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ABSTRACT

Enantiomer separation of 9-Anthraldimine derivatives of amino
acid esters and amino alcohols on polysaccharide—derived

chiral columns

Wenjun Xu
Advissor: Wonjae Lee
Department of Pharmacy

Graduate School of Chosun University

Abstract: The chromatographic enantiomer separation of 9-anthraldimine deri-
vatives of a-amino acid methyl esters, a-amino acid ethyl esters and amino
alcohols was performed on several coated and covalently bended polysaccharide-de-
rived chiral stationary phases(CSPs). Chiralcel OD or Chiralcel OD-H showed the
greatest enantiomer resolution of 9-anthraldimine derivatives of a-amino acid
methyl esters, a—amino acid ethyl esters and amino alcohols. The L-enantiomers of
all the analytes were preferentially retained on Chiralcel OD or Chiralcel OD-H.
This analytical method was applied in the determination of optical purities of
several commercially available D- or L-a-amino acid methyl esters and amino
alcohol. It is expected that the convenient analytical method will be very efficient
for determination of enantiomeric purity of amino acid methyl esters and amino
alcohols as 9-anthraldimine Schiff base derivatives with strong UV absorption.

Keywords: Enantiomer separation, Amino acid ester, Amino acohol, Chiral column,

Chiral stationary phase
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Abstract

The chromatographic enantiomer separation of 9-anthraldimine derivatives of
a-amino acid methyl and ethyl esters on four polysaccharide based chiral columns
was performed. The 9-anthraldehyde Schiff base derivatives of a-amino acid esters
were readily synthesized by stirring the a-amino acid ester hydrochloride salts
with 9-anthraldehyde in the presence of 1,8-diazabicyclo[5.4.0lundec-7-ene as a
base and anhydrous MgSQa4. Chiralcel OD or Chiralcel OD-H showed the greatest
enantiomer resolution of 9-anthraldimine derivatives of a-amino acid methyl and
ethyl esters. The L-enantiomers of all the analytes were preferentially retained on
Chiralcel OD or Chiralcel OD-H. This analytical method was applied in the
determination of optical purities of several commercially available D- or L-a-amino
acid methyl esters.

Keywords: Enantiomer separation, Amino acid ester, Chiral column
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—amino acid ester 2| 9-anthraldimine R=ME Bt=J| ?IoH amino acid ester HCI

Ol 9-anthraldehyde, 1,8-diazabicyclo[5.4.0]Jundec-7-ene (DBU) €IS MgSOs 2t

2-propanol E0HZ A20A BISAIH &&EH S48 = JAUCH (Fig 1). L&t
o

i
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g ZHsS AI26 AZ0IEDNLINA 2-propanol 2 0ISAS 2 AIZ6t)| 20 et
S Z0HE 2-propanol 2 AIE3dtL HtE8s = EE=2 U0t AZ20tE2HIN &
& F=Qstoz YsHEP| AEeE IR 20IotH X&ct DR SHSLCEH.



Chiralcel OD(particle size: 10um), Chiralcel OD-H(particle size: 5um)

OR
o 0
RO
n +
OR

Cellulose derivative
coated on silica gel

Chiralpak AD

Cey),

Amylose derivative
coated on silica gel

Chiralcel OF

OR
o 0
RO
n
OR

Cellulose derivative
coated on silica gel

Fig 1. Structures of Chiralcel OD, Chiralcel OD-H, Chiralpak AD, Chiralcel OF
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Fig 2. Preparation of 9-anthraldimine derivatives of a—amino acid methyl ester
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Table 1. Separation of the enantiomers of a-amino acid methyl and ethyl esters

as 9-anthraldimine derivatives on Chiralcel OD

Absolute
Analyte * ka K configuration”

Alanine methyl ester 1.24 450 2.56 L
Aspartic acid dimethyl ester 1.31 5.16 2.57 L
Glutamic acid methyl ester 1.92 5.31 7.30 L
Isoleucine methyl ester 3.61 1.12 9.93 L
Leucine methyl ester 3.13 1.68 10.70 L
Phenylalanine methyl ester 1.37 3.64 3.45 L
Phenylglycine methyl ester 5.07 3.33 13.34 L
Valine methyl ester 3.36 121 11.43 L
Alanine ethyl ester 1.21 3.67 2.15 L
Isoleucine ethyl ester 3.47 0.79 9.71 L
Leucine ethyl ester 3.09 1.23 10.08 L
Valine ethyl ester 3.26 0.87 961 L

Mobile phase : 10% 2-propanol/ n-hexane (V/V) ; flow rate = 1.0 mL/min ; dete-
ction UV 254 nm ; ‘indicates the absolute configuration of the second eluted

enantiomer.



