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Molecular imprinting polymers (MIPs) against N- Cbz- L-Tyr
were prepared utilizing different polymer systems and evaluat-
ed in HPLC mode. It was found that MIP utilizing cocktail
functional monomers, acrylamide + 2-vinylpyridine showed
better molecular recognition and better separation ability for
the template molecule than those utilizing other functional
monomers. MIP utilizing trimethylolpropane trimethacrylate
as cross-linker showed higher load capacity and separation
factor than those utilizing ethylene glycol dimethacrylate as
cross-linker. Increasing the concentration of competing sol-
vent, acetic acid weakened the ionic interaction and hydrogen
bonding between the analyte and the functional monomers, 2-
vinylpyridine and acrylamide, when the template enantiomer
was separated by HPLC. Therefore increasing of the concen-
tration of acetic acid leads to decreasing of capacity factor,
separation factor and resolution.
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Molecular imprinting, a novel technology mimick-
ing the “lock-to-key” phenomenon which happens be-
tween antigen and antibody when they interact in biologi-
cal system, is performed by polymer with “predeter-
mined” molecular recognition to the template molecule,
and it has been found wide applications in areas, such
as synthetic chemistry,! catalysis,?> sensor design,*’
pharmaceutical assay®’ and chiral separation.®% Gener-
ally, molecular imprinting is applied in two modes,
i.e. covalent and non-covalent. Non-covalent molecu-
lar imprinting with its simplicity has made great progress
in chiral separation with efforts of developing new func-
tional monomer-cross-linker polymer systems. ' Cock-
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tail polymerization, in which two or more functional
monomers are used simultaneously, has been tried to
prepare molecular imprinting polymer ( MIP) possessing
high molecular recognition ability.'® Recently, we intro-
duced new cocktail functional monomers, acrylamide
(AM) + 2-vinylpyridine (2-VP), for the imprinting of
amino acid derivatives. 7*!8 MIP utilizing these combined
functional monomers showed higher molecular recognition
ability and better chiral separation for the template enan-
tiomer than those prepared from other functional
monomers.

In this paper, recent progress on AM + 2-VP
molecular imprinting system was reported. Series of
MIPs against N-Cbz-Tyr utilizing 2-VP-ethylene glycol
dimethacrylate (EDMA), AM + 2-VP-EDMA and AM +
2-VP-trimethylolpropane trimethacrylate (TRIM) poly-
mer systems were prepared and evaluated in HPLC
mode. The effects of functional monomer and cross-link-
ers on the selectivity of MIPs were discussed. Interac-
tions between AM +2-VP and the template molecule
were investigated.

Experimental
Material

N-Cbz-D-Tyr and N-Cbz-L-Tyr were purchased
from Sigma (St. Louis, MO, USA) and 2-VP from
Acros (Pittsburgh, PA). EDMA and TRIM were ob-
tained from Shanhu Chemical Plant (Shanghai, China) .
Azo-bis-isobutyronitrile (AIBN) and acrylamide (AM)
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were from Beijing Chemical Plant (Beijing, China). In-
hibitors in the cross-linker and 2-VP were removed by
activated carbon. All solvents were of HPLC or analyti-

cal grade.
Preparation of bulky MIP

MIPs against N-Cbz-L-Tyr were prepared in ace-
tonitrile by photo polymerization according to refer-
ence.'” 2-VP or 2-VP+ AM were used as functional
monomers and EDMA or TRIM as cross-linkers, respec-

molecule, functional monomer, cross-linker and porogen
solvent shown in Table 1 were mixed with free radical
initiator azo-bisisobutyronitrile (AIBN) (1.0%, W/V,
weight of AIBN to volume of monomers). The mixtures
were degassed in a sonicating water bath, saturated with
nitrogen for 15 min, and then irradiated by 366 nm light
for 48 h at 0°C. The bulky polymers were ground,
sieved and the fines were removed by repeated sedimen-
tation in acetonitrile. Particles with diameters smaller
than 35 pm were collected and evaluated in HPLC
mode.

tively. In general, suitable amounts of template
Table 1 Composition pre-polymerization mixture for N-Chz- L-Tyr imprinted polymers
MIP N- Cbz- L-Tyr (mmol) Functional monomer (mmol) Cross-linker {mmol) Acetonitrile (mL)
P1 0.50 2-VP(4.00) EDMA(20) 7.00
P2 1.25 AM(2.50) +2-VP(2.50) EDMA(25) 8.00
P3 1.00 AM(2.00) +2-VP(2.00) TRIM(4.00) 3.50

Chromatographic evaluation

The collected MIP particles were slurried in water/
acetonitrile (50/50, V/V) and packed into 4 x 250 mm
or 4 x 150 mm stainless steel HPLC columns at 20 MPa.
The columns were eluted with acetonitrile/acetic acid
(90710, V/V) until a stable baseline was achieved.
The LC-890A system from Beijing Xingda Technology
Development Company comprised two LC-05C pumps
and a LC-830 UV-VIS detector ( Soma Optic LTD,
Japan) . The chromatograms were recorded and analyzed
by a JS-3030 chromatography operation station (Johnsson
Corporation, Dalian, China). The elution was per-
formed at ambient temperature and monitored at 276 nm.

