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Abstract

Chiral recognition capability of (�/)-(R )-18-crown-6-tetracarboxylic acid (18C6H4) to various amino compounds

containing 16 amino acids, five alkyl amines, seven aminoalcohols and other amino compounds in nuclear magnetic

resonance (1H-NMR) analysis was investigated. In general, amino compounds having an aromatic ring were well chiral

recognized with 18C6H4 compared with those having no aromatic ring. Effects of 18C6H4 concentration and the kind

of deuterated solvents (D2O, CD3OD and CD3CN) for measurement on the chiral recognition was investigated in

detail. Concentration of 5 equivalent 18C6H4 to the amino compounds was found to be sufficient for the chiral

recognition. On the other hand, an effective deuterated solvent (D2O, CD3OD or CD3CN) for measurement was

different in each compound. Distinguishment of 1.0% of the minor enantiomer (D-form) in L-alanine-b-naphthylamide

was found to be possible by 1H-NMR employing 18C6H4 as a chiral shift reagent.

# 2002 Elsevier Science B.V. All rights reserved.
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1. Introduction

The separation of enantiomers is a subject of

great interest because the antipode of a chiral drug

is regarded as one of the impurities from the

viewpoint of quality control [1,2]. For these

purposes, powerful, widely, and selectively applic-

able analytical tools are needed to determine the

enantiomeric purity of the chiral drugs. During the

past few decades, several analytical methods, such

as gas chromatography (GC) [3,4], high-perfor-

mance liquid chromatography (HPLC) [5�/8],

capillary electrophoresis (CE) [9�/11], nuclear

magnetic resonance (NMR) [12,13] etc. have

been developed. Among them, NMR is a still
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useful method although most of the enantiomer

separation has been performed by HPLC or CE.

In NMR method, chiral derivatizing reagents

or chiral shift reagents are employed. (R ) or (S)-

2-methoxy-2-(trifluoromethyl)phenylacetic acid

(MTPA), which was introduced by Mosher in

1969 as a chiral derivatizing reagent in 1H-NMR,

has been widely used [14�/16]. There is no hydro-

gen for racemization, so racemization of MTPA

under the derivatization is impossible. MTPA

reacts readily with primary and secondary alcohols

or amines to form diastereoisometric amides or

esters that may be recognized by 1H-NMR.

Camphor-based chiral lanthanide shift reagents,

[Eu(pvc)2] etc. are also useful for the determination

of enantiomers [17]. Enantiomeric purity of acetyl-

L-carnitine, which is one of the biological sub-

stances localized in various tissues of mammals,

Fig. 2. The change of chemical shift (2 mM Ala-b-NA) by the addition 18C6H4.

Fig. 1. The change of chemical shift (2 mM 1-NEA) by the addition of 18C6H4.
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Table 1

Effect of deuteration solvents on chemical shift change (R1R2�/CH�/NH2)

Entry Compounds R1, R2 Solvent CH proton without

18C6H4

Dd (CH proton with

18C6H4)

CH3 proton without

18C6H4

Dd (CH3 proton with

18C6H4)

1 Phenylglycine (PheG) C6H5, COOH D2O 5.21 �/0.07(L), �/0.17(D) �/ �/

2 CD3OD 5.08 �/0.38(L), �/0.50(D) �/ �/

3 CD3CN 5.11 �/0.20(L), �/0.42(D) �/ �/

4 1-Phenyethyl amine, (1-PEA) C6H5, CH3 D2O 4.54 �/0.05(S ), �/0.03(R ) 1.64 9/0.00

5 CD3OD 4.45 �/0.29(R ), �/0.33(S ) 1.63 �/0.02(S ), �/0.06(R )

6 CD3CN 4.50 �/0.09(R ), �/0.16(S ) 1.64 �/0.03(S ), 9/0.00(R )

7 Alanine-b-Naphthylamide (Ala-b-NA)

C10H7NHCO, CH3

D2O 4.30 �/0.04 1.68 �/0.00(L), �/0.01(D)

8 CD3OD 4.17 �/0.15(D), �/0.32(L) 1.65 �/0.03(L), �/0.06(D)

9 CD3CN 4.34 Overlapped 1.66 �/0.02(L), 9/0.00 (D)

10 1-(1-Naphthyl) ethylamine (1-NEA) C10H7,

CH3

D2O 5.46 �/0.01(S ), �/0.09(R ) 1.78 �/0.02(R ), �/0.01(S )

