0.26  3.02 L 1.41 0.34  3.68 L
Valine .16 0.81 2.04 L 1.16 1.17 2.52 L

Mobile phase; Flow rate = 0.5 mL/min; Detector UV 254 nm.
“Separation factor.

®Capacity factor of the first eluted enantiomer.
‘Resolution factor.

YIndicates the absolute configuration of the second eluted enantiomer.
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Table 2.3 Effect of mobile phase on the enantiomer separation of N-FMOC a -amino

acids on Chiralpak IB.

_ 60% ACN in 0.1% TFA 60% ACN in 0.2% TFA
Mobile phase _ _
aq. solution ag. solution
Analyte al K'? Rs®  Conf.? «a@ k' Rs®  Conf.®

Asparic acid .26 0.23 1.74 L 1.25 0.24 1.80 L
Nor leucine 1.08 1.59 1.52 L 1.08 1.70 1.60 L
Norval ine 1.11 1.23 1.94 L 1.11 1.32 2.02 L
Phenylglycine  1.04 1.56  0.56 D 1.05 1.64 0.76 D
Serine 1.41 0.34  3.68 L 1.47 0.36 3.96 L
Valine 1.16 .17 2.52 L 1.16 1.20 2.54 L

Mobile phase; Flow rate = 0.5 mL/min; Detector UV 254 nm.
“Separation factor.

®Capacity factor of the first eluted enantiomer.
‘Resolution factor.

YIndicates the absolute configuration of the second eluted enantiomer.
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EMUO| 0ls40] £E2 Zet2esS BH=AI| 20 Table 2.4-2.50A E0H=Fz= A
ME FoHe A& Ols&0lA 18IH2 N-FMOC-a—amino acidel ZstEZelE =&otUL
S g4 0l S0HAM 0.2% TFAZS  E&sh 60% acetonitrile=E MU OlSAS AIE
otAU= [ 75mM phosphatell 60% acetonitrile buffer 2| OlS&S AIEcIAS [
S0 HRE A0l BC. DdU 24229 2elH(a)2 M2 OlSAMA 242t
A LEHUO (a=1.05-1.47) 2el<(Rs) 2% MRS OlS&4UHAM £ JHE MG

= LEtEoz2 X3 AN LIEFHCH (Rs=0.38-2.73) Figure 2.42 0.2% TFA

=
=
60% acetonitrile =M FA OlsaUAL MEHCl ZstEE JDAZ20IEIHEES 2

ot s ZEHUA 0.2% TFAS &St 60% acetonitrilex=EHZ 0|SH2Z
= UM ZSEE ZUE 0.1% TFAS EZ&0dt= 5% 2-propanol/hexane 2 0S4
O Fle =40ANo ZE=2| 20 HIWSHACH® SLE I 2HS A2IS
[ LerEo=2 =AM ZeEeldt SaAMe ZetZel0l dloh £+t Z2UE &
== AMY, 2 HF2UAHE N-FMOC glutamine, methionine, threonine, tyrosine
S Z2 e EA2EE Mot R 24229 =&0AY Zet=celdt &

Of HIgh 248 ZUE L0IFUCH (0=1.09-1.86, Rs=1.00-7.47)""
= =& 0 M N-FMOC glutamine2 Mol Z&Zc2ITAl HUKXIEH
0.2% TFAS E &8t 60% acetonitrilerEUNS 0ISA2Z ot FHNM= B2 25

F=ACH(a , Rs=0.75) Table 2.1-2.30lAM & JH2 N-FMOC «
s Zellide F&9 0lss SFU 2380 224 U= SeladsE 261
UM Table 2.4-2.50AE D& Ols&UHA =& ZUE SB0H==0 N-FMOC

phenylglycine E&8AIZ8t MeotDeE L-0/4&XMII =H 2 AHKCH., Osd 0|
N

22 A2 =49 0lsa0lAd= N-FMOC phenylglycine 2/0il N-FMOC isoleucine
valine2 &9 0|4 Z0te BHHZ D-0IE8E NI =H ST AHRICH. £t =40
Ne A28 (Esd) E4222 2R 250 =24 080 U= 2 2H2E2
SH 2= AH XU D40 A= hydrophobic-hydrophobic interactionOl SR0otH &
SI01 HEHHOF EI0H ™ JehA 4 0ISA0IA N-FMOC 2-aminocaprylic acid 22 2
+=H(2eyd) 222 IJE =H Ec2l& 2 N-FMOC aspartic acid, glutamic acid,
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Table 2.4 Enantiomer separation of N-FMOC a-amino acids on Chiralpak B

reversed phase.
Mobi le phass 60% ACN in 75mM 60% ACN in 0.2% TFA

phosphate buffer (pH 2) ag. solution

Analyte o’ k' Rs® Conf.® a@ k' Rs® Conf.

