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Abstract: Chromatographic enantiomer resolution of chiral
amines was performed on several covalently immobilized and
coated chiral stationary phases (CSPs) based on polysaccha-
ride derivatives under the mobile phase conditions containing
base or acid or acid/base additive. The chromatographic
parameters including separation factors and capacity factors
were greatly influenced by the nature of the mobile phase
containing base or acid or salt additive as well as the used
CSPs. When 0.05% triethylamine/0.05% trifluoroacetic acid
as an additive in the mobile phase was used on all CSPs in
this study, the greatest enantiomer resolution was observed
except for Chiralpak AD. Also, it was shown that the change
of base additive into acid or salt in the mobile phase may
directly affect chiral recognition mechanisms between the
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chiral selectors and analytes occurring during enantiomer sep-
aration, resulting in the change of elution orders.

Keywords: Chiral amine, Chiral stationary phase, Enantiomer
resolution, Mobile phase additive

1. INTRODUNTION
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2. MATERIALS AND METHOD

21. A5 9 A9F

HPLC &) 2 A3} hexane, ethanol (EtOH)-2 J. T Baker
(Phillipsburg, NJ)= F-E] 29135} 2 trifluoroacetic acid (TFA),
triethylamine 2! 4152 9] o-methylbenzylamine, 1-(1-naph-
thyl)ethylamine, phenylglycine (PG) methyl ester, phenylala-
nine (Phe) methyl ester, 2-phenylglycinol =25 Aldrich (Milw-
aukee, WI) &2 Sigma (St. Louis, Missouri) S|AFZ FE ]
ahgich.

22. 84717l 294

s A ARnEI Y AP o3 771e2 4
El HPLCE AHg-8to] /-2oll4l =35k ieh. HPLC 4 7]
712 Waters model 1525 binary pump, 20 uL loopE 7141
Rheodyne model 7125 5%]7|, a dual absorbance detector
(Waters 2487 detector)E AF&5F9th HPLCE 7|2 HP S
2 Chiralpak IA, Chiralpak IB, Chiralpak IC, Chiralpak AD,
Chiralcel OD (250 mm L x 4.6 mm 1.D. & Daicel Chemical
3 ADE AHE-SF4A T [4-6,11]. Chiralpak TA, Chiralpak IB, Chi-

ralpak IC= tHE = A & 7| B A AL 2 AFE-5lo] A 7te]
FEYAA A Z2E 7|2 AHo| 1L Chiralpak AD, Chiralcel OD
© 0BRE=AE Azt ZYAIA AzH 71 Aol
[2,5,6]. HPLC ©o]5Ar &&= 5% ethanol/hexane (v/v)©]
0.1% Et;N, 0.05% Et;N/0.05% TFA, 0.1% TFAS ZF2 A4 71 A
2 g o ARSHAAL {452 1 mL/min, UV 254 nmojl 4] &
stol BAsheth ARSEE 10mgmLeln 79 35
(injection volume) 1 L2 A3 5}4 th