Acetone was used as void marker. Separation fac-
tors (a) were calculated according to the standard chro-
matographic theory.' The template peak was seriously
asymmetric because of the nonlinear adsorption curve,?
so the resolution was calculated as the resolution function
(f/g) according to Ref. 21.

Results and discussion

Effect of functional monomer on the selectivity of MIPs

Molecular imprinting is a technology by which spe-

cific recognition sites can be produced by use of a tem-
plate molecule in the polymerization procedure. The
principle has been well documented and it was necessary
to explore new polymer system including new functional
monomer and cross-linker to improve the selectivity and
load capacity.?

The most widely applied functional monomer in
non-covalent molecular imprinting is methacrylic acid
(MAA) .'12 1t interacts via hydrogen bonds with the
amide, carbamate and carboxyl groups on amino acid
derivatives. AM is another functional monomer evaluat-
ed," and it was found that AM could form much stronger
hydrogen bonds with the template than MAA. Basic
functional monomers 4-VP'15 and 2-VP' were also in-
troduced in non-covalent molecular imprinting. It was
believed that pyridine formed strong ionic interaction
with the carboxyl group in the template molecule. MIP
prepared by cocktail polymerization with AM + 2-VP as
combined functional monomers for the imprinting of
amino acid derivatives showed higher molecular recogni-
tion ability and better chiral separation for the template
enantiomer than those prepared from other functional
monomers , 17+18

Table 2 showed the chromatographic results of sep-
aration of N-Cbz-DL-Tyr on MIPs prepared from 2-VP
and AM + 2-VP as functional monomers. The molar ratio
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of template to 2-VP or AM + 2-VP employed in the
preparation of MIPs was based on Ref. 16 and our opti-
mization result,'® because the molar ratio of template
molecule to functional monomer has great effect on the
molecular recognition property of the resultant MIPs, 4
Chiral separation of the template enantiomer, N-
Cbz-DL-Tyr, was achieved on MIP (P1) made of 2-VP
as functional monomer (Table 2). We believed that the
basic functional monomer 2-VP, as 4-VP,*! interacts
with the amide and carboxyl group on the template
molecule via hydrogen bond and strong ionic interaction.
Chiral separation of N-Cbz-DL-Tyr on MIP (P2) a-
gainst N-Cbz-L-Tyr utilizing AM + 2-VP as combined
functional monomers was shown in Fig. 1. It was obvi-
ous that the separation factor of N-Cbz-DL-Tyr on MIP

(P2) was higher than the corresponding values obtained
on MIPs made of AM, 2-VP or MAA + 2-VP as func-
tional monomers (Tables 2, 3).

1

Absorbance
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Chiral separation of N- Cbz-DL-Tyr on the N-Chz-L-Tyr

imprinted MIP (P2). Column: 250 X 4 mm; mobile

phase: acetonitrile/acetic acid (99.0/1.0, V/V);

flow-rate, 0.5 mL/min; detection; 276 nm; 1. N-Chz-
D-Tyr , 2. N-Cbz-L-Tyr.

64.50

Table 2 Chiral separation of N-Cbz-DL-Tyr on the N-Cbz- L-Tyr imprinted chiral
stationary phases utilizing different polymer systems

MIP Sample amount Capacity factor Separation factor Resolution Flow-rate
(p8) kp' k' () (f8) (mL/min)
P1 20 2.95 8.26 2.89 - 1.0 0.5
P2 20 3.86 13.67 3.54 1.0 0.5
P3 40 12.54 28.26 2.25 1.0 1.0
100 12.00 21.32 1.78 0.9 0.5
211 11.08 17.05 1.54 0.6 0.5

Column; P1 and P2, 250 x 4 mm, P3, 150 X 4 mm; mobile phase: acetonitrile/acetic acid (99.0/1.0, V/V). Detection: 276 nm.

Table 3 Separation factor and resolution obtained on other N- Cbz- L-Tyr imprinted MIPs

Capacity factor Se, ion factor
Functional monomer - apacity o ; paration d Resolution (f/g) Ref.
kp kg (a)
MAA +2-VP* 1.78 3.01 1.69 0.68 23
AM? 0.29 0.63 2.19 0.28 24

°N- Chz- L-Tyr:MAA:2-VP:EDMA = 1:4:4:40; ® N-Chz-L-Tyr: AM:EDMA = 1:4:20; ¢ Capacity factors were not shown in the origj-

nal Ref. 23 and 24.

