creative
comimons

C O M O N S
& X EAlI-HI el Xl 2.0 Gigel=
Ol OtcHe =2 E 2= FR0l 86tH AFSA
o Ol MHE=E= SN, HE, 8E, A, SH & &5 = AsLIC

XS Mok ELICH

MNETEAl Fots BHEHNE HEAIGHHOF SLICH

Higel. M5t= 0 &

o Fot=, 0l MEZ2 THOIZE0ILE B2 H, 0l HAS0 B2 0|8
£ 2ok LIEFLH O OF 8 LICEH
o HEZXNZREH EX2 oItE O 0lelet xAdE=2 HEX EsLIT

AEAH OHE oISt Aele 212 WS0ll 26t g&
71 2f(Legal Code)E OloiotI| &H

olx2 0 Ed=t

Disclaimer =1

ction

Colle


http://creativecommons.org/licenses/by-nc-nd/2.0/kr/legalcode
http://creativecommons.org/licenses/by-nc-nd/2.0/kr/

[UCI]1804: 24011- 200000264149

20144 22

Q-

SAE

HPLCOIA CIE =T XHE

ol
w0
Al

de

i
0

K

X2

IH
ol
0

OFJ
ol

=
ol

d
K

=
ol

L

ol

Lt
=]

%

OF



The Enantiomer Separation Using Chiral Columns
Based on Polysaccharides by HPLC

201449 28 25¢



HPLCOll A Ck

ol
0
Ll

de

i
0

K

ESprs

IH
ol
0

2 M

Ol

o0

Ild

R0
2
ok

ol

'

ol
ol

oln
Ild
Hl

201349 103

o)
ol

E
ol

]
Ki

=
ol

4L

ol

[
=

&

OF



Kk
40

P

KO
(4]
ok

OH

0l

2

Sa

2 M

Ol

2

Sa

20134 11&

o)
ol

E
ol

g
K



e}
=

MO
b

Abstract 466 000 s sessee see seesessesses e see seceee eee et eeseeseescec e oos oot oottt sstssns

CONTENTS

=

viii

41

42



PART 1. Liquid Chromatographic Resolution of a-Amino Acid
Esters as Benzophenone Imine Derivatives

ADSETAGE v+ ve e eererneeneeeeeteesee e e e tesiee e e iee e e ee s e e e e e ]
1 INTOAUGCHION v s reeeereereeseeeeeeereresiee et e ee e e e v aiee D
O Materials and MEtHOGS «««««« rwrrerrerrmmmmrmmiiiiaieiiaiiaiieeeaiieaeeeaeaeees 3
3. RESUIES ANd DISCUSSION «+++rwrrrrrrrrrrrremimiiemimmiaiiiiiiiiiiiieiieeieiieees
3.1.  Enantiomeric separation of a—-amino acid esters as
benzophenone imine Schiff base derivatives «-:xxoeeeeeeees 6
3.2. Effects of mobile phase on the separation of a—amino acid

esters as benzophenone imine derivatives ------eeeeeeeeeeeeee 16

4' COﬂC|USIOn 466 seeseeses et tee et sessesses e secseeees et et ecsesscssccc e cccoosoosoosans 18

5' Reference e 19



PART 2. Liquid Chromatographic Enantiomer Separation of

a—-Amino Acid Esters as NBD derivatives

ADSETAGE v vve e eerrneeneeeeieaiee e e e e e ie et e e e e iee e aee e e D
1 ITOAUCHION v eeeeeeeerereresemeareiee i ie it ee e e veiae s e e e DD
D Materials and MEHOGS «««««« rwrrerrerrmmmermmiiiiieiiaisieeaiaiieaeeaneaeees 4
3 RESUIES ANd DISCUSSION «++++r+rrrrrrrrerrreiemirmimmiiiiiiiiiaiiiiieiieieeieens D7
3.1. The effects of solvents and bases on the separation of a
—amino acid esters as NBD derivatives «:-eeeeeeeeeeereeeeeees 27

3.2. The results of enantiomer separation of a-amino acid
methyl esters as NBD derivatives ««-«e-eeerreemreeermennaans 31

4. CONCIUSION ++ererrrerrermenmemmmmsn it sieeisiseseaeesieaeeeseaeeenaeeeeeeeeees 38

5' Reference e 39



Table 1.

Table 2.

Table 3.

Table 4.

Table 5.

Table 6.

Table 7.

Table 8.

LIST OF TABLES

Separation of the enantiomers of a—amino acid methyl esters
as benzophenone imine derivatives on Chiralcel OD,
Separation of the enantiomers of a—amino acid methyl esters
as benzophenone imine derivatives on Chiralpak AD,

Separation of the enantiomers of a-amino acid esters as

benzophenone imine derivatives on Chiralpak [A -«-+=++-++-- 10

Separation of the enantiomers of a-amino acid esters as

benzophenone imine derivatives on Chiralpak [B «-«sreeeeee 11

Separation of the enantiomers of a-amino acid esters as

benzophenone imine derivatives on Chiralpak [C «+-eeeeeeee 12
Separation of the enantiomers of a—amino acid esters as
arylimine derivatives on Chiralpak [C ««:eeereeereeveeneieeeees 15
Effect of mobile phase on the enantiomeric separation of the
benzophenone imine derivatives of a—amino acid methyl

