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ABSTRACT

Enantiomer Resolution of N-Benzyloxycarbonyl a—Amino Acids and

Their Ethyl Esters by HPLC

Bae, Su Kyoung

Advisor : Prof. Wonjae Lee, Ph. D.
Department of Pharmacy,

Graduate School of Chosun University

The N-Benzyloxycarbonyl(CBZ) group is one of the most commonly
used protecting groups for amino acids. The liquid chromatographic
enantiomer separation of N-CBZ protected a—amino acids and a—amino
acids ethyl esters on four polysaccharide-derived chiral stationary
phases(CSPs), such as Chiralcel OD, Chiralpak AD, Chiralpak IA and
Chiralpak IB was performed. Chiralpak IB showed performance superior to
Chiralpak IA for resolution of N-CBZ-a-amino acids and their ethyl
esters. In general, Chiralpak IA, Chiralpak IB were well seperated more
than N-CBZ protected the corresponding ethyl esters. Especially, the
coated Chiralcel OD, Chiralpak AD showed higher enantioselectivities than
the covalently bonded Chiralpak IA, Chiralpak IB for enantiomer separation

of N-CBZ-a-amino acids and their ethyl esters.
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Chiralpak IA:
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O Me
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n
OR ; Me

Amyvlose tris(3,5-dimethylphenylcarbamate) derivative

immobilized on silica gel

OR
(e} Me
o O A
RO R= N
n H
OR Ve

Amylose derivative
coated on silica gel

OR (0] Me
Q A
(0] R= N
RO |
n H
OR Me

Cellulose tris(3,5-dimethylphenylcarbamate)derivative
immobilized on silica gel

OR (@] Me
0 _ A
0 R= N
RO |
n H
OR

Me

Chiralpak AD:

Chiralpak IB:

Chiralcel OD:

Cellulose derivative
coated on silica gel

Figure 2. Structures of Chiralpak IA, Chiralpak AD,
Chiralpak IB, Chiralcel OD
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(Sigma): Rac-Methionine, N-CBZ-DL-leucine, @ N-CBZ-L-leucine,
N-CBZ-D-Phenylalanine

(Junsei Chemical): DL-a-Alanine, L-valine

(Aldrich): Rac-Phenylglycine, L-Methionine

(ACROS): DL-phenylalanine

(KATAYAMA Chemical): L-Alanine
2)718F Al k=

(ACROS): Benzyl Chloroformate, EEDQ, Trifluoroacetic acid
(J.T.Baker): Tetrahydrofuran, Hexane, Ethyl Acetate, Chloroform
(Fisher scientific): 2 —propanol, Ethanol

(OSAKA Chemical): Sodium Carbonate
2. 2877

Azt d¥e dFe 77ie® A" HPLCE  AME3
of &AM FFsUn. HPLC 4 71712 HP 1100 SeriesE A}-& s}

At HPLCH column® 2+ Daicel Chemical Company (250x4.6mm 1.D.,

Tokyo,Japan)ol A <438 Chiralpak AD, Chiralcel
Chiralpak IBZ A}-&31

OD, ChiralpakIA,
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NH,
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15
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o WS EFgE 6% NaOH 60ml2 % 31 Diethyl ether® F&3t}. F&55
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e Sl SwlE Iy HW ¥ HIF AE39 N-Benzyloxycarbonyl-

DL-phenylalanine # $&E S A=t 582 77.8% A U
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m. 2327

)

67F# o}wl =2l = alanine(Ala), valine(Val), Leucine(Leu), Phenylglycine
(PG), Phenylalanine(Phe), Methionine(Met)Z% ¥ 3439 N-CBZ-Amino
AcidsE 91 A %A A N-CBZ-Amino Acids Ethyl EsterE oo} 2%
127FA] EA A o] gstol A Ao #e EHAPS AAGHS