11 CD3OD 5.39 �/0.21(S ), �/0.47(R ) 1.76 �/0.06(R ), 9/0.00(S )

12 CD3CN 5.39 �/0.14(S ), �/0.30(R ) 1.77 �/0.08(R ), 9/0.00(S )

All chemical shifts reported in ppm relative to TPS at 27 8C.
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Fig. 3. 1H-NMR spectra of (9/)-1-NEA and (�/)-18C6H4 mixtures in D2O, CD3OD and CD3CN.
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was successfully determined by using [Eu(hfc)3]

[18]. (R )-(�/)-2,2,2-trifluoro-1-(9-anthryl)ethanol

has been widely used as a chiral shift reagent

[19�/22]. The chiral shift reagent method

has advantages such as simplicity, rapid analysis,

etc.

Crown ethers, first introduced by Pedersen in

1967 [23,24], are synthetic macrocyclic polyethers

that can form selective complexes with suitable

cations. Chiral (�/)-(R )-18-crown-6-tetracarbox-

ylic acid (18C6H4), first synthesized by Lehn and

his co-workers [25,26], was successfully employed

for the CE enantiomer separation of amino acids

and amino compounds as chiral selectors [27�/29],

because of its high solubility in water. Recently,

18C6H4 was also employed for the chiral station-

ary phases (CSPs) in HPLC [30�/35].

In our previous works [30,31,33], we reported

the synthesis and the evaluation of the novel CSPs

chemically immobilized 18C6H4. NMR spectro-

scopy was also employed for the investigation of

the interaction between 1-(1-naphthyl)ethylamine

(1-NEA) and 18C6H4 [31].

In this work, we further investigated the cap-

ability of 18C6H4 as a chiral shift reagent in

NMR. Effects of the concentration of 18C6H4

and deuterated solvents (D2O, CD3OD and

CD3CN) for measurement on the chiral recogni-

tion were investigated. Sixteen amino acids, five

alkyl amines, seven aminoalcohols and eight other

amino compounds were applied in this study.

Finally, a possibility of this method as a quality

testing (optical purity testing) method of chiral

compounds was investigated.

Fig. 4. Structures of amino acids investigated.
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2. Materials and methods

2.1. NMR equipment

1H-NMR spectra were taken in D2O, CD3OD

and CD3CN on Brucker DRX-500 FT-NMR

spectrometer (Rheinstetten, Germany) operating

at 500 MHz in the 2H lock mode. Chemical shifts

were reported in parts per million (ppm) relative to

sodium 3-(trimethysilyl)propane sulfonate (TSP),

and coupling constants were reported in Hz.

Typical acquisition parameters included sweep

width (SWH) of 6000 Hz, temperature of 27 8C
digital resolution of 0.1834 Hz per point. Typical

processing parameters included window type

(WDW) of exponential multiplication (EM), sine

bell shift (SSB) of 0, line broadening (LB) of 0.30

Hz, and gaussian broadening (GB) of 0. Spinning

tubes of 5 mm i.d. containing 600 ml of a solution

were employed.

2.2. Materials

18C6H4 was purchased from Aldrich Chemicals

(Milwaukee, WI, USA). D2O, CD3OD, CD3CN,
DCl and TSP were purchased from ISOTEC Inc.

(OH, USA). DL-alanine-b-naphthylamide (DL-

Ala-b-NA) was purchased from Aldrich Chemi-

cals. L-alanine-b-naphthylamide (L-Ala-b-NA)

was purchased from USB (Cleveland, OH, USA),

and the other amino compounds used were

purchased from Aldrich Chemicals, Katayama

Kagaku Kogyo (Osaka, Japan), Tokyo Kasei
Kogyo (Tokyo, Japan) and Wako Pure Chemicals

(Tokyo, Japan).

2.3. Optical purity testing of L-Ala-b-NA (general

procedure)

Spinning tubes of 5 mm i.d. containing 600 ml of

a solution were employed. Two milimolar (for 600

ml) of the testing compounds was taken in tube,

and 18C6H4 solution (10 mM, 600 ml) was added.