Separation of the enantiomers of a—amino acid methyl esters

as NBD derivatives on Chiralpak |A «sreeeeeeeeeeeeeeeeeeeeee 33



Table 9. Separation of the enantiomers of a—amino acid methyl esters
as NBD derivatives on Chiralpak [B  ««eeereeeeereeesereeeeeeeeeee 34
Table 10. Separation of the enantiomers of a—-amino acid methyl

esters as NBD derivatives on Chiralpak [C «eeeeereeeeeeeeeee 35



LIST OF FIGURES

Figure 1. The structure of chiral selector of coated
polysaccharide—derived CSPs (Chiralcel OD, Chiralcel OD-H,
Chiralpak AD, Chiralpak AD-H and Chiralpak AS) and
covalently bonded polysaccharide—derived CSPs (Chiralpak
IA, Chiralpak 1B, and Chiralpak [C) «-«eeeerereeseemneareenies 4

Figure 2. Preparation of the benzophenone imine derivatives of a
—AMINO ACIA ESHEIS «weeeererrrrrrermermmmmiiiiiiii i eiieiieiieeeeseees B

Figure 3. Chromatograms of the enantiomer resolution of the
benzophenone imine derivative of racemic leucine methyl
ester (the left) and Lleucine methyl ester (Aldrich reagent)
(the right) (D: L= <0.1: >99.9) on Chiralpak IC «++-ssoeeeees 13

Figure 4. The structure of Chiral selector of Chiralpak IA, Chiralpak IB
and Chiralpak [C  «oeeesseeessresseeemem e tniis e 05

Figure 5. Preparation of a—amino acid esters as NBD derivatives. NBD
derivatives were prepared by stirring NBD-CIl and a—-amino
acid methyl ester HCl with sodium bicarbonate in ethanol

26

Figure 6. Solvent effect on synthesis of racemic leucine methyl ester

as NBD derivative in sodium bicarbonate. Column: Chiralpak



IA; Mobile phase: 20% 2-propanol/hexane (V/V); Flow rate:
Figure 7. Base effect on synthesis of racemic leucine methyl ester as
NBD derivative in ethanol. Column: Chiralpak I[A; Mobile
phase: 20% 2-propanol/hexane (V/V); Flow rate: 1 mL/min;
DEteCton UV 337 M) «wweeeererrermemmmmnaiinaiennaianneeeeeeees 30
Figure 8. Chromatograms of the resolution of NBD derivative on
Chiralpak IA at simultaneous on-line UV and fluorescence
detection. (a) racemic leucine methyl ester, (b) Lleucine
methyl ester (D: L= 1.5: 98.5). The unreacted NBD-CI peak
is shown about 15min on the top chromatograms observed
under UV 337nm. See experimental for chromatographic

Condltlons e 37

= Vil -



TTES

[0

HPLCOUIA CTE REHME JI==2 & 3

Ha4 OId &S Zst=el

o
Y
o
jo
=
00
ror

Part 10l LD4ds %X AZ20tEHIINA g M2 OY REXHIt 2
g8 JIE Zgl SRZE = JIg ZEE AIEStH el %S a—amino acid
ester2 benzophenone iminell &Z&FclE =&5tULE. Benzophenone imine =
SM A= a-amino acid ester HCI, benzophenone imine Schiff base,
magnesium sulfate anhydrousE 2-propanol S0H0 20 &=20M BFSAIA &
HISHRCH LBHEO=Z Chiralpak ICOF THE ZE S0 oM &Y35 £2 Z&Eel

Part 20IAM= &8s M AZO0IEJNINAN OE REHMIt SR3E & JIE

282 M0t COst a—amino acid ester2 NBD-Cl2 R&X3 s 3E=29
LSt2e|E £8oI%CE 02 e NBD K& HE &Il fol a—amino acid ester
HCI, NBD-CI, sodium bicarbonateE ethanol Z0H0| BtSAIPl= IR Hlst 8

[=]3
CHMsh HES LGt NBD =M 22=S Zst=cl & Z1, Chiralpak IA

=]
AEJRE 2 IR 288 &=l 2HE 20FAL. E£8 a-amino acid
2k

Keywords: Chiral stationary phase, Enantiomer separation, Chiral column, a

-Amino acid ester, Benzophenone imine derivative, NBD derivative

- viii -



PART 1. Liquid Chromatographic Resolution of a—-Amino

Acid Esters as Benzophenone Imine Derivatives

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, Chiralcel OD-H, Chiralpak AD,
Chiralpak AD-H, and Chiralpak AS) or covalently immobilized CSPs (Chiralpak
IA, 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 1.0 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 a—amino
acid esters as benzophenone imine derivatives on Chiralpak IC were

investigated.

Key words: Chiral stationary phase, Benzophenone imine derivative,
Enantiomer separation



1. Introduction

Several methods have been developed to determine the enantiomeric
purities and/or configurations of a-amino acids in the pharmaceutical field
[1,2]. Of these technigues, liquid chromatographic enantiomer separation on
chiral stationary phase (CSPs) has been known to be one of the most
convenient and versatile methods. In a previous study, a liquid
chromatographic method was described for the separation of enantiomers of
a—amino acid esters and chiral amines as 9-anthraldimine Schiff base
derivatives on polysaccharide-derived CSPs [3]. Of the CSPs studied,
Chiralcel OD (OD-H) provided greatest resolution of the enantiomers of
several a—amino acid esters and chiral amines as 9-anthraldimine derivatives.
Subsequently, | attempted to develop a convenient method for the
derivatization of a—amino acid esters using aromatic Schiff base imines for
enantiomer separation, and this work resulted in the selection of the
benzophenone imine moiety used as an amine protecting group [4,5]. The
benzophenone imine group is expected to function as an aromatic auxiliary
group for enantiomer resolution by the chiral selectors of CSPs [6].
Benzophenone Schiff base derivatives have been previously used for the
enantioselective synthesis of a—amino acid esters by phase-transfer alkylation
[4]. Especially, the benzophenone imine derivatives of a—amino acid esters
are readily prepared by simply stirring benzophenone imine and the
hydrochloride salts of a—-amino acid esters in 2-propanol at room
temperature [4,5]. In this study, | describe a convenient chromatographic
separation of the enantiomers of a—amino acid esters as their benzophenone
imine derivatives on coated and on covalently bonded polysaccharide—derived
CSPs.



