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a b s t r a c t

(E)-Resveratrol imprinted polymers have been rationally designed with the aid of molecular modelling
and NMR spectroscopic titration techniques to determine the optimal ratio of the template to functional
monomer for polymer formation. Based on this approach, (E)-resveratrol imprinted polymers were pre-
pared via non-covalent self-assembly with the functional monomer 4-vinylpyridine (4VP) in a 1:3 molar
vailable online 23 February 2011
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ratio. Polymerisation in the presence of a cross-linker resulted in rigid block copolymers that had selec-
tive capacities towards (E)-resveratrol (e.g. 14 �mol/g) when compared to the non-imprinted reference
polymer. The selectivity of these MIPs was also examined using several structurally related polyphenolic
compounds to determine the influence of polyphenolic hydroxyl number and position on binding and
molecular recognition.
olecular modelling
olecularly imprinted polymers

. Introduction

Phytochemicals present in foodstuffs are an important group
f compounds that can contribute to mammalian health and
ellbeing [1]. Within this genre, relatively simple polyphenols,

xemplified by the hydroxylated stilbene (E)-resveratrol 1, have
ttracted considerable interest because of their reported anti-aging
2–5], anticancer [6–9], anti-inflammatory [10,11] and cardio-
rotective effects [12–15]. (E)-Resveratrol is a natural product of

ow molecular mass arising as an early product from the biosyn-
hesis of phenylalanine. It is also thought to be an intermediate
eading to some of the structurally more complicated polyphenols
nd flavonoids [16]. Nature has adapted this molecule as a phy-
oalexin in plants to protect against fungal attack [17,18] and injury
uch as that caused by exposure to ultra-violet light [18].

Two of the primary dietary sources of (E)-resveratrol are from
eanuts and grapes, and their processed derivatives such as peanut
utter and wine. These sources contain variable concentrations of
esveratrol as a consequence of numerous factors, including cli-
ate, exposure to infection and their cultivar strain [19,20]. For

nstance, (E)-resveratrol concentrations in red wine have been

eported to range from 0.6 to 8.0 mg/L [21,22], in white wines
.031–0.122 mg/L [21,22], and dry grape skins between 21.5 and
74.0 �g/g [23,24].

∗ Corresponding author. Tel.: +61 3 9905 4547; fax: +61 3 9905 8501.
E-mail address: milton.hearn@monash.edu (M.T.W. Hearn).
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At these concentrations, the detection and quantitative deter-
mination of these naturally occurring molecules has generally been
reliant on liquid/liquid separation methods followed by analyti-
cal techniques such as high-performance liquid chromatography
(HPLC). However, in many cases, the analysis of very complex
samples with one single mode of chromatography cannot provide
sufficient resolution to enable the quantification of target ana-
lytes based on chromatographic peak areas. Therefore, there is a
need to develop techniques for the rapid and selective analysis
of such important bioactives. Two- or multi-dimensional liquid
chromatography could provide such resolution, but at the expense
of significant material losses and increased costs with each addi-
tional chromatographic step. Similar considerations of the analysis
of specific target analytes from complex feedstocks govern their
preparative extraction. For both the analysis and purification of
natural products from complex feedstocks, an elegant solution
would be a two-step protocol comprising high capacity affinity
chromatography followed by a high resolution reversed-phase
chromatographic separation. In this context, affinity chromatog-
raphy materials based on molecularly imprinted polymers (MIPs)
could be employed as a solid phase extraction step for both ana-
lytical and preparative purposes. A further advantage of these new
materials is their potential for bioactive enrichment via scalable
processes as industrial applications.
MIPs are functional porous materials possessing cavities with a
pre-defined selectivity for a particular target molecule. They have
found a broad range of applications including synthesis and catal-
ysis [25], controlled drug delivery systems [26], sensors [27] and
separations [25,28]. High affinity binding sites are generated by first

dx.doi.org/10.1016/j.chroma.2011.02.043
http://www.sciencedirect.com/science/journal/00219673
http://www.elsevier.com/locate/chroma
mailto:milton.hearn@monash.edu
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Table 1
Summary of the MIP synthetic preparations used in this investigation.

