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Abstract

This paper describes enantiomer separation by aqueous liquid chromatography using chiral stationary phases (CSPs) in
which temperature-responsive polymers derived from acrylexdline N-methylamide {) and its N,N-dimethylamide
analogue 2) were bound on silica gel supports. The linear polymers composed of monbraed monomer2 are
temperature-responsive in solution and their aggregation and extension states related to water solubility are reversible at
particular critical temperatures. During chromatography, enantioselectivity and retentivity for solute enantiomers were
controlled by column temperature, which changes the aggregation and extension states of the chiral polymers depending
upon their interior hydrophobic nature. Two different types of CSPs were made: a temperature-responsive linear polymer
derived from 3-mercaptopropyl silica gel, and another polymer cross-linked with ethylene dimethacrylate from 3-
methacryloyloxypropyl silica gel. The former CSP could separate rachnig;5-dinitrobenzoyl(DNB))amino acid isopropyl
esters. Retention of the amino acid derivatives was prolonged with an increase in column temperature. Enantioselectivity was
also enhanced with temperature increase until the particular critical temperature. The latter, cross-linked CSP could not
provide enantioselectivity for the amino acid derivatives in aqueous media, although the chiral valine diamide moieties were
effective for enantiomer separation in non-aqueous media. The degree of hydrophobicity and volume of the bonded phase
formed by the polymers on the support surface was determined by measuring the fluorescence of pyrene.
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1. Introduction meric associations between enantiomers, hydrogen
bonding is the most significant contributor to the
Liquid chromatography using chiral stationary associatifgjs Silica gel modified with (10-unde-
phases (CSPs) is one of the most sophisticated means cenoliffe N-tert-butylamide via hydrosilyla-
of separating enantiomers and determining their tion separated enantiomers of amino acid derivatives
composition[1,2]. Among CSPs that form diastereo- [4]. Hydrogen bonds at the two amide sites of the
chiral diamide moiety provided enantioselectivity in
*Corresponding author. Fax: 81-426-707-067. both normal and reversed phases. The chiral sepa-
E-mail address: kurata@ps.toyaku.ac.jfK. Kurata). ration of enantiomers should thus occur when hydro-
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gen bonds are incorporated with the hydrophobic
environment shielded from bulk aqueous phase. This
was demonstrated by the ability of chiral micelles
formed by surfactants containing the amino acid
diamide moiety to separate the enantiomers in aque-
ous media by electrokinetic chromatografBy6]. In
reversed-phase liquid chromatography, the degree of
hydrogen bonding affinity and that of the formation
of a hydrophobic environment are controlled by the
composition of the organic solvents of the eluent. In
the present study, our aim was focused on control-
ling these two factors using the influence of column
temperature on temperature-responsive polymers
whose hydrophobic nature can be altered by tem-
perature and the chiral amino acid diamide selectors
constructed into their polymer chains. This will lead
to novel chromatographic enantiomer separation
techniques involving chiral temperature-responsive
polymers in aqueous media.
Poly(N-isopropylacrylamide) (PNIPAAmM) is well-
known as a temperature-responsive polymer that
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and the polymer precipitates out of the water. The
polymer from acnyegline N,N-dimethylamide
(polyr@gihad a solubility transition at 14C.
If the aggregation of these polymers can provide
the hydrophobic environment that allows hydrogen
bonds to form between the chiral diamide residues of

the polymer and amino acid derivatives as solutes,
separation of these enantiomers should be brought
about with increasing column temperature. Two
different types of CSPs were thus made by the
following method, one consisting of temperature-
responsive linear polymers derived from 3-mercap-
topropy! silica gel and another cross-linked with
ethylene dimethacrylate from 3-methacryloyloxy-
propyl silica gel. These polymer-bonded supports
were tested for the ability to separate the enantiomers
of amino acid derivatives during aqueous liquid
chromatography.

2. Experimental

undergoes reversible changes between water-soluble

and -insoluble states at 3¢ [7]. The aggregation of
the polymer brought about by dehydration above this

2.1. Preparation of linear and cross-linked

critical temperature causes it to form an exclusive POlymer-bonded silica gels

hydrophobic environment in water. When PNIPAAmM

is bound to silica gel, the support permits tem- 2.1.1. Procedure 1. Coupling of chiral linear
perature-responsive control of solute retention during polymers to 3-aminopropyl silica gel

aqueous liquid chromatograph$—10]. Increasing
column temperature causes a delay in solute re-
tention.

