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A new class of regioselectively substituted amylose derivatives bearing three different substituents at 2-,
3- and 6-positions, and two different substituents at 2-position and 3-, 6-positions were synthesized by
a sequential process based on the esterification of 2-position of a glucose unit. Their chiral recognition
abilities were evaluated as chiral stationary phases (CSPs) for high-performance liquid chromatography
(HPLC). Each derivative had its own characteristic recognition ability depending on the arrangement of
side chains at the three positions. Among the derivatives, amylose 2-(4-t-butylbenzoate) and amylose 2-
(4-chlorobenzoate) series exhibited high chiral recognition. Some racemates can be efficiently separated
on these derivatives as well as on the amylose tris-3,5-dimethylphenylcarbamate, which is commercially

HPLC available as Chiralpak AD and one of the most powerful CSPs. The structures of the amylose derivatives
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were also investigated by circular dichroism spectroscopy.
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1. Introduction

Polysaccharides, such as cellulose and amylose, are among the
mostimportant and abundant natural biopolymers on the earth and
are optically active. More than 90% of the enantiomeric excess deter-
minations by high-performance liquid chromatography (HPLC),
which is known to be the most attractive method, are performed
using the polysaccharide-based chiral stationary phases (CSPs)
[1,2]. Among them, phenylcarbamates and benzoate derivatives
of cellulose and amylose appear to be some of the most useful
CSPs [3-10]. These derivatives usually have the same substituents
at the 2-, 3- and 6-positions of a glucose ring, and the regiose-
lective derivatization of polysaccharides has been restricted only
between 6-position and 2-, 3-positions [11]. However, the regiose-
lective introduction of different substituents at 2- and 3-positions
of a glucose ring had not been attained until recently. In 2004,
Dicke reported the first regioselective esterification at 2-position of
amylose [12]. On the basis of this method, the regioselective intro-
duction of different substituents at 2-, 3- and 6-positions has been
successfully performed in our group [13].

The amylose derivatives bearing different substituents regios-
electively at three hydroxy groups must be valuable systems for
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studying the relationship between the structures of polysaccharide
derivatives and their chiral recognition abilities. The recognition
ability of polysaccharide derivatives, such as phenylcarbamates and
benzoates, significantly depends on the nature and position of the
substituents on the phenyl moieties [8,14-23]. These substituents
may change the structure and local polarity of the polysaccharide
derivatives [8,10].

This work was carried out in order to develop the efficient
CSPs based on polysaccharide derivatives for HPLC and to eluci-
date the chiral recognition mechanism on the obtained CSPs. For
this purpose, ten derivatives bearing two different substituents at
2-position and 3-, 6-positions, and ten amylose derivatives bearing
three different substituents at 2-, 3- and 6-positions (Fig. 1) were
prepared, and their chiral recognition abilities were evaluated as
CSPs in HPLC. The effects of the nature of substituents at 2-position
on chiral recognition abilities were studied. The structures of the
amylose derivatives were also investigated by circular dichroism
spectroscopy.

2. Experimental
2.1. Chemicals

Amylose (DP=300) and 3,5-dimethylphenyl isocyanate were
gifts from Daicel Chemical Industries (Tokyo, Japan). Vinyl acetate
and dehydrated solvents, such as acetonitrile, tetrahydrofuran
(THF) and pyridine, were purchased from Kanto (Tokyo, Japan).
4-Phenylbenzoic acid, 4-fluorobenzoic acid, 4-chlorobenzoic acid,


http://www.sciencedirect.com/science/journal/00219673
http://www.elsevier.com/locate/chroma
mailto:okamoto@apchem.nagoya-u.ac.jp
dx.doi.org/10.1016/j.chroma.2009.07.027

1042 J. Shen et al. / J. Chromatogr. A 1217 (2010) 1041-1047

1: R? = R3= 3,5-(CHa)»

4 2 R2=R%=35-Cl,
3 R?=3,5-(CHj3), R®=35-Cl,
NH ) 5
4 R?=3,5-Cl, R® = 3,5-(CH3),

(\Eg\ 1 —R
O .
oo~ H

a
>=O b: 4-C(CH5);
HN RS c:4-C5H5
o I ! d: 4-F
7\ e: 4-Cl
\\Rz f: 4-NO,

Fig. 1. Structure of amylose derivatives as CSPs for HPLC.