Polymer code (E)-Resveratrol (template) 4VP (FM) EGDMA (cross-linker) Porogen

P1* 1 mmol 3 mmol 15 mmol CH3CN/EtOH 5:1 (v/v)
N1* None 3 mmol 15 mmol CH3CN/EtOH 5:1 (v/v)
P2 1 mmol None 15 mmol CH3CN/EtOH 5:1 (v/v)
N2 None None 15 mmol CH3CN/EtOH 5:1 (v/v)

All polymerisations were initiated with AIBN and the reaction carried out at 50 ◦C for 24 h.
* Prepared with an additional 24 h thermal annealing at 60 ◦C.

Fig. 1. Synthetic routes for the preparation of (E)-resveratrol and other polyphenols. Reagents and conditions: Yields shown in parentheses are typical for (E)-resveratrol.
(i) Ac2O, pyr, DMAP, EtOAc, 0–40 ◦C, 2 h, (72%), or Ac2O, Et3N, EtOAc, reflux, 4 h, (34%); (ii) SOCl2, DMF, toluene, 100 ◦C, 3 h, (100%); (iii) 2% Pd(OAc)2, NEM, toluene, reflux,
overnight, (51%); (iv) (a) KOH, MeOH, reflux, 60 min, then (b) HCl(aq), (79%), or TsOH, MeOH, 85 ◦C, overnight, (95%).
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capable of molecular recognition via complementary interactions

with a target molecule.

In this paper, we report the design and preparation of a (E)-
resveratrol imprinted polymer via the non-covalent self-assembly
of specific functional monomer units and the assessment of
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for (E)-resveratrol: the inset shows the binding data in a Scatchard plot [36] format.
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esveratrol under static conditions.

ts selectivity for (E)-resveratrol compared to structurally simi-
ar analogues, utilising inter alia molecular modelling and NMR
pectroscopic titration techniques to determine optimal ratios
f the template to functional monomer for polymer formation.
E)-Resveratrol was chosen as a relevant bioactive candidate to
nvestigate this approach for the development of a generic strategy
o prepare non-covalent molecularly imprinted polymer mate-
ials for the selective capture and separation of polyphenols.
E)-Resveratrol is a rigid small molecule that has three pheno-
ic substituents capable of hydrogen bonding, and two aromatic
egions capable of donor–acceptor, �–� stacking or hydrophobic
nteractions. These functionalities have been exploited for the cre-
tion of polyphenol selective binding cavities in MIP materials and
o enable the influence of polyphenolic hydroxyl number and posi-
ion on binding to be determined.

. Materials and methods

.1. Reagents

Resveratrol-3-ˇ-d-glucopyranoside (3,4′,5-trihydroxystilbene-
-ˇ-d-glucopyranoside) 5, (E)-stilbene 8, 4-vinylpyridine (4VP),
crylamide (AAM), methacrylic acid (MAA), methylmethacry-
ate (MMA), styrene, ethyleneglycol dimethacrylate (EGDMA) and
,2′-azobis(2-methylpropionitrile) (AIBN) were purchased from
igma–Aldrich (Sydney, Australia). All solvents used for MIP
reparation and evaluation were HPLC grade. The preparation of
E)-resveratrol 1 and its analogues 2–7 was adapted from proce-
ures previously described [29,30].

.2. Equipment

An Agilent Technologies 1100 LC system (Waldbronn, Germany)
onsisting of a binary pump with a vacuum degasser, auto-sampler
ith a 900 �L sample loop, thermostated column compartment and
diode-array detector was employed for the HPLC separation of the
ample. Injected samples were analysed by RP-HPLC on a Zorbax
clipse XDB-C18 column (4.6 mm × 150 mm, 5 �m particle size).