Alanine 137 097 6.8 L 138 079 546 L
2-Aminobutyric acid  1.24 1.16 3.72 L 23 1.04 3.74 L
2-Aminocaprylic acid 1.08 3.00 1.74 - .09 2.78 1.84 -
Aspargine 1.15 0.40 1.46 L 20 0.29 1.66 L
Asparic acid 1.16 0.40 1.48 L .25 0.24 1.80 L
Glutamine 1.7 0.30 1.26 L 21 0.24 1.50 L
Glutamic acid .11 0.38 1.30 L 19 0.32  1.50 L
Isoleucine 1.08 1.71 1.46 L .09 1.63 1.40 L
Leucine 1.00 1.66 - .00 1.51 -
Metionine 1.09 1.39 1.62 L .09 1.25 1.58 L
Nor leucine 1.07 1.79 1.9 L .08 1.70 1.60 L
Norvaline 1.10  1.39 1.74 L A1 1,32 2.02 L
Phenylglycine 1.04 1.87 0.64 D .05 1.64 0.76 D
Phenylalanine 1.07 197 1.48 L .08 1.87 1.52 L
Serine 1.35  0.43 3.50 L A7 0.36 3.96 L
Threonine 1.16 0.49 2.10 L 19 0.42 2.04 L
Tyrosine 1.09 0.89 1.32 L 10 0.79 1.4 L
Valine .16 1.34 2.4 L 16 1.20 2.54 L

Mobile phase; Flow rate = 0.5 mL/min; Detector UV 254 nm.

®Separation factor.

bCapacity factor of the first eluted enantiomer.

“Resolution factor.

YIndicates the absolute configuration of the second eluted enantiomer.
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Table 2.5 Enantiomer separation of N-FMOC a-amino acids on Chiralpak

normal phase.

1B

Mobile phase

Analyte

5% 2-propanol/hexane with 0.1% TFA

Alanine
2-Aminobutyric acid
2-Aminocaprylic acid
Aspargine

Asparic acid
Glutamine

Glutamic acid
Isoleucine

Leucine

Metionine

Nor leucine
Norvaline
Phenylglycine
Phenylalanine
Serine

Threonine

Tyrosine

Valine

6.61
3.88'
3.81'
1.96°
4.40"
11.36°
5.30

o . — O r— — — o O r—

Mobile phase; Flow rate = 1 mL/min; Detector UV 254 nm.

%Separation factor.

bCapacity factor of the first eluted enantiomer.

“Resolution factor.

YIndicates the absolute configuration of the second eluted enantiomer.

©f20% and 10% 2-propanol/hexane (V/V) with 0.1% TFA, respectively.
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Figure 2.4 Chromatograms of enantiomer separation of N-FMOC alanine (left) and N-FMOC serine (right) on chiralpak IB.
Mobile phase : 60% ACN/Water (V/V) with 0.2% TFA; flow rate = 0.5 mL/min: detection UV 254 nm: injection amount 3

Hg.
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S0 A TFAS 28t acetonitrile =82HZ2 0IS&422 AIEdl= &st=c2Dt HE £
2 ZUE BAXC TFAZE E&5t= 2-propanol/hexane2 OIS& 22 ot =& W A2
ZUE 0= EX LA LIESC. 21g2 88Xt 38 Z&E Chiralpak 1B 21& 2¥
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Ct.
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Chapter Il
Enantiomer Resolution of Benzophenone Imine a-Amino Acid

Esters on Chiral Stationary Phases by HPLC
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Abstract

A convenient liquid chromatographic method for the separation of a-amino
acid esters as benzophenone Schiff base derivatives on coated chiral stationary
phases (CSPs) (Chiralcel OD-H, Chiralcel 0D, Chiralpak AD-H, Chiralpak AD, and
Chiralpak AS) or covalently immobilized CSPs (Chiralpak |A, Chiralpak IB, and
Chiralpak IC) derived from polysaccharide derivatives is described. Benzophenone
imine derivatives of oa-amino acid esters were readily prepared by stirring
benzophenone imine and the hydrochloride salts of a-amino acid esters in
2-propanol. The chromatographic separations were conducted at a flow rate 1
mL/min and a detection wavelength of 254 nm; 0.5% 2-propanol/hexane(v/v) was
used on CSPs. In general, the resolution of Chiralpak IC was superior to those
of the other CSPs. In addition, the resolutions of other arylimine derivatives
of a-amino acid esters and the effects of different mobile phases on the
enantiomeric separation of o-amino acid esters as benzophenone imine

derivatives on Chiralpak IC were investigated.

Keywords: chiral stationary phase, Benzophenone imine derivative, Enantiomer

separation
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g oAES HLote UERH I AUES SE2Llcte NL20HHA 21
S22 2 QlerEol &4, 22l S WEHUA Y SEE2 ZEEle R s
AP FAU HYEC. OHEZ2 g JUBHLUM I S2HAL ALEES2 &t
OI8EM =& BUHEE S&Hote 20l et 2 AR HSB0HH MG
0f SHCH."2P J|2 2ESo ZS2LE QS oy ALY Z0A, JIZ DFMS
0128 J|2 2AYS JIE H2 5D e UyoR A UL zz2 =2 dpa
OIM 2IE 2AAdZS HLot=d =8 222 ZHE  a-amino acid ester2t amino
alcohol2 Z&h 22|58t 2WUE BDGIUCH.*® 0152 Z&t=2el2 AW a-amino acid

ester @ amino alcoholE 9-anthral ine Schiff baseZ S HMst & =0, U &

dim
T2 e JIEg LDEMNUAMN Z2StELE =oAL, 0=

a-amino acid ester &t
amino alcohol2l 9-anthraldimine S SXl= Chiralcel 0D(0D-H)UHIAM &3l £ &8
FolE BH=UC. 2 HAF0UA a-amino acid ester@ 9-anthraldimine REME
0rSJ| <IHA amino acid ester HCIOI 9-anthraldehyde, 1,8-diazabicyclo[5.4.0