4-nitrobenzoic acid and 3,5-dichlorophenyl isocyanate were
obtained from Tokyo Kasei (Tokyo, Japan). Palladium(II) chloride
was obtained from Aldrich (USA), vinyl 4-t-butylbenzoate and
dehydrated dimethyl sulfoxide (DMSO) from Wako (Tokyo, Japan),
and anhydrous lithium chloride from Nacalai Tesque (Tokyo, Japan).
Various vinyl 4-substituted benzoates were prepared by palla-
dium(Il) catalyzed exchange reactions of corresponding benzoic
acids and vinyl acetate according to the literature method [24].
Wide-pore silica gel (Daiso gel SP-1000) with a mean particle size
of 7wm and a mean pore diameter of 100 nm, which was kindly
supplied by Daiso Chemical (Osaka, Japan), was silanized using
(3-aminopropyl)triethoxysilane in toluene at 80°C. The solvents
used in chromatographic experiments were of HPLC grade. The
racemates were commercially available or prepared by the usual
methods.

2.2. Synthesis of amylose derivatives bearing different
substituents at 2-, 3- and 6-positions

The amylose derivatives 1 and 2 bearing two different sub-
stituents at 2-position and 3-, 6-positions were synthesized by the
following procedure based on the regioselective esterification of 2-
position reported by Dicke [12]. To regioselectively esterify only the
2-position, the amylose (3.0 g) was first dissolved in DMSO (60 mL)
at 80 °C.Then, vinyl 4-substituted benzoate (2.3 equiv to 2-position)
and NayHPO4 (2 wt%, as the catalyst) were added to the solution at
40°C, and the reaction was continued for enough time (4-200h)
to completely esterify the hydroxy group at 2-position depending
on the substituents of the benzoate. The reaction mixture was then
added into a large excess of 2-propanol, and the product was iso-
lated as an insoluble fraction; yields were 70-100%. The hydroxy
groups at 3- and 6-positions were then changed to the phenyl-
carbamates using either 3,5-dimethylphenyl or 3,5-dichlorophenyl
isocyanate.

The amylose derivatives 3 and 4 bearing three regioselec-
tive substituents at 2-, 3- and 6-positions were prepared in a
sequential process, as shown in Fig. 2. The hydroxy group at
2-position was first regioselectively esterified to the benzoate
by the same method as that for 1 and 2. The obtained mono
ester was then allowed to react with 4-methoxytriphenylmethyl
chloride in pyridine at 70°C to protect selectively 6-position as
trityl ether. After 24 h, an excess of either 3,5-dimethylphenyl or
3,5-dichlorophenyl isocyanate was added, and the reaction was
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Fig. 2. Scheme of the synthesis of amylose derivatives (3-4).

continued for 14 h at 80°C to convert the 3-hydroxy group to the
corresponding phenylcarbamate group. The product was isolated as
a methanol-insoluble fraction; yields were 75-100%. Subsequently,
the obtained 2-benzoyl-3-(3,5-dimethylphenylcarbamoyl or 3,5-
dichlorophenylcarbamoyl)-6-O-trityl amylose was suspended in
THF containing a small amount of hydrochloric acid (1.8 vol% of
THF) to cleave the triphenylmethyl group at room temperature.
Finally, the hydroxyl group at 6-position of the recovered amylose
2-benzoyl-3-(3,5-dimethyl) or (3,5-dichloro)phenylcarbamate was
treated with an excess of 3,5-dichlorophenyl or 3,5-dimethylphenyl
isocyanate for 14 h at 80 °C. Ten amylose derivatives 3a-f and 4a-f
bearing different substituents at 2-, 3- and 6-positions were iso-
lated as a methanol-insoluble fraction. The elemental analysis data
are summarized in Table 1.

2.3. Preparation of packed columns

The amylose derivatives 1, 2, 3 and 4 (0.35 g each) dissolved in
THF (8 mL) were coated on aminopropyl silanized silica gel (1.40 g)
according to the previous method [8]. The weight ratio of the deriva-
tives to silica gel was approximately 1:4. The 1-, 2-, 3- and 4-coated
silica gels were then packed in a stainless-steel tube (25 x 0.20cm
i.d.) by aslurry technique. The plate numbers of the packed columns
was 1100-1800 for benzene using a hexane/2-propanol (90:10, v/v)
mixture as the eluent at the flow rate of 0.1 mL/min. 1,3,5-Tri-t-
butylbenzene was used as a non-retained compound to estimate
the dead time (ty) [25].
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Table 1
Elemental analysis of amylose derivatives.
Derivatives Calculated (%)? Found (%) Derivatives Calculated (%)? Found (%)