Table 2

Dd of amino acids [R�/CH(NH2)COOH] in D2O

Entry Compounds R CH proton without 18C6H4 Dd (CH proton with 18C6H4)

Acidic amino acids

13 Asparagine H2NCOCH2�/ 4.37 �/0.03(L), �/0.05(D)

14 Aspartic acid HOOCCH2�/ 4.41 �/0.03(L), �/0.05(D)

15 Glutamine H2NCOCH2CH2�/ 4.15 �/0.02(L), �/0.06(D)

16 Glutamic acid HOOCCH2CH2�/ 4.12 �/0.02(L), �/0.06(D)

Basic amino acids

17 Arginine �NH2�/C(NH2)NHCH2CH2CH2�/ 4.12 �/0.02(L), �/0.11(D)

18 Histidine C3N2H3CH2�/ 4.41 �/0.02(L), �/0.08(D)

19 Lysine �H3NCH2CH2CH2CH2�/ 4.11 �/0.02(L), �/0.06(D)

Amino acids having alkyl

20 Alanine CH3�/ 4.14 �/0.03(L), �/0.05(D)

21 Cysteine HSCH2�/ 4.37 �/0.03(L), �/0.09(D)

22 Methionine CH3SCH2CH2�/ 4.24 �/0.01(L), �/0.05(D)

23 Serine HOCH2�/ 4.22 �/0.03(L), �/0.06(D)

Amino acids having aromatic ring

24 Phenylalanine C6H5CH2�/ 4.38 9/0.00(L), �/0.03(D)

25 Tryptophan C8H6NCH2�/ 4.42 9/0.00(L), �/0.03(D)

26 Tyrosine 4-OHC6H4CH2�/ 4.32 9/0.00(L), �/0.03(D)

27 DOPA 3,4-diOHC6H3CH2�/ 4.31 9/0.00(L), �/0.03(D)

28 Phenylglycine C6H5�/ 5.21 �/0.07(L), �/0.17(D)

All chemical shifts reported in ppm relative to TPS at 27 8C.
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Then, 6 ml of DCl and 6 ml of 1% TSP were added.

DCl was employed for the protonation of tetra-

carboxylic acids and a primary amine. The pH of

sample solutions in case of D2O had been adjusted

to around 1.

3. Results and discussion

3.1. Characterization of 18C6H4 as a chiral shift

reagent

3.1.1. Concentration of 18C6H4

Effect of the concentration of 18C6H4 (from 1

to 10 mM) on the change of chemical shift (Ddobs)

of 1-NEA (2 mM) and Ala-b-NA (2 mM) was

investigated. The well resolved doublet at d�/1.77

ppm (CH3, methyl protons, 1-NEA) or d�/1.66

ppm (Ala-b-NA), and qualtet at d�/5.39 ppm

(CH, methine proton, 1-NEA) or d�/4.17 ppm

(J�/7.0 Hz, Ala-b-NA) were evaluated. The Ddobs

versus the concentration of 18C6H4 curves for 1-

NEA and Ala-b-NA are shown in Figs. 1 and 2,
respectively. The saturation of Ddobs to 2 mM of

the compounds were obtained above 8 mM of the

chiral shift reagent. The concentration of 5

equivalent of the chiral shift reagent to the

compounds was found to be sufficient for the

chiral recognition of 18C6H4.

3.1.2. Effect of deuterated solvents (D2O, CD3OD

and CD3CN) for measurement

Effect of deuterated solvents such as water

(D2O), methanol (CD3OD) and acetonitrile

Fig. 5. 1H-NMR spectra of DL-Arginine and (�/)-18C6H4 mixtures in D2O.
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(CD3CN), on the chiral recognition of 18C6H4

was investigated by employing phenylglycine

(PheG), 1-phenylethylamine (1-PEA), Ala-b-NA

and 1-NEA as amino compounds. Chiral recogni-

tion of PheG, 1-PEA, Ala-b-NA and 1-NEA was

observed in all solvents (D2O, CD3OD and

CD3CN). The results are summarized in Table 1.

The comparison of the 1H-NMR spectra of 1-

NEA in the presence (Fig. 3c, f and i) of 18C6H4

and in the absence (Fig. 3a, d and g) of 18C6H4

revealed two sets of each proton or group of RS-1-

NEA. These peaks observed in Fig. 3(c, f and i),

were simply superposition of each spectrum from

the individual diastereomeric inclusion complexes

that have formed. The methyl (d 1.7�/1.8 ppm) and

the methine (d 5.5�/5.9 ppm) protons of the

enantiomers of 1-NEA were significantly sepa-

rated into the two sets of resonance in the presence

of (�/)-18C6H4. Aromatic protons (d 7.5�/8.5

ppm) were also splited with relatively small

chemical shift differences (Fig. 3). Since the methyl

and the methine protons are adjacent to the

ammonium cation, these protons must be signifi-

cantly influenced by the chiral moiety (carboxylic

acids) and shifted. It seems that the methyl and

methine protons can utilize to investigate the trend

of shift change in each enantiomer, and to measure

the enantiomeric purity of the chiral compounds.