Table 2. Separation of the enantiomers of a-amino acid methyl and ethyl

esters as 9-anthraldimine derivatives on Chiralcel OD-H

Analyte . K R. Absolute
configurations

Alanine methyl ester 1.25 410 3.10
Aspartic acid dimethyl ester 1.32 491 2.68 L
Glutamic acid methyl ester 1.94 511 7.65 L
Isoleucine methyl ester 3.81 0.96 13.27 L
Leucine methyl ester 3.22 1.36 11.09 L
Phenylalanine methyl ester 1.38 3.19 4.29 L
Phenylglycine methyl ester 547 3.24 13.90 L
Valine methyl ester 3.38 1.23 11.74 L
Alanine ethyl ester 1.24 3.61 2.92 L
Isoleucine ethyl ester 3.72 0.72 12.78 L
Leucine ethyl ester 3.10 1.15 10.56 L
Valine ethyl ester 3.24 0.82 10.02 L

Mobile phase : 109 2-propanol/ n-hexane (V/V) ; flow rate = 1.0 mL/min ; det-
ection UV 254 nm ; ‘indicates the absolute configuration of the second eluted

enantiomer.
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Table 3. Separation of the enantiomers of a-amino acid methyl and ethyl esters

as 9-anthraldimine derivatives on Chiralpak AD

Absolute
Analyte ¢ K R configuration”

Alanine methyl ester 1.00 2.65 - -

Aspartic acid dimethyl ester 1.00 3.36 - -
Glutamic acid methyl ester 1.14 3.76 427
Isoleucine methyl ester 1.21 0.96 1.82
Leucine methyl ester 1.15 1.11 147

Phenylalanine methyl ester 1.00 2.27 - -
Phenylglycine methyl ester 1.29 4.00 3.66

Valine methyl ester 1.17 1.16 1.74 D

Alanine ethyl ester 1.00 2.23 - -

Isoleucine ethyl ester 1.14 0.73 0.86 D
Leucine ethyl ester 1.08 0.80 0.73

Valine ethyl ester 1.10 0.86 0.90 D

Mobile phase : 5% 2-propanol/ n-hexane (V/V) ;flow rate = 1.0 mL/min ; dete~-
ction UV 254 nm ; ‘indicates the absolute configuration of the second eluted

enantiomer.
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Table 4. Separation of the enantiomers of a-amino acid methyl and ethyl esters

as 9-anthraldimine derivatives on Chiralcel OF

Absolute

Analyte ¢ K R configuration”
Alanine methyl ester 1.18 516 1.01 D
Aspartic acid dimethyl ester 1.00 3.41 - -
Glutamic acid methyl ester 1.00 2.95 - -
Isoleucine methyl ester 1.18 1.28 0.66 D
Leucine methyl ester 1.00 2.29 - -
Phenylalanine methyl ester 1.27 6.61 1.19 L
Phenylglycine methyl ester 1.29 515 1.26 D
Valine methyl ester 1.17 1.62 0.67 D
Alanine ethyl ester 1.14 4.56 0.59 D
Isoleucine ethyl ester 1.13 1.18 0.38 D
Leucine ethyl ester 1.00 2.03 - -
Valine ethyl ester 1.12 1.45 0.34 D

Mobile phase : 10% 2-propanol/ n-hexane (V,/V) ; flow rate = 1.0 mL/min ; dete-
ction UV 254 nm ; ‘indicates the absolute configuration of the second eluted

enantiomer.
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Table 5. Determination of the optical purity of commercially available a-amino acid

methyl esters as 9-anthraldimine derivatives on Chiralcel OD-H

Entry Analyte Company D:L ratio® RSD”
0 DAk methvlester  Sigma 9708 116
2 L-Alanine methyl ester Aldrich 0.8:99.2 1.21%

3 L-Aspartic acid dimethyl ester Aldrich 0.9:99.1 1.07%

4 L-Leucine methyl ester Aldrich 0.3:99.7 0.58%

5 L-Phenylglycine methyl ester Aldrich 0.2:99.8 0.58%

6  D-Phenylalanine methyl ester ~ ASdvanced 99.9:0.1 1.15%

Advanced

7 L-Phenylalanine methyl ester ChemTech <0.1: >999 0.62%

See experimental for chromatographic conditions. ®Average value of more than

three times determined "Relative standard deviation.