This phenomenon was probably due to a combina-
tion of following peints: First, interaction between func-
tional monomers themselves would compete with that be-
tween functional monomers and the template molecule.
Both AM and MAA could interact with 2-VP, but the
interaction between AM and 2-VP is hydrogen bond
while that between MAA and 2-VP is ionic. Ionic inter-
action is stronger than hydrogen bond, so the tendency
for AM to interact with 2-VP is weaker than that for
MAA to interact with 2-VP. It means that, comparing
with the traditional cocktail functional monomers MAA

+ 2-VP, AM +2-VP would interact more efficiently
with the template molecule; Second, AM and 2-VP can
form stronger hydrogen bonds and ionic bonds with the
amide group and carboxyl group on the template
molecule. This cooperative interaction would lead to a
more stable complex between the template molecule and
AM + 2-VP than that between the template molecule and
other functional monomer. Therefore binding sites pos-
sessing better recognition of the template molecule would
be formed in the MIP with AM +2-VP as combined

functional monomers.
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Effect of cross-linker to chiral separation of MIPs

Other than finctional monomer, cross-linker is an-
other important factor that affects the chiral separation
property of the MIPs. EDMA has been extensively used
for the preparation of non-covalent molecular imprinting
and more than 50 mol% in total composition of monomer
should be used.? Cross-linker containing three or four
vinyl groups was introduced into the imprinting of amino
acid derivatives.?*?’ MIPs prepared from both pentaery-
thritol triacrylate (PETRA) and TRIM were superior to
those from EDMA in load capacity, selectivity and reso-
lution.

MIP against N-Cbhz-L-Tyr utilizing AM + 2-VP as
combined functional monomers and TRIM as cross-linker
was prepared. The molar ratio of N-Cbz-L-Tyr to AM
+2-VP and TRIM were employed according to our opti-
mization result'® and Ref. 27. It indicated that TRIM
based MIP (P3) had higher separation ability and load
capacity than EDMA based MIP (P2), comparing the
values obtained on MIP utilizing EDMA and TRIM as
cross-linker. Baseline separation of 40 pug N-Cbz-DL-
Tyr with separation factor of 2.25 was achieved on 150
X 4 mm column packed with P3 (Fig. 2). Even by in-
creasing injection amount to 211 pg, N-Cbz-DL-Tyr
was also resolved with separation factor of 1.54 and res-
olution of 0.57.

Absorbance

0.00 " 110,63 2127
t (min)
Fig. 2 Chiral separation of N-Cbz- DL-Tyr on the N-Cbz- L-Tyr
imprinted MIP (P3). Column: 150 x 4 mm; mobile
phase: acetonitrile/acetic acid (99. 0/1.0, V/V);
flow-rate: 0.5 mL/min; detection: 276 nm; 1. N-Cbz-

D-Tyr , 2. N-Chz-L-Tyr.

Following factors may give rise to higher separation
ability and load capacity of TRIM based MIP.%*?’ First-
ly, the molar ratio of the template molecule to the func-
tional monomers was maintained constant ( N- Cbz- L-Tyr
:AM:2-VP=1:2:2) for both EDMA based MIP and

TRIM based MIP, but the molar ratio of functional
monomer to EDMA (AM:2-VP:EDMA =1:1:10) was
lower than that to TRIM (AM:2-VP:TRIM=1:1:2),
therefore more template molecule was imprinted in unit
weight of TRIM based MIP than in EDMA based MIP.
This could result in more recognition cavities in unit
weight of TRIM based MIP than in unit weight of EDMA
based MIP, so the capacity factor and load capacity ob-
tained on TRIM based MIP were increased comparing
with those on EDMA based MIP. Secondly, EDMA con-
tains two vinyl groups whereas TRIM contains three vinyl
groups, so the cross-linking intensity of TRIM based
MIP was higher than EDMA based MIP. This leads to
better-defined recognition cavities possessing higher se-
lectivity in TRIM based MIP than those cavities in ED-
MA based MIP.”

Interaction between AM + 2-VP and the template mole-
cule

In non-covalent molecular imprinting the template
molecule interacts with the functional monomer via hy-
drogen bond,'*!2 jonic interaction,*'S hydrophobic in-
teraction.”® For MIP made of AM + 2-VP as functional
monomers, it has been found that there were hydropho-
bic and ionic interactions between the analyte and AM +
2-VP when water/acetonitrile were used as mobile
phase.!” In this paper, we investigated the hydrogen
bond and ionic interactions between the template enan-
tiomer and AM + 2-VP by changing the composition of
the mobile phase.

Acetic acid could form hydrogen bond and ionic in-
teraction with AM and 2-VP in the imprinting cavities,
respectively, so it acts as a competing solvent in the mo-
bile phase. With increasing the concentration of acetic
acid, AM located at interior cavities would form hydro-
gen bond with acetic acid, so the hydrogen bond be-
tween AM and the amide group on N-Cbz-DL-Tyr
would be weakened. On the other hand, 2-VP at interi-
or cavities would be changed to pyridinium cation by
acetic acid in the eluent and the acetate anion would in-
teract with the pyridinium cation by ionic interaction. So
the ionic interaction between the carboxylate anion of N-
Cbz-DL-Tyr and the pyridinium cation would be weak-
ened too. Therefore increasing of the concentration of
acetic acid leads to decreasing of capacity factor, sepa-
ration factor and resolution (Figs. 3 and 4).
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