4.
lundec-7-ene(DBU) &EDIE MgS042t &M 2-propanol ZOHUHAM A2 BISAIH &=
AdE £ QUJXL & H 2HESID H=2 #Helst SEXs 882 20X AEZoA
Ct.*

0t=D| 2ol benzophenone imine=2 AFE0IACE. Benzophenone iminelt a-amino acid

=

1Y)

il
>.

el a-amino acid ester@t aromatic Schiff baseZ XI&& iminefREZHME

ester?t B+So6tH &&= benzophenone imine Schiff base REHM2 S IS phenyl
groupOl 1€ DH&S chiral selector0ll 2loi Z&0I4&EXNE Zclotdl <Is
aromatic auxiliary groupQ@2M JIsS & 240l2+ JIHGHRICE.Y Benzophenone imine
Schiff base |REM= OlMO0l phase-transfer alkylationOlA a-amino acid ester2
HICHE S8 S <18t 222 AI2Z0 2D HIDF AL SEHE HS2E2 A6
= benzophenone imine2 & P& = U= =L 2L OtLiet 015 MEE B
S, @6 AR G-anthraldimine REXHE 2 I AFEE DBURt &2 EIIE AIE
OtAl 220t= &0 20l Z&tEZelE I8t aromatic Schiff base FE&X=Z & YOI
0= 2tEoi& ZHEO0|l UACH. Benzophenone imine2 Benzophenonelt NH3S| =&fel

0171 20l o-amino acid ester HCIS 2-propanol il =0 benzophenone imineS Jt

& &AL transamination B'S0l LHHCH. deiAM  a-amino acid ester2 benz
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ophenone imine Schiff base REXNE &40t 2t= [, a-amino acid ester HCIO
benzophenone imine2t= 20 2-propanol Z0HUIA A2 BISAZA2Z &&E = UK
O 24 MgSO4E &M EIIGHH =22 MAHECE O 2882z REME 48 =
QUACH.>7® 0243 benzophenone imine S EHS ErESNUES M3 ¢3RO q-amino
acid ester® 9-anthraldimine SEHE ¢S= WHECM M 2TGICHY £& O

FENZRH SEE J|g ZHIN2U I1g dE8HII S=E I|E ZH2 hexane

o 2 dR0AE OY SCHS 28 Zes J|z 20t AAZ5Ac.Y" ez
2 H70M Hdd 3F2 a-amino acid esters
SEME =0 O REHd2 218 A8 =
IA, Chiralpak IB, Chiralpak IC) AtEdt0! & st
Ols4 E0H2 0.5% 2-propanol /hexane (V/V)

o= U 254 nmOlM & &otCH. CHek, Chiralpak |
2 JH2l a-amino acid methyl esterl &= =g [HOIEH 5%
(V/V)2 A5

benzophenone imine Schiff base=
Z8E J1g 28 =2(Chiralpak

o=
clgt A2 NE 26X &Lk,

- 44 -



w
N
>
1L
0%
IS

3.2.1 && J[J]
s YA 3A20E0HI 482 US 20 RHEE HPLC 21212 AFE26HH =3
otACH. Waters model 1525 binary pump, Waters auto-sampler, Waters 2487

detector (0= Waters &IAHE AZ2olRCH. I8 FEHOZ2 = Chiralpak A, Chiralpak
1B, 12l Chiralpak IC(250 mm L x 4.6 mm i.d., 5 um, &= Daicel Chemical &l
A)ZE ALZGHSLCH. (Figure 4.1)
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Amylose derivative
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s 0 ey
RO R= |
n H
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Cellulose derivative

immobilized to silica gel
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Chiralpak IC

OR /:ﬁ\
f@ =
H
n
OR

Cellulose derivative

Cl

Cl

immobilized to silica gel

Figure 3.1 Structures of ChiralpaklA, Chiralpak 1B, Chiralpak [C.

3.2.2 &g AN

HPLC S0iE At&dt= hexane, 2-propanol & J. T. Baker (Phillipsburg, NJ)OIAl,
anhydrous magnesium sulfate(2& &=&3tst), benzophenone iminelt a-amino acid
methyl ester2&=2&2 2% Aldrich(Milwaukee, WI), Sigma(St. Louis, Missouri)
Advanced Chem Tech(Louisville, KY) SIAI22E P oIRACH.

3.2.3 &4

a-Amino acid ethyl ester2&=&& a-amino acid0il ethanol & Jt
OlM 2-3 &2 thionyl chlorideS AAGSl Jtotd & =N T
rotary evaporatorE 0I&6tH E0ME & AT A2 2 ARt 2

g
o=

@
ol
_

D

&
5
pny

10
=2
x

T
T

A=A g-amino acid ester2 benzophenone FEXME & &St
Ct.>" (Figure 3.2) 10 mL2l 2-propanol 0H0ll a-amino acid ester HCI 0.6 mmol,
benzophenone imine 0.5 mmol, MgSOs 2.5 mmol=2 JtGtO 12 Al2tS0QF A=20AM wEHAl
2IC}.