C H N C H N C H N C H N
1b 68.17 6.54 4.54 68.04 6.32 4.72 3b 60.28 5.21 4.26 60.15 5.08 444
1c 69.80 5.70 4.40 69.59 5.81 4.61 3c 62.05 4.46 4.13 61.98 4.52 4.32
1d 64.35 5.40 4.84 64.36 5.47 5.06 3d 56.23 4.07 4.52 56.09 3.64 4.76
1e 62.57 5.25 4.71 62.31 5.02 4.94 3e 54.78 3.96 441 54.72 3.77 4.64
1f 62.35 5.87 6.61 62.21 5.08 6.92 3f 55.04 4.62 6.21 54.85 3.78 6.51
2b 53.31 4.04 4.01 53.09 3.97 4.31 4b 60.28 5.21 4.26 60.09 5.15 4.38
2c 55.17 3.37 3.90 55.04 3.31 4.14 4c 62.05 4.46 4.13 61.85 4.48 4.32
2d 49.12 2.90 4.24 49.02 2.80 4.38 4ad 56.23 4.07 4.52 56.24 4.05 4.72
2e 47.92 2.83 414 47.68 2.67 4.42 4e 54.78 3.96 441 57.76 4.13 4.83
2f 48.56 3.51 5.86 48.40 2.81 5.97 af 55.04 4.62 6.21 54.84 3.89 6.38

2 Estimated based on a repeated glucose unit.

Table 2
Regioselective esterification at 2-position of amylose derivatives.

4-Substituent on benzoate
group of amylose derivatives

Reaction time (days) Degree of substitution

H 10 >0.99
t-Butyl- 21 0.95
Phenyl- 192 0.91
Fluoro- 69 0.99
Chloro- 11 >0.99
Nitro- 4 >0.99

2.4. Apparatus and chromatography

Chromatographic experiments were performed using a JASCO
PU-980 chromatograph equipped with UV (JASCO MD-2010) and
polarimetric (JASCO OR-990, Hg-Xe without filter) detectors at
room temperature. A solution of a racemate (3 mg/ml) was injected
into the chromatographic system through a Rheodyne Model 7125
injector. The IR analyses were carried out using a JASCO FT-IR-460
spectrometer as a KBr pellet. The circular dichroism spectra were

measured in THF solutions in a 0.2 mm quartz cell using a JASCO
J-720 L spectropolarimeter. The "H NMR spectra (500 MHz) were
recorded using a Varian INOVA-500 spectrometer (Varian, USA).

3. Results and discussion

3.1. Synthesis of amylose derivatives bearing two different
substituents at 2-position and 3-, 6-positions, and three different
substituents at 2-, 3- and 6-positions

The amylose derivatives 1a-f and 2a-f bearing two different
substituents at 2-position and 3-, 6-positions were synthesized as
follows: the amylose was first dissolved in DMSO, and 4-substituted
vinyl benzoate was added to regioselectively esterify only the
hydroxyl group at 2-position of the glucose unit in the presence
of Na,HPO4 catalyst at 40°C [12]. The reactivity of the vinyl ben-
zoates depended significantly on the substituents of the benzoates,
as shown in Table 2. Either 3,5-dimethylphenyl isocyanate or 3,5-
dichlorophenyl isocyanate was then added to convert the 3- and
6-hydroxy groups to the corresponding phenylcarbamate groups.
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Fig. 3. 'H NMR spectrum of amylose derivative 2b in pyridine-ds at 80°C.
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Fig. 5. Chromatogram for the resolution of 9 on amylose derivative 2b coated CSP.

The derivatives 3a-f and 4a-f bearing three different sub-
stituents at 2-, 3- and 6-positions were prepared according to the
process shown in Fig. 2. The hydroxyl group at 2-position was first
regioselectively esterified to the benzoate by the same method as
that for 1a-fand 2a-f. The 6-position was then selectively protected
as trityl ether by the reaction with 4-methoxytriphenylmethyl
chloride, and then either 3,5-dimethylphenyl isocyanate or 3,5-
dichlorophenyl isocyanate was added to convert the 3-hydroxy

Table 3
Resolution of racemates (5-14) on amylose derivatives (1a-f)2.

group to the corresponding phenylcarbamate group. After the
deprotection of the trityl group at 6-position with HCI/THF, the
regenerated hydroxy group was converted to the carbamate using
the corresponding isocyanate to obtain the new amylose deriva-
tives. Fig. 3 shows the 'H NMR spectrum of the obtained amylose
derivative (2b). Characteristic peaks for the structure of 2b can be
assigned to the spectrum. The structures of other amylose deriva-
tives were similarly confirmed by 'H NMR and elemental analysis
summarized in Table 1.