Table 1~Table 2& Z}Z} Chiralpak IA %} Chiralpak IBoll A ¢ N-ul 2 2 ] 7}
2rd a-of =AY Ftold A A #Eo v olF o] wE
azvtEay B Aot o)A ZE 0.1% trifluoroacetic acids 3 ¥ e
10% 9} 5% 2-propanol/hexane(v/v)E W] E3lo] 20% ¢ 10% Tetrahydrofuran/
Hexane(v/v), 25%% 20% Ethyl acetate/Hexane(v/v)E AF&3tAth. 0.1%
trifluoroacetic acide 717402 A N-#lZ A7t 2Rd a-o} 1] =2k = A
of ZHAAE AA T AEE §EATY BHEE Hols £AHS H 6o
AHE R8skt

Table 3~Table 4= Z}Z} Chiralpak IA %} Chiralpak IBoll A ¢ N-ul 2 2 ] 7}

)

2rd a-ofrdt odolAEFrAle] Foto] A A Eeo vt o
ol mE AZRvtEIHI dAFAFyo|Y. o]FFoE= 5%  2-propanol/
hexane(v/v), 10% THF/hexane(v/v), 10% Ethyl acetate/hexane(v/v), 20%
Chloroform/hexane & 47} A& A}£35}o] FstojAAA EEE A E3H

2 H57F =& E4ed2 4 &Y HAES wole WFoR A G

ZrlE 722 3] (hormal phase chromatography)el 4l ©]

[e] PN - o
MEE AGS ANHOR dTELEEst ¥l AFE FolAT Ed FAHH



Table 1 Effect of Mobile Phase on the enantiomer separation of some

N-CBZ protected a-amino acids

on Chiralpak IA

Analyte a k’y k' Rs  Retained” Mobile phase
Ala 1.60 3.38 5.35 7.03 D
Val 2.96 3.25 9.81 6.26 D
Leu 1.62 2.94 4.80 7.75 D 10% 2-propanol/Hxn
PG 1.71 7.50 8.43 9.22 D with 0.1% TFA
Phe 1.17 3.98 4.76 1.06 L
Met 1.28 4.70 6.21 4.17 D
Ala 1.04 3.31 3.45 0.55 D
Val 1.07 2.13 2.27 0.67 D
Leu 1.03 2.84 2.92 1.30 L 20% THF/Hxn with
PG 1.06 4.06 4.31 0.77 D 0.1% TFA
Phe 1.11 3.78 4.18 1.34 L
Met 1.00 4.67 4.67 - -
Ala 1.00 3.48 3.48 - -
Val 1.00 2.65 2.65 - -
Leu 1.07 2.75 2.94 1.00 D 25%FEthyl acetate/Hxn
PG 1.32 3.89 5.15 3.74 L with 0.1% TFAx
Phe 1.00 411 411 - -
Met 1.05 4.57 4.81 0.64 L
Mobile Phase ; Hexane(Hxn), Tetrahydrofuran(THF); Trifluoroacetic
acid(TFA) ; flow rate=1m¢/min ; UV=220nm ; * UV=254mm ; “indicates

the absolute configuration of the second retained enantiomer.
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Figure 3. Chromatograms of enantiomer separation of some N-CBZ-
a-amino acids on Chiralpak IA.
2-propanol(IPA); Tetrahydrofuran(THF);Ethyl acetate(EtOAc)
flow rate=1ml/min; UV=220nm;

injection amount: 10-20ug.



Table 1< Chiralpak TA°oA 9 N-wlZ A 7t2Hd q-o}v = 2FF = A 9
Fetol g AA Y vraFd olF el tg ARwEIHI A Aol olE A
° 2 0.1% trifluoroacetic acidg 233 10% 2-propanol/hexane(v/v)S H] 3
3ol 20% THF/hexane, 25% Ethyl acetate/hexaneZ A}-& 3}l t}.

