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Abstract Normal phase high-performance liquid chromatographic enantiomeric separation of chiral amines as naphthaldimine
derivatives was performed on amylose and cellulose-derived chiral stationary phases (CSPs) using three naphthaldehyde
derivatizing agents. The effect of the structural characteristics of both derivatizing agent types of naphthaldehydes and CSP
types on enantiodiscrimination of chiral amines was investigated. The enantioselectivities and resolutions obtained on
amylose-derived CSPs were greater than those on cellulose-derived CSPs, except for 2-hydroxynaphthaldimine derivatives
on cellulose-derived CSPs. In particular, the most conformationally rigid and flexible, 2-hydroxynaphthaldimine and 2naphthaldimine derivatives, among three kinds of naphthaldehyde-derived analytes afforded the greatest enantioseparation
on conformationally rigid cellulose-derived and conformationally flexible amylose-derived CSPs, respectively. The
developed analytical method was applied to the determination of enantiomeric purity for its broad applicability where the
enantiomeric impurities of (R)- and (S)-α-methylbenzylamine reagents were found to be 0.63 and 0.55%, respectively. The
described method would be useful for evaluating the enantiomers of various chiral amines.
Keywords chiral amine, chiral stationary phase, enantiomer separation, naphthaldimine derivative

Introduction

chiral recognition for the broad range of chiral compounds and
are widely used as CSPs for liquid chromatographic method.7-11)
In our previous reports, enantiomer separation of chiral amines as
9-anthraldimine and nitrobenzoxadiazole (NBD) derivatives was
performed using polysaccharide-derived CSPs under normal
HPLC conditions.2,10) In this present study, three different
naphthaldehydes are used as derivatizing agents to enhance the
enantiomeric separation and UV detection of the investigated
chiral amines as the corresponding naphthaldimine derivatives. It
is expected that these additional naphthaldimine moieties will
function to provide better interaction sites with chiral selectors of
CSPs for enantiodiscrimination.10) Also, two chiral amines (αmethylbenzylamine and 2-amino-1-propanol) for this study were
selected for their different structural features, as the one contains
aromatic group and the other is aliphatic hydroxyamine. Thus, the
aim of this study is to exploit and understand different enantiodiscrimination mechanism in terms of structural differences of
CSPs, chiral amine analytes and naphthaldehyde derivatizing agents.

Optically active amines form a large group of compounds of
both biochemical and pharmaceutical interest.1,2) Therefore, a
convenient and precise analytical method for the enantiomeric
separation and determination of enantiomeric composition of
chiral amines is essential in the field of chiral technology.2-4) A lot
of progress has been made in analyzing these substances due to
the rapid development of liquid chromatography and new
derivatization procedures which enhance detectability. Derivatization
with an achiral reagent before the enantioseparation is another
choice if the aim is to achieve better enantioselectivity and/or
higher detection sensitivity.2) An investigation using liquid
chromatographic (HPLC) resolution of the enantiomers of chiral
amines is of considerable importance because it can provide a
suitable and convenient method for determining enantiomeric
purity, as well as preparatively resolving large quantity of these
interesting molecules.3,5-7) Polysaccharide (cellulose and amylosederived) chiral stationary phases (CSPs) exhibits the excellent
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The derivatizing agents, 1-naphthaldehyde, 2-naphthaldehyde, 2hydroxynaphthaldehyde as well as racemic, (R)- and (S)-α90
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methylbenzylamine, (R)- and (S)-2-amino-1-propanol and magnesium
sulfate were purchased from Sigma-Aldrich (St. Louis, MO) or
Alfa Aesar (Haverhill, MA). HPLC-grade 2-propanol, ethanol, and
hexane for the mobile phase were obtained from Burdick &
Jackson (Morristown, NJ). All the solvents were degassed by an
ultrasonic bath (Branson, MI).
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The coated-type Chiralcel OD-H [cellulose tris(3,5-dimethylphenylcarbamate)] and Chiralpak AD-H [amylose tris(3,5dimethylphenylcarbamate)] (250 mm×4.6 mm, I.D., 5 μm) columns
were obtained from Daicel Company (Tokyo, Japan); Lux
Cellulose-1 [cellulose tris(3,5-dimethylphenylcarbamate)] and Lux
Amylose-1 [amylose tris(3,5-dimethylphenylcarbamate)] (250 mm
×4.6 mm, I.D., 5 μm) columns were procured from Phenomenex
(Torrance, CA). All separations were carried out at room
temperature with a flow rate of 1 mL/min under UV 254 nm
detection. The mobile phases were prepared in volume ratio and
are indicated in Tables 1-4.