3.2. Chiral recognition ability of regioselective amylose
derivatives bearing different groups at 2-, 3- and 6-positions

The amylose derivatives were coated on aminopropyl silanized
macroporous silica gel, and the obtained chiral packing materials
were packed into an HPLC column. Their chiral recognition abilities
were evaluated with 10 racemates (5-14, Fig. 4).

Fig. 5 shows the chromatogram of the resolution of racemic
2-phenylcyclohexanone (9) on the amylose derivative (2b). The
enantiomers were eluted at the retention time t; and t, with a base-
line separation. The dead time (tg) was determined to be 6.50 min.
The retention factors, ki’((t1-to)/to) and ky'((t2—tg)/tg), were esti-
mated to be 2.49 and 5.36, respectively, which resulted in the
separation factor a (ky'[k¢’) to be 2.15.

The results of chromatographic resolutions of 10 racemates
(5-14) on the CSPs 1a-f, 2a-f, 3a-f and 4a-f are shown in
Tables 3-6, respectively. For comparison, the resolution results
on the commercial amylose-based chiral column, Chiralpak AD,
which is one of the most efficient CSPs consisting of the amy-
lose tris-3,5-dimethylphenylcarbamate as the chiral selector, are

Racemates 1a 1b 1c 1d 1e 1f Chiralpak ADP

k1' o k]' o k]' o k]' o k]' o ’(1' o k]' [e3
5 2.05 (+) 2.31 0.62 (+) 1.61 1.23 (+) 1.87 1.73(+) 1.90 0.75(+) 2.13 1.26 (+) 1.81 0.78 (+) 1.70
6 1.53(-) ~1 0.43 (+) ~1 1.11 (+) ~1 1.45 (+) 1.15 0.71(-) ~1 1.11(-) 131 0.73(+) 2.81
7 9.89 () 1.97 1.73 1.00 415 (-) 132 6.31(-) 1.69 2.98(-) 1.97 4.20(-) 134 5.09(-) 1.31
8 2.35(+) 1.22 0.81 (+) 1.24 2.15(+) 1.18 2.32(+) 1.16 0.98 (+) 1.24 1.17 (+) 1.25 433 (+) 2.24
9 3.67 (+) 1.24 0.77 (-) 1.13 1.80(-) ~1 2.23 (+) 1.27 1.16(+) 1.23 1.94(-) ~1 0.96 (—) 1.02
10 0.98 (+) 1.23 1.13 (+) 1.75 2.00 (+) 123 1.10(+) ~1 0.71 (+) ~1 1.21 (+) 1.17 2.04(+) 1.39
1 1.70 (=) 2.46 0.55 () 1.19 1.19(-) 137 0.74(-) 1.65 036(-) 1.50 0.82(-) 135 0.49 1.00
12 4.21 (+) 1.13 0.97 (+) ~1 2.84 (+) ~1 4.15 (+) ~1 1.81(+) ~1 3.23 (+) 135 1.44(+) 1.04
13 7.86 (+) 3.71 0.66 (+) 2.46 1.42 (+) 1.94 4.25(+) ~1 1.46 (+) 2.66 1.21 (+) 139 3.38(+) 1.59
14 3.45(-) 1.12 1.24 1.00 2.25(-) ~1 0.78 1.00 1.94(-) ~1 3.35(-) 2.22

2 Column: 25 x 0.20 cm (i.d.); flow rate: 0.1 mL/min; eluent: hexane/2-propanol (90/10, v/v).
b Data taken from ref. [13]. Column: 25 x 0.46 cm (i.d.); flow rate: 0.5 mL/min; eluent: hexane/2-propanol (90/10, v/v). The signs in parentheses inclicate the optical rotation

of the first-elutecl enantiomer.
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Table 4

Resolution of racemates (5-14) on amylose derivatives (2a-f)?.