Ph

0 Ph o
+ HCIH5N —
%NH 2 \‘)J\OR' —_— >*N \‘)J\OR'
Ph Ph
R R

Figure 3.2 Preparation of the benzophenone imine derivatives of a-amino acid
esters.
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2

& AFOA 9-anthryl groupOl 18 DHE A chiral selector?t Zs0IHdEME
Zc2lotdl fIst aromatic auxiliary grouplz2M Jls2 otJAE AXHE, 2
benzophenone imine Schiff base SEX <2 S JHel phenyl groupOl 48t &
21012t JICHGBHRACH.*® J2H A benzophenone imineS OI25HN CHYs =&
acid ester2l benzophenone imine Schiff base REME &&olH UE REXel I
HET SRZE 2 JIE ZE2 01800 ZstEelE UL

Table 3.1-3.32 UY RTHM2 I SEXIL DEAU
& (Chiralpak A, Chiralpak B, Chiralpak IC)0IA 1002 «a
ester?t ethyl ester2l benzophenone imine REME &St Zc2l8 Z2WO0ICE. Table
3.30 UEtet AX™E  Chiralpak IC I8 ZEWM a
benzophenone imine |RE=M2 JtE £2 Zst=2cl 2UE 20=F
3.22| Chiralpak IA2 Chiralpak IB /& ZEHAHM=E £ JH = =
HMECZ &st=20t &IX LUK Table 3.32] Chiralpak IC I ZHUMAM= &
g3E 2E ANFQ FsFRIH JIFE=E2d2 1 U822 20HF1D U (a
=1.12~2.12, Rs=2.08~12.94) Table 3.1-3.30l M a-amino acid ester2l benzophenone
imine S&EXM2 Zs=EclE Y FR, dHNEBLSZ st 0ls&2 0.5%

£ MNEdtd=0 Table 3.32 Chiralpak IC ZEO0A
asparagine methyl ester S& M2 aspartic acid dimethyl ester R B<R0= 2
A2 2&AI2H01 XU M5 ScelD Xl ZUCH DM 0l & SREHS2 3%, 5%
2-propanol/hexane OlS&S ArE6t0! asparagine methyl ester REX (a=1.4
k'y=7.23) aspartic acid dimethyl ester REXI(a=1.47, k'=7.57)2 £ &&t =L

Z2UE &€= &= UUL.

sZge M Jg 2

-amino acid methyl

-amino acid ester?

2-propanol/hexane (V/V)

cC
e

ol

F Table 3.30IA 2YotH BH=F1D U= AME, MMESZ a-amino acid
methy| ester 2l benzophenone imine S &M 2l separation factorLt resolution factor
o] ZstE2e| Z= HESt= ethyl ester SEXM HELH 2% O £ZH LHEILE 01

r

st Z1t= 9-anthraldimine derivativesOi M2 Z2stE22|2 &2 JEd=2 BWHFD U
Ct.* L8t g-amino acid ester2 benzophenone imine SEM o Z&=2eI0 U0 1
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Table 3.1 Separation of the enantiomers of a-amino acid methyl esters as
benzophenoneimine derivatives on Chiralpak IA.

Analyte e k' Rs® Conf.*
‘alanine 100 1 -

asparagine .16 5.95 3.01 D

aspartic acid 2 4.99 2.20 D

leucine .00 1.16 -

Methionine .00 3.83 -

Nor leucine .00 4.04 -

Norvaline .00 1.31 -

phenylalanine .00 2.05 -

phenylglycine .23 3.32 2.16 D

valine .06 0.99 0.63 L

Mobile phase; 0.5% 2-propanol/hexane (V/V); Flow rate=1 mL/min; Detection

uv 254 nm.

%Separation factor.

®Capacity factor for the first eluted enantiomer.

“Resolution factor.

YIndicates the absolute configuration of the second eluted enantiomer.
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Table 3.2 Separation of the enantiomers of a-amino acid methyl esters as
benzophenoneimine derivatives on Chiralpak IB.
Analyte e k' Rs® Conf.?
‘alanine 100 tot -
asparagine .55 4.40 6.19 L
aspartic acid .49 4.23 5.70 L
leucine .00 0.93 -
Methionine .05 2.38 0.30 L
Nor leucine .00 1.17 -
Norvaline .00 1.20 -
phenylalanine .62 1.58 8.39 L
phenylglycine A7 1.92 0.69 L
valine .00 1.32 -

Mobile phase; 0.5% 2-propanol/hexane (V/V); Flow rate=1 mL/min; Detection

uv 254 nm.

%Separation factor.

bCapacity factor for the first eluted enantiomer.

“Resolution factor.

YIndicates the absolute configuration of the second eluted enantiomer.
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Table 3.3 Separation of the enantiomers of o-amino acid methyl esters as

benzophenoneimine derivatives on Chiralpak |C.

Analyte a® k' Rs® Conf.?
“alanine 148 732 6.67 | L
asparagine 1.48 7.23" 8.47 L
aspartic acid 1.47 7.57" 7.48 L
leucine 1.72 3.91 6.68 L
Methionine 2.09 15.61 11.84 L
Nor leucine 1.80 4.36 7.06 L
Norvaline 1.73 4.95 6.78 L
phenylalanine 1.12 8.48 2.03 L
phenylglycine 1.98 9.78 9.59 D
valine 2.12 3.33 12.94 L

Mobile phase; 0.5% 2-propanol/hexane (V/V), 1)5% 2-propanol/hexane (V/V);
Flow rate=1 mL/min; Detection UV 254 nm.