When acryloyle-valine N-methylamide 1) and
acryloyl+-valine N,N-dimethylamide 2) are poly-
merized along with 3-mercaptopropionic acid in the
presence of a radical initiator, linear polymers with
terminal carboxylic acids were obtained. These poly-
mers exhibited a solubility transition similar to that
of PNIPAAmM [11]. The linear polymer derived from
acryloyl+-valine N-methylamide (polymerl) was
soluble in water below 18C and insoluble above
18°C. This reversible solubility change occurs when
intermolecular hydrogen bonding between the amide
groups in the polymer and water are cleaved and
replaced with intramolecular amide and amide inter-
actions between the residues in the polymer at
temperatures exceeding 18. Dehydration of the
polymer gives rise to intramolecular aggregation of
the polymer followed by intermolecular aggregation

Chiral linear polymers (polymé) derived from
acrylegline N-methylamide {) were prepared
as described previougliyl]. The terminal carboxylic
acid of polymerl, from 3-mercaptopropionic acid,
was activated using a mixed acid anhydride followed
by the coupling of 3-aminopropyl silica gel.
A 532.2-mg amount of 3-aminopropyl silica gel
(Nucleosil 5SNHun% surface coverage of 0.72
mmol/g; Macherey—Nagél, Duren, Germany) was
dried under reduced pressure 4 &0id suspended
in 4 ml of N,N-dimethylformamide (DMF) after
cooling to room temperatudeMethylmorpholine
(0.055 ml) was then added to the suspension and the
mixture cooledl®°C. A 538.4-mg amount of of
polyfingaverage molecular mass of 6800 esti-
mated by gel permeation chromatograp)hyas
dissolved in 4 ml DMF. To the solution cooled at
—15°C were addedN-methylmorpholine (0.1 ml)
and isobutyl chloroformate (0.11 ml). The resulting
solution was added to the suspension and the mixture
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gently stirred at—15°C for 2 h and then kept at 2.1.3. Procedure 3. Polymerization of monomer 1
room temperature for 20 h. The modified silica gel with ethylene dimethacrylate as a cross-linking
was filtered and washed consecutively with 500 ml agent on 3-methacryloyloxypropyl silica gel
each of methanol, water, and acetone. After drying 3-Methacryloyloxypropyl silica gel was prepared
under reduced pressure, 538.4 mg of the desired from 2.12 g silica gel (Nucleosil 100-5) and 5 ml
material (CSP1a) was obtained: IR (KBr, cm' ): 3-(trimethoxysilyl)propyl methacrylate in 10 ml of
1543, 1684; Anal. Found: C, 5.84; H, 1.60; N, 1.20. toluene using a procedure similar to that used for
Another CSP was derived from poly(acrylay- 3-mercaptopropyl silica gel. A 2.08-g amount of the
valine N,N-dimethylamide) (polymeR; average mo- desired material was obtained. IR (KBr, tm ):
lecular mass, 30 300): Anal. Found: C, 6.58; H, 1.61, 2956, 1710; Anal. Found: C, 7.90; H, 1.63; surface
N, 1.07. coverage calculated with the carbon content, 0.94
mmol/g.
3-Methacryloyloxypropyl silica gel (1.0 g) and
ethylene dimethacrylate (EDMA) (0.05 ml) were
added to a solution of monoméar(5.20 g) in 200 ml
DMF. After the mixture was degassed by bubbling
with argon for 20 min, a catalytic amount of AIBN
was added. The resulting mixture was heated at
°@0with gentle stirring for 18 h under an argon
atmosphere. The modified silica gel was treated in
the same manner asliC8&Pyield 1.03 g of the
desired material (CSR IR (KBr, cm *): 2970,