The comparison of the chemical shift change

(Dd value) of the methine and the methyl protons

revealed that the methine proton shifted larger

than the methyl protons (entries 4�/12). The

methine proton in PheG (entries 1�/3) downshifted

in D2O, CD3OD and CD3CN, and the methine

Fig. 6. 1H-NMR spectra of DL-phenylglycine and (�/)-18C6H4 mixtures in D2O.
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proton of D-form in PheG significantly shifted

than that of L-form. Dd (D�/L) values of the

methine proton in D2O, CD3OD and CD3CN

were 0.10 ppm (�/0.17�/0.07), 0.12 ppm (�/

0.50�/0.38) and 0.22 ppm (�/0.42�/0.20), respec-

tively. High chiral recognition of 18C6H4 to PheG

was obtained by using CD3CN as a deuterated

solvent. The methine proton of 1-PEA (entries 4�/

6) much downshifted in CD3OD. However, Dd
(S�/R ) value of the methine proton in CD3OD

was 0.04 ppm and Dd (S�/R ) value of the methine

proton in CD3CN was 0.07 ppm (�/0.16�/0.09).

High chiral recognition of 18C6H4 to 1-PEA was

also shown by using CD3CN. The methine proton

of S -1-PEA in D2O downshifted larger than that

of R -1-PEA. The trend in D2O (entry 4) was

Fig. 7. 1H-NMR spectra of (9/)-4-hydroxyephedrin and (�/)-18C6H4 mixtures in CD3OD.

Fig. 8. Structures of other amino compounds investigated.
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different from that in CD3OD and CD3CN (en-
tries 5, 6). Dd (D�/L) value of the methine proton of

DL-Ala-b-NA in D2O (entry 7) was the same, and

chemical shift of DL-Ala-b-NA in CD3CN (entry

9) overlapped with proton peaks of 18C6H4.

Chiral recognition of 18C6H4 to the methine

proton in Ala-b-NA could confirm by using

CD3OD (entry 8). The choice of solvent for the

measurement was very important. Dd (R�/S )
value of the methine proton in CD3OD was 0.26

ppm, which was larger than that in D2O (0.08

ppm) and CD3CN (0.16 ppm).

3.2. Application for the chiral recognition of amino

compounds

3.2.1. Amino acids

Chiral recognition capability of 18C6H4 (5

equivalent) to 16 kinds of amino acids (Fig. 4)

was investigated by using D2O as a deuterated

solvent. D2O was selected as a solvent, because the

methine proton of amino acids often overlapped

with 18C6H4 proton in CD3OD. The results are

summarized in Table 2. Typical spectra are shown

in Figs. 5 and 6. Arg (Fig. 5) and PheG (Fig. 6)
gave large Dd values. In general, the methine

proton in D-form amino acids was observed in the

low field compared with that in L-form. This trend

can be usable as the decision of absolute config-

uration having an amino acid moiety. Moreover,

Dd (D�/L) values in Phe, Try, Tyr and DOPA

(entries 24�/27) were all 0.03 ppm. These com-

pounds have the same structural part in the
molecule. Dd (D�/L) value of the methine proton

must depend on the structure of neighboring to the

amine function.

3.2.2. Alkyl amines and aminoalcohols

Alkyl amines (entries 29�/33) in Table 3 are

important reagents as a chiral building block.

However, it is not easy to measure the optical

purity of alkyl amines. These compounds have no
UV absorbance to detect in the usual HPLC�/UV

method. Therefore, the optical purity of these

compounds have been measured by the chiral

GC method after derivatization of analytes. The

maximum Dd (R�/S or S�/R ) value observed in

NMR with 18C6H4 as a chiral shift reagent wasT
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0.02 ppm (entry 31, 32, 33). Chiral recognition
capability of 18C6H4 to alkyl amines was low.