Chiralpak TAel A A¥r4d o2 N-CBZ-a-olv]=4tfF 24+ 0.1% TFAS X3
3k 10% 2-propanol/hexane(v/v) Z7 oA H Ao Ha& H
5 base line 28 & X33 das AFZY. o, 29 SAE 3 A0

A g

a9 3oA e dxrdoez 2 o N-wldASANZRY a-ofn A = A
9] Chiralpak AT A Jo Ao ZErtEZHIE Hol F1 Quf. 2HA H
o F= ZAAE N-CBZ-Leucine?t N-CBZ-PhenylglycinZ ¢ 0.19% triflu
—oroacetic acidS ¥ 38 10% IPA in hexanedl A 7} Z s 1 o
w02 25% EtOAc in hexane (v/v)ollA A =7k "ol 20% THF
in hexane (v/v)ollAl+= EAA7ZL 28=A Xdv. £8¥ +4AE EF
base lines FA/stAA A% AFZEAT. &5 FA= oA AT %o
TR Aol A E gl N-CBZ-Phenylalanine”d $-oll & 0.1% trifluoroacetic acid
= X% 10% IPA/hexane(v/v)elA 74 2 ¥ 9 F BAA%=
22 20% THF/hexane (v/v)&welA ZeHe EFS BAv. 281 25%
EtOAc/hexane (v/v)el A= &85 A &3kt



Table 2 Effect of Mobile Phase on the enantiomer separation of some

N-CBZ protected a-amino acids

on Chiralpak 1B

Analyte a k' k', Rs Retained” Mobile phase
Ala 1.93 3.81 7.35  10.37 D
Val 2.79 2.16 6.03 12.21 D
Leu 1.67 2.86 4.77 7.96 D 5% 2-propanol/Hxn
PG 1.39 6.23 8.63 5.44 D with 0.1% TFA
Phe 1.10 5.34 5.85 1.47 L
Met 1.32 5.70 7.52 2.23 D
Ala 1.23 8.97 11.03 2.21 D
Val 1.31 4.65 6.10 2.93 D
Leu 1.13 5.62 749 176 D 10% THF/Hxn with
PG 1.04 11.94 1239 046 L 0.1% TFA
Phe 1.11 11.17  12.39 1.56 L
Met 1.05 13.65 1439 0.82 D
Ala 1.11 6.50 7.24 1.45 D
I I R g
PG 108 652 702 125 L /Hen with
Phe 100 696 696 - - 0.1% TEAx
Met 1.00 8.19 8.16 - -
Mobile Phase ; Hexane(Hxn), Tetrahydrofuran(THF); Trifluoroacetic

acid(TFA) ; flow rate=1m¢/min ;

UV=220nm ; * UV=254mm ; “indicates

the absolute configuration of the second retained enantiomer.
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Figure 4. Chromatograms of enantiomer separation of some N-CBZ-
a—amino acids on Chiralpak IB.
Mobile phase: (c),(d),(e); 5% 2-propanol in hexane(v/v)
containing 0.1% trifluoroacetic acid ; (a),(b),(f); 10% THF
in hexane(v/v) containing 0.1% trifluoroacetic acid ;

flow rate=1ml/min; UV=220mm ; injection amount: 10-20ug.
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Table 3 Effect of Mobile Phase on the enantiomer separation of some

N-CBZ protected a-amino acids ethyl esters on Chiralpak IA

Analyte a k' k's Rs Retained” Mobile phase
Ala 1.00 4.20 4.20 - -
Val 1.11 3.19 3.55 0.77 D
Leu 1.11 4.48 497 1.13 L
5% 2-propanol/Hxn
PG 1.11 6.24 6.86 0.89 D
Phe 1.00 5.98 5.98 - -
Met 1.00 7.85 7.85 - -
Ala 1.00 4.85 4.85 - -
Val 1.11 2.82 3.12 1.22 L
Leu 1.13 4.81 5.43 1.15 L
10% THF/Hxn
PG 1.08 6.77 7.28 0.89 D
Phe 1.06 3.03 8.49 0.76 L
Met 1.11 9.26 10.25 1.03 L
Ala 1.00 6.65 6.65 - -
Val 1.29 3.41 4.39 2.45 D
Leu 1.11 4.86 5.37 0.77 D 10% Ethyl
PG 1.12 7.24 8.12 1.48 D acetate/Hxn*
Phe 1.10 6.22 6.85 1.53 L
Met 1.04 10.37 10.77 0.41 D
Ala 1.42 1.92 272 2.33 D
Val 1.42 191 2.72 2.13 D
Leu 1.31 2.25 2.95 2.74 D
50% MtBE/Hxn
PG 1.67 3.68 6.13 4.82 D
Phe 1.05 4.52 4.74 0.34 D
Met 1.11 5.26 5.82 0.88 D
Mobile Phase ; Hexane(Hxn), Tetrahydrofuran(THF), Methyl tert-butyl

