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Qz7t AA FEE WUt E3] Chiralecel OD A oA o5 3l 0.1% trifluoroacetic acidE 4t H7HA]
2 AIS S 0.1% triethylamine g 97] JA7HIZ AFE9S ARG HES2A e o 24 Y
ERtAIRE ek e o] Aded st Beldaks 34 7S BoF3lrh. BE]E Chiralcel OD Z#H A o]
%4l 0.05% trifluoroacetic acid®} 0.05% triethylamineS 1 AHS-R1-S wf Fshie]e] Hel g} Eeel
A7} ol o] F 4 AR UE 7P F2 FET AAE BoFIUrh
Abstract: Liquid chromatographic enantiomer separation of amino alcohols was performed on several chiral
columns based on polysaccharide derivatives under the mobile phase conditions containing acid or base additive.
The chromatographic parameters were greatly influenced by the nature of the mobile phase containing acid
or base additive as well as the used chiral columns. Compared to chromatographic results obtained in the mobile
phase containing base additive (0.1% triethylamine), especially, Chiralcel OD showed dramatically enhanced
separation factors and resolution factors with reduced capacity factors under the mobile phase condition
containing acidic additive (0.1% trifluoroacetic acid). When the mobile phase containing 0.05% trifluoroacetic
acid and 0.05% triethylamine was used on Chiralcel OD, the greatest separation factors and resolution factors

among all other mobile phase conditions in this study were observed.
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olfE EAEHESL oFvlg A 7+eke] non-specific
interaction-& # 43}3lo] A EZ ] HEE AHES
FAFAY B Fart ZeE7]E BolwHA &4
He g golge 2948 /A 7] gEelhd
ey 71 olRle FEEE Y o) Ao olwlg ¢
7] H7HA R o] F/el 7ete] £ ske AWl &
shEele] EAHYAl A "V Z ALE-SE 3
2] A#7F HIZTA obF Ao AFaFel 93
BIEATY Hxe] AFZE Tang 2E1A Chiralcel
0JollA]l o8 71F acidES FETs= Sl
betaxolol 3 albuterol + oFFIA| &0l W34 trifluoro-
acetic acid (TFA) & 4t H7HEE ARS8 BhiEl &
ol of &A1 A= 5 Ayglo] T3] e
AF BI3 FHol Urha=1.25, 1.42, Rs=1.05,
2.23).> E3F Chiralcel OJ ¢} Chiralcel OD| 4] nicotine
3} nornicotine + =4¢] FTEE| 7} TFAE 4F 7}
EE 3= ol 2dA FYE Buvt A
Chiralpak AD-HOlA 2] &/F¢] 714 ofvlg 33t
E2317] $15k] methanesulfonic acid H+= ethane-
sulfonic acid& AF F7FER o] 5ddl A&t A+HE
5 BT E AT F 2ol Chiralcel OD-HS} Chiralpak
ADO A4 N-benzyl-a-methyl-benzylamine, phenylala-
ninolt-2 5719 712 ofISt =S S E TFAE
2P AHMER ARES At AU SEEH AT
g S AFelA] 71 olvlset Zei g
g o 9715 AR AMg-she AEE EAHOA
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Hlw et Bystyz} gy, #4222 A ste
amino alcohol& @714 EZo]7] witol o]&S
dor 3t FEHEEe] HAEAR BAWHoR
isopropanol (IPA)-hexane &wl¢l 0.1% diethylamine
A71E AR AREst ol & EFolEAAE A
g3t ok’ 2 Apelxe A Be d471 59 #Hot
Al Ag-o] FEhiEle] HXe TS AHEIA F)
7] wj<ol| ethanol-hexane®] 7] ©]& % &ulloll 0.1%
TFA, 0.1% triethylamine, -2 0.05% TFA/0.05% trie-
thylamineS 4F =& 97] HI7HAE AMEsIA 2 2
FoHtE A#AE WAL ATHIIFE oI5 &R
IPA-hexane &7l & A 79 wi-¢- $hvtst e &
7] 93E RAF7] o] 2342 vuE 93|
ethanol-hexane &l & A}-8-3}%1 ). T Chiralcel OF
A A= ethanol & ©] & &2 ARE-she o]
Sl&=A] 7] Wl A A S A IPA-
hexane & 7|5 ©]57¢ Svl& ARSI TH.
2 4 #H