.3. Molecular modelling
All modelling calculations were conducted using Spartan’08 for
indows V100 software package on a Pentium IV 2.0 GHz. Mod-

lling procedures were based on previously described methods
31], whereby the semi-empirical equilibrium geometry level the-
A 1218 (2011) 2189–2195 2191

ory was applied using a PM3 force field to calculate the energy
of formation values (�Hf), for template, monomer clusters and
monomer-template clusters in the gas phase without considera-
tion of solvent effects. Monomer cluster sizes ranging from 1 to 6
monomer units were modelled and the �Hf values determined for
the interaction of the monomer with itself at these cluster sizes. The
(E)-resveratrol structural file was then inserted into each cluster
file with no pre-defined orientation imposed upon either template
or monomer cluster. Equilibrium geometry was determined using
an iterative approach. A minimum of three iterations yielded the-
oretical estimates of the average energy of formation (�Ei) for the
complex, which was determined using the following equation:

�Ei = �Hf Complex(�Hf Template + �Hf Monomer)

2.4. 1H NMR spectroscopy titrations

The following procedure is representative of the general
approach that has been deployed for these 1H NMR spectroscopy
titration experiments. (E)-Resveratrol (23 mg, 0.1 mmol) dissolved
in trideuteroacetonitrile (CD3CN) was titrated with increasing
molar equivalents of 4-vinylpyridine. The 1H NMR spectrum was
recorded after each addition and the change in aromatic –OH shifts
followed until the presence of H bonding interactions was evi-
denced by the consistent downfield shift of this aromatic –OH signal
with increased additions. This process was continued until the aro-
matic –OH signal was no longer detectable due to peak broadening.

2.5. MIP preparation

MIPs were prepared by dissolving the template, e.g. (E)-
resveratrol (228 mg, 1 mmol) in acetonitrile/ethanol (6 mL, 5:1,
v/v) in end-capped glass reaction tubes to which the functional
monomer 4VP (322 �L, 3 mmol) was added. The mixture was soni-
cated for 10 min and the cross-linker EGDMA (2.314 mL, 15 mmol)
and the free radical initiator AIBN (51 mg, 0.31 mmol) then added.
This pre-polymerisation mixture was sparged with N2 gas for 5 min
and then placed in a thermostatic water bath at 50 ◦C for 24 h.
A number of polymer samples were further annealed by heat-
ing at 60 ◦C for time intervals up to 24 h. The polymers were
then removed from the reaction tubes, crushed and ground using
a Retsch 200 ball mill. The ground particles were subsequently
sieved. In all subsequent work, particles of 63–100 �m size were
employed. Fines were removed by repeated cycles of suspension
of the polymer particles in acetone and decanting the supernatant.
The (E)-resveratrol template was removed from the MIP resin by at
least three washings in methanol containing 10% acetic acid by vol-
ume (50 mL) with gentle stirring. The washings were monitored by
UV–vis spectroscopy at 321 nm and continued until the UV absorp-
tion at 321 nm reached zero and (E)-resveratrol could no longer be
detected. MIPs were then washed with methanol to remove traces
of acetic acid, filtered and dried in vacuo. Non-imprinted control
polymers (NIPs) were prepared in exactly the same manner but in
the absence of the template molecule. A summary of various con-
ditions employed for the preparation of the MIPs and NIPs is given
in Table 1.

2.6. MIP evaluation

Batch binding studies with (E)-resveratrol in acetonitrile were

conducted over the concentration range of 0–4 mM using both
MIPs and NIPs and constant polymer weight. Polymer (30 mg) was
weighed into sealable Eppendorf tubes (1.7 mL) and incubated at
20 ◦C with the analyte solution (1.5 mL, 0–4 mM) on a rotary mixer
at 40 rpm for 18 h. The mixture was centrifuged at 13,000 rpm for
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ig. 5. Static binding Bmax values from single analyte binding experiments showi
olyhydroxy stilbene structural analogues, 2–8, by the MIP P1 (black) and the NIP c