_‘]3_
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Fig 3. Typical chromatograms for enantiomer separation of 9-anthraldimine deri-
vative of racemic phenylalanine methyl ester (a) and L-phenylalanine methyl ester
(Advanced ChemTech reagent) (D : L = < 0.1: 99.9) (b) on Chiralcel OD-H, respe—
ctively. Mobile phase : 10% 2-propanol/ n—hexane (V,/V); flow rate = 1.0 mL/min ;

detection UV 254 nm ; injection amount 5 ng.
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Abstract

The convenient derivatization method of chiral amino alcohols as 9-anthr-
aldimine Schiff base derivatives for chiral resolution was developed and the liquid
chromatographic enantiomer separation of chiral amino alcohols as 9-anthraldimine
derivatives was investigated on several coated and covalently bonded
polysaccharide-derived chiral stationary phases (CSPs). In general, the performance
of Chiralcel OD-H (or Chiralcel OD) (a = 1.24-2.89), the coated CSP derived from
cellulose derivative was superior to the other CSPs for resolution of 9-anthr-
aldimine derivatives of several amino alcohols. The results of enantioseparation
depending on the structure of 9-anthraldimine analytes like the steric bulky group
and the polar moiety etc were discussed. The analytical method was applied to
measure the enantiomeric purity of commercially available chiral amino alcohols. It
is expected that the convenient analytical method will be very efficient for
determination of enantiomeric purity of amino alcohols as 9-anthraldimine Schiff

base derivatives with strong UV absorption.

Keywords: Enantiomer separation, Amino alcohol, Chiral stationary phase
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ANz HdHAZNA AISHE 0BU SIIE Jiotkl @2 0l RT3 &8 S0lA,

(A=
2-propanol Z0H0| amino alcohol, 9-anthraldehyde 1t E&tXl MgSO, Bt= Dot

o
B2 A4 0IE2 oY 9-anthraldimine SE=ME S HHZlolH &AEGHHCHFIg 1).
£t 2 Hd39 J|e Z2HS AIE06t= HPLC A& 0lA hexane/2-propanol 2 OlsS&sS

OlZatI| W20 amino alcohol 2f RKEHMHISC BISE0E 2-propanol 2 AIESHILE.

Jld ==HE Ol S22 MgSo, €2 === A4HoHH st AIEE

AZOIEDHTIN MY Faoz Zst2e| A2 iR E0/otH =8 & U/ULCH
482 2 AHAF0AM  9S-anthraldehyde £ O0IE6t0 I amino alcohol =
9-anthraldimine Schiff base 2 ®R&ZMzat & =0 OY REME JIx==2 &
g 2ES 0186t Z&tZelE 8ol ARZUE 2ISHIR &L HIIMe=E
A& HAFZUME INEHETI SFHE IYg ZHES 20l OtLliet ATt
=RZEE Jlg Z™sS(Chiralpak |A, Chiralpak B, Chiralpak IC)& &M
A CHET
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Chiralpak AD(particle size: 10 pym), Chiralpak AD-H(particle size: 5 pym)

(o)

Amylose derivative
coated on silica gel

(o)

Amylose deriyative
coated on silica gel

(o)

Amylose derivative
immobilized to silica gel

Chiralpak IB
OR
RO
n
o)

Cellulose derivative
immobilized to silica gel

OR
o Q
RO
n
OR

Cellulose derivative
immobilized to silica gel

Chiralpak AS

Chiralpak A

Chiralpak IC

Fig 4. Structures of Chiralpak AD, Chiralpak AD-H, Chiralpak AS, ChiralpakIA,
Chiralpak IB, Chiralpak IC
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@, MgSO,
H,N(CH R
O CHo + 2 ( 2)x\r -,

(CHy),OH

Fig 5. Preparation of 9-anthraldimine derivatives of chiral amino alcohol
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Table 62 CY KRTHMO LIt DEAN S 5019 I ZE
(Chiralcel 0D-H, Chiralcel 0D, Chiralpak AD-H, Chiralpak AD, Chiralpak AS)Oil
N Table 72 OY SEX JIZHEXI DN SKRIASE 342 g 2
(Chiralpak IA, Chiralpak IB, Chiralpak IC)UIA 2IZ amino alcohol2l 9-anthr-
aldimine SEXE Z&Zc2ls ZUO0ICH. ef 1€ Z2EIH20 Chiralpak 1C&0IA

o ¥ EBAZFEZS HActDsE, IISEHEHIIF DHEAMH S g 2HEHOI
Chiralcel 0D-H <= Chiralcel O0DUA JIE ZE2 =22Z2UE BHFQUCH. L&t

silica gel2 22Xt AJIJt 5 umg AN U= Chiralcel 00-H2F Chiralpak AD-H
O 10 um 2 & &0 U= Chiralcel 00 24 Chiralpak AD Ol HIGH separation
factor= HI=5tLt resolution factor= &H A LIEHCEH.