ether(MtBE) ; flow rate=1m{/min ;

UV=220nm ; * UV=254mm ; “indicates

the absolute configuration of the second retained enantiomer.
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Figure 5. Chromatograms of enantiomer separation of some N-CBZ-
Amino Acids Ethyl Ester on Chiralpak IA.
flow rate=1m¢/min; UV=220nm ;injection amount: 10-20ug
yTHF (Tetrahydrofuran);Hxn(Hexane)
;(a,b,c);N-CBZ-Phenylglycine ethyl ester(N-CBZ-PG-OEt)
;(d,e,f);N-CBZ-Phenylalanine ethyl ester(N-CBZ-Phe-OEt)
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Table 4 Effect of Mobile Phase on the enantiomer separation of some

N-CBZ protected a-amino acids

ethyl esters on Chiralpak IB

Analyte a K" K’ Rs Retained” Mobile phase
Ala 1.68 2.29 3.85 7.63 D
Val 2.29 1.29 2.95 8.51 D
Leu 1.32 1.79 2.35 3.19 D
5% 2-propanol/Hxn
PG 1.03 4.11 4.22 0.33 D
Phe 1.23 3.11 3.84 3.00 D
Met 1.21 3.59 4.36 3.13 D
Ala 1.50 3.10 4.66 2.29 D
Val 1.79 1.58 2.82 3.64 D
Leu 1.17 2.08 2.32 1.85 D
10% THF/Hxn
PG 1.05 4.01 4.22 0.60 D
Phe 1.11 4.05 451 1.29 D
Met 1.11 4.53 5.03 1.37 D
Ala 1.58 3.60 5.71 6.72 D
Val 1.48 1.89 2.79 3.91 D
Leu 1.11 2.77 3.08 1.49 D 10% Ethyl
PG 1.06 491 5.19 0.41 L acetate/Hxn*
Phe 1.11 4.89 5.44 0.74 D
Met 1.09 5.71 6.24 1.24 D
Ala 1.33 4.59 6.11 2.50 D
Val 2.40 2.00 4.81 8.50 D
Leu 1.23 3.07 3.79 1.38 D
35% MtBE/Hxn
PG 1.06 5.90 6.23 0.64 L
Phe 1.08 6.73 7.28 0.82 D
Met 1.08 7.00 7.60 1.01 D
Mobile Phase ; Hexane(Hxn), Tetrahydrofuran(THF)Methyl tert-butyl

ether(MtBE); flow rate=1ml/min ; UV=220nm ; * UV=254mm ; “indicates the

absolute configuration of the second retained enantiomer.
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Figure 6. Chromatograms of enantiomer separation of some N-CBZ-
a-amino acids Ethyl Ester on Chiralpak IB.

Mobile phase: (a)(b)(c)(d)(f); 5% 2-propanol in hexane(v/v)

; (€);10% THF in hexane(v/v); flow rate=1m¢/min; UV=220mm;

injection amount: 10-20ug.