2.1.2. Procedure 2. In situ telomerization of
monomer 1 from 3-mercaptopropyl silica gel

A 2.30-g amount of silica gel (Nucleosil 100-5,
5 pm; Macherey—Nagel, Duren, Germany) were
dried at 200°C for 18 h under reduced pressure and
then cooled to room temperature. To the silica gel
were added 15 ml of toluene and 7.5 ml of 3-
mercaptopropyltrimethoxysilane. The mixture was
gently stirred at 130C for 22 h. The modified silica

gel was filtered and washed consecutively with 70 ml
each of methanol and acetone. A 2.41-g amount of
the desired material was obtained: IR (KBr, cm ):

2933; Anal. Found: C, 3.65; H, 1.25; surface cover-

1654, 1718; Anal. Found: C, 12.56; H, 2.46; N, 1.47.
The polymerization was carried out in an approxi-
mate 100:1 molar ratiol oo EDMA on 3-
methacryloyloxypropyl silica gel.

age calculated from the carbon content, 1.03 mmol/
g

CSP covered by a cross-linked polymer of mono-
mer2 was also derived from 3-methacroyloxypropy!
silica gel (surface coverage, 0.77 mmol/g) using the
same procedures as described above to yield €SP
IR (KBr, ¢m ) 2970, 1654, 1718; Anal. Found: C,
11.79; H, 2.34; N, 1.42.

3-Mercaptopropyl silica gel (0.7 g) was suspended
in a solution of 200 ml DMF containing 9.86 g af
After the mixture was degassed by bubbling with
argon for 20 min, a catalytic amount of 2,@zo-
bis(isobutyronitrile) (AIBN) was added to the mix-
ture as a radical initiator. The resulting mixture was 2.2. I11/1 ratio for determination of hydrophaobicity
heated at 80C with gentle stirring for 17 h under an  on the surface of the polymer-bonded silica gels
argon atmosphere. The modified silica gel was
filtered and washed consecutively with 100 ml each
of methanol and acetone to yield 0.78 g of the
desired material (CSRb). The polymerization was
carried out in an approximate 60:1 molar ratio of
monomerl to the 3-mercaptopropyl group on silica
gel. IR (KBr, cm '): 2967, 1543, 1654; Anal.
Found: C, 12.67; H, 2.48; N, 2.39.

Acryloyl-L-valine N,N-dimethylamide (monomer
2) was polymerized on 3-mercaptopropyl silica gel
(surface coverage, 1.15 mmol/g) using the procedure
described above (CSBb). IR (KBr, cm '): 2967,
1542, 1637; Anal. Found: C, 16.94; H, 3.15; N, 3.27.

The hydrophobic microenvironment formed by
aggregation of the polymer chains bonded on the
silica gel was demonstrated by the fluorescence of
pyrene sorbed onto the surface using a Jasco FP-777
fluorometer (Japan Spectroscopic, Tokyo, Japan)
with a slit width of 3 nm for the emission and 1.5 nm
for the excitation light and equipped with a cell
holder (Jasco ECT-271) temperature-controlled by
the Peltier effect. A 10.0-mg amount of the modified
silica gel was suspended in a mixture of 4.8 ml 0.025
M CuSQ,, 0.2 ml 0.042V sodium dodecylsulfate
(SDS) solution, and 40 ml methanol containing 2.5
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10"* M pyrene. Then 2.5 ml of the suspension was
added to a quartz cell (2010 mm) along with a

small stirrer. The fluorescence intensity of pyrene at
373 and 383 nm, which correspond to the first and
third bands of its fine vibronic bands, was measured
at temperatures ranging from 0 to 8D under gentle

stirring. The suspension was centrifuged and fluores-

cence of the supernatant was measured as described

above. The two intensities in the non-sorbed pyrene

were subtracted from those observed for the suspen-

sion at each temperature. The ratio of the intensity of
the third to that of the first band, which is ab-
breviated lll/1 ratio, was used as the measure of
hydrophobicity.

2.3. Trimethylsilylation of CSP 1b

CSP 1b (454.6 mg) was dried for 8 h at 8C
under vacuum. After the support was cooled at room
temperature and then suspended in 2 ml chloroform,
trimethylsilylimidazole (0.28 ml) was added. The
mixture was heated at 6& for 7.5 h under gentle
stirring. The modified support was filtered and then
washed in turn with chloroform and methanol. A
463.5-mg amount of the desired material was ob-
tained. IR (KBr, cm* ): 1550, 1646; Anal. Found: C,
13.77; H, 2.79; N, 2.22.