st JHEHET AIBE = SHUHA 2 I, 2E22A REHS I

Xt S&E g ZE Chiralcel 00-H £&= Chiralcel 00 = I EETI S

Z& & Chiralpak 1B 2F AEXOZ Hlug = UA2CH OILZ2A FEHMe I
EHXDF S&E J|g 282l Chiralpak AD-H = Chiralpak AD = 2IZ&E8XI SR
28tel Chiralpak 1A @ HEFOZ Hlwg 2 O, I8t SHA Table 6

|0

| JIZHEXIL DFH SHE I ZHYMMA  (Chiralcel 0D-H/0D 2
Chiralpak AD-H/AD) &&=22IJt Table 72 IZHETI VAN SRZEE I
2

AHMOAS (Chiralpak IB 2 Chiralpak IA) Z&=2el20H 22 =H LIEFLHCH. &

H, & 2 HE=22A tris(3,5-dichlorophenylcarbamate) STl INHHEXZ
ZRZEE Chiralpak IC & Ar2e <21 Chiralcel 00-H / 0D 222 OfLIXI gt
Yol £2 ZFeE B UM =0l amino diol EEHSQ 2b REM B
CtE Z2d8lllde He ZelT A Z2Lt Chiralpak IC M= JI&&22ltXl Jtset &
g0l £2 ZS=Z2E BE0F10 ULt
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FXIOF HE Ol et separation factor 2t resolution factor gt0l &Xt SJtot= 20|
Z2LH Ell=ME SEE 1c SEM 22 M K2 I8 DEMNUNM S28 2L
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go| JIGHET2 9-anthrylimine group Ol -7 interaction2 & M IIZHEHD;
IOl A= 1a-1c It BAHLZ O el U= 2a-2¢ 0l ol =36l Chiralcel 00-H,
Chiralcel 0D, Chiralpak 1B 21 LE&UHA HstZeld O &2 D= J22 UEHLE
0 UCH. Oleet Z2u=2 IIGHEXL} 9-anthrylimine 2 m-1 interaction O &
HE [, 1a-1c & 2= R 1S AJI0l [E steric hindrance & Qloff Z&ZcIIt S
Jiote 2422 BN 0l SYs ME222A KA JH2HEIE JIx2 dl=
Nl JH2l Chiralcel 0D-H, Chiralcel 0D, Chiralpak 1B 2|& DFANAM la-1c R&Xl
F gszel 2 i sgs 318 2AX HAHUSO0I HEZ D UJ| W0l AL
a-1c S=M €2l 2a2c FEHMe BR0=, 2a 2| R = methyl & [ =0l Table 6
Chiralcel 0D-H, Chiralcel ODUIA BiLt £E2 &stEelE Z0IXI2H (1a Off HioH 2
stEelJdb Y& XetE) 2b 2 R=hydroxymethyl 201 2&10&2 JtXAH = amino
diol EEHSl HXE JHXIA T 23 o &stE22 "Hlwe [ Table 721 Chiralpak
ICE HM2dtne Z&220t 22361 ZA0tH =0, el 2¢ 9 20l phenyl 18
XI2tME JtXH Table 6 2 Chiralcel 00-H, Chiralcel OD OIA separation factor
¢ ZItotH X phenyl OAEWHS S e =242 hydroxy group 22 Qlai I3
Jt OH< broad GtH LIEFLEAI &I0f resolution factor gt0l &E3l EH A= 2401 =

m3|0
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Table 6. Separation of the enantiomers of amino alcohols as 9-anthraldimine derivatives on coated polysaccharide-derived

CSPs (Chiralcel OD-H, Chiralcel OD, Chrialpak AD-H, Chiralpak AD and Chiralpak AS)