Racemates 2a 2b 2c 2d 2e 2f Amylose
tris-3.5-dichloro
phenylcarbamateP

ki’ a ky’ (3 ki’ a ki’ a ki’ a ki’ [} ki’ a
5 1.92 (+) 2.21 3.09 (-) 1.53 1.29 (+) 1.41 1.71 (+) 1.39 1.02 (+) 1.70 1.49 (+) 1.59 0.98 (+) 1.34
6 1.32(-) 1.44 0.80 (+) 1.16 0.76 (—) 1.50 0.90 (-) 1.83 0.55 (-) 2.02 1.05(-) 1.87 0.59 (+) 1.32
7 8.75(-) 1.89 3.09 (-) 1.54 5.66 (—) 1.92 529(-) 2.04 3.33(-) ~1 5.57 (—) 1.90 7.11(+) ~1
8 1.79 (+) 1.34 0.67 (+) 1.21 1.17 (+) 1.42 1.02 (+) 2.21 0.70 (-) 1.56 0.91 (+) ~1 1.03 (+) 2.25
9 4.96 (+) ~1 249 (-) 2.15 3.53(-) 1.07 221 (+) 1.22 0.94 (+) 1.63 3.09(-) ~1 147 (-) ~1

10 0.73 1.00 0.51 (+) ~1 0.56 (+) ~1 0.49 (+) ~1 0.32(-) ~1 0.71 (+) ~1 043 1.00

1 1.65 (-) 1.80 1.40 (-) 1.08 1.74(-) 2.16 1.13 (+) 1.09 0.74 (+) 1.22 1.32(-) ~1 0.74 (+) ~1

12 413 (-) 1.20 1.94 (+) 125  3.23(+) 1.11 2.40 (+) 1.08  2.13(-) 125  4.22(+) 120 1.90 (+) 1.10

13 1.25(+) 3.79 0.49 (+) 2.00 0.90 (+) 1.56 0.70 (+) 2.03 0.39 (+) 1.68 1.43 (+) 143 0.69 (-) 1.1

14 3.86 1.00 0.84 (+) 1.16 1.37(-) 1.07 1.63 (+) 1.19 1.63 (+) 1.07 1.56 (—) ~1 1.29 (+) ca.l

3 Column: 25 x 0.20 cm (i.d.); flow rate: 0.1 mL/min; eluent: hexane/2-propanol (90/10, v/v).
b Data taken from ref. [20]. Column: 25 x 0.46 cm (i.d.); flow rate: 0.5 mL/min; eluent: hexane/2-propanol (90/10, v/v). The signs in parentheses inclicate the optical rotation

of the first-elutecl enantiomer.

Table 5
Resolution of racemates (5-14) on amylose derivatives (3a-f)2.

Racemates 3ab 3b 3c 3d 3e 3f Chiralpak ADP

k] ! o k] ’ o k] ’ o k] g o k] ! [e3 k] ’ o k] ! o
5 128(+) 185 087 (+) 195  124(+) 126  220(+) 154  145(+) 164  152(+) 176 0.78(+) 170
6 082(—) 130  208(+) ~1 091(~) 111 142(-) 150  1.13(-) 145  135(-) 148  073(+) 281
7 384(—) 173  3.94(-) 145  428(-) 135  7.41(-) 183  510(=) ~1 372(-) 178  509(=) 131
8 152(+) 107  124(-) ~1 153(+) 122 234(+) 161 1.42(+) 117 145(+) 114 433(+) 224
9 227(—) 115  427(—) ~1 225(—) 130  467(+) 111 346(-) 109  374(-) 110 096(-)  1.02
10 076(—) 118  1.03(+) ~1 137(+) 111 099(+) ~1 080(+)  ~1 099 (+)  ~1 204(+) 139
1 116(=) 175 091(-) 142 153(-) 209  157(-) 131 087(-) 179 115(=)  ~1 0.49 1.00
12 2.73(-) 117 5.56 (+) 1.23 2.61(+) 1.12 4,54 (+) 1.13 3.57 (+) 1.28 4.50 (+) 1.22 1.44 (+) 1.04
13 153(+) 321 133(+) 180  149(+) 127  133(+) 213 1.98(+) 172 152(+) 151  338(+) 159
14 236(=) 111  2.09 100 219(-) 107  243(+) 106 1.81(-) 114 163(=) ~1 335(—) 222

2 Column: 25 x 0.20 cm (i.d.); Flow rate: 0.1 mL/min; eluent: hexane/2-propanol (

90/10, v/v).