21 AE 7171 H Aef

AxaBvtETHT] AP e JVIER T
d¥l HPLCE AM&3te oA F3&Tt.
HPLC 4 71712 Waters model 1525 binary pump,
20 uL loopE 71l Rheodyne model 7125 %71, a
dual absorbance detector (Waters 2487 detector)S A}-&
39 HPLCE  column® 2 Chiralcel OD, Chiralpak
AD, Chiralpak AS, Chiralcel OF (250 mm Lx4.6
mm LD. ¥ ¥ Daicel Chemical 3AH)S AL&3}3 T}
HPLC &vl& A}&3}l= hexane, ethanol (EtOH),
isopropanol (TPA)-2 J. T Baker (Phillipsburg, NJ)Z %
E] trifluoroacetic acid (TFA), tricthylamine ¥ amino
alcohol ¥4 &2 & 5% Aldrich (Milwaukee, WI) <
£ Sigma (St. Louis, Missouri) 3|A}2 58 743130tk

Table 1~4+= TGFHEAE 71ZAHARE o] &3l=
712 Chiralcel OD, Chiralpak AD, Chiralpak AS,
Chiralcel OF9lA] ©]2] amino alcohol ¢ FsHE 8=
Sl8l) ol 5ol A EE 97 5 242 Wrhele
e AFAFHE BAFI U} Table 1~4°14 BHAF

= Y gk AuAda HEEAS A
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Table 1. Enantiomer separation of amino alcohols using the mobile phase with acid or base additive on Chiralcel OD

EtOH/hexane/TFA = EtOH/hexane/Et;N = EtOH/hexane/TFA/Et;N =
Analyte 30/70/0.1(V/V/V) 30/70/0.1(V/V/V) 30/70/0.05/0.05(V/V/V/V)
o k', Rs*  Confd o k', Rs¢  Confd o k', Rs®  Confd

Acebutolol 1.00 0.52 - 1.00 3.80 - 1.16 0.56 0.39
Albuterol 1.00 0.31 - 1.00 3.42 - 1.00 033 -
3-Amino-l-phenoxy- 55 (3 439 268 148 1.04 375 035 578
2-propanol
Atenolol 2.83 1.30 5.07 S 1.24 2.88 0.64 S 3.27 1.34 6.50 S
Metoprolol 7.33 0.30 6.40 1.64 1.13 1.80 754 037 10.36
Pindolol 13.90 0.88 8.84 3.02 2.44 4.77 17.80 122 1491
Propranolol 4.23 0.56 7.27 S 1.28 1.41 0.94 S 4.66 0.62 8.44 S

Flow rate=1 mL/min; Detection UV 254 nm. “Selectivity factor. "Capacity factor for the first eluted enantiomer. “Resolution factor. ‘indicates
the absolute configuration of the second retained enantiomer.

Table 2. Enantiomer separation of amino alcohols using the mobile phase with acid or base additive on Chiralpak AD

EtOH/hexane/TFA = EtOH/hexane/Et;N = EtOH/hexane/TFA/Et;N =
Analyte 10/90/0.1(V/V/V) 10/90/0.1(V/V/V) 10/90/0.05/0.05(V/V/V/V)
o INK Rs®  Confd o? k', Rs®  Confd o k', Rs*  Confd

Acebutolol 1.29 3.61 1.84 1.31 6.02 2.32 1.28 3.62 1.80
Albuterol 1.16 2.15 0.77 1.00 2.92 - 1.16 2.15 0.83
3-Amino-l-phenoxy- ho 50 133 162 652 179 129 121 154
2-propanol
Atenolol 1.00 10.18 - 1.05 13.01 0.23 S 1.00 10.86 -
Metoprolol 1.00 1.92 - 1.44 2.00 3.43 1.00 2.21 -
Pindolol 1.22 3.84 1.61 1.37 4.19 2.44 1.25 3.89 1.90
Propranolol 1.10 1.05 0.64 S 1.53 1.23 3.46 S 1.11 1.15  0.73 S

Flow rate=1 mIL/min; Detection UV 254 nm. *Selectivity factor. "Capacity factor for the first eluted enantiomer. “Resolution factor. %indicates
the absolute configuration of the second retained enantiomer.

Table 3. Enantiomer separation of amino alcohols using the mobile phase with acid or base additive on Chiralpak AS

EtOH/hexane/TFA = EtOH/hexane/Et;N = EtOH/hexane/TFA/Et;N =
Analyte 20/80/0.1(V/V/V) 20/80/0.1(V/V/V) 20/80/0.05/0.05(V/V/V/V)
o? K'\® Rs® Confd o K'\® Rs® Conf! o K'\® Rs®  Conf!