The results for aminoalcohols are summarized

in Table 4. Aminoalcohols having no aromatic

ring (entries 34�/36) also were not recognized with

18C6H4 well. On the other hand, Dd (1R ,2S�/

1S ,2R ) values of methine proton in aminoalcohols

having an aromatic ring were 0.16 ppm (�/0.29�/

0.13, entry 38), 0.30 ppm (�/0.27�/0.03, entry 40),
larger than that having no aromatic ring as might

have been expected. Typical spectra obtained from

4-hydroxyephedrin are shown in Fig. 7.

3.2.3. Other amino compounds

Chiral recognition capability of 18C6H4 to

amino compounds having an aromatic ring, drug

substances and/or chiral derivatizing reagents, etc.
was investigated through the comparison of the

spectrum of each compound in the presence and in

the absence of 18C6H4. The results are summar-

ized in Table 5. Structures of amino compounds

investigated are shown in Fig. 8. The large Dd
(R�/S or D�/L) values were obtained for 1-NEA

(0.26 ppm), baclofen (0.19 ppm) and Ala-b-NA

(0.17 ppm). The protons showing large shift
change were adjacent to (one or two bonds

distance between amine function and shifted pro-

tons) the amine function as we expected. Shift

change of methyl protons in primaquine was also

observed, although there was five bonds distance

between the amine function and the methyl func-

tion (methyl protons). There must be a contribu-

tion of hydrogen-bonding association between the
secondary amine function of the analyte and

tetracarboxylic acids of 18C6H4, because the

distance between the secondary amine function

and the methyl function (methyl protons) shifted is

two bonds.

3.2.4. Validation and application to the

enantiomeric purity determination of L-Ala-b-NA

The optical purity testing of L-Ala-b-NA was
investigated with this method. Some validations

(Fig. 9) such as linearity and limit of detection

(LOD) were also demonstrated for the new testing

method. The linearity was investigated through the

intensities of the D-form in L-form standards,

which were mixed with D-form over the rangeT
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from 1.0 to 10.0%. The relationship between the

found values (y ) and the theoretical values (x ) was

found to be a straight line (y�/1.087x�/0.254)

(correlation coefficient�/0.9928); the good linear-

ity was confirmed in this method. The detection

limit of D-form was investigated by visual evalua-

tion, and 1.0% D-form in L-Ala-b-NA could be

determined. Probably, thorough an increase of the

concentration of an analyte, around 0.2% of LOD

will be obtained. Finally, optical purity testing of

L-Ala-b-NA (USB), which was purchased from the

commercial source, was performed by the method.

D-Ala-b-NA was not detected (i.e. not more than

1.0%), indicating that this reagent can be usable as

the chiral derivatizing reagent as it is.

4. Conclusion

Chiral recognition capability of 18C6H4 to

several amino acids was investigated. The chiral

methine proton in amino acids shifted selectively

by adding 18C6H4 as a chiral shift reagent. The

methine proton signal of D-form of amino acids

was observed in the low field compared with that

of L-form. In the other words, chiral recognition

capability of 18C6H4 to D-amino acids was strong

than that to L-amino acids as definite laws. This

trend can be usable for the decision of absolute

configuration having an amino acid moiety. The

results obtained in this study will prove to be

useful for the absolute configuration determina-

tion of amino compounds. Moreover, in the

complexes formed by macrocyclic polyethers of

18-crown-6 type, the cationic substrates interact

with oxygen of polyether ring and are held in the

center of the circular cavity, chirality of amino

acids is recognized by tetracarboxylic acids of

18C6H4. Alkyl amines and aminoalcohols having

no aromatic ring were not well recognized with

18C6H4. In primaquine, the shift change was

observed in spite of five bonds distance between

the amine function and the methyl function

(methyl protons). The NMR method with

18C6H4 was successfully applied for the determin-

ing the enantiomeric purity of Ala-b-NA.T
a
b

le
5

D
d

o
f

O
th

er
a

m
in

o
co

m
p

o
u

n
d

s
in

C
D

3
O

D

E
n

tr
y

C
o

m
p

o
u

n
d

s
P

o
si

ti
o

n
S

h
if

te
d

p
ro

to
n

w
it

h
-

o
u

t
1

8
C

6
H

4

D
d

(S
h

if
te

d
p

ro
to

n

w
it

h
1

8
C

6
H

4
)

P
o

si
ti

o
n

S
h

if
te

d
p

ro
to

n
w

it
h

-

o
u

t
1

8
C

6
H

4

D
d

(S
h

if
te

d
p

ro
to

n

w
it

h
1

8
C

6
H

4
)