Sample preparation

The derivatized analytes used in the normal HPLC conditions
were prepared by stirring α-methylbenzylamine or 2-amino-1propanol and the corresponding aromatic naphthaldehyde derivatizing
agent (1-2 equivalents) with excess magnesium sulfate (7
equivalents) in 2-propanol at room temperature for 6 h, according
to a procedure for the preparation of 9-anthraldimine derivatives.11)
Afterwards, the resulted mixture was filtered to remove excess
magnesium sulfate and diluted to required concentration for
separation.

Results and Discussion
Liquid chromatographic enantiomer separation results of αmethylbenzylamine and 2-amino-1-propanol as two chiral amines
using three naphthaldehyde derivatizing agents on amylose and
cellulose-based polysaccharide CSPs under normal phase mode
are summarized in Tables 1-4. In polysaccharide CSPs, the
mechanisms evolved on the enantiodiscrimination of the enantiomers
are based on the spatial effects of cavities built by the
polysaccharide, steric effects, π-π interactions, hydrogen bonding
and dipole-dipole.9,12,13) For enantiomer separation of two chiral
amines as three kinds of naphthaldimine derivatives, attempts
were made to comprehensively compare the enantiomer separation
behaviors of immobilized versus coated polysaccharide-type CSPs,
and amylose versus cellulose-derived chiral selectors. The
enantiomeric separation results obtained from α-methylbenzylamine
(Tables 1 and 2) and 2-amino-1-propanol (Tables 3 and 4) as

Apparatus and HPLC methods

For HPLC, an Agilent (Palo Alto, CA) 1100 system incorporating
a vacuum degasser with a G1310A isocratic pump and an
automatic sample injector with a thermostatic column compartment
was used. Covalently bonded and coated-type chiral columns
derived from either amylose or cellulose was used for the
analysis. The covalently bonded-type Chiralpak IA [amylose
tris(3,5-dimethylphenylcarbamate)], Chiralpak IB [cellulose
tris(3,5-dimethylphenylcarbamate)], and Chiralpak IC [cellulose
tris(3,5-dichlorophenylcarbamate)] (250 mm×4.6 mm, I.D., 5 μm)
columns were purchased from Daicel Company (Tokyo, Japan).

Table 1. Enantiomeric separation of α-methylbenzylamine using three naphthaldehyde derivatizing agents on covalently bonded CSPs
Entry

Derivatizing agent

Chiralpak IA

Chiralpak IB

Chiralpak IC

α

k'1

Rs

α

k'1

Rs

α

k'1

Rs

1

1-Naphthaldehyde

1.27

0.23

1.29(R)a

1.00

0.24

-

1.00

0.22

-

2

2-Naphthaldehyde

1.37

0.51

2.58(R)

1.09

0.30

0.41(S)

1.00

0.31

-

3

2-Hydroxynaphthaldehyde

1.46

3.63

7.14(R)

1.62

1.96

4.83(R)

1.25

7.12

4.08(R)

Mobile phase: 10% 2-propanol/hexane (V/V); Flow rate: 1 mL/min; Detection: UV 254 nm; k'1: Retention factor of the first eluted enantiomer;
á: Separation factor; Rs: Resolution factor; athe absolute configuration of the second eluted enantiomer.

Table 2. Enantiomeric separation of α-methylbenzylamine using three naphthaldehyde derivatizing agents on coated-type CSPs
Entry

Derivatizing agent

Chiralcel OD-H

Lux Cellulose-1

α

k'1

Rs

α

1.07

0.50

0.44(R)a

1.07

k'1

Rs

Chiralpak AD-H
α

0.54 0.57(R) 1.26

k'1

Rs

Lux Amylose-1
α

Rs

1-Naphthaldehyde

2

2-Naphthaldehyde

1.09

0.65

0.81(S)

1.14

0.70

1.52

0.73 4.18(R) 1.45

0.72 4.20(R)

3

2-Hydroxynaphthaldehyde

1.92

3.62

7.14(R)

1.88

4.09 8.41(R) 1.28

4.96 4.27(R) 1.34

4.84 6.03(R)

1.18(S)

0.29 1.15(R) 1.35

k'1

1

0.25 1.09(R)

Mobile phase: 10% 2-propanol/hexane (V/V); Flow rate: 1 mL/min; Detection: UV 254 nm; k'1: Retention factor of the first eluted enantiomer;
α: Separation factor; Rs: Resolution factor; athe absolute configuration of the second eluted enantiomer.
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Table 3. Enantiomeric separation of 2-amino-1-propanol using three naphthaldehyde derivatizing agents on covalently bonded CSPs
Entry

Derivatizing agent

Chiralpak IA
α

Chiralpak IB

k'1

1.40

Rs
a

1.07

3.01(R)

Chiralpak IC

α

k'1

Rs

α

k'1

Rs

1.16

1.30

1.13(S)

1.14

1.42

1.30(S)

1

1-Naphthaldehyde

2

2-Naphthaldehyde

1.77

1.38

5.62(R)

1.00

1.58

-

1.21

1.86

2.15(S)

3

2-Hydroxynaphthaldehyde

1.59

3.22

5.37(R)

1.18

4.88

1.14(S)

1.03

6.73

0.33(R)

Mobile phase: 10% 2-propanol/hexane (V/V); Flow rate: 1 mL/min; Detection: UV 254 nm; k'1: Retention factor of the first eluted enantiomer;
α: Separation factor; Rs: Resolution factor; athe absolute configuration of the second eluted enantiomer.