3. RESULTS AND DISCUSSION

Table 1~50| A {4 & 7| F A= 0] §-5l= 57 9]
1A= oA 712 obvl o) ki e| & 918f o] 5/del 4k &
71, AWA7) & 42 Arete] @& AFANE Hols
UTH AA| A Q] Aol A ol AA Y FeEe| o A
QT HFEEAEE A s 7] 59 H7HAI7E 23 ol F
AFe) 4ol 27 L W A2 vefhizg) ol 2ig A
HATE g ek 712 AR o) FRol uheholg v
elutth E35] AR8-3F AH 0| 4], Chiralpak IA2} Chiralpak
AD¥ 543t amylose tris (3,5-dimethylphenylcarbamate) 7]
o AERE Aejrte] 42 gHATAY 2PAA A%
= APo|n, up2k7} A & Chiralpak 1B} Chiralcel OD+= &
A3t cellulose tris (3,5-dimethylphenylcarbamate) 7] = A el 2}
£ Ael7tel 47 F4AAL 2YAA AzE Aeo]
t} [2,5,6]. oA H7HAE 0.1% ELN ELX 0.05% EGN/
0.05% TFAE AHE-3 73 -9-ol = Table 19} 7] A &A1 amy-
lose -F-=A 7} 3-5-43% Chiralpak IAo]| 4] Table 49] 7]
Aeiz}7t 28 Chiralpak ADE T o £2 gsHie] 23
£ "o}, 0.1% TFA H 71 A S AHE-3 o of| = Table 42] Chi-
ralpak AD7} B & g2 & 2o Q). Bhdof Table 5
9] cellulose -5-X= A7} =¥ = Chiralcel ODoJ| A= o] A A
71A| Eoll TA $lo] Table 29 cellulose F =47} 572
%1%l Chiralpak IB ¥t} £9517A o £ Fshate] 2a4E
Hojzqlth

Table 1, 49] Chiralpak A9} Chiralpak AD “12] 1l Table 2, 5
9] Chiralpak IB&} Chiralcel OD= E U3t 7|2 A RS 7247+
BRATAY YA A2 Aeiol7] wo] A2

Table 1. Separation of the enantiomers of chiral amines using the mobile phase with additive on Chiralpak IA

5% ethanol/hexane (v/v)

5% ethanol/hexane (v/v) 5% ethanol/hexane (v/v)

Entry Analyte with 0.1% Et;N with 0.05% Et;N/0.05 % TFA with 0.1% TFA
ol k,"® RS  confd o k" RS confd o k,® RS conf!
1 a-Methylbenzylamine 1.00 2.12 - 1.00 1.72 - 1.00 7.35 -
2 1-(1-Naphthyl)ethylamine ~ 1.02 2.59 0.20 R 1.08 2.08 0.75 S 1.00 5.10 -
3 PG methyl ester 1.25 3.60 5.51 R 1.12 2.49 1.63 S 1.05 3.64 0.28 S
4 Phe methyl ester 1.17 4.72 4.50 R 1.63 2.34 5.81 S 1.56 3.65 1.54 S
5 2-Phenylglycinol 1.02 7.12 0.22 R 1.14 2.95 1.65 S 1.10 3.38 0.46 S

Chromatographic conditions: Flow rate=1 mL/min; Detection UV 254 nm; *Separation factor. *Capacity factor of the first eluted enantiomer.
“Resolution factor. “The absolute configuration of the second eluted enantiomer.
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Table 2. Separation of the enantiomers of chiral amines using the mobile phase with additive on Chiralpak 1B

5% ethanol/hexane (v/v)

5% ethanol/hexane (v/v) 5% ethanol/hexane (v/v)

Entry Analyte with 0.1% Et;N with 0.05% Et;N/0.05 % TFA with 0.1% TFA
o’ k" RS  conf! o k," RS conf! o k," RS conf!
1 a-Methylbenzylamine 1.00 3.54 - 1.00  3.10 - 1.00 6.27 -
2 1-(1-Naphthyl)ethylamine  1.08 3.97 0.17 R 1.87  4.10 9.77 R 1.42 7.98 2.55 R
3 PG methyl ester 1.06 2.43 0.78 R 1.06 429 0.87 R 1.05 7.83 0.37 R
4 Phe methyl ester 1.00 1.93 - 1.00 346 - 1.00 6.68 -
5 2-Phenylglycinol 1.00 7.63 - 1.00 4.03 - 1.00 9.87 -

Chromatographic conditions: Flow rate=1 mL/min; Detection UV 254 nm; *Separation factor. *Capacity factor of the first eluted enantiomer.

°Resolution factor. “The absolute configuration of the second eluted enantiomer.