5 min to pellet the ligand-bound polymer complex. An aliquot
200 �L) of the supernatant was removed and analysed by RP-HPLC
ith UV detection at 321 nm. The concentration of unbound (E)-

esveratrol was determined from a linear 5-point calibration curve.
ubtraction of this value from the initial total analyte concentra-
ion gave the amount of analyte bound (B), expressed as �mol/g
olymer. To investigate non-specific surface binding, static binding
ssays were further conducted on both the MIP and NIP in parallel.
he polymer (30 mg) was weighed into sealable Eppendorf tubes
1.7 mL) and a (E)-resveratrol solution (1.5 mL, 0.5 mM in acetoni-
rile) added. The resulting mixture was then treated and analysed
s described above.

. Results and discussion

.1. Selection of the analogues of (E)-resveratrol

The selected analogues were chosen on their basis to enable
he comparative examination of the number of potential bind-
ng sites and their relative structural orientations, based around
he central E-stilbene core of (E)-resveratrol. The general syn-
hetic procedure to prepare these compounds is summarized in
ig. 1. A detailed description of the preparation of (E)-resveratrol,
, adapted from the early methodology [30], and the hydroxylated
tilbene analogues (E)-5-(4-hydroxy-styryl)benzene-1,2,3-triol 2,
E)-5-styrylbenzene-1,3-diol 3, (E)-3-(4-hydroxy-styryl)phenol 4,
E)-4-styrylphenol 6, (E)-3-styrylphenol 7 (and other polyphenols)
as been reported [29] elsewhere. The process entailed conversion
f a functionalized benzoic acid to its more activated acid chloride,
hich after removal of the solvents by distillation, was immedi-
tely reacted with an appropriate styrene. The coupling reaction,
romoted with catalytic amounts of palladium acetate, reportedly
30] proceeds via a chalcone intermediate. However, under the con-
itions employed in our investigations only the stilbene adduct was

solated, indicating that complete decarbonylation occurs simulta-
amount of bound analyte per gram of polymer for (E)-resveratrol, 1, and seven
l N1 (hatched).

neously during the reaction. The E stereochemistry of the product
was readily confirmed by the characteristic Jtrans = 16 Hz coupling
constant in the 1H NMR and no Z isomer was detected (expected
Jcis = ≤12 Hz).

3.2. Molecularly imprinted polymer design

Several experimental techniques, which permit the conver-
gent and rationale design of (E)-resveratrol imprinted polymers,
have been used in these investigations. Molecular modelling tech-
niques based on a method described by Schwarz et al. [31] were
employed to estimate the strength of intermolecular interac-
tions between (E)-resveratrol and a range of potential functional
monomer clusters. This approach identified 4-vinylpyridine as a
suitable functional monomer (FM) and predicted that a 3:1 molar
ratio of 4VP:(E)-resveratrol was optimal for the formation of the
most stable pre-polymerisation complex (Fig. 2). These interactions
were confirmed by 1H NMR spectroscopy titration analysis, where
titration with 4VP resulted in the chemical shift of the phenolic
OH groups moving downfield by a total of approximately 0.8 ppm
while the other chemical shifts remained constant. This change in
spectral properties can be attributed to self-assembly interactions
such as those previously observed by Koyama and Wakisaka [32]
whereby the interaction of pyridine and phenol leads to the for-
mation of multilayer clusters via aromatic intermolecular O–H· · ·N
hydrogen bonding interactions. The rationale for the use of CD3CN
for the NMR studies was two-fold. Firstly, in order to assess the
molar concentration ranges where most favourable intermolecu-
lar template-monomer interactions occurred it was essential to
avoid the use of a protic polar solvent, such as ethanol either

alone or as a mixture with acetonitrile, since this solvent choice
would result in very fast proton exchange rates and as such the
monomer–template interactions could not be detected by the 1H
NMR measurements. Secondly, a significantly greater amount of
template is required for the polymer preparation than is required
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Table 2
Binding capacity, imprinting factors and selectivities of (E)-resveratrol, 1, and different structurally related polyphenols, 2–8, (0.5 mM in acetonitrile) towards P1 and N1
under static equilibrium binding conditions without competition. Refer to Fig. 5 for the structural code for the polyphenols 1–8.