2.4. Aqueous liquid chromatography using the
polymer-bonded silica gels

The polymer-bonded silica gels were packed into
stainless-steel columns (150 mi.5 mm 1.D., GL
Science, Tokyo) as follows. The polymer-bonded
silica gel (230 mg) was suspended in 1.5 ml 50%
(v/v) 2-propanol—chloroform mixture and sonicated
for 2 min. The suspension was added to a 2.5 ml
volume of stainless-steel packer connected to the
column and pressurized into the column with chloro-
form at a constant flow-rate of 0.5 ml/min. After the
pressure reached 300 kg/€m , 10-ml portions of
chloroform, methanol, and water were successively
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oven (Chromato Science, Osaka) and a CR-3A data
processor (Shimadzu, Kyoto). Solute elution was
detected at 254 nm. A 1% (v/v) methanol-water
mixture was used as an eluent at a flow-rate of
pblmin for all agueous chromatographic studies.
Oven temperature was controlled within the range of
0€70Non-aqueous chromatography was per-
formed with hexane containing either 2.5 or 7.5%
(v/v) 2-propanol at a flow-rate oful160n at
°C23

2.5. Calculation of log P values

The lod® value, which is the logarithm of the
partition coefficient of the compound in octanol—
water systems, was predicted using Pallas PrologP
3.0 software (CompuDrug International, South San
Francisco, CA, USA) based on the structural for-

mulas of the compounds.

3. Results and discussion

3.1. Preparation of linear and cross-linked
polymer-bonded supports and their ability to retain
the amino acid derivatives

The three procedures used to prepare the chiral
polymer-bonded silica gels are illustrated Fing. 1.
For each procedure, monomdrand?2 were used as
the functional monomers to obtain the temperature-
responsive polymers. When these temperature-re-
sponsive polymers are prepared on the silica gel
surface, increasing column temperature can enhance
the internal hydrophobicity of the bonded phases
and, thus, in the interior region, hydrogen bonds
between the valine diamide moieties of the polymers
and the enantiomeric solutes can become effective.
Such internal hydrophobicity and enantioselectivity
should be thus controlled byNtheethylation of
the C-terminal amide of morfomer
CBPand 2a were derived from poly(acryloyl-

passed through the column at a constant pressure of.-valine N-methylamide) (polymerl) and poly-

300 kg/cnf .

Liquid chromatography was carried out with a
Jasco Familic 300 pump (Japan Spectroscopic,
Tokyo, Japan), a SPD-2AM UV detector (Shimadzu)
equipped with a 1.5l flow cell, an LC-300 column

(acryloyl--valine N,N-dimethylamide) (polymer2),
respectively, with procedure 1 using 3-aminopropyl
silica gel as a starting material. Surface coverage of
the polymers on12fnd CSP2a calculated from
carbon content were approximately 5.1 and 1.4
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Procedure 1. Coupling of chiral linear polymers to 3-aminopropyl silica gel
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Procedure 2. In situ telomerization of functional monomers from 3-mercaptopropyl silica gel
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Procedure 3. Polymerization of functional monomers with ethylene dimethacrylate as a cross linking agent
on 3-methacryloyloxypropyl silica gel
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Fig. 1. Preparation of temperature-responsive chiral polymers bonded to silica gel.
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pmol/g, respectively. When using 1% (v/v) metha- 3.2. Chiral separation of the amino acid

nol-water as an eluent, and racenhi(3,5-dinit- derivatives using CSP 1b and 2b in aqueous media
robenzoyl (DNB))amino acid isopropyl esters as
solutes, both CSPla and 2a exhibited a slight Table 1shows enantiomer separation of racemic
increase in retention factork’) with increasing N-DNBamino acid isopropyl esters obtained with
column temperature, but did not achieve enantio- column temperatures ranging from 8CQaugidg
meric separation. CSPEb and 2b. With CSP 1b, retention factors of
Condensation of the terminal carboxyl groups of whenantiomersk(,) became larger with increasing
the linear polymers to 3-aminopropyl silica gel temperature and reached a maximuntCat Boe
(procedure 1 inFig. 1) provided only low surface amino acid derivatives were retained on QISP
coverage of the polymers. This is probably due to more strongly than on18SESP2b showed an
large size of polymersl and 2, whose average increase in retention factor with temperature until

molecular masses are 6800 and 30 300, respectively. °C,7d a greater extent than that observed for CSP
Therefore, two different procedures were examined 1b. This indicates that the bonded phase of CBP

for preparation of the chiral polymer-bonded sup- became more hydrophobic than that ab@&Rn
ports. One procedure provided the linear polymers the column temperature was increased.