Acebutolol 1.00 1.89 - 1.00 0.75 - 1.00 0.51 -
Albuterol 1.00 0.76 - 1.00 0.64 - 1.25 0.39 0.25
3-Amino-l-phenoxy- ) 0 g5 .00 070 - .00 040 -
2-propanol
Atenolol 1.00  10.60 - 1.00 8.70 - 1.00 7.24 -
Metoprolol 1.36 0.74 0.70 1.00 0.35 - 1.45 0.38 0.78
Pindolol 1.00 245 - 1.00 0.77 - 1.10 0.73 0.06
Propranolol 1.00 0.83 - 1.00 0.32 - 1.00 0.37 -

Flow rate=1 mL/min; Detection UV 254 nm. *Selectivity factor. "Capacity factor for the first eluted enantiomer. “Resolution factor. “indicates
the absolute configuration of the second retained enantiomer.
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Table 4. Enantiomer separation of amino alcohols using the mobile phase with acid or base additive on Chiralcel OF

IPA/hexane/TFA = IPA/hexane/Et;N = IPA/hexane/TFA/Et;N =
Analyte 30/70/0.1(V/V/V) 30/70/0.1(V/V/V) 30/70/0.05/0.05(V/V/V/IV)
o k'® Rs¢  Confd o k', Rs¢  Confd o k' Rs¢  Confd
Acebutolol 1.00 33.21 - 1.00 6.76 - 1.00 22.49 -
Albuterol 1.83 5.80 1.38 1.00  2.28 - 1.85 3.94 1.67
3-Amino-1-phenoxy- ) 0 5 5 - .00 340 - .00 197 -
2-propanol
Atenolol 127 2200 045 S 1.00 11.34 - - ne® -
Metoprolol 1.00 8.67 - 1.00 240 - 1.00 746 -
Pindolol 1.28 9.79  0.69 1.55 1.97 143 1.33 727 0.86
Propranolol 1.00 436 - 1.26 0.70 0.50 S 1.00  3.56 -

Flow rate=1 mIL/min; Detection UV 254 nm. *Selectivity factor. "Capacity factor for the first eluted enantiomer. “Resolution factor. %indicates

the absolute configuration of the second retained enantiomer. “no elution within 120 min.

F8R 7 43} 7Ho=2.83-13.90, Rs=5.07-8.84) 0.1%
triethylamine& 971 7= 22 Fote] AR
tHo=1.24-3.02, Rs=0.64-4.77) A 8tA =A Yet
dt} FE BES Taple 12 Chiralcel ODS] 7%,
o2 712 d83 &2 A J7HE ARRAl 971 F
THIE AMEshE AR Aadz FER1AE v
ARA T M EEAA7F AA A ZHolA A Hrt. of
£ £9], metoprolol> §7] A7HAE AP S w9
A (o)t B2 AR Rs)y= 2H2E 1.649F 1.800]0) A
A7 E AHEsE HEEAA 7L w§ Zolx]H A
7}7F 7333 6,402 2 wj§- =LA F7+eteh Pindolol
= 97 A7HE MRS o AE (ot 214k
Rs)E zHz} 3.028} 47701 2F HI7MAE AR5k

Zkz} 13.905) 8.84%2 AA ZT7IENSS & 4 AT
ol9} kA Table 22| Chiralpak AD 7 -$-oll= Ak
HA7HAE AHE o 97] A7HAE RS Al H]
3 BT wF-E1AF gre] Felx ARk He gz 2
A= WAH SR A HolA e ATFE HAFIL
AT}, Table 39] Chiralpak AS 7Z-$-9l& AF HA7A=S
AHEE A7 7] HTHAE AR W B RS
A grel © FA S7hsheE A4S BHon Es
2 H7HAE AFEE 7997 metoprolol ©] F-&- 3

P E AN U FHEE ERA] 9. Table
49] Chiralcel OF 73-9ll+= Table 32] Chiralpak AS 73
-8} 2ol 4k HTHA AREAl F71 HIHA ARl H]
3 WFEFR1AF ghol S7bste] thAl A o2 2uf o]
AANE A Bk 22 A9 Bellate]
ZHoA s 4 HVMAIE AHEE W= albuterolZ
atenolol®], 971 H7IAE A-8T W= pindolol 3}
propranolol°o] T £-& F3hie]E Hol dAg 43F

< Ho|x| &9ktt.