4
1

A
m

in
o

g
lu

te
th

im
id

e,
(a

ro
m

a
ta

se
in

h
i-

b
it

o
rs

)

C
H

(a
ro

-

m
a

ti
c)

7
.5

2
�

/0
.1

4
,
�

/0
.1

6
�/

�/
�/

4
2

1
-A

m
in

o
in

d
a

n
,

(a
n

ti
-P

a
rk

in
so

n
d

ru
g

m
et

a
b

o
li

te
)

C
H

4
.8

6
�

/0
.0

1
,
�

/0
.0

6
�/

�/
�/

4
3

A
la

n
in

e-
b-

n
a
p

h
th

y
la

m
id

e
(c

h
ir

a
l

d
er

i-

v
a

ti
zi

n
g

re
a

g
en

t)

C
H

4
.1

7
�

/0
.1

5
(D

),
�

/0
.3

2
(L

)
C

H
3

1
.6

5
�

/0
.0

3
(L

),
�

/0
.0

6
(D

)

4
4

B
a
cl

o
fe

n
(s

k
ek

et
a
l

m
u

sc
le

re
la

x
a
n

t)
C

H
2
(N

H
2
)

2
.8

1
�

/0
.0

4
,
�

/0
.2

3
C

H
2
(N

H
2
)

2
.6

6
�

/0
.0

3
,
�

/0
.0

2

4
5

a-
M

et
h

y
lt

ry
p

ta
m

in
e

(m
o

n
o

a
m

in
e

o
x

i-

d
a

se
in

h
ib

it
o

r)

C
H

3
.5

9
O

v
er

la
p

p
ed

C
H

3
1

.3
1

�
/0

.1
1

,
�

/0
.0

9

4
6

1
-(

1
-N

a
p

h
th

y
)l

et
h

y
la

m
in

e
(c

h
ir

a
l

d
er

i-

v
a

ti
zi

n
g

re
a

g
en

t)

C
H

5
.3

9
�

/0
.2

1
(S

),
�

/0
.4

7
(R

)
C

H
3

1
.7

6
�

/0
.0

6
(R

),
9

/0
.0

0
(S

)

4
7

1
-P

h
en

y
le

th
y

la
m

in
e

(c
h

ir
a

l
d

er
iv

a
ti

zi
n

g

re
a

g
en

t)

C
H

4
.4

5
�

/0
.2

9
(R

),
�

/0
.3

3
(S

)
C

H
3

1
.6

3
�

/0
.0

2
(S

),
�

/0
.0

6
(R

)

4
8

P
ri

m
a

q
u

in
e

(a
n

ti
m

a
la

ri
a

l
d

ru
g

)
�/

�/
�/

C
H

3
1

.3
7

�
/0

.0
7

,
�

/0
.0

8

A
ll

ch
em

ic
a
l

sh
if

ts
re

p
o

rt
ed

in
p

p
m

re
la

ti
v
e

to
T

P
S

a
t

2
7

8C
.

Y. Machida et al. / J. Pharm. Biomed. Anal. 30 (2003) 1929�/19421940



References

[1] ICH (International Conference on Harmonisation of

Technical Requirements for Registration of Pharmaceuti-

cals for Human Use) guideline, topics Q6A: establishment

of specification and testing method.

[2] Y. Machida, H. Nishi, in: R.A. Meyers (Ed.), Chiral Purity

in Drug Analysis, Encyclopedia of Analytical Chemistry,

Wiley, Chichester, 2000, pp. 7076�/7100.

[3] V. Schurig, J. Chromatogr. A 666 (1994) 111�/129.

[4] X.-C. Zhou, H. Yan, Y.-Y. Chen, C.-Y. Wu, X.-R. Lu, J.

Chromatogr. A 753 (1996) 269�/277.

[5] A. Kurganov, J. Chromatogr. A 906 (2001) 51�/71.

[6] T.J. Ward, A.B. Farris, III, J. Chromatogr. A 906 (2001)

73�/89.

[7] E. Yashima, J. Chromatogr. A 906 (2001) 105�/125.

[8] B. Chankvetadze, G. Blaschke, J. Chromatogr. A 906

(2001) 309�/363.

[9] H. Nishi, J. Chromatogr. A 735 (1996) 57�/76.

[10] H. Nishi, J. Chromatogr. A 792 (1997) 327�/347.