Table 3. Separation of the enantiomers of chiral amines using the mobile phase with additive on Chiralpak IC

5% ethanol/hexane (v/v)

5% ethanol/hexane (v/v) 5% ethanol/hexane (v/v)

Entry Analyte with 0.1% Et;N with 0.05% Et;N/0.05 % TFA with 0.1% TFA
ol k,"® RS confd o k" RS confd o k,® RS conf!
1 a-Methylbenzylamine 1.11 3.15 1.41 R 1.19 4.44 3.04 R 1.19 2.09 1.25 R
2 1-(1-Naphthyl)ethylamine ~ 1.39 3.17 4.99 R 1.89 481 9.91 R 1.70 3.05 2.90 R
3 PG methyl ester 1.00 5.48 - 148 1026 691 R - NE® -
4 Phe methyl ester 1.07 4.89 1.60 R 2.46 7.34 9.51 R - NE® -
5 2-Phenylglycinol 1.07 8.43 1.00 R 1.59 8.52 6.53 R 1.40 3.65 6.14 R

Chromatographic conditions: Flow rate=1 mL/min; Detection UV 254 nm; *Separation factor. *Capacity factor of the first eluted enantiomer.
“Resolution factor. “The absolute configuration of the second eluted enantiomer. “No elution for 1 hr.

Table 4. Separation of the enantiomers of chiral amines using the mobile phase with additive on Chiralpak AD

5% ethanol/hexane (v/v)

5% ethanol/hexane (v/v) 5% ethanol/hexane (v/v)

Entry Analyte with 0.1% Et;N with 0.05% Et;N/0.05 % TFA with 0.1% TFA
o’ k" RS  conf! o k," RS conf! o k," RS  conf!
1 a-Methylbenzylamine 1.00 1.80 - 1.00 1.25 - .12 443  0.68 S
2 1-(1-Naphthyl)ethylamine ~ 1.00 2.40 - 1.05 1.65 0.53 S 1.29 8.38 3.12 S
3 PG methyl ester 1.18 3.00 1.62 R 1.07  2.10 0.38 S 1.05 6.53 0.30 S
4 Phe methyl ester 1.23 3.73 2.52 R 1.62 1.88 4.53 S 1.77 430 3.16 S
5 2-Phenylglycinol 1.00 6.64 - 1.10  2.18 1.05 S 1.13 1241 0.68 S

Chromatographic conditions: Flow rate=1 mL/min; Detection UV 254 nm; *Separation factor. *Capacity factor of the first eluted enantiomer.

“Resolution factor. “The absolute configuration of the second eluted enantiomer.

Table 5. Separation of the enantiomers of chiral amines using the mobile phase with additive on Chiracel OD

5% ethanol/hexane (v/v)

5% ethanol/hexane (v/v) 5% ethanol/hexane (v/v)

Entry Analyte with 0.1% Et;N with 0.05% Et;N/0.05% TFA with 0.1% TFA
I k,"® RS  confd o k" RS confd o k,® RS confd
1 o-Methylbenzylamine 1.00  4.18 - 1.08 239 0.57 S 1.07 298 0.19 S
2 1-(1-Naphthyl)ethylamine  1.29 422  0.88 R 3.05 6.05 1148 R 252 586 3.2 R
3 PG methyl ester 120 357 147 R 121 414 1.80 R 1.28  4.11 1.67 R
4 Phe methyl ester 1.00  2.63 - .12 281 092 S .11 340 0.73 S
5 2-Phenylglycinol - NE* - 1.07 340 051 R 1.06 434 0.13 R