Analyte MIP P1 binding �mol/g polymer NIP N1 binding �mol/g polymer Imprinting factor Selectivity
Details given in Fig. 5 BMIP BNIP IF (BMIP/BNIP) BMIP − BNIP ˛ = (BMIP − BNIP)/BNIP

1 12.36 5.25 2.35 7.11 1.36
2 19.37 16.59 1.17 2.78 0.17
3 6.11 1.52 4.02 4.6 3.03
4 6.39 2.21 2.89 4.19 1.9
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5 2.23 1.42
6 2.66 1.11
7 2.27 0.88
8 0.91 0.47

or the NMR titration studies with the issue of higher solubility
f the template in ethanol–acetonitrile mixtures thus not a fac-
or for the titration studies to be satisfactorily conducted in neat
D3CN. Moreover, as the results shown in Fig. 2 demonstrate, a
istinct minimum in the �Ei value for the self assembly of the (E)-
esveratrol into the pre-polymerisation complex is observed at 3
olar equivalents with 4-vinylpyridine. Although the functional
onomer acrylamide displayed a slightly more negative �Ei value

t 6 molar equivalents, our findings are concordant with the prelim-
nary results of Xiang et al. [33], who have reported a lower binding
apacity for an AAM-MIP prepared using a randomly selected ratio
f 1:6 resveratrol:AAM. Consequently, the more negative �Ei value
bserved from our 1H NMR studies for the AAM-MIP may therefore
eflect a higher level of non-specific monomer-to-monomer inter-
ctions rather than specific monomer-to-template interactions and
his higher level of non-specific binding leads to a less effective MIP.

.3. Molecularly imprinted polymer preparation

Solid imprinted block copolymers were prepared by incorpo-
ating a small percentage of ethanol into the porogen solution
i.e. acetonitrile/ethanol, 5:1, v/v) to increase the solubility of
E)-resveratrol without compromising H-bonding capabilities. The
resence of this polar protic solvent may enhance the aromatic
–� interactions between aromatic groups already clustered in

lose proximity, while also stabilising existing interactions within
he phenolic–pyridinyl cluster systems in a manner similar to that
escribed by Haupt et al. [34] in their studies with the herbicide,
,4-dichlorophenoxyacetic acid.

.4. Molecularly imprinted polymer evaluation

Comparison of binding events observed with the MIP and
IP reference materials revealed the extent to which poro-
en composition as well as imprinting efficiency affects the
dsorption of (E)-resveratrol. Fig. 3 shows the binding isotherms

erived from static adsorption measurements for polymers P1
nd N1 with (E)-resveratrol, respectively. The selective capacity
BMIP − BNIP = 14 �mol/g) validates an imprinting effect resulting
rom the successful formation of (E)-resveratrol binding cavities or
egions within the imprinted polymer. The smaller amounts of (E)-

able 3
ompetitive cross-reactivity towards an (E)-resveratrol MIP using a solution containing
ig. 5 for the structural code for the polyphenols 1–8.

Analyte MIP binding �mol/g polymer NIP binding �mol/g polymer
BMIP BNIP

1 7.78 3.45
2 19.84 14.08
3 3.70 2.01
4 3.5 1.9
6 1.17 0.8
8 1.00 1.31
1.57 0.81 1.94
2.40 1.56 1.41
2.60 1.40 1.59
1.94 0.43 0.92

resveratrol bound by the non-imprinted control polymer N1 is most
likely due to a combination of non-specific surface interactions with
the randomly dispersed, but accessible monomer units and the (sta-
tistically) fortuitous formation of some cavity-like structures with
the correct disposition of the functional binding groups during the
generation of the non-imprinted polymer. The binding capacities of
MIPs based on self-assembly procedures are known to be variable
from preparation to preparation [35]. When these evaluations were
conducted using multiple batches of P1 and N1, prepared by similar
but not identical conditions, some small variations in the total bind-
ing capacity values (up to ±10%) were observed from preparation
to preparation, although the selective (BMIP − BNIP) capacity values
remained essentially constant, suggesting that the imprinting effect
is largely unaffected from batch to batch for MIPs prepared with the
conditions described above with similar protocols.