[11] Z. Chen, K. Uchiyama, T. Hobo, Enantiomer 1 (2001) 19�/

25.

[12] G.M. Hanna, Pharmazie 56 (2001) 314�/317.

[13] T.J. Wenzel, J.E. Thurston, J. Org. Chem. 65 (2000) 1243�/

1248.

[14] J.A. Dale, D.L. Dull, H.S. Mosher, J. Org. Chem. 34

(1969) 2543�/2549.

[15] J.A. Dale, H.S. Mosher, J. Am. Chem. Soc. 95 (1973) 512�/

519.

[16] G.R. Sullivan, J.A. Dale, H.S. Mosher, J. Org. Chem. 38

(1973) 2143�/2147.

[17] G.M. Whitesides, D.W. Lewis, J. Am. Chem. Soc. 92

(1970) 6979�/6980.

[18] R. Voeffray, J.-C. Perlberger, L. Teund, Helv. Chim. Acta

70 (1987) 2058�/2064.

[19] W.H. Pirkle, S.D. Beare, J. Am. Chem. Soc. 91 (1969)

5150�/5155.

[20] W.H. Pirkle, M.S. Pavlin, J. Chem. Soc., Chem. Commun.

(1974) 274�/275.

[21] W.H. Pirkle, M.S. Hoekstra, J. Am. Chem. Soc. 98 (1976)

1832�/1839.

[22] W.H. Pirkle, P.L. Rinaldi, J. Org. Chem. 42 (1977) 3217�/

3219.

[23] C.J. Pedersen, J. Am. Chem. Soc. 89 (1967) 2495�/2496.

[24] C.J. Pedersen, J. Am. Chem. Soc. 89 (1967) 7017�/

7036.

[25] J.-P. Behr, J.-M. Girodeau, R.C. Heyward, J.-M. Lehn, J.-

P. Sauvage, Helv. Chim. Acta 63 (1980) 2096�/2111.

[26] J.-P. Behr, J.-M. Lehn, P. Vierling, Helv. Chim. Acta 65

(1982) 1853�/1867.

Fig. 9. Linearity and detection limit of D-form in L-Ala-b-NA.

Y. Machida et al. / J. Pharm. Biomed. Anal. 30 (2003) 1929�/1942 1941



[27] R. Kuhn, F. Erni, T. Bereuter, J. Hausler, Anal. Chem. 64

(1992) 2815�/2820.

[28] R. Kuhn, C. Steinmetz, T. Bereuter, P. Hass, F. Erni, J.

Chromatogr. A 666 (1994) 367�/373.

[29] H. Nishi, K. Nakamura, H. Nakai, T. Sato, J. Chroma-

togr. A 757 (1997) 225�/235.

[30] Y. Machida, H. Nishi, K. Nakamura, H. Nakai, T. Sato, J.

Chromatogr. A 805 (1998) 85�/92.

[31] Y. Machida, H. Nishi, K. Nakamura, J. Chromatogr. A

810 (1998) 33�/41.

[32] M.H. Hyun, J.S. Jin, W. Lee, J. Chromatogr. A 822 (1998)

155�/161.

[33] Y. Machida, H. Nishi, K. Nakamura, Chromatographia

49 (1999) 621�/627.

[34] M.H. Hyun, J.S. Jin, H.J. Koo, W. Lee, J. Chromatogr. A

837 (1999) 75�/82.

[35] M.H. Hyun, H.J. Koo, J.S. Jin, W. Lee, J. Liq. Chrom.

Rel. Technol. 23 (17) (2000) 2669�/2682.

Y. Machida et al. / J. Pharm. Biomed. Anal. 30 (2003) 1929�/19421942


	Nuclear magnetic resonance studies for the chiral recognition of (Ł)-(R)-18-crown-6-tetracarboxylic acid to amino compounds
	Introduction
	Materials and methods
	NMR equipment
	Materials
	Optical purity testing of l-Ala-beta-NA (general procedure)

	Results and discussion
	Characterization of 18C6H4 as a chiral shift reagent
	Concentration of 18C6H4
	Effect of deuterated solvents (D2O, CD3OD and CD3CN) for measurement

	Application for the chiral recognition of amino compounds
	Amino acids
	Alkyl amines and aminoalcohols
	Other amino compounds
	Validation and application to the enantiomeric purity determination of l-Ala-beta-NA


	Conclusion
	References