R
(CHz)yOH
Entr Chiralcel OD-H Chiralcel OD Chiralpak AD-H Chiralpak AD Chiralpak AS
R X y
y o k'» Rs® Conf a* k'" Rs® Conf o k'" Rs® Conf® a* k't Rs® Conf o k't" RsC
1a Methyl 0 1 164 162 4.19 1.61 1.72 3.23 1.16 1.68° 1.10 1.12 2.50° 0.85 1.00 2.69" -
1b Ethyl 0 1 1.85 1.34 5.79 1.81 1.40 3.96 1.03 1.68° 0.32 1.05 2.47° 0.26 1.00 1.92° -
1c i-butyl 0 1 289 093 823 S 2.87 179 6.72 S 1.20 1.30° 1.36 S 1.17 1.09° 065 S .00 L.10° -
2a Methyl 1 0 1.30 3.26 2.85 1.29 3.36 1.64 1.20 2.21° 2.25 1.20 3.25° 1.20 .00 2.92° -
2b  Hydroxymethyl 1 0 1.00 4.38 - 1.00 5.14 - 1.13 2.79° 1.90 1.00 3.73° - 1.00 8.30° -
9c  SA-Dihvdroxy 0 1.26 659" 082 S 1.24 6.02° 072 S 1.00 293" - 1.00 3.07° - 1.00 5.70° -

phenyl

Mohile phase: 15% 2-propanol in hexane (V/V). Detection UV 254nm. Flow rate=1ml/min.

*Separation factor. "Retention factor for the first eluted enantiomer. ‘Resolution factor. “Absolute configuration of the second
eluted enantiomer. °10% 2-propanol in hexane (V/V). 20% 2-propanol in hexane (V/V).
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Table 7. Separation of the enantiomers of amino alcohols as 9-anthraldimine derivatives on covalently bonded

polysaccharide-derived CSPs (Chiralpak IA, Chiralpak IB and Chiralpak IC)

R
(CHy),OH
Chiralpak ITA Chiralpak IB Chiralpak IC
Entry R X y
a* k4" Rs® Conf® o k't” Rs® Conf® o k't'" Rs® Conf®

la Methyl 0O 1 1.10 154 075  1.00 478 - 141 1.78 407

1b Ethyl 0O 1 1.00 156 - 1.17 2.83 0.35 1.28 1.44 3.24

1c 1—butyl 0O 1 1.10 142 0.26 S 1.36 2.54 077 S 1.29 132 194 R

2a Methyl 1 0 1.20 2.08 1.15 1.00 6.14 - 1.09 3.08 0.98

2b Hydroxymethyl 1 0 1.00 521 - 1.00 16.06 - 1.23 6.34 1.34

2c 3,4-Dihydroxyphenyl 1 0 1.00 3.63° - 1.00 10.56° - 1.16 8.11° 1.34 S

Mobile phase: 10% 2-propanol in hexane. Detection UV 254nm. Flow rate=1ml./min.
“Separation factor. "Retention factor for the first eluted enantiomer. “Resolution factor. “Absolute configuration of the second

eluted enantiomer. °20% 2-propanol in hexane (V/V).
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1 1.204
1III—‘
1.00+ §
00 g o
E o 080+
080 = &
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0.40-
0.204 \_ 0.20+
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Fig 6. Chromatograms for enantiomer separation of 9-anthraldimine derivatives of
la (eft) and 1b (right) on Chiralcel OD-H. Mobile phase: 15% 2-propanol/ he-
xane (V/V); Flow rate = 1 ml/min; Detection UV 254 nm; Injected amount 10 ug.

_30_



Table 8. Stability test of optical purity results for (R)-leucinol (1c) (Sigma reag-
ent: left) and (S)-leucinol (1c) (Aldrich reagent: right) as 9-anthraldimine deriva-

tives stored at 4C after derivatization with 9-anthraldehyde in 2-propanol

St
Storage R:S ratio® RSD" or.age R:S ratio® RSDP
_perid _period
0 Day 994 : 06 1.09% 0 Day 0.1:999 05%
7 Day 994 : 0.6 0.9%¢ 5 Day 0.1:999 04%
20 Day 994 : 0.6 1.1%% 9 Day 0.1:999 0.6%
38 Day 994 : 0.6 0.9%¢ 20 Day 0.1 :999 0.6%
45 Day 994 : 0.6 0.9%¢ 42 Day 0.1 : 999 0.4%

“Average value of three determinations. Relative standard deviation.
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Table 9. Determination of the optical purity of commercially available (R)- and
(S)-leucinol (1c) as 9-anthraldimine derivatives on Chiralcel OD-H

Entry Analyte Company R:S ratio® RSD”
(R)-leucinol Sigma 994 : 0.6 1.0%
2 (S)-leucinol  Aldrich 0.1 : 999 0.5%

Mobile phase; 7% 2-propanol/hexane (V/V); Flow rate = 1lml/min; UV 254nm.

“Average value of three determinations. Relative standard deviation.
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