b Data taken from ref. [13]. Column: 25 x 0.46 cm (i.d.); Flow rate: 0.5 mL/min; eluent: hexane/2-propanol (90/10, v/v). The signs in parentheses inclicate the optical rotation

of the first-elutecl enantiomer.

also included. Although the derivatives 1a-f have the same
3,5-dimethylphenycarbamate group at 3- and 6-positions, their
recognition abilities greatly varied depending on the substituents
of the benzoate at 2-position, as shown in Table 3. Racemates 5, 7,
9, 11 and 13 were better resolved on 1a-f than on Chiralpak AD.
Especially, racemate 11, which cannot be resolved efficiently on
Chiralpak AD and other commercially available columns, was com-
pletely resolved on 1a-f. However, the chiral recognition powers of
1a-f declined for racemates 6, 8 and 14 with a polar group capable
of hydrogen bonding to the carbamate residue of the phenylcar-
bamates. This result indicates that the substituent at 2-position is
important for the chiral recognition of the amylose derivatives. The
retention factors, k¢, for 5, 9, 11 and 12 were much larger than

Table 6
Resolution of racemates (5-14) on amylose derivatives (4a-f)?.

those for other racemates on the CSPs 1a-f, suggesting that the
interactions between 5, 9, 11 or 12 and the benzoate moieties of
the derivatives 1a-f are stronger than those of other derivatives
and may not be significantly influenced by the substituents of the
benzoate at 2-position.

The resolution results of 10 racemates on the CSPs 2a-f
are shown in Table 4, together with those on amylose tris-3,5-
dichlorophenylcarbamate. Most racemates were better resolved on
CSPs 2a-f except 8, and the retention factor k;’ also become longer
for most of the racemates except 7 and 8 on CSPs 2a-f, indicating
that the interactions between enantiomeric pairs and the benzoate
moieties of the amylose derivatives 2a—f were stronger than those
on amylose tris-3,5-dichlorophenylcarbamate. The elution orders

Racemates1 4a° 4b 4c 4d 4e 4f Chiralpak ADP

k]' o k]' o k1' [e3 k]' o k]' o k1' o k]' [e3
5 2.05(+) 231 044(+) 158  122(+) 251 1.15(+) 267 1.64(+) 286  122(+) 197 0.78(+) 170
6 153(=) ~1 0.33(-) 242  094(-) 138  113(-) ~1  130(-) 140  1.01(-) 173 073(+) 281
7 9.89 (-) 197  153(-) 185  5.65(-) 180  537(-) 185 7.68(=) ~1 6.04 (—) 162 509(-) 131
8 235 (+) 122 0.48(+) 148  1.64(+) 134 125(+) 127 137(+) 131 094(+) 115 433(+) 224
9 3.67 (+) 124  1.08(-) 140  316(+)  ~1 2.71 (+) 129 3.85(-) 126 322(-) ~1  096(-) 102
10 0.98 (+) 123 040(+) ~1 083(+) ~1 051(+) ~1 056 (+) ~il 074(+) ~1  204(+) 139
1 1.70 () 246 049 (-) 118 122(-) 145  0.69(-) 1.63 0.87(-) 179 096(-) 130 0.49 1.00
12 421 (+) 113 1.08(+) 115 344(=) ~1 3.00 (+) 1.04 373(+) 111 324(+) 120 144(+) 104
13 7.86 (+) 371 034(+) 199  0.98(+) 173 487(+) 117 2.69 (+) 130 092(+) 141 338(+) 159
14 3.45(-) 1.12 0.47 1.00 2.30 1.00 1.85(-) ~1 3.32(-) ~1 1.63 (-) ~1 3.35(-) 2.22

2 Column: 25 x 0.20 cm (i.d.); flow rate: 0.1 mL/min; eluent: hexane/2-propanol (90/10, v/v).
b Data taken from ref. [13]. Column: 25 x 0.46 cm (i.d.); flow rate: 0.5 mL/min; eluent: hexane/2-propanol (90/10, v/v). The signs in parentheses inclicate the optical rotation