Table 4. Enantiomeric separation of 2-amino-1-propanol using three naphthaldehyde derivatizing agents on coated-type CSPs
Entry

Derivatizing agent

Chiralcel OD-H
α
1.43

k'1

Lux Cellulose-1

Chiralpak AD-H

Lux Amylose-1

α

k'1

Rs

α

k'1

Rs

α

k'1

Rs

a

1.39

2.61

3.41(S)

1.62

1.15

3.19(R)

1.58

1.14

3.99(R)

Rs

1

1-Naphthaldehyde

2.16 3.61(S)

2

2-Naphthaldehyde

1.00

2.46

-

1.00

2.97

-

2.09

1.47

7.45(R)

2.03

1.58

7.42(R)

3

2-Hydroxynaphthaldehyde

1.72

2.02

3.44(S)

1.63

2.42

4.61(S)

1.52

1.16

3.47(R)

1.58

2.81

1.95(R)

Mobile phase: 10% 2-propanol/hexane (V/V); Flow rate: 1 mL/min; Detection: UV 254 nm; k'1: Retention factor of the first eluted enantiomer;
α: Separation factor; Rs: Resolution factor; athe absolute configuration of the second eluted enantiomer.

three corresponding naphthaldimine derivatives were more or less
comparable with each other among the CSPs used.
In Tables 1-4, the enantioselectivities of two chiral amines as
three naphthaldimine derivatives on amylose-derived CSPs
(Chiralpak IA, Chiralpak AD-H and Lux Amylose 1) were
superior to those on cellulose-derived CSPs (Chiralpak IB,
Chiralpak IC, Chiralcel OD-H and Lux Cellulose-1), except for 2hydroxynaphthaldimine derivatives on cellulose-derived CSPs.
Compared to our previous reports using 9-anthraldimine and
nitrobenzoxadiazole (NBD) derivatives, the similar trends but
enhanced enantiomeric separation of chiral amines was
observed.2,10) In fact, the impact of different substituents in the
same backbone structure of naphthyl derivatizing agents on
enantiomeric resolution was fully elucidated in this study. Also,
the enantioselectivities obtained on coated amylose-derived CSPs
(Chiralpak AD-H and Lux Amylose 1) in Tables 2 and 4 were
generally greater than those on covalently bonded amylose-derived
CSP (Chiralpak IA) in Tables 1 and 3. In particular, coated
amylose-derived CSPs (Chiralpak AD-H and Lux Amylose 1)
using 2-napthaldehyde as a derivatizing agent provided greater
enantioselectivity and resolution than any other CSP. For an
example, the highest enantiomer separations of 2-amino-1propanol as 2-naphthaldimine derivative were achieved by Lux
Amylose 1 and Chiralpak AD-H (α=2.03, 2.09; Rs=7.42, 7.45,
Table 4). Figure 1 shows the typical chromatograms for
enantiomeric separation of 2-amino-1-propanol and α-methylbenzylamine as two naphthaldimine derivatives on Chiralpak IA
and Lux Amylose-1. Compared to the amylose-based CSPs of the
helical structure, the cellulose-derived CSPs with a straight chain
Vol. 63, No. 2, 2019