2. Materials and Methods

Chromatography was performed at room temperature using an HPLC Breeze
system (Waters) equipped with a Waters model 1525 binary pump, an
autosampler, and a dual absorbance detector (Waters 2487 detector).
HPLC-grade hexane and 2-propanol were obtained from J. T. Baker.
Benzophenone imine and all a—amino acid esters were obtained from Aldrich
or Sigma or Advanced ChemTech. All polysaccharide—-derived CSPs, that is,
Chiralcel OD, Chiralpak AD and Chiralpak AS (250 mm L x 4.6 mm [.D., 10
um), and Chiralcel OD-H, Chiralpak AD-H, Chiralpak IA, Chiralpak IB, and
Chiralpak IC (250 mm L x 4.6 mm |.D., 5 um) were purchased from the
Daicel Chemical Company (Fig. 1). Chromatography was performed using a
flow rate 1 mlL/min, a detection wavelength of UV 254 nm, and 0.5%
2-propanol/hexane (v/v) as mobile phase for all CSPs. In addition, other
solvents, such as, tetrahydrofuran, ethyl acetate, and dichloromethane in
hexane were added when the covalently immobilized CSP, Chiralpak IC was
examined. The racemic and D- or L-analytes used were prepared, as shown
in Fig. 2, by stirring 0.5 mmol of a—amino acid ester hydrochloride and an
equimolar amount of benzophenone imine in 10 mL of 2-propanol at room
temperature for 12 h. Reaction mixtures were filtered to remove ammonium

chloride and resulting solutions were directly injected into the chromatograph.
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Figure 1. The structure of chiral selector of coated polysaccharide—derived
CSPs (Chiralcel OD, Chiralcel OD-H, Chiralpak AD, Chiralpak AD-H and
Chiralpak AS) and covalently bonded polysaccharide-derived CSPs (Chiralpak
IA, Chiralpak 1B, and Chiralpak IC)
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Figure 2. Preparation of the benzophenone imine derivatives of a—amino

acid esters.



3. Results and Discussion

3.1. Enantiomeric separation of a—amino acid esters as benzophenone
imine Schiff base derivatives

Tables 1-5 summarize chromatographic data for the separation of the
enantiomers of several a—amino acid esters as benzophenone imine Schiff
base derivatives on coated polysaccharide-derived CSPs (Chiralcel OD,
Chiralcel OD-H, Chiralpak AD, Chiralpak AD-H and Chiralpak AS) and on
covalently bonded polysaccharide-derived CSPs (Chiralpak IA, Chiralpak I8,
and Chiralpak IC) using 0.5% 2-propanol/hexane (v/v) as mobile phase. Of
the commonly used coated type CSPs (Chiralcel OD, Chiralcel OD-H,
Chiralpak AD, Chiralpak AD-H, and Chiralpak AS) listed in Table 1 and 2,
Chiralcel OD-H showed greatest enantioselectivity, and Chiralpak AD the
least. Also, it is natural that the separation factors and resolution factors on
Chiralcel OD-H and Chiralpak AD—-H with the silica particle size 5 ym showed
higher than those on Chiralcel OD and Chiralpak AD with the silica particle
size 10 um, respectively. Of the CSPs examined (Tables 1-5), Chiralpak IC
provided best enantioseparation, although it did not resolve the
benzophenone imine derivatives of two polar analytes (asparagine and
aspartic acid). It was interesting to find that the performances of Chiralpak 18
and Chiralpak IC were complementary, for whereas Chiralpak IC failed to
separate these two polar analytes, they were well separated by Chiralpak IB.
Orders of enantioselectivity were OD-H > AD-H > AS~0OD > AD for the
coated CSPs and IC > IB~IA for the covalently bonded CSPs. In a previous
study on the enantiomer separation of 9-anthraldehyde Schiff base
derivatives of a—-amino acid esters, it was found that among the CSPs
investigated, Chiralcel OD (or OD-H) had greatest enantioselectivity, and
Chiralpak IC least [3]. The degree of enantiomer separation of benzophenone

imine derivatives on Chiralpak IC in this study was lower than that of their



9-anthraldimine derivatives on Chiralcel OD (or OD-H) [3]. However, the
derivatization process required to produce benzophenone imine derivatives of
amino acid esters is much more straightforward. Typical chromatograms of
the benzophenone imine derivative of commercially available L-leucine methyl

ester on Chiralpak IC are presented in Fig. 3.



Table 1. Separation of the enantiomers of a—-amino acid methyl esters as benzophenone imine derivatives on
Chiralcel OD, Chiralcel OD—H

Chiralcel OD Chiralcel OD-H

Analyte
a® k's° Rs® Contf.? a® k's° Rs® Conf.?

Alanine 1.00 2.98 - 1.07 2.45 0.87 D)
Asparagine 1.00 14.50 - 1.00 16.38 -
Aspartic acid 1.37 10.60 3.61 L 1.47 11.31 6.40 L
Leucine 1.00 1.43 - 1.00 1.42 -
Phenylalanine 3.65 3.96 9.70 L 3.79 3.32 19.29 L
Phenylglycine 1.42 3.09 2.77 L 1.38 3.24 4.78 L
Valine 1.00 1.18 - 1.00 1.25 -

Mobile phase: 0.5% 2-propanol/hexane (v/v); Flow rate = 1.0 mlL/min; Detection UV 254 nm. ®Separation factor;
bCauoacity factor for the first enantiomer eluted; °Resolution factor; “Absolute configuration of the second enantiomer

eluted.