a4 6ol 2 N N-ilASA 2R a-ofn| =4t o " ol 2 f=
Al ¢ Chiralpak IBaZA Aol A o] AzvtEaddE B3 dvh. AFEE 47}
A g F el A 5% 2-propanol/hexane(v/v)# 10% THF /hexane(v/v)ol A ¢
674 EAA] 7 £ ARvEIHLS 99 23 BHTEA T base lines
FrASHEA ¥ A% AFZ ST}, Phenylglycine Ethyl ester f+=# 9t Base line

wEE HolA &skt

Y

Chiralpak TAZL A A A9 AZnE 2R ¥ ¥ 37 AFZE 1 §FA
T d=5Ar. 9o Ay #d5A EF D-enantiomerZ} UFol £3 5o

u st



Table 5. Comparison of Direct enantiomer separation of several N-CBZ

protected a-amino acids on Chiralpak AD and Chiralpak IA

Analyte Ala Val Leu PG Phe Met

a 1.99 517 2.19 2.11 1.20 1.64

AD k' 3.08 3.68 3.75 6.60 5.22 5.80

Rs 791 17.81 8.70 9.78 1.98 6.70
Retained D D D D L D

a 1.60 2.96 1.62 1.7 1.17 1.28

IA k' 3.38 3.25 2.94 7.50 3.98 4.70

Rs 7.03 20.4 7.75 8.43 1.06 4.17
Retained: D D D D L D

Mobile phase: 10% 2-propanol/hexane(v/v) containing 0.1% TFA
; flow rate=1m¢/min ; UV=220mm ;

*indicates the absolute configuration of the second retained enantiomer.
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Table 6 Comparison of Direct enantiomer separation of several N-CBZ

protected a-amino acids ethyl esters on Chiralpak AD and Chiralpak IA

Column Analyte Ala Val Leu PG Phe Met
a 1.00 1.14 1.19 1.00 1.05 1.06
k' 3.97 3.90 4.75 7.38 6.61 7.97
AD k's 3.97 3.42 5.67 7.38 6.95 8.41
Rs - 1.16 1.72 - 0.47 0.62
Retained: - D L - D L
a 1.00 1.11 1.11 1.11 1.00 1.00
k' 4.20 3.19 4.48 6.24 5.98 7.85
IA k's 4.20 3.55 4.97 6.86 5.98 7.85
Rs - 0.77 1.13 0.89 - -
Retained: - D L D - -

Mobile phase: 5% 2-propanol/hexane(v/v) ; flow rate=1ml/min; UV=220nm;

xindicates the absolute configuration of the second retained enantiomer.
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Table 7. Comparison of Direct enantiomer separation of several N-CBZ

protected a-amino acids on Chiralcel OD and Chiralpak IB

Column Analyte Ala Val Leu PG Phe Met

a 3.04 623 263 194 104 181
OoD" k'y 2.11 1.40 177 640 428 363
Rs 871 1412 634 687 015 575
Retaineds D D D D L D
a 1.93 2.79 1.67 1.39 110 1.32
IB” K’y 3.81 216 28 623 534 570

Rs 10.37 12.21 7.96 5.44 1.47 2.23

Retained* D D D D L D

Mobile phase: a)10% 2-propanol/hexane(v/v) containing 0.1% TFA; b)5%
2-propanol/hexane(v/v) containing 0.1% TFA ; flow rate=1m{/min ;
UV=220mm; =*indicates the absolute configuration of the second retained

enantiomer.
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Table 8. Comparison of Direct enantiomer separation of several N-CBZ

protected a-amino acids ethyl esters on Chiralcel OD and Chiralpak IB

Analyte Ala Val Leu PG Phe Met
a 212 3.44 1.61 1.06 1.22 1.40
k' 2.24 1.24 1.65 4.99 3.34 3.31
OD" k' 4.74 4.27 2.65 5.30 407 465
Rs 7.19 9.41 3.29 0.64 2.33 3.53
Retained: D D D D D D
a 1.68 2.29 1.32 1.03 1.23 1.21
k' 2.29 1.29 1.79 4.11 3.11 3.59
IB” k's 3.85 2.95 2.35 4.22 3.84 4.36
Rs 7.63 8.51 3.19 0.33 3.00 3.13
Retained: D D D D D D

Mobile phase: a)10% 2-propanol/hexane(v/v) ;b) 5% 2-propanol/ hexane
(v/v); flow rate=1ml/min;UV=220nm ;*indicates the absolute configuration of

the second retained enantiomer.
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