of the first-elutecl enantiomer.
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Table 7
Resolution of racemates (5-14) on amylose derivatives (1b-4b)?.
Racemates 1b 2b 4b
ki’ a ke’ a a ki’ a
5 0.62 (+) 1.61 3.09(-) 1.53 0.87 (+) 1.95 0.44 (+) 1.58
6 043 (+) ~1 0.80 (+) 1.16 2.08 (+) ~1 0.33(-) 242
7 1.73 1.00 3.09(-) 1.54 3.94(-) 1.45 1.53(-) 1.85
8 0.81 (+) 1.24 0.67 (+) 1.21 1.24(-) ~1 048 (+) 1.48
9 0.77 (=) 1.13 249 (-) 2.15 427 (-) ~1 1.08 (-) 1.40
10 1.13(+) 1.75 0.51 (+) ~1 1.03 (+) ~1 0.40 (+) ~1
11 0.55(-) 1.19 1.40 (-) 1.08 91 (-) 1.42 049 (-) 1.18
12 0.97 (+) ~1 1.94 (+) 1.25 5.56 (+) 1.23 1.08 (+) 1.15
13 0.66 (+) 2.46 0.49 (+) 2.00 1.33(+) 1.80 0.34(+) 1.99
14 1.24 1.00 0.84 (+) 1.16 2.09 1.00 0.47 1.00
2 Column: 25 x 0.20cm (i.d.); flow rate: 0.1 mL/min; eluent: hexane/2-propanol (90/10, v/v). The signs in parentheses indicate the optical rotation of the first-eluted
enantiomer.
Table 8
Resolution of racemates (5-14) on amylose derivatives (1e-4e)?.
Racemates 1le 2e 4e
ki’ o ki’ o a ki’ a
5 0.75 (+) 2.13 1.02 (+) 1.70 1.45 (+) 1.64 1.64 (+) 2.86
6 0.71 (-) ~1 0.55(-) 2.02 1.13(-) 1.45 1.30(-) 1.40
7 2.98(-) 1.97 3.33(-) ~1 (=) ~1 7.68 () ~1
8 0.98 (+) 1.24 0.70 (-) 1.56 1.42 (+) 1.17 1.37 (+) 1.31
9 1.16 (+) 1.23 0.94 (+) 1.63 346 (-) 1.09 3.85(-) 1.26
10 0.71 (+) ~1 0.32(-) ~1 0.80 (+) ~1 0.56 (+) ~1
1 036 () 1.50 0.74 (+) 1.22 0.87 (-) 1.79 0.87 () 1.79
12 1.81 (+) ~1 213 (-) 1.25 3.57 (+) 1.28 3.73 (+) 1.1
13 1.46 (+) 2.66 0.39 (+) 1.68 1.98 (+) 1.72 2.69 (+) 1.30
14 0.78 1.00 1.63 (+) 1.07 1.81(-) 1.14 3.32(-) ~1

2 Column: 25 x 0.20cm (i.d.); flow rate: 0.1 mL/min; eluent: hexane/2-propanol (90/10, v/v). The signs in parentheses indicate the optical rotation of the first-eluted

enantiomer.

of some enantiomeric pairs were reversed depending on the sub-
stituents of the benzoate at 2-position, suggesting that the higher
order structures of the derivatives 2a-f may be changed through
the introduction of different substituents at 2-position.

As shown in Table 5, racemates 5, 7,9, 11, 12 and 13 were better
resolved on the CSPs 3a-f than the other racemates. Similarly, the
recognition ability of the regioselective derivatives 4a—f was also
high for these racemates (Table 6). Both 3a—f and 4a-f exhibit high
chiral recognition for the racemates 5, 7, 12 and 13, though these
derivatives have reversed substituents at 3- and 6-positions. All 10
racemates can be resolved on the derivative 3¢, which appears to be
a useful CSP with wide versatility. Retention factor, k{’, was much
longer for 7, 9 and 12 with a carbonyl group than other racemates
on derivatives 3a-f, and was not significantly influenced by the sub-
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stituents on the benzoates. The hydrogen bond interaction between
the carbonyl group and the NH groups of 3a-f may play some role
in this interaction.

3.3. Effect of three different substituents at 2-, 3- and 6-positions
on recognition ability

The electronic properties, such as the electron withdrawing and
electron donating powers, and the bulkiness of the substituents
on the phenyl moiety may also affect the chiral recognition. As for
3d and 3e (Table 5), having halogen substituents on the benzoyl
group at 2-position, showed better recognition ability than those
having t-butyl and phenyl substituents, 3b and 3c, respectively. On
the other hand, 3f having the stronger electron withdrawer, nitro
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Fig. 6. (a) CD spectra of amylose derivatives (3b—f) in THF solutions. Cell length, 0.1 mm; concentration, 1.0 x 10~3 M. (b) UV spectra of amylose derivatives (3b-f) in THF

solutions. Cell length, 0.1 mm; concentration, 1.0 x 103 M.
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Fig. 7. CD spectra of the amylose derivatives (1c-4c) in THF solutions. Cell length,
0.1 mm; concentration, 1.0 x 10~3 M.

group, showed lower resolving ability due to the high polarity of
the substituent itself. This effect of the substituents agrees with the
observation in our pervious work [8].