Table 2. Separation of the enantiomers of a—-amino acid methyl esters as benzophenone imine derivatives on
Chiralpak AD, Chiralpak AD—H, and Chiralpak AS

Chiralpak AD Chiralpak AD-H Chiralpak AS
Analyte
a® k's° Rs® Conf.? o? k's° Rs® Conf.? o k's° Rs®  Conf.’

Alanine 1.00 1.53 - 112 2.33 1.08 D) 1.00  2.69 -
Asparagine 1.00 6.83 - 1.00 9.59 - 1.00 4.71 -

Aspartic acid 227 3.05 524 D 1.31 8.30 5.78 D 1.00  5.50 -

Leucine 1.00 1.16 - 1.00 1.32 - 1.87 0.78 0.96 D
Phenylalanine 1.00 2.25 - 1.23  3.16 1.25 D 1.83 2.14 1.63 D
Phenylglycine 116 3.27  0.91 D 1.35 4.7 2.23 D 1.39 2.79 1.25 D
Valine 1.00 1.14 - 1.00 1.52 - 1.79  0.75  0.97 D)

Mobile phase: 0.5% 2-propanol/hexane (v/v); Flow rate = 1.0 mlL/min; Detection UV 254 nm. ®Separation factor;
bCauoacity factor for the first enantiomer eluted; °Resolution factor; “Absolute configuration of the second enantiomer
eluted.



Table 3. Separation of the enantiomers of a-amino acid esters as

benzophenone imine derivatives on Chiralpak |A

Analyte a® k'i° Rs® Conf.°
Alanine methyl ester 1.00 1.36 - -
Asparagine methyl ester 1.16  5.95 3.01 D
Aspartic acid dimethyl ester 112 4.99 2.20 D
Leucine methyl ester 1.00 1.16 - -
Methionine methyl ester 1.00 3.83 - -
Norleucine methy!| ester 1.00 4.04 - -
Norvaline methyl ester 1.00  1.31 - -
Phenylalanine methyl ester 1.00 2.05 - -
Phenylglycine methyl ester 1.23  3.32 2.16 D
Valine methyl ester 1.06  0.99 0.63 L
Alanine ethyl ester 1.00 1.24 - -
Aspartic acid diethyl ester 1.08  4.12 1.55 D
Isoleucine ethyl ester 1.00  0.99 - -
Leucine ethyl ester 1.00  1.00 - -
Phenylglycine ethyl ester 112 2.52 1.68 D
Valine ethyl ester 1.04 1.06 0.57 L
Mobile phase: 0.5% 2-propanol/hexane (v/v); Flow rate = 1.0 mlL/min;

Detection UV 254 nm. ZSeparation factor; bCauoacity factor for the first
enantiomer eluted; °Resolution factor; °Absolute configuration of the second

enantiomer eluted.
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Table 4. Separation of

the enantiomers of

benzophenone imine derivatives on Chiralpak B

o-amino acid esters as

Analyte a® k4  Rs® Conf.?
Alanine methyl ester 1.00 1.91 - -
Asparagine methyl ester 1.55 440 6.19 L
Aspartic acid dimethyl ester 1.49 423 5.70 L
Leucine methyl ester 1.00 0.93 - -
Methionine methyl ester 1.06 2.38 0.30 L
Norleucine methy!| ester 1.00 1.17 - -
Norvaline methyl ester 1.00 1.20 - -
Phenylalanine methyl ester 2.62 1.58 8.39 L
Phenylglycine methyl ester 117 192  0.69 L
Valine methyl ester 1.00 1.32 - -
Alanine ethyl ester 1.00 1.61 - -
Aspartic acid diethyl ester 1.35 3.90 3.38 L
Isoleucine ethyl ester 1.00 0.59 - -
Leucine ethyl ester 1.00 0.84 - -
Phenylglycine ethyl ester 116 1.69 0.55 L
Valine ethyl ester 1.00 1.28 - -
Mobile phase: 0.5% 2-propanol/hexane (v/v); Flow rate = 1.0 mlL/min;

Detection UV 254 nm. ZSeparation factor; bCauoacity factor for the first

enantiomer eluted; °Resolution factor; °Absolute configuration of the second

enantiomer eluted.
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Table 5. Separation of the enantiomers of a-amino acid esters as

benzophenone imine derivatives on Chiralpak IC

Analyte a® k'i° Rs® Contf.?
Alanine methyl ester 1.48 7.32 6.67 L
Asparagine methyl ester 1.48 7.23" 8.47 L
Aspartic acid dimethyl ester 1.47 7.57 7.48 L
Leucine methyl ester 1.72 3.91 6.68 L
Methionine methyl ester 2.09 15.61 11.84 L
Norleucine methy!| ester 1.80 4.36 7.06 L
Norvaline methyl ester 1.73 4.95 6.78 L
Phenylalanine methyl ester 1.12 8.48 2.08 L
Phenylglycine methyl ester 1.98 9.78 9.59 D
Valine methyl ester 2.12 3.33 12.94 L
Alanine ethyl ester 1.43 6.74 5.90 L
Aspartic acid diethyl ester 1.42 6.97 7.01 L
Isoleucine ethyl ester 1.86 3.12 4.07 L
Leucine ethyl ester 1.61 3.68 5.59 L
Phenylglycine ethyl ester 1.60 9.66 8.08 D
Valine ethyl ester 1.85 3.1 10.11 L
Mobile phase: 0.5% 2-propanol/hexane (v/v); Flow rate = 1.0 mlL/min;