by telomerization of the chiral monomer from 3- With both C3P and 2b, all the amino acid
mercaptopropyl silica gel. CS was derived from derivatives were separated at temperatures ranging
monomer 1 and CSP2b from monomer 2, as from 25 to 70C, but not at 5C, as shown inrable

illustrated inFig. 1. Another procedure yielded the 1. Fig. 2illustrates a typical separation of racemic
polymers cross-linked with ethylene dimethacrylate DNBIleucine isopropyl ester orliE#Pwhich the

from 3-methacryloyloxypropyl silica gel. CSPwas L-enantiomer was retained more strongly than the
derived from monomef and CSP4 from monomer p-enantiomer. The separation factors Yalues) for
2. These procedures provided a greater surface the leucine derivative reached a maximui@ at 25
coverage than those obtained using procedure 1. and decreased with increasing column temperature
CSPs obtained using procedure 2 could, as expected, from this critical point. Maximum separation factors
perform the temperature-responsive chiral separation were found for all the chromatographic experiments
of the enantiomers. using CSEb and 2b. For all chromatographic
Table 1
Chiral separation of DNBamino acid isopropyl esters on A8Rwnd 2b with column temperatures ranging from 5 to 1
CSP Temperature Amino acid

€ Alanine Valine Leucine

kI/Da ab kI/Da @ b klrja @ b

1b 5 2.18 1.00 3.80 1.00 5.95 1.00

25 2.35 1.08 4.74 1.07 8.11 1.12

35 2.35 1.09 5.04 1.07 8.89 1.11

50 2.38 1.07 5.15 1.06 14.43 1.06

70 2.22 1.05 4.93 1.05 8.90 1.07
2b 5 2.37 1.00 4.75 1.00 °— -

25 5.28 1.09 10.08 111 - -

35 5.19 1.11 13.23 1.10 - -

50 6.12 1.06 17.05 1.08 - -

70 6.83 1.04 18.71 1.05 - -

®Retention factor for the-enantiomer.
b= ki 1kG.
°The solute could not be eluted within a reasonable time.
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Fig. 2. Separation of racemic DNBleucine isopropyl ester on CSP
1b. Conditions: eluent, 1% (v/v) methanol in water; column
temperatures, 5C; flow-rate, 50ul/min; detection, UV at 254
nm.

studies, the phenylalanine derivative could not be
eluted within a reasonable time due to its relatively
high hydrophobicity.

The amino acid derivatives should enter into a
hydrophobic interfacial phase formed by aggregation
of the temperature-responsive polymers and interact
with interior chiral valine diamide moieties to form

diastereomeric associations. The enantiomeric sepa-

ration obtained demonstrates that this association is
due to hydrogen bonding. Therefore, solute retention
should be affected by hydrogen bonding as well as
hydrophobic interactions within the aggregated poly-
mers. Hydrogen bonding between the chiral diamide
moieties within one linear polymer, that is, intra-
residual hydrogen bonding, generates a hydrophobic
microenvironment that entraps the solutes. The chiral
residue contained in CSEb has two CONH sites,
which form stronger inter-residual hydrogen bonds
than those formed with CSBb having one CONH
and another CON(CH ,) . Therefore, in C3B, an
increase in hydrophobicity of the interfacial phase
with temperature caused a smaller increase in re-
tention factor than in CSRb. CSP2b has only one
amide NH and thus weak hydrogen bonding between
the chiral residues of the polymers and strong
hydrophobicity formed by additionalN-methyl
group. The difference in the hydrogen bonding
nature of the valine diamide moieties between CSP
1b and 2b has been studied by examining the
infrared spectra of polymet and 2 [11].
Trimethylsilylation of CSP1b enhanced retention
and separation factors for the solutes but these
factors simply decreased with an increase in column
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were 31.1 and 1.20 at&. This retention behavior
different from the untreated CSEb may indicate
that additional hydrophobicity brought about by the
trimethylsilyl groups, neighboring around the poly-
mers, lessens intramolecular residual-to-residual in-
teraction leading to temperature sensitivity of the
polymer because its aggregation is induced by such
hydrophobic interaction.