type polymer are conformationally rigid.14,15) Similarly, in terms of
conformational rigidity among three naphthaldimine derivatives of
chiral amines, 2-hydroxynaphthaldimine derivatives with an
intramolecular hydrogen bonding interaction by 2-hydroxy moiety
are the most conformationally rigid analytes. On the contrary, 2naphthaldimine derivatives are the most conformationally flexible
analytes because in case of 1-naphthaldimine derivatives, their
peri-hydrogens function as the barrier for their free rotation. It is
worth noted from the result that 2-hydroxynaphthaldimine
derivatives of the most conformationally rigid analyte (entry 3)
among three derivatized analytes afforded generally the greatest
enantioseparation on conformationally rigid cellulose-derived
CSPs (Chiralpak IB, Chiralpak IC and Chiralcel OD-H). As
mentioned before, it is interesting that 2-naphthaldimine derivatives
of the most conformationally flexible analyte (entry 2) afforded
the highest enantioseparation on conformationally flexible amylosederived CSPs (Chiralpak IA, Chiralpak AD-H, Lux Amylose-1).
Consequently, in this study it is classified that two matched
patterns between analyte kinds of derivatizing agents and CSP
kinds provided the highest enantioselectivities on two different
type CSPs based on cellulose or amylose-derivatives; (a)
conformationally rigid 2-hydroxynaphthaldimine derivatives (entry
3) on conformationally rigid cellulose-derived CSPs, especially in
Tables 1 and 2, (b) conformationally flexible 2-naphthaldimine
derivatives (entry 2) on conformationally flexible amylose-derived
CSPs, especially in Tables 3 and 4. It is also interesting that the
retention factors were generally highest in the case 2-hydroxynapthaldehyde derivatives (entry 3) using the same mobile phase
conditions. Especially, the greater enantioselectivities of its
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Fig. 1. Typical chromatograms for the enantiomeric separation of (A) 2-naphthaldimine derivatives of 2-amino-1-propanol on
Chiralpak IA, and (B) on Lux Amylose-1, (C) 2-hydroxynaphthal-dimine derivatives of α-methylbenzylamine on Chiralpak IA, and (D)
on Lux Amylose-1. Mobile phase: 10% 2-propanol/hexane (V/V), Flow rate: 1 mL/min, Detection: UV 254 nm.

derivatives were shown on conformationally rigid cellulose type
CSPs than on conformationally flexible amylose type CSPs. It
implies that there is a strong interaction between conformationally
rigid 2-hydroxynapthaldehyde derivatives and the conformationally
rigid chiral selectors of cellulose-derived CSPs and suggests that
the transient diastereomeric complex fits strongly each other under
thermodynamically favorable environments.15-17) The results that
the greatest enantioselectivities of conformationally flexible 2naphthaldimine derivatives (entry 2) were obtained on conformationally flexible amylose type CSPs was likely related to threedimensional structures of the amylose helical structure with chiral
cavities.17) Consistent elution orders between all three naphthaldimine derivatized analytes on amylose-derived CSPs were
shown, as (R)-enantiomers being selectively eluted. However, the
consistency of elution orders was not always observed on
cellulose-derived CSPs. It indicates that there is a predominant
chiral recognition mechanism on amylose-derived CSPs during
enantiodiscrimination process, not like on cellulose-derived CSPs.
The developed analytical method was applied for the determination
of enantiomeric purity of (R)- and (S)-α-methylbenzylamine on
Chiralcel OD-H. The enantiomeric purities of commercially
available (R)- and (S)-α-methylbenzylamine (Alfa Aesar company)
as 2-hydroxynaphthaldimine derivatives were determined on
Chiralcel OD-H (entry 3 of Table 2). The enantiomeric impurities
of (R)- and (S)-α-methylbenzylamine reagents were found to be
0.63% and 0.55%, respectively, and shown in Table 5. Figure 2

Table 5. Determination of enantiomeric purity of commercially
available (R)- and (S)-α-methylbenzylamine as 2-hydroxynaphthaldimine derivatives on Chiralcel OD-H
Entry

Analyte

R:S ratioa

1

(R)-α-methylbenzylamine

99.37 : 0.63

2

(S)-α-methylbenzylamine

0.55 : 99.45

a

Average value of four replicates. See Table 2 for chromatographic
conditions.

shows the chromatograms for the enantiomeric separation of
racemic, (R)- and (S)-α-methylbenzylamine as 2-hydroxynaphthaldimine derivatives on Chiralcel OD-H.

Conclusion
For the search of better enantiomeric separation and resolution
of chiral amines, their enantiodiscrimination using three naphthaldehyde derivatizing agents was performed and compared using
several polysaccharide-derived CSPs. The structure of naphthaldimine derivatizing agents and CSP type (amylose or cellulose
derivatives of chiral selectors and covalently bonded or coatedtype) used in this study have a significant effect on enantiomeric
discrimination of analytes. Also, it was shown that this
enantioselective HPLC-UV analytical method for the enantiomer
separation of chiral amines as naphthaldimine derivatives is quite
suitable and selective and, therefore, it is expected to be applied
J. Pharm. Soc. Korea
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Fig. 2. Chromatograms for the determination of enantiomeric
purity of (A) racemic α-methylbenzylamine, (B) (R)-α-methylbenzylamine (R:S=99.37:0.63) and (C) (S)-α-methylbenzylamine
(R:S=0.55:99.45) as 2-hydroxynaphthaldimine derivatives on
Chiralcel OD-H. Mobile phase: 10% 2-propanol/hexane (V/V),
Flow rate: 1 mL/min, Detection: UV 254 nm.

for the determination of enantiomeric purities in the pharmaceutical industry for developing enantiomerically pure chiral
drugs. The related further research for elucidation of chiral
recognition mechanism is underway.
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