Detection UV 254 nm. ZSeparation factor; bCauoacity factor for the first
enantiomer eluted; °Resolution factor; °Absolute configuration of the second

enantiomer eluted; "5% 2-propanol/hexane (V/V).
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Figure 3. Chromatograms of the enantiomer resolution of the benzophenone
imine derivative of racemic leucine methyl ester (the left) and L-leucine methyl
ester (Aldrich reagent) (the 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 4-5ug.
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Table 6 contains the chromatographic data of different aromatic imine
derivatives of several a—amino acid esters on Chiralpak |IC. Benzophenone
imine  derivatives  were  better enantioseparated than benzaldimine,
1-naphthaldimine, and 9-anthraldimine derivatives. Also, as the analyte is
sterically hindered, the enantioselectivity increases (entries 1-3 and 8-10).
The resolution of benzophenone imine derivatives of amino acid methyl esters
was greater than that of the corresponding amino acid ethyl esters. In
addition, the elution orders of all benzaldimine and 1-naphthaldimine
derivatives were consistent with those of the corresponding benzophenone
imine derivatives. However, the observed reversal of the elution orders of &
—basic 9-anthraldimine derivative implies the different chiral recognition

processes (entries 7 and 14).

_14_



Table 6. Separation of the enantiomers of a—amino acid esters as arylimine

derivatives on Chiralpak IC

o
R>=N\I)‘\OR4
2 R,

Entry Ri R Rs Rq a® k' Rs®  Conf.°
1 Ph Ph Me Me 1.32 3.03 3.67 L
2 Ph Ph i—Bu Me 1.40 1.55 4.18 L
3 Ph Ph i—Pr Me 1.47 1.56 4.80 L
4 Ph H i—Pr Me 1.37 2.61 6.12 L
5 4-MeO-Ph H i—Pr Me 1.17 5.40 3.32 L
6 1-Naphthyl H i—Pr Me 1.10 3.28 1.51 L
7 9-Anthryl H i—Pr Me 1.23 4.07 2.89 O
8 Ph Ph Me Et 1.29 3.01 1.75 L
9 Ph Ph i—Bu Et 1.38 1.45 2.13 L
10 Ph Ph i—Pr Et 1.43 1.52 4.20 L
11 Ph H i—Pr Et 1.29 2.25 3.45 L
12 4-MeO-Ph H i—Pr Et 1.15 5.34 1.81 L
13 1-Naphthyl H i—Pr Et 1.05 3.05 0.44 L
14 9-Anthryl H i—Pr Et 1.22 3.40 3.09 D

Mobile phase = 1% 2-propanol/hexane (v/v); Flow rate = 1.0 mL/min;

Detection UV 254 nm. ZSeparation factor; bCauoacity factor for the first
enantiomer eluted; °Resolution factor; °Absolute configuration of the second

enantiomer eluted.
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3.2. Effects of mobile phase on the separation of a—amino acid esters
as benzophenone imine derivatives

In normal phase, coated type CSPs are not compatible with all solvents
and for example, the use of ethyl acetate, tetrahydrofuran, and halogenated
solvents as mobile phases or solvents for analytes is prohibited [7-10]. On
the other hand, the solvent versatility of covalently bonded Chiralpak IC for
the separation of a—-amino acid methyl esters as benzophenone imine
derivatives was examined (Table 7). Enantioselectivities and resolutions were
found to be greatly influenced by the nature of the mobile phase [7,8]. Of
the mobile phases investigated, 0.5% 2-propanol/ hexane (v/v) best resolved
the benzophenone imine derivatives of a—amino acid methyl esters, whereas

the resolution provided by 30% dichloromethane/hexane (v/v) was poorest.

_16_



Table 7. Effect of mobile phase on the enantiomeric separation of the benzophenone imine derivatives of a—amino

acid methyl esters on Chiralpak IC

Mobile phase 1% tetrahydrofuran/hexane 2% ethyl acetate/hexane 30% dichloromethane/hexane
Analyte a® k's° Rs® Conf.? o k's° Rs® Conf.? o k's° Rs®  Conf.’
Alanine 1.40 460 2.73 L 1.27 470  4.89 L 1.25 2,17  2.68 L
Asparagine 1.00 8.52 - 1.00 5.60 - 1.00 2.39 -

Aspartic acid 1.00 8.76 - 1.00 5.63 - 1.00 2.41 -

Leucine 1.50 242 592 L 1.44 3.1 2.93 L 1.33 1.58  2.91 L
Phenylalanine 111 1625 1.33 L 1.10 10.12 0.88 L 1.10  3.51 1.20 D
Phenylglycine 1.64 6.64  5.01 D 1.51 7.35  3.71 D 1.04 2,14  0.47 D
Valine 1.68 256  7.36 L 1.51 3.32 6.10 L 1.19 1.60  3.07 L

Chromatographic conditions; Flow rate =

the first enantiomer eluted; “Resolution factor; ®Absolute configuration of the second enantiomer eluted.