3.3. Assessment of hydrophobicity at the surface of
the bonded silica gel

Fig. 3 illustrates dependence of the ratio of
fluorescence of pyrene at 373 and 383 nm on
temperature from 0 t&€.6This Ill/I ratio indi-

cates the hydrophobicity of the microenvironment
where pyrene is sorbed, and increases with hydro-
phobjtyl 3]. Aggregation of the polymer chains
on @SRNd 2b should create a hydrophobic
interfacial phase that excludes water when column

temperature exceeds the critical temperature. Solute

0.8

0.75

e
Q
1

III/T ratio

0.65

0.6

40

20 60
temperature (° C)

Fig. 3. Temperature dependence of Ill/| ratios of pyrene sorbed

temperatures. The retention and separation factorsgn ponded silica gels: CSB, open square: CSBb, filled square:

observed for racemic DNBAlanine isopropyl ester

CSP3, open circle; CSR, filled circle.
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to be separated become sorbed into this phase, at for the reduction in the Ill/I ratio at high tempera-
least in part, by hydrophobic interactions. tures.

On CSP1b and?2b, the 1ll/I ratio decreased with Addition of methanol to a suspension of octadecyl
an increase in column temperature. The decrease of silica gel in water caused the 1ll/] ratio to increase
the ratio observed for CSEb from 0 to 60°C was and reach a maximum at 50% (v/v) methanol,
greater than that for CSRb. Although aqueous followed by a decrease when the methanol con-
solutions of polymersl and 2 underwent a phase centration exceeded $04p. This implies that the
transition between water-soluble and -insoluble state octadecyl-bonded phase is collapsed by hydrophobic
at 18 and 14C, respectively{11], reduction of the interactions in water. Thus, pyrene allowed into the
llI/1 ratios had no discontinuous change related to bonded phase is not completely shielded from the
those critical temperatures. This microscopic ob- bulk water and, at least in part, is exposed to the
servation indicates pyrene becomes excluded from water.
the interior region of the polymers as aggregation of Aggregation of the polymer chains othGHH
the polymer on the supports is enhanced by increas-2b should reduce the volume sufficiently to
ing temperature in the range of 0—80. adequately shield pyrene from the bulk water, in a

The 111/1 ratio of CSP 1b increased rather than manner similar to that observed with octadecyl silica
decreased upon addition of methanol when using gel. Hydrophobicity of the interfacial phase on the
higher temperatures at which the polymer chains CSPs would however increase with increasing col-
should be aggregated, as illustratedFig. 4. The umn temperature. Of the two, the decrease in IlI/I
ratio also increased with methanol concentration due ratio of M$Mvas steeper than that of CSP®
to intercalation of methanol in the interfacial phase. because the former would collapse to a greater extent
Thus, aggregation of the bonded polymers on expos- than the latter.
ing pyrene to the bulk water would appear to account The 11I/1 ratios for GS#d 4 increased with

0.8 0.8
a b
0.78 - 0.78
L
0.76 0.76
2 2
8 g
= 0.74 = 0.74
0.72- 0.721
0.7 0.7 1
0.68 15 r T - 0.68 - T T T
0 20 40 60 0 20 40 60
temperature ( °C) temperature ( °C)

Fig. 4. Changes in the temperature dependence of Ill/1 ratios by addition of methanol oibG&Pand2b (b). CSP1b, open square (a);
CSP 2b, open circle (b); addition of 1% (v/v) methanol to the CSP suspensions, filled triangle; addition of 10% (v/v) methanol, open
triangle.
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temperature in contrast to the behavior observed for
CSP1b and2b. These ratios increased slightly with

methanol concentration, in a manner similar to that
observed for CSRb. This is because the aggrega-

tion of the cross-linked polymers upon dehydration
occurs to a lesser extent than aggregation of the
linear polymers, or, in other words, hydrogen bond-
ing between chiral diamide moieties is restricted by
the cross-linked network to make aggregation less
dense in the cross-linked than in the linear polymers.