®Separation factor.

®Capacity factor for the first eluted enantiomer.

‘Resolution factor.

YIndicates the absolute configuration of the second eluted enantiomer.
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Table 3.4 Determination of the optical purity of commercially available or
synthetic a-amino acid esters as benzophenone imine derivatives on Chiralpak
IC.

Entry Analyte Company D:L ratio® RSD”
1 Laspartic acid dinethyl ester  Aldrich 0.1 909 0.58%
2 L-leucine methyl ester Aldrich <0.01 © >99.99 0.58%
3 L-methionine methyl| ester Aldrich 0.1 :99.9 1.53%
4 D-phenylglycine methyl ester Aldrich 99.4:0.6 1.41%
5 L-phenylglycine methyl ester Aldrich 0.1 :99.9 1.15%
6 L-valine methyl| ester Aldrich <0.01 © >99.99 2.31%
7 L-aspartic acid diethyl ester Synthetic’ 0.1 :99.9 0.58%
8 L-leucine methy!l ester Synthetic’ 0.1 :99.9 2.08%
9 D-phenylglycine methyl ester Synthetic’ 99.0:1.0 1.35%

See experimental for chromatographic conditions.
®Average value of three determinations.
®Relative standard deviation.

CSynthesized sample prepared accord ing to the conven tional methods [7].

_53_



Table 3.5 Stability test of optical purity results for L-leucine methyl| ester
as benzophenone imine derivatives stored at 4°C after derivatization with

benzophenone imine in 2-propanol.

Storage period L:D ratio® RSD"
777777777777777 00y <01 099 oseh
2 Day <0.1 :>99.9 0.47%

4 Day <0.1 :>99.9 0.70%
7 Day <0.1 :>99.9 1.01%
10 Day <0.1 :>99.9 0.58%
15 Day <0.1 :>99.9 0.75%
21 Day <0.1 :>99.9 0.61%
27 Day <0.1 :>99.9 0.80%
35 Day <0.1 :>99.9 1.12%

®Averages of three determinations.

®Relative standard deviation.
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Figure 3.3 Chromatograms of the enantiomer resolution of the benzophenone imine derivative of racemic leucine methyl
ester (left) and L-leucine methyl ester (right) (D:L =<0.1:>99.9) on Chiralpak IC.

Mobile phase : 0.5% 2-propanol/hexane (V/V); flow rate = 1mL/min; detection wavelength: UV 254 nm; injection amount
4-5u9.
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Figure 3.3 Chromatograms of the enantiomer resolution of the benzophenone imine derivative of racemic valine methyl
ester (left) and L-valine methyl ester (right) (D:L =<0.1:>99.9) on Chiralpak IC.

Mobile phase : 0.5% 2-propanol/hexane (V/V); flow rate = 1 mL/min; detection wavelength: UV 254 nm; injection amount
5-6ug.
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Chapter IV
Comparative Enantiomer Separation on Chiral

Stationary Phases Derived from Chiral Crown Ether
by HPLC
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Abstract

Comparative liquid chromatographic enantiomer separation of a-amino acids,
their esters and primary amino compounds was performed using two chiral
stationary phases (CSPs) prepared by covalently bonding
(+)-(18-crown-6)-2,3,11,12-tetracarboxylic acid (18-C-6-TA) of the same chiral
selector. In general, the separation factors and resolution factors for these
analytes on CSP 1 were greater than on CSP 2, while these capacity factors on
CSP 2 were quite greater than on CSP 1. Except for leucine methyl ester and
phenylalanine methyl ester, the elution orders of all analytes including
a-amino a-alkyl acids and phenylglycine alkyl esters on CSP 1 are identical to
those on CSP 2. This study showed that different connecting structures for these
two CSPs might influence their ability to resolve the analytes depending on

their structures related to the chiral recognition mechanism.

Keywords: enant iomer separation, Chiral stationary phase,

(+)-(18-crown-6)-2,3,11, 12-tetracarboxylic acid, Chiral crown ether.

_60_



(+)-(18-¢c

fown—6)—

own-6)-2,3,11, 12-tetracarboxy | i
ic

(0]
[l

4.1 ME

Jzr Jpte
2 32t oiEE
g o

=

=

oF T E Ol A
acid (18-C-6-TA)