1.0 mL/min; Detection UV 254 nm. ®Separation factor; bCapacity factor for
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4. Conclusion

A convenient liquid chromatographic method was developed for the
resolution a—amino acid esters as their benzophenone imine Schiff base
derivatives using several coated and covalently bonded
polysaccharide—derived CSPs. Of the CSPs studied, in general, the covalently
immobilized CSP, Chiralpak IC, provided excellent resolution of the
benzophenone imine derivatives of a—amino acid esters, and greater solvent
choice. The developed methods were also used to measure the enantiomeric
purities of several commercially available a—amino acid methyl esters. It is
expected that the described liquid chromatographic method will provide a

useful means of resolving a—amino acid esters.
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PART 2. Liquid Chromatographic Enantiomer Separation

of a—Amino Acid Esters as NBD derivatives

Abstract

A new convenient derivatization method of a—-amino acid esters as
nitrobenzoxadiazole (NBD) derivatives for chiral resolution was introduced and
the enantiomer separation of a—amino acid esters as NBD derivatives was
performed by normal HPLC using chiral columns based on polysaccharide
derivatives. The NBD derivatives were readily prepared by stirring NBD-CI and
a—amino acid methyl ester HCl with sodium bicarbonate in ethanol. The
performance of Chiralpak IA was superior to the other CSPs for enantiomer
resolution of NBD derivatives of several a—amino acid methyl esters. Owing
to fluorescence detection as well as strong UV absorption, it is expected that
the convenient analytical method developed in this study will be very useful
for enantiomer separation of a—amino acid esters as NBD derivatives on

polysaccharide—derived chiral columns.

Keywords: Enantiomer separation, Amino acid ester, NBD derivative, Chiral

column
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1. Introduction

Recently, in the laboratory, it was reported the enantiomer separation
results of a—amino acid known as an important material for developing a
chiral drugs and these derivatives. For the efficient enantiomer separation,
enantiomer analysis of commonly used a—-amino acid and these derivatives
which amino group is protected in pharmaceutical development was
performed [1-3]. In particular, in the case of a-amino acid ester, a new
analytical method of optical resolution with chiral stationary phases was
announced, after derivatized 9-anthraldimine and benzophenone imine Schiff
base [4-6]. In the last studies, the role of the 9-anthraldimine and
benzophenone imine groups that was used for optical resolution of a—amino
acid esters was considered from two aspects [4,6]. First, 9-anthraldimine
and benzophenone imine derivatives had very strong ultraviolet absorption
than a—-amino acid ester compounds. And second, the aromatic group of
9-anthraldimine and benzophenone imine derivatives as the chiral recognition
interaction site was expected. So these were used to easy detective analytes
and good optical resolution results [4-6]. In this study, related to studies of
the enantiomer separation, we focused nitrobenzoxadiazole (NBD) group
which can play the previous two roles as new derivative material of a—amino
acid esters. NBD group of planar structure was expected to be able to
function the chiral recognition interaction site as the structural property of the
hydrophobic aromatic character, and when it is applied to the enantiomer
resolution of this study, there are many advantages of a very useful.

On the other hand, in the previous studies, separation and analysis results
of the amino acid and amine as NBD derivatives using the NBD-F and
NBD-CI have been reported [7-13]. In particular, Sumochiral OA 25008,
Chiralpak QN-AX, and teicoplanin chiral columns were used in optical

resolution of amino acid as NBD derivatives, but the results were
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unsatisfactory [9-13]. The amino acid as NBD derivatives were prepared by
stirring with NBD—-F and sodium borate buffer, and reaction mixture were
quenching and analyzed and the derivatization method of amine as NBD
derivatives with methyl alcohol and sodium bicarbonate was reported
[7,11,12]. Because all of existing analysis methods were performed at
reverse—phase chromatography as enantiomer separation condition, the
derivatization conditions were also progressed with aqueous or buffer
solution. However, for using normal-phase chromatography as optical
separation and analysis conditions of the present study, derivatization method
that adapted for normal phase and more convenient at non—-aqueous
condition was required. Up to now, it has not been derivatized to analyze
NBOD derivatives of amino acid ester and the studies of enantiomer separation
using normal-phase chromatography have not been reported. Therefore, in
this study, the new derivatization method that adapted for normal-phase
chromatography analysis and different from the conventional methods was
developed. And using this developed derivatization method, enantiomer
separation was performed on the several chiral stationary phase base on the

polysaccharide derivatives [4,5].
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2. Materials and Methods

High—-performance liquid chromatography was performed at room
temperature using 1100 series HPLC equipment of Agilent. All
polysaccharide—derived CSPs, that is, Chiralpak |A, Chiralpak [B, and
Chiralpak IC (250 mm L x 4.6 mm |.D., 5 um) were purchased from the
Daicel Chemical Company (Fig. 4). HPLC-grade hexane, 2-propanol and
other solvents were obtained from J. T. Baker. All a—amino acid methyl
esters, NBD-chloride(4-chloro-7-nitro—2,1,3-benzoxadiazole), and several
bases such as sodium bicarbonate were obtained from Aldrich (Milwaukee,
WI), Sigma (St. Louis, MO), Advanced ChemTech (Louisville, KY).
Chromatography was performed using a flow rate 1 mlL/min, 20-30%
2-propanol/hexane (v/v) as mobile phase, a detection wavelength of UV 337
nm, detection wavelength of fluorescence excitation 470nm and emission
530nm as UV detector and fluorescence were connected on-line. Used
racemic and D- or L-analytes were prepared, as shown in Fig. 5, by stirring
0.25 mmol of a—-amino acid ester hydrochloride salts, 0.5 mmol of
NBO-chloride, and 2.5 mmol of sodium bicarbonate in 5 mL of ethanol at
room temperature for 12 h. Reaction mixtures were filtered to remove sodium
bicarbonate and diluted as 1/10 by adding 2-propanol. Resulting solutions

were directly injected into the chromatograph.
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Figure 4. The structure of Chiral selector of Chiralpak IA, Chiralpak IB and
Chiralpak IC
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Figure. 5. Preparation of a—-amino acid esters as NBD derivatives. NBD
derivatives were prepared by stirring NBD-Cl| and a—-amino acid methyl ester