Chromatographic conditions: Flow rate=1 mL/min; Detection UV 254 nm; “Separation factor. *Capacity factor of the first eluted enantiomer.
°Resolution factor. “The absolute configuration of the second eluted enantiomer. “No elution for 1 hr.
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ol A Table 19] Chiralpak IA2} Table 42] Chiralpak ADo]| 4]
FohielE a9 4= 9 S-isomer7} HF FHAR &
Z 5|4, Table 29] Chiralpak IB2} Table 52] Chiralcel ODoJ| 4]
+ 3ot ® 27119 2454 9 (entry 29} 3) R-isomer7} &
T FRA R &5 o] Yedth
TP o YRt AMpE e, hof| A = Ak BEeF o] &
A 71 Al A o] s Aol 4t = A7), AVE 7] 9 A
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A A 02 Abds] GebA| L Q& A Auto A Kol
AT [8]. o] 27t o] &/ H7HAI7} g g ol v x| = & xt
ForReE A= M-S A 29 FeheE 24
ZH &YeAE oA Lt 4o A It
E Table 1, 2, 40 4 9 g8k 2| o A= AF H7HAIE AL
Fj7F 7] H7HAE ARE-She Aol Hsl 8- Q1A} ghol
33] S715HA = AR, Table 39] Fahite] o A= X 7HA|
=2 0.05% Et;N/0.05% TFA AFE-31S w7} AF E= 7] A7}
A& AHE-8t= 2ol Bl sl 85 1AL ghol 71 A Uyt e
™, Table 13} 4o A]2] FeEejos= H7HAZ 0.05%
ELN0.05% TFAS AH8- S 17 8214 ghol 714 2]
LFERGCH g Table dof A] SF7F o] 70l 2 2o] Lheh}y)
SFARE, A A| 2] 0 & Table 1~33} Table 50 A] o]-54} X 7HA|
=2 0.05% Et;N/0.05% TFAE AF8-3F= 27} 0.1% Et;N T
L 0.1% TEAS AHEoHe 490 o $& Behiels e
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E SIS e me S8 et g AanE H AAH

o

al

oX oo 2 (o rr
oft 1% |o olo

mAU mAU

30— 50

7.254

10,659

0=

30—

20—

IR AL, @71, 4% 7] B7HA R Weke Folw 3

o) A7} o 2 Fepa s B 8

E5h ol o] 49| AP etele] WurE o 2 v

L 7)Y e BABAN el
2720l 4 7] v iol 1 o] Yotiel o] gl
i

=
o
b

Lo

oN
=2

A
Ao &=
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Shof| w2 &oeAl Bishe il Ao 2 UEhhA| R, Table 1
9] Chiralpak IA2} Table 42] Chiralpak AD 73-2-0fl= A 7}A
2 0.1% Et;N2 AFESF 8)A7F A7 2 0.05% Et;N/
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2 ey, 24 1A o] 49 FekieE HA R0 R
isomer7} % E 2 25 o] UEphAIR FA] A9
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TFAS) A7HAI S AFg3ll B 4%, #4829 7] ol &
7% ammonium saltE /43 & 7| A ateke] 7|21
2 Eghashiel st 1 Aolet AT 01714 0.05%
TFA (6.7 mM)2} 0.05% triethylamine (3.6 mM)E g A] ol A
L35 749 35k A Q1 (stoichiometric) T o] A acidicdt &
A2 FAIBHA et Lo H] sl o]5/del 0.1% EtNS| 7}
A& AHESHA E A, ol 5ol A7148E B7] w ol 24
=4Q1 712 free amine AHA| 7} 7] A B2 eto] 7| LI &
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action®] E73}7] wj o]k =4 4= glrk.

0] @)= g, Table 2, 59] Chiralpak IB} Chiralcel OD ¥4t
ofu] 2} Table 39 Chiralpak ICO]| A= 9ol Al 7143 Chi-
ralpak IA®} Chiralpak ADoJ| A dojut= A7HA| 9] A €71,

mAl
50 =

9.008

25 0 10 15 20 25

Fig. 1. Typical chromatograms showing additive effect in the mobile phase on enantiomer resolution of 1-(1-naphthyl)ethylamine on
Chiralcel OD using (a) 15% ethanol/hexane (v/v) with 0.1% Et;N, (b) 0.05% Et;N/0.05% TFA and (c) 0.1% TFA, respectively; Flow rate=

1.0 mL/min; Detection UV 254 nm; Injection amount 10 pig.
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4. CONCLUSION
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