=
[—

M 3 &= ol WA
ol 0 —, K @ Yoy n T N
oo o =3 g NR S 8 m
immﬁlg armm;ﬁm>aA_x_:§ae
-1 ol =S m XK % 2 XU = i L T L|
o i R’ T < — ol A — < FAr i 0 S = = o =
2 R o 2 & o, W 8 8 A == B
S0 O m o o f0 2 R IR g S e N UK @ Sm T R
o__mg+o_armﬁﬁa m|8.a_e%m_%o|~@§ IS
2 %_wmotgm_u;gf_&wam)@; g
7 o ooy m K S ® T O T o &k oo AUoOm Moy ® H
K < 0 K35 = o) %_. o = S = 3 U il H
Oy T wE RS agm.rmﬂsm|wo|1.f;e
=L TED §T w25 o= o I T Mg
i T — = - o = . — — - - =< by
= = ® ool o o 3% _ W R 8T <0 o L, A
mwm 0 % §;gnww o3 %mmwww W A.mguw RO w wgﬁ% ﬁ
)H_IHEag:%memr%szmzmﬂgm%o
= gomoo K oo R OHio_ﬁATB. o 8. = i)
R R PN om S o ol e g WS
ELE I — 7 S 52 - N = & ° o
O — = =z S — X0 S & M o = -~ o3 - o Y a =
wo_w_ﬂlJOmﬁm._ﬂm S o= %Hls_lﬁa%mmw
3 m 3™ ooyl x 4 = H < i W o« S W 3zd = %
Z W 2 R MO w2 = OF S _ImuI:Imem o 3 = ~ =
w5 Bl = S O = m ML —~ o = - © ol © S
o M OF 8% ol & %= a RO @ OF © 9 KO ) g 7 . &5 6
v~ g oz Mo X o FH g e W = G & 2
o ° 5 20 S m < I o 0 I 9 22 ol = = = =
0= S ®© Kl & ol o b B S5 o = = 5 =
B3 m.A_H S iod m == %0 o) — S oM o = T 5 0o K S o = o -
famamﬂAl_nu_Mo_L |L|ﬂE\./.IE._ k o_u|o|_D| %Ao °
110 1 o N > HI chu_._ m ...O K WT\ o = E_E ~N — % z0 =
R R R AT
oll m -E :.m_. 16 N i T = o5 RS A w = I 2] m_._r; 9 o m
= oou @ oMo g oom @ m _ o 5 X s W o
_.___E _x—E _ m n _c _.:._ - o < © < ™3 o ™ —
= s 2 ﬂ xr ™ Hog B 335 U s ¢ = T s 2™ _
- K = W A 5§ SR o w Yo ﬁ.m
T+ H < K IF 9oz M B = 53 1 £ 5o 5
@W@ME QHWE&M%%%m@%HN
Lo < = i = R
a_oA_AO_EJMoTHéE& EAoT H:Hr_dsE@
ol 4 b 3 = %0 _ o I W W <H o © T I+
a_uuén_uaa____e-ﬂ_a_:c :IMHIm%ﬁr_c e
It o R &b+ - uo =Ty FAI i T m_ RT oo o E
ol o) - o T 3 S ! = 3 Fom UG 0 R N ® L o =)
e T e 8w w = 2P g e Mo Kool c &4 o
SO U = o = _ © = KI ol §
5N = g S = 1.7 B = 2 L oa =
5 o 2 = < o0 o ol 5 3 X 6
— - ar = — 1o .
SR A TR
Z <k

- 61 -



o
N
>
ok
0Z
[T

4.2.1 48 JJI
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0
Ol

tACH. Agilent 1100 HPLC system 2 HP1100 series quaternary pump, HP1100
series auto-sampler, HP1100 series Diode Array detector £ AtEotULCE. Figure
5.1011A 20H=F== ot 20, 2  d70AM (+)-(18-crown-6)-2,3, 11,
12-tetracarboxylic acid (18-C-6-TA)2 22 & S =& Chirosil RCA (250 mm L X 4.6
mm 1.0., 5 um, CH&, RS Technologies) (CSP 1)1t Chirosil N-methyl RCA (250 mm L
x 4.6 mm 1.0., 5um, CH&, RS Tech Corp) (CSP 2)E AF=oRULE.

7 W 7

HOOCy, o(\ /E COOH % %‘ 5
HOOCJiO j' lj.N /He/\ /\

o~ “cooH /\ o/\
o i@ oA

OH

Figure 4.1 The structures of (+)-18-C-6-TA (left) and its derived CSP 1
(middle) and CSP 2 (right). Two intramolecular hydrogen bondings (dotted line)

between the amide N-H hydrogen of CSP 1 and the ether oxygens of the crown
ether moiety of the CSP 1 were shown.

4.2.2 &8 A<

HPLC Ol =S4 E0H2 AMIZ2Z methanol @ Fisher Scientific (Pittsburgh, PA)OIA,
perchloric acide= 2& Junsei Chemical SIAIZ2REH FASIULCH. =H2E2 BF
Aldrich (Milwaukee, WI), Sigma (St. Louis, Missouri), Advanced Chem Tech
(Louisville, KY) ZAIZ2H FUGIALCH. 0l=S4& ZO0HZ perchloric acidE acid

additive2 AFEZ8t 100% methanol = 90% methanol/water (V/V) S AIZ5IE D 8=

TT /™

2 1nml/min ZELE2Z UV 230 nmOil A A& GHALEH,
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220 =2% AN UEUD Z2l&=(Rs)= serinedt threonineg MRS 2LE 242
Z0lM CSP 10l CSP 22CH =324 A LIEIGCH. Table 4. 10l E20H=1 U= A
P 11t CSP 20IM 2l Ecl=AM= ZH 2FECh. el serineldt threonineES Al
otd= RE BHASZEO EclaAde= D-0I8EMI & BHMZ Eeld=s X222 LHE
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S 229 b-carbon X0 hydroxy groupOl Z=MstI| HESZ LOHECE.? 0l =Xt
©| hydroxy groupOl 18-C-6-TAS| chiral selector®t =AZ&ES 822 49 ALY
Ct2 I|2QIX| mechanismOl X35t 222 &AHE 2 JACH.®Y Figure 5.2=
HHOI chromatogram@ 2, &€& A& X2146H0lAM CSP 11t CSP 20l 2l phenylglycinell
25228 B0F=10 UL
Table 4.2°] 4 BF2 a-amino acid methyl estersl Z&ZclZ2UE HXNE2
2 Table 4.12] Z Ut Hi=& Z&=S LIEIUHUCH. SEIXt= CSP 12CH CSP 201 A
A LEtH D, 2clil=2 22=0MA= E I HeIE HMelotl= CSP 10 A 2t CSP
20l 2CH CHME2Z a4 IA UEHSCH O8idl Table 4.120 Z&u T2
leucine methyl| ester @ phenylalanine methyl ester= CSP 10l &3 &8 =22l &K
EAKXCH CSP 20M= Z&=Zeldt EIRUCH. E£8F threonine methyl ester@ serine