Scatchard analysis [36] for the binding data for P1 revealed a
nonlinear concave-upward curve with two distinct linear regions.
This behaviour is typical of (i) heterogeneity of binding sites, (ii) co-
operativity of binding or (iii) multivalent ligand binding, of which
(i) is frequently considered to describe the binding of molecules to
non-covalently prepared imprinted polymers [37–39]. To confirm
that non-specific surface interactions with randomly dispersed 4VP
were primarily responsible for the binding response of the non-
imprinted polymer N1, the polymers P2 ((E)-resveratrol imprinted
poly-EGDMA, no FM) and N2 (non-imprinted poly-EGDMA, no FM)
were also prepared. The respective binding capacities (related to
the affinities) of these polymers for interaction with (E)-resveratrol
under the same conditions are shown in Fig. 4. As anticipated, poly-
mers P2 and N2 exhibited negligible (E)-resveratrol adsorption,
indicating that the cross-linker EGDMA does not significantly con-
tribute to the polymer binding responses. A benefit of utilising the
polymer N2 is that the role individually played by different types of
monomer units with respect to polymer backbone-mediated non-
specific binding can be further delineated. Additionally, the failure
of P2 to recognise (E)-resveratrol suggests that the presence of cav-
ities of similar size and shape as (E)-resveratrol alone is insufficient

to ensure that strong binding will occur allowing the molecule to be
actively captured from solution. Rather, these findings highlight the
importance for the complementary functional groups to be posi-
tioned vectorially in the appropriate orientation within the cavity
site in addition to the size of the cavity per se.

(E)-resveratrol, 1, and several closely related polyphenol analogues, 2–8. Refer to

Imprinting factor Selectivity
IF (BMIP/BNIP) BMIP − BNIP ˛ = (BMIP − BNIP)/BNIP

2.26 4.33 1.26
1.41 5.77 0.41
1.84 1.69 0.84
1.84 1.6 0.84
1.46 0.38 0.47
0.76 −0.3 −0.23
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Single analyte (non-competitive) cross reactivity studies were
mployed to examine the influence of positions and numbers
f hydrogen bonding OH groups present on the target molecule
pon molecular recognition. The static binding affinities of (E)-
esveratrol and a range of structural analogues towards the
E)-resveratrol imprinted polymer P1 were determined using equi-
ibrium binding methods. The concentration of the bound analyte

as determined by the difference between the initial analyte con-
entration and the concentration of remaining analyte in solution
Fig. 5 and Table 2). This analysis showed that the number of phe-
olic OH groups within the target molecule clearly influenced the
mount of specific binding to P1 and non-specific binding to N1.
or example, the tetra-ol 2 displaying high levels of affinity to both
1 and N1. Analytes with fewer than three phenolic OH groups dis-
layed minimal affinity to N1 (≤2.21 �mol/g). This observation is
imilar to that reported for an amino acid imprinted system [40],
hereby non-template analytes possessing a greater number of

unctional groups displayed higher non-specific binding with ran-
omly dispersed functional groups within the polymer matrix. The
est binding was observed for P1 with the template (E)-resveratrol
ith binding capacity of 12.36 �mol/g and an imprinting factor (IF)

where IF = BMIP/BNIP) of 2.35.
Analogues of (E)-resveratrol having one less phenolic OH group

e.g. analytes 3 and 4) demonstrated a reduction in the extent of
nalyte binding by approximately 50% of that observed for (E)-
esveratrol, yet resulted in relatively higher recognition (IF = 4.02
nd 2.89, respectively), as non-specific binding of these molecules
as significantly reduced. (E)-resveratrol analogues having two