HCI with sodium bicarbonate in ethanol.
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3. Results and Discussion

3.1. The effects of solvents and bases on the separation of a—-amino
acid esters as NBD derivatives

First in this study, followed experiments were progressed for optimizing
NBO derivatization method of a—amino acid esters. So derivatization method
used NBD-CI for amine analysis was changed and applied [7]. NBD
derivative of racemic leucine methyl ester was synthesized by stirring racemic
leucine methyl ester HCI with sodium bicarbonate as base in reaction solvent.
Fig. 6 was shown the results of derivatization over the reaction time in
various solvents. As shown in the Fig. 6, the reaction was fastest in methyl
alcohol used Hao group [7], the next were acetonitriie (ACN) and ethyl
alcohol, and isopropyl alcohol (IPA) was slowly reacted. But the case of
using methyl alcohol and acetonitrile, instead derivatization reaction was fast,
impurity materials such as methoxy NBD were also produced. Even though
the reaction was slow compared with methyl alcohol when using ethyl
alcohol, impurity materials were not generated relatively. So ethyl alcohol to

use as derivatization solvent was adopted.
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Figure. 6. Solvent effect on synthesis of racemic leucine methyl ester as
NBD derivative in sodium bicarbonate. Column: Chiralpak |A; Mobile phase:

20% 2-propanol/hexane (V/V); Flow rate: 1 mL/min; Detection UV 337 nm.
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And the next, several kinds of base were used for optimizing NBD
derivatization method of a—amino acid esters. So not just sodium bicarbonate
that was used to derivatization by Hao group, many kinds of base, such as
sodium carbonate, triethylamine, DBU, and etc., were used [6,7]. However,
when using triethylamine and DBU than the others of base, were excluded
from the results because accurate measurement is difficult for the
unexpected various kinds of impurity in initial reaction. As shown in Fig. 7,
the reaction was fastest when wusing sodium carbonate, and sodium
bicarbonate was slowly reacted. But using sodium carbonate and sodium
borate was increased not only NBD derivative but unexpected impurity
materials as increase reaction time. It was expected that using base strong
basicity is generated more impurity in derivatization. On the other hand,
sodium bicarbonate, one of the mild base, though slowly reaction, was not
generated impurity relatively. So the sodium bicarbonate as base was chosen.

Finally, for synthesizing a—-amino acid esters as NBD derivatives which

analytes of this study, ethyl alcohol and sodium carbonate were used.
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Figure. 7. Base effect on synthesis of racemic leucine methyl ester as NBD
derivative in  ethanol. Column: Chiralpak |A; Mobile phase: 20%

2-propanol/hexane (V/V); Flow rate: 1 mL/min; Detection UV 337 nm.
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3.2. The results of enantiomer separation of a—amino acid methyl esters
as NBD derivatives

The a—amino acid methyl esters as NBD derivatives were synthesized by
developed derivatization method in this study, and the separation of NBD
derivatives was performed using chiral column base on polysaccharides.
Tables 8-10 summarize chromatographic data for the enantiomer separation
of several a—amino acid esters as NBD derivatives on covalently bonded
polysaccharide—derived CSPs (Chiralpak IA, Chiralpak 1B, and Chiralpak IC)
using 20-30% 2-propanol/hexane (v/v) as mobile phase. The enantiomer
separation was attempted to analysis detection with UV 337 nm and
fluorescence detection excitation 470nm and emission 530nm in same time.
As shown in Table 8, the performance of Chiralpak |IA was superior to the
other CSPs for enantiomer resolution of several a—amino acid methyl esters
as NBD derivatives (a=1.34~2.28, Rs=4.62~12.61). These optical separation
results was superior to analysis results of Hamase group using Sumochiral
2500S and Chiralpak QN-AX column and the results of Liu group using
teicoplanin column [11-13]. On the other hand, when compared with the
results of using a Chiralpak IA chiral column in Table8, using a Chiralpak IB
and Chiralpak IV from Table 9, 10, showed the optical resolution results
generally low. In particular, in Table 10 using Chiralpak IC chiral column, the
two samples did not separated at all, but the optical analysis of the other
samples showed a generally good resolution. When performing the
enantiomer resolution of a—amino acid ester as NBD derivatives in Chiralpak
IA and Chiralpak 1B of Table8, 9, it was used 20% 2-propanol/hexane(V/V),
but in the Chiralpak IC chiral column of Table10, it was used 30%
2-propanol/hexane(V/V) for efficient analysis.

In addition, the experiments about the order of elution of a-amino acid
ester as NBD derivative were conducted. In Table 8 of the Chiralpak IA,

L-isomer of all analytes is second eluted. The results of these experiments
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were meant that chiral recognition mechanism between chiral stationary phase
of Chiralpak IA and NBD derivative of a—amino acid esters is not affected by
the chemical structure and consistently acted. The study results of using
Sumochiral 25005, a Chiralpak QN-AX column as in the this study, L-isomer
of the amino acid ester as NBD derivatives were eluted second, but the
study using the teicoplanin column, D-isomer were secondly eluted [11-13].
In Chiralpak 1B of Table 9, the L-isomer of analytes were generally second
eluted likely Chiralpak IA of Table 8, but exceptionally, phenylalanine
derivative showed the reversed elution order. And the Chiralpak IC of Table

10, the elution order was irregular depending on the analytes.
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Table 8. Separation of the enantiomers of a—amino acid methyl esters as
NBD derivatives on Chiralpak 1A