methyl ester= =c2lH£=2 S2I=IJF CSP 20lA GO AAH UEGCH. £8& Sel=Md =

4N

H

HUHME E0I22 Z2UE EWF=D UCH. Table 4.201MH CSP 12 AFE8 a-amino
acid methyl esters &stZ2|2 cl=Ae= Table 4. 10 CSP 12 AFE8H a-amino

9
acid ZstE2lo A SLatCH. Dl UM AZotRE 23H-H S, Table 4.200A 0l
B2z (CSP 20l CSP 120+ O £2 & =E2lE EWZE leucine methyl ester@t
_I

phenylalanine methyl ester2 &c2l= threonine methyl| ester®2 serine methyl
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HZE amide tether2 N-H2F crown ether oxygens2t2l intramolecular hydrogen
bonding interaction@Z QIGt( chiral selectorEXt2l freedomOl ZEHESH & =0
012401 GIHX A2=2 CSP 20A &8 =2celote HLEC0 O gl HEE A=z
SOICH K8k CSP 10lM 2L CSP 20IM el SR 2 0IR=, CSP 12 3 22X

XA A 0l0] EX&E intramolecular hydrogen bonding interaction@ & Qlall crown

ether oxygenSt 24229 NHs' group2t2l tripod&EH2l intermolecular hydrogen
bonding interactionOl ZoH&I| =20 B2l SelEHs A2 HFIHNA
Ch."™"(Figure 4.1) 212 DHASl A2I5120 ZE amide tether? CSP 12 N-Hol
M CSPS| N-CH:2 Hi# = HBt2SZ & chiral recognition mechanismilt 2% S

eilte 28 Zst=2c dMol Ee= 0Xlse H22 Z0tat,

-~

_64_



Table 4.1 Comparative enantiomer separation of a-amino acids on CSP 1 and GCSP 2

Column CSP 1 CSP 2

Analyte ol k' Rs® Conf.? @@ k' Rs® Conf.?
Alanine 1.46  1.97 1.18 D 1.38  3.88 1.17 D
Arginine 1.79 2.39 2.48 D 1.77 8.52 2.32 D
Aspartic acid 1.66 1.40 2.54 D 1.58 2.93 2.48 D
Glutamic acid 1.68 1.14 2.06 D 1.57  3.19 1.98 D
Glutamine 1.45 0.91 1.83 D 1.43  2.41  1.80 D
Isoleucine 1.61  0.27 1.56 D 1.37  0.84 1.45 D
Leucine 1.46  0.50 1.42 D 1.30  1.44 1.18 D
Nor leucine 172 0.68 1.80 D 1.54 1.60 1.37 D
Norval ine 171 0.68 1.57 D 1.57  1.51  1.46 D
Methionine 1.48  1.41 2.94 D 1.37  4.54 2.65 D
Phenylalanine 1.46  0.63 2.11 D 1.32  1.88 1.92 D
Phenylglycine 1.58 1.45 3.74 D 1.42 4.62 2.58 D
Serine 217 0.72 2.45 L 2.07 2.65 3.61 L
Threonine 1.45 0.19” 0.74 L 1.42  0.42" 1.09 L
Valine 1.85 0.43" 1.85 D 1.68 1.00" 1.58 D
Aminobutanoic acid  1.81  0.60  1.63 D 1.56 1.76  1.42 D
Aminocarproic acid 1.77 0.70 1.79 D 1.68 1.41 1.72 D

Mobile phase: 100% methanol with 10mM perchloric acid, 1) 100% methanol with
20mM perchloric acid; Flow rate=1 mL/min; Detection UV 230 nm.

®Separation factor.

®Capacity factor for the first eluted enantiomer.

‘Resolution factor.

YIndicates the absolute configuration of the second eluted enantiomer.
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Table 4.2 Comparative enantiomer separation of o -amino acid methyl esters on

CSP 1 and CSP 2

Column CSP 1 CSP 2

Analyte a? k' Rs®  Conf.? @ k'l Rs®  Conf.°
Alanine 138 2.13  0.93 D 1.35  4.17  0.76 D
Asparagine 1.72  0.62” 274 D 1.51  1.22” 2558 D
Aspartic acid 1.64 0.64” 150 D 1.47  1.41” 137 D
Leucine 1.00 0.99 - 1.22 457 052 L
Nor leucine 1.36 1.08 1.24 D 1.29 228 1.01 D
Norval ine 1.30  1.07  1.10 D 1.27  2.61 1.04 D
Methionine 129  1.97 0.90 D 1.13  6.90 0.46 D
Phenylalanine 1.00 2.07 - 1.15  8.17  1.14 L
Phenylglycine 3.31 231 860 D 3.04 537 7.44 D
Serine 2.18  1.18 293 L 2.23  3.22 3.03 L
Threonine 1.76  0.17 114 L 2.04 055 1.89 L
Valine 1.75  0.29 0.83 D 1.19 220 0.60 D
Mobile phase: 100% methanol with 10mM perchloric acid, 1) 90% methanol/water

(V/V) with 10mM perchloric acid; Flow rate=1 mL/min; Detection UV 230 nm.