3.4. Temperature-responsive chromatography for
benzene and steroids

In order to estimate the volume of the hydrophobic
interfacial phase that can entrap enantiomers, tem-
perature dependence of retention on Ci®Pand 2b
was examined with benzene and five steroids: dexa-

methazone, predonisolone, cortisone, hydrocortisone

and methylpredonisolone, in a manner similar to that
described for the amino acid derivatives. Retention

15
a

10
~ D/\O\\Q

) %

‘__———‘—ﬁ‘-—‘—\‘
0 T T T
0 20 40 60 80

temperature ( ° C)
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of benzene increased with column temperature in
both CSPs, as illustratddgn5. The tendency for
an increase in retention for these solutes was ob-
served for both CSPs, but was lower forllCSP
Retention on QPfollowing a slight increase
from 5 f@2fradually decreased with increasing
temperature. Z5Bhowed a greater increase in
retention than @SRNd reached maximum re-
tention &C50’he solute steroids eluted in the
following order: dexamethazone, predonisolone, cor-
tisone, hydrocortisone, and methyl-predonisolone. In
order to estimate hydrophobicity of these steroids,
which also estimates their retention to CSPs, the
logarithm of the partition coefficient for each com-
pound in octanol/water systemP)(lgs pre-
dicted, using Pallas PrologP software, as 1.16 for
dexamethazone, 1.44 for predonisolone, 1.20 for
cortisone, 1.66 for hydrocortisone, and 1.66 for
methylpredonisolone. O2b B retention time
of the steroids tended to increase with hydropho-
bicity and showed a remarkable change with increas-

15
b
N /—\
y
5_ é
O T T T
0 20 40 60 80

temperature ( ° C)

Fig. 5. Temperature dependence of chromatographic retention of benzene and five steroids fm @gBnd2b (b): benzene, filled
triangle; dexamethazone, filled square; predonisolone, open square; cortisone, open triangle; hydrocortisone, open circle; methyl
predonisolone, filled circle. Conditions are as describe#ign 2 except column temperatures.
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ing temperature. The volume of interfacial phase of
CSP 2b thus should be sufficient to accommodate
both the small benzene molecule and the large
steroid molecules in contrast to that of CH® This
prediction was supported by pyrene fluorescence
measurement.

Changes in the 1l1/1 ratio of CSBb with increas-
ing temperature were smaller than those of ClBP
and CSP2b thus tends to maintain a particular
interfacial phase volume to entrap large hydrophobic
molecules such as the steroids. In a comparison
between CSFLb and 2b, the residue of CSRb is
more hydrophobic than that of C3B and gives rise

to weaker hydrogen bonds between the residues than

that of CSP1b, as described in the previous section.
These factors should make CS® more hydro-
phobic and more effective for controlling solute
retention using column temperature.

3.5. Chiral separation with the cross-linked
polymers

In spite of addition of the cross-linking agent to
the monomer at a ratio of 1:100, cross-linked poly-
mers formed on the silica gel support lost tempera-
ture sensitivity for aggregation as observed by

K. Kurata et al. / J. Chromatogr. A 1012 (2003) 47-56

silica gel provided higher coverage of polymer
chains onto silica gel than did condensation of the
terminal carboxyl groups of the corresponding linear
polymer with 3-aminopropy! silica gel. The former
support (OfPallowed temperature-responsive
chiral separation of racemi-(3,5-dinitroben-
zoyl(DNB))amino acid isopropyl esters. Chiral sepa-
ration of enantiomeric amino acid derivatives was
improved with an increase in column temperature
that made the aggregation state of the polymers more
hydrophobic. Their retentivity was also controlled by
temperature, and increasing temperature imparted
higher retention factokssf to all solutes separated.
An analogous2iGSBerived from acryloyl--
validN-dimethylamide 2), exhibited solute re-
tentivity capable of being controlled by temperature
more strongly than that observed fodlCSmis is
probably due to the volume of hydrophobic interfa-
cial phase on CSRb being larger than that on CSP
1b. Separation of the amino acid derivatives should
be made possible by hydrogen bond formation
between the chiral valine diamide moieties in the
aggregated polymers and the enantiomers.
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