ess phenolic OH groups (e.g. analytes 6 and 7) demonstrated
urther reduced specific binding to P1, with essentially no differ-
nce conferred by the relative position of the OH group. Binding
f the (E)-stilbene 8 to P1 was effectively abolished due to the
bsence of phenolic OH groups. Interestingly, the binding of the
aturally occurring mono glycosylated derivative, (E)-resveratrol-
-ˇ-d-glucopyranoside 5, to P1 paralleled that observed for the
onophenolic (E)-resveratrol analogues 6 and 7. The presence of

he bulky glucose group presumably prevented the interaction of
he meta positioned OH group within the binding cavity, thereby
eaving the para positioned OH group as the only functionality capa-
le of hydrogen bonding.

The binding of polyphenol analogues to polymer P1 was also
nvestigated under competitive conditions. Results from these
ompetitive static cross-reactivity binding experiments employ-
ng an equimolar mixture of (E)-resveratrol 1 and analogues 2, 3,
, 6 and 8 at 0.5 mM each are shown in Table 3. To reduce the
omplexity of the mixture, analogues 5 and 7 were not included
n this mixture since these analogues had been previously shown
as discussed above) to have negligible affinity for P1. Polymer P1
etained good recognition for (E)-resveratrol with imprinting fac-
or (IF 2.26) and selectivity (˛ 1.26) (where ˛ = (BMIP − BNIP)/BNIP)
arameters that were virtually unchanged from the single analyte
xperiment (IF 2.35, ˛ 1.36). This result clearly demonstrates that
1 preferentially binds (E)-resveratrol over its structurally similar
nalogues. The binding capacity of P1 for (E)-resveratrol from the
ixture was reduced (7.78 �mol/g), which may be a consequence

f competition for available binding sites by the tetra-ol analogue,
. In contrast, the tetra-ol analogue 2 displayed unchanged binding
apacity to P1 (19.84 �mol/g) with improved recognition (IF 1.41)
nd selectivity (˛ 0.41) compared to the non-competitive studies
19.37 �mol/g, IF 1.17, ˛ 0.17). The increased IF may be a conse-
uence of reduced non-specific binding of analogue 2 to randomly

istributed 4VP throughout the polymer arising from non-specific
inding of other analytes present in the mixture to these sites. The
E)-resveratrol analogues 3 and 4, which displayed good recogni-
ion in single analyte assays (IF 4.02 and 2.89, respectively) were
nable to compete with (E)-resveratrol 1 and compound 2 for avail-

[
[
[

[
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able binding sites on P1, as manifested by the reduced IF and ˛
values for both analogues. Consistent with the earlier static bind-
ing results described above for single analytes, compounds 6 and
8 demonstrated essentially negligible binding. Compound 8 con-
tinued to show the lowest value consistent with the least amount
of recognition. These results, in accordance with those obtained for
single analyte assays, emphasise the importance of the –OH groups
with respect to their number and position in the core structure of
the target molecule. Analogues of (E)-resveratrol having at least
two –OH groups in the meta and/or para positions on the aromatic
rings (compounds 1, 2, 3, 4) clearly demonstrated moderate to good
affinity, with good correlation between binding affinities and the
number of aromatic-linked OH groups present.

4. Conclusion

A set of (E)-resveratrol-imprinted polymers have been pre-
pared via non-covalent self-assembly procedures and shown with
both single and mixed analyte samples to have a highly specific
molecular recognition for the template over similar polyphenolic
analogues. The extent of molecular recognition of the compounds
was influenced by the presence of aromatic OH groups, with at least
two such groups in the meta and or para positions required. Com-
pounds with more than three aromatic OH groups exhibited strong
affinity for the (E)-resveratrol imprinted polymer, but their molecu-
lar recognition was inhibited by a high level of non-specific binding.
Superior recognition was observed for (E)-resveratrol which was
able to interact with the binding cavity through three meta and
para positioned aromatic OH groups having complementarity with
the 3-dimensional binding cavity
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