®Separation factor.

bCapacity factor for the first eluted enantiomer.

“Resolution factor.

YIndicates the absolute configuration of the second eluted enantiomer.
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Table 4.3 Comparative enantiomer separation of

CSP 1 and CSP 2

primary chiral amine compounds on

Co lumn CSP 1 CSP 1

Analyte o k't Rs® Conf.? g k't Rs® Conf.°
Alanine- B -naphthylamide 1.13 9.19 1.15 R 1.22 15.38 1.76 R
a-Methy Ibenzy lamine 1.30 4.57 1.41 S 1.26 10.13 1.21 S
a-Methyltryptamine 1.06 3.53 0.20 1.00 8.12 -
1-(1-Naphthyl)ethylamine 1.19 3.24 0.9 R 1.12 8.69 0.78 R
Norephedr ine 1.07 1.89 0.36 1S,2R 1.07 3.93 0.35 1S,2R
5-Hydroxytryptophan 1.29 1.87 197 R 1.29 3.28 1.81 R

Mobile phase: 100% methanol with
Detection UV 230 nm.

®Separation factor.

10mM perchloric acid;

bCapacity factor for the first eluted enantiomer.

“Resolution factor.

YIndicates the absolute configuration of the second eluted enantiomer.
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Figure 4.2 Typical chromatograms of enantiomer separation of phenylglycine on CSP 1 (left) and CSP 2 (right) (the
first peak: L-isomer, the second peak: D-isomer).

Mobile phase: 100% methano!l with 10mM perchloric acid; Flow rate=imL/min; Detection UV 230nm; Injection amount 1pg.
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CHA2 2 CSP 12t CSP 20l &&h =Zclst ZWO0ICH. Table 4.42 Figure 4.3-

a-amino a-alkyl acid2l alkyl groupOl SIt&0ll et EelH =2t 2cl=It Ot
2N 3oicte dg2 20F10 UL Table 4.52F Figure 4.5-4.601M

phenylglycine alkyl ester® alkyl groupOl SJI&0l M2t SclH == 0FF &

U

4H

Ol FIF FA

JiotXIg 2eles Z4ols Zdes 2010 UCH Table 4.4-4.50lKM% Table
1-4.20lM 2010 e AW SLe FeS 2E0FL AN HME2=2 CSP 10l A
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Table 4.4 Comparative enantiomer separation of o-amino a-alkyl acids on CSP 1

and CSP 2
H,N COOH
(CH2),H

Analyte CSP 1 CSP 2

n o K' P Rs® Conf.? g K' P Rs® Conf.¢

1 1.46 1.97 1.18 D 1.38 3.88 1.17 D

2 1.81 0.60 1.63 D 1.56 1.76 1.42 D

3 1.71 0.68 1.57 D 1.54 1.60 1.37 D

4 1.72 0.68 1.80 D 1.57 1.51 1.46 D

6 1.77 0.70 1.79 D 1.68 1.41 1.72 D
Mobile phase: 100% methanol with 10mM perchloric acid: Flow rate=1 mL/min;

Detection UV 230 nm.

®Separation factor.

bCapacity factor for the first eluted enantiomer.

“Resolution factor.

YIndicates the absolute configuration of the second eluted enantiomer.
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Table 4.5 Comparative enantiomer separation of phenylglycine alkyl esters on GSP
1 and CSP 2

H,N
O(CHZ)n H
O
Analyte CSP 1 CSP 2
n ol k'l Rs® Conf. @ k'l Rs® Conf.*
1 3.31 2.31 8.60 D 3.04 5.37 7.44 D
2 3.31 2.1 7.80 D 3.15 4.68 7.30 D
4 3.35 2.22 7.42 D 3.24 4.68 7.14 D
5 3.44 1.92 7.13 D 3.24 4.44 6.99 D
6 3.47 1.93 6.85 D 3.34 4.22 6.72 D
8 3.49 1.73 6.64 D 3.39 3.93 6.58 D

Mobile phase: 100% methanol with 10mM perchloric acid; Flow rate=imL/min;
Detection UV 230nm.

“Separation factor.

®Capacity factor for the first eluted enantiomer.

‘Resolution factor.

YIndicates the absolute configuration of the second eluted enantiomer.
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Figure 4.3 Separation factor versus the number of alkyl groups of a-amino a
-alkyl acids on CSP 1 and CSP 2

Resolution factor
[
E wn
[
(]
vl
=

Figure 4.4 Resolution factor versus the number of alkyl groups of a-amino a
-alkyl acids on CGSP 1 and CSP 2
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Figure 4.5 Separation factor versus the number of alkyl groups of phenylglycine
alkyl esters on CSP 1 and CSP 2
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Figure 4.6 Resolution factor versus the number of alkyl groups of phenylglycine
alkyl esters on CSP 1 and CSP 2
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