Compared with 3a and 4a without a substituent on the benzoate,
3b-f and 4b-f show lower chiral recognition. Especially, racemate
10, which can be resolved on 3a and 4a, cannot be separated on 3b-f
and 4b-f, except for 3c. In addition, the substituents of the benzoate
significantly influence the chiral recognition ability and the elution
orders of some enantiomeric pairs. These reversed elution orders
have been attributed to the change of a higher order structure of
the derivatives. On the contrary, derivatives 4b-f show the same
elution orders regardless of the substituents, except for racemates
9 and 12 on 4d (Table 6). These results suggest that 4b—f may have
a similar higher order structure.

Among the novel derivatives, amylose 2-(4-t-butylbenzoate)
1b-4b and amylose 2-(4-chlorobenzoate) series 1e-4e exhibited
relatively high recognition abilities. The resolving abilities for the
10 racemates are shown in Tables 7 and 8, respectively. The deriva-
tives 1b-4b with the same 4-(t-butyl) benzoyl group at 2-position
exhibited almost the consistent elution orders except for race-
mates 5, 6 and 8. However, their chiral recognition abilities differ
greatly depending on the substituents at 3- and 6-positions, and
each derivative could show the highest o values for two or three
racemates. For instance, 3b showed the highest o values for com-
pounds 5 and 11. This means that all the amylose derivatives are
valuable as CSPs. As for the derivatives 1e-4e shown in Table 8,
similar conclusion can be derived.

3.4. CD Spectra of regioselective amylose derivatives

The higher order structures of derivatives 3b-3f were exam-
ined by CD spectroscopy (Fig. 6a)), referring to their UV spectra
(Fig. 6(b)). The pattern of each CD spectrum is rather similar,
though wavelengths of the peak tops and intensities depended on
the benzoate substituents at 2-position. These derivatives seem
basically to have similar structures, though the following dif-
ferences were observed. Interestingly, 3b with 4-t-butylbenzoate
substituent shows a much higher intensity around 241 nm than
others, indicating that 3b may possess a slightly different higher-
order structure from others. This different higher-order structure of
3b may be associated with the reverse elution orders of the enan-
tiomers of 6 and 8 between 3b and other amylose derivatives 3c-3f.
On the other hand, CSP 3¢ bearing 4-phenylbenzoate group shows

the red shift of the wavelength, which may be related to its con-
jugated structure. And the resolution of racemate 10 on 3¢, which
cannot be separated by other amylose derivatives 3b, 3d, 3e and 3f,
indicates that the site around the biphenyl group may be important
for the recognition of this kind of enantiomers.

On the other hand, the spectral patterns of the derivatives 1c—4c,
which have the same 4-phenylbenzoate at 2-position and differ-
ent substituents at 3- and 6-positions are similar to each other,
as shown in Fig. 7, though the wavelength and intensity of the
peak tops depend slightly on the substituents. This result implies
that though the higher order structures of the amylose derivatives
are rather similar, the chiral recognition ability can be significantly
different depending on the electronic and steric effects of the sub-
stituents at 3- and 6-positions.

4. Conclusions

Novel regioselectively substituted amylose derivatives were
prepared through the selective esterification of the 2-position
of the glucose unit, followed by 3,5-dimethyl- or 3,5-dichloro-
phenylcarbamoylation at 3- and 6-positions, and their chiral
recognition abilities were evaluated as CSPs for HPLC. Each sub-
stituent at different positions plays a significant role in the
enantioselectivity and the elution order of enantiomers. The chiral
recognition abilities of the amylose derivatives were subtly influ-
enced by the electronic properties and steric effect of substituents
and also by the higher order structure of the derivatives. Some of
the derivatives could efficiently resolve several racemates. Among
the derivatives, amylose 2-(4-t-butylbenzoate) and amylose 2-(4-
chlorobenzoate) series bearing the different phenylcarbamates at
3- and 6-positions exhibited relatively high chiral recognition.
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