Analyte a k'1 Rs Conf.”
Alanine 1.37 2.99 5.64 L
Leucine 2.00 1.71 11.01 L
Methionine 1.66 3.39 9.92 L
Norleucine 2.28 1.70 12.61 L
Norvaline 1.72 1.82 7.98 L
Phenylalanine 1.94 3.10 11.77 L
Phenylglycine 1.37 6.10 4.32 L
Serine 1.34 6.38 4.62 L
Valine 1.45 2.08 7.41 L

Mobile phase: 20% 2-propanol/hexane (V/V); Flow rate: 1 mbL/min;
“indicates the absolute configuration of the second eluted enantiomer. See

experimental for detection conditions.
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Table 9. Separation of the enantiomers of a—amino acid methyl esters as
NBD derivatives on Chiralpak 1B

Analyte a K'1 Rs Conf.”
Alanine 1.04 5.92 0.54 L
Leucine 1.08 5.07 1.17 L
Methionine 1.02 2.76 0.29 L
Norleucine 1.04 8.82 0.49 L
Norvaline 1.08 6.32" 1.24 L
Phenylalanine 1.12 6.42 1.81 D
Phenylglycine 1.05 10.68 0.44 L
Serine 1.06 11.12 1.22 L
Valine 1.11 7.68%x 1.67 L

Mobile phase: 20% 2-propanol/hexane (V/V); Flow rate: 1 mbL/min;
“indicates the absolute configuration of the second eluted enantiomer.; “10%

2-propanol/hexane (V/V). See experimental for detection conditions.
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Table 10. Separation of the enantiomers of a—amino acid methyl esters as
NBD derivatives on Chiralpak IC

Analyte a k'1 Rs Conf.”
Alanine 1.10 9.75 1.92 L
Leucine 1.00 6.75 - -
Methionine 1.16 13.12 3.92 D
Norleucine 1.10 8.56 1.61 L
Norvaline 1.09 9.75 1.73 L
Phenylalanine 1.00 12.19 - -
Phenylglycine 1.10 12.52 2.51 D
Serine 1.04 5.98 0.45 D
Valine 1.14 9.91 2.38 L
Mobile phase: 30% 2-propanol/hexane (V/V); Flow rate: 1 mL/min;

“indicates the absolute configuration of the second eluted enantiomer. See

experimental for detection conditions.
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Figure 8 is typical chromatograms of racemic leucine methyl ester and L-
leucine methyl ester as NBD derivative performed enantiomer separation on
Chiralpak IA at simultaneous on-line UV and fluorescence detection.
Detection wavelength is UV 337 nm, fluorescence excitation 470nm and
emission 530nm. As shown in Fig. 8, it is easy to find the advantage of
more sensitivity in fluorescence detection than UV 337nm. The NBD derivative
of leucine methyl ester, un—reacted NBD-CI, and some impurity peaks were
observed under UV 337nm. But under fluorescence detection, un-reacted
NBD-CI is not detected at all, almost no impurity, and leucine methyl ester
NBO derivative peak is only detected selectively. So it is expected that we
can efficiently utilize the advantages of fluorescence detection by applying
the various enantiomer separation analysis of a—amino acid ester as NBD

derivatives.
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Figure. 8. Chromatograms of the resolution of NBD derivative on Chiralpak
IA at simultaneous on-line UV and fluorescence detection. (a) racemic
leucine methyl ester, (b) Lleucine methyl ester (D: L= 1.5: 98.5). The
unreacted NBD-Cl peak is shown about 15min on the top chromatograms

observed under UV 337nm. See experimental for chromatographic conditions.
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4. Conclusion

The enantiomer separation of a—amino acid esters as NBD derivatives was
performed using a new convenient derivatization method and chiral columns
based on polysaccharide derivatives. To react derivatization analytes for
normal HPLC, the NBD derivatives were readily prepared by stirring NBD-CI
and a—amino acid methyl ester HCI with sodium bicarbonate in ethanol. The
performance of Chiralpak IA was superior to the other CSPs for enantiomer
resolution of NBD derivatives of several a—-amino acid methyl esters. In
addition, not only UV detection but fluorescence detection were showed that
these equipments have strong selectivity and sensitivity in analysis of «
—amino acid esters as NBD derivatives. It is expected that the convenient
analytical method developed in this study will be very useful for enantiomer
separation of a—amino  acid esters  as NBD  derivatives  on

polysaccharide—derived chiral columns.
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ABSTRACT

The enantiomer separation using chiral columns based
on polysaccharides by HPLC

Wonnam Yun
Advisor: Prof. Wonjae lee, Ph. D.
College of Pharmacy

Graduate School of Chosun University

In part 1, using several coated and covalently bonded chiral stationary
phases (CSPs) from polysaccharide derivatives as chiral selector, the
separation of a—-amino acid esters as benzophenone imine derivatives is
performed by HPLC. The benzophenone imine derivatives were prepared by
stirring a—amino acid ester hydrochloride salts, benzophenone imine Schiff
base, and magnesium sulfate anhydrous in 2-propanol. In general, the
resolution of Chiralpak IC was superior to those of the other CSPs.

In part 2, the enantiomer separation of a—amino acid methyl esters as
nitrobenzoxadiazole (NBD) derivatives was performed by normal HPLC using
covalently immobilized chiral columns based on polysaccharide derivatives.
The NBD derivatives were prepared by stirring a—amino acid methyl ester HCI
and NBD-CI with sodium bicarbonate in ethanol. The results of enantiomer
separation of NBD derivatives, The performance of Chiralpak IA was superior
to the other CSPs. In addition, analysis of NBD derivative of a—amino acid
methyl ester was confirmed that the fluorescence detection is more selective

and sensitive as compared with UV detection.

Keywords: Chiral stationary phase, Enantiomer separation, Chiral column,

oa—Amino acid ester, Benzophenone imine derivative, NBD derivative.
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