AAAR] Table 1~42 35 AFH RS ), alcohol-
hexane?] 7] o]/l AF H7MAE 0.1% TFAS
AP wel 971 H7HAIR 0.1% triethylamine<
A o o] HEEJAAE v 739, Chiralcel
OD¢} Chiralpak ADAIA = 2F H7HAIE AH8-3F 39
7} @71 HIHAE AR AR o Folxlsol &
Z=] 3 Chiralpak ASS} Chiralcel OF A= t 2o
Aol #FEAT HS FuEE A2 Chiralcel OD
9} Chiralpak ADZ$- SolsA M2 Awtd o= o}
2 Fie] A4S 2oF3 ). Chiralcel OD 7
Fol= A H7HIE AMESS W] HEEJA Lol
A7] A7 AR B AA JGEREA R A9 2
A= @A FUrs A9E RoFEn. a1y
U Chiralpak AD A$-9l& 4F 7M1 S 21838 o,
Chiralcel OD 73-¢-¢F 22| 7] H7HA BTt 55914
= 9 2 JeRAI R AEd ) 2214k Chiraleel
OD 7Z5-¢t vt 2 o AA Yehude 43S RS
3 Qo g s AHMEE 9] B 4 A
TS AHS-E o FEHE o] & AfolE Hol= ol
= Zt2te] ol s At Al 85+ chiral recognition
mechanism®] A2 tt27] wj&olg} Holzlt}.

o5 gl TFAS] 4t H7HIE ARE-sHA 2 W] amino
alcoholi+ A &2 (1)< ammonium salt (IS F4J s
T FshRE 7t X19E Aol o 4= =1 Chiralcel
oD<2] 712 A& A2l cellulose tris(3,5-dimethylphen-
ylcarbamate)$} ammonium salt (II) £4] & 2 A}o] 9|
FAATOZ QI8 A& 2H8-9] chiral recognitionol] 2
HAHo 2 FHE A7 Holxy g7 HAVHAE A
£ fo= (DT2RE 7H BA=2 9] FsHie7t
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g R HEEIAE o 9 2 #E JERAT
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= AT A= 7P A UERd T oo vl
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o] 2734 ammonium salt (19} =422 THe
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o] iAo ¥ aA R Yehr|dEd, o]
ol 0.05% TFAS} 0.05% triethylamineE 17 AF&-3)
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I~

Vol. 22, No. 4, 2009

= 7] G7H 7 ol Qs ge] BopRelol mA) o 317

©
~
@
b
")
B
o
-
T —T— —— — —
400 600 B.00 10.00 12.00
~
8 o
~ =
@
] 1 1
400 600 8.00 10.00 12.00
o
P~
o
w0
~
o
N
o
— T —
4.00 600 8.00 10.00 12.00 14.00

Fig. 1. Typical chromatograms of enantiomer separation of
propranolol on Chiralcel OD using EtOH/hexane/
TFA=30/70/0.1(V/V/V) (the top), EtOH/hexane/Et;N
=30/70/0.1(V/V/V) (the middle) and EtOH/hexane/
TFA/Et;N=30/70/0.05/0.05(V/V/V/V) (the bottom)
as the mobile phase (injection amount 10 pg). See
Table 1 for chromatographic conditions.

triethylamineE 37 AH& RS W ¢] F32d A#7t
Z4zb Ak e 97] H7H AR S v o] A-H v
shwl 25 B A JERSEIL Table 49] Chiraleel OF
ZAg-ole ol dA T Ao] Atk s17]= o=tk
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o 2, Chiralcel OD|A] atenololZ} propranolol #2]&-2
9 AS, A e 97 e WG A ol
o 273 AAQle] SolAA T Uzl £&F o] Y
2TH(Table 1). ©]&813t A= 4 T 47] B AW
717F 718 o] 52z 710] chiral recognition mechanism
o] et JEe F71= AN E2F WIlE =
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A oz ol 2URUE 7P & FTEE 4
HE HAFAY. dEF{F FEAE BAR 3t 71E
A Ao A amino alcohol S FeHiE ] dl=d o] FA
of 23 A, 97] 5o HUA| whet FEEE o
#H = chiral recognition mechanism©] ]9 A &z}
A=A gt AFH A7 o2 A z9d
Za7t glode Hopxit)

I
rot

k=

1. Y. Okamoto and E. Yashima, Angew. Chem. Int. Ed.,
37, 1020-1043(1998).

2. E. Yashima, J. Chromatogr. A, 906, 105-125(2001).

3. Application guide for chiral HPLC selection; 3rd Ed.,
Daicel Chemical Industries, Ltd.

4. R. W. Strigham and Y. K. Ye, J. Chromatogr. A, 1101,
86-93(20006).

5. Y. Tang, Chirality, 8, 136-142(1996).

6. Y. Tang, W. L. Zielinski and H. M. Bigott, Chirality,
10, 364-369(1998).

7. S. Caccamese, S. Bianca and G. T. Carter, Chirality, 19,
647-653(2007).

8. J. Y. Jin, W. Lee, J. H. Park, J. J. Ryoo and J. Ligq.
Chrom. & Rel. Tech., 30, 1-9(2007).

Analytical Science & Technology



