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Abstract: The increasing interest in utilizing psychedelics for therapeutic purposes demands the
development of tools capable of efficiently monitoring and accurately identifying these substances,
thereby supporting medical interventions. 4-Bromo-2,5-dimethoxyphenethylamine (2C-B) has gained
significant popularity as one of the most widely used psychedelic compounds in non-medical settings.
In this study, we aimed to create a material with selective recognition of 2C-B by synthesizing a
series of molecularly imprinted polymers (MIP) using 2C-B as the template and varying ratios of
methacrylic acid (MAA) as the functional monomer (1:2, 1:3, and 1:4). Both thermal and microwave-
assisted polymerization processes were employed. The molar ratio between the template molecule
(2C-B) and functional monomer (MAA) was 1:4, utilizing a microwave-assisted polymerization
process. Isotherm studies revealed a Langmuir’s maximum absorption capacity (Bmax) value of
115.6 µmol·mg−1 and Kd values of 26.7 µM for this material. An imprint factor of 4.2 was determined
for this material, against the corresponding non-imprinted polymer. The good selectivity against 14
other new psychoactive substances highlighted the material’s potential for applications requiring
selective recognition. These findings can contribute to the development of tailored materials for
the detection and analysis of 2C-B, supporting advancements in non-medical use monitoring and
potential therapeutic models involving psychedelics.

Keywords: psychedelic drugs; 2C-B; molecularly-imprinted polymer; microwave-assisted synthesis;
selectivity

1. Introduction

New psychoactive substances (NPS) constitute a heterogeneous group of chemical
compounds meticulously formulated to emulate or elicit effects akin to conventional
illicit drugs, frequently exploiting legal loopholes [1]. Within the realm of NPS, certain
compounds, commonly referred to as psychedelics, possess the remarkable ability to
instigate profound modifications in sensory perception, mood, emotion, cognition, and
consciousness [2]. Psychedelics have been used for ceremonial, medicinal, and recreational
purposes for millennia and a recent study estimated that 5.5 million people use psychedelic
drugs annually in the United States of America [3]. Besides its widespread recreational
use, recent promising results in the treatment of psychiatric disorders through psychedelic-
assisted therapy has renewed the interest in the medical application of these compounds [2].

4-Bromo-2,5-dimethoxyphenethylamine (2C-B, Figure 1), a psychoactive analogue of
mescaline, is currently one of the most popular psychedelics in non-medical contexts. After
Shulgin et al. [4] first reported the synthesis and psychoactive effects of 2C-B, this substance
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remained unnoticed in the public domain until it caught the attention of young people
attending raves during early 1990s. Currently, 2C-B is the psychedelic drug most prevalent
in Europe after LSD [5]. The circulation of drugs in unregulated markets increases the risks
for people that use drugs and the challenges for forensic toxicologists, epidemiologists, or
emergency doctors [6]. Thus, the development of tools that allow efficient monitoring and
accurate identification and that support medical intervention related to psychedelic drugs
is considered of utmost relevance [5–7].
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The development of analytical methods for specific analytes with a high degree of
selectivity and sensitivity is often a challenging task for chemists and toxicologists due
to the increased complexity of sample matrices. Molecular imprinting technology has
gained prominence and it has been extensively utilized for important target compounds
as antibodies receptors in diverse complex matrices. Inspired by antibody and enzyme
mechanisms, molecularly imprinted polymers (MIP) were developed as a molecular recog-
nition technology with a wide range of potential applications. MIP have been successfully
applied in drug delivery [8], solid-phase extraction [9], catalysis [10], chromatographic or
membrane-based separations [11,12], chemical sensing [13,14], and forensic chemistry [15].

A typical molecular imprinting process involves the formation of a pre-organized
complex of a chosen template molecule (target molecule) and a functional monomer that
either covalently links or non-covalently interacts with the template molecule followed
by a crosslinking polymerization in the presence of an initiator and an appropriate cross-
linker [16]. Non-covalent binding is much easier to achieve and is applicable to a wide
range of targets, moreover, target binding and release are relatively fast [17]. One of the
most significant and widely used non-covalent imprinting systems is the combination
of methacrylic acid (MAA) as a functional monomer and ethylene glycol dimethacrylate
(EGDMA) as a crosslinking agent in which MAA has the ability to form a hydrogen
bond between varieties of template molecules [18]. Theorical studies pointed to MAA
with chloroform as a porogen, as good options for the preparation of MIP targeting of
phenethylamine-based drugs [19,20]. Polymerization is usually trigged by conventional
heating, microwave (MW), photo-polymerization, and ultrasound [12]. Microwave has
emerged as a green strategy in MIP synthesis, dramatically decreasing the time required
in the polymerization process when compared to conventional heating [21]. Although
the mechanism is still not well understood, the benefits of this clean technology are very
clear, promoting homogeneous and rapid heat transfer through the reaction mixture,
leading to higher reaction rates, short-term polymerization processes, and high yields [21].
After polymerization, the template molecule is removed, leaving behind binding cavities
complementary in size, shape, and functional group assembly to the template molecule [16].

Herein we report the preparation of MIP targeting 2C-B through MW-assisted poly-
merization. Further optimization, such as best molar ratio template-monomer, optimal
pH, or most efficient extraction solution composition was also explored. The capacity for
selectively extracting the target compound from mixtures of new psychoactive substances,
including N-benzylphenethylamine derivatives, was also evaluated. To the best of the
authors’ knowledge, this is the first time the preparation and study of MIPs targeting
2C-B is reported. This work is expected to expand the strategies available in biological
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sample preparation and/or psychedelic drug analysis, considering its toxicological and
forensic application.

2. Experimental
2.1. Chemicals, Instrumentation, and Chromatographic Conditions
2.1.1. Chemicals

Ethylene glycol dimethacrylate (EGDMA), methacrylic acid (MAA) and azobisisobu-
tyronitrile (AINB) were purchased from Sigma Aldrich (St. Louis, MO, USA) or Alfa-Aesar
(Haverhill, MA, USA). All other reagents and solvents were pro analysis grade and were ac-
quired from Carlo Erba Reagents (SDS, Messia-sur-Sorne, France) and Scharlab (Barcelona,
Spain) and were used without additional purification.

4-Bromo-2,5-dimethoxyphenethylamine (2C-B) and all psychoactive compounds tested
in this study were prepared following synthetic procedures published by our group [22,23].
2C-B was prepared by a straightforward synthetic route. Briefly, 2,5-dimethoxynitrostyrene
was prepared through the condensation of 2,5-dimethoxybenzaldehyde and nitromethane.
The obtained nitrostyrene was further reduced to phenethylamine with lithium aluminum
hydride in anhydrous tetrahydrofuran. The addition of elemental bromine to a solu-
tion of the phenethylamine in acetic acid afforded the target compound, 4-bromo-2,5-
dimethoxyphenethylamine.

All compounds were fully characterized by mass spectrometry (MS) and nuclear
magnetic resonance (NMR). Citrate buffer (0.01 M, pH = 3), phosphate buffer (0.01 M,
pH = 5 and pH = 7), and carbonate buffer (0.01 M, pH = 10) solutions were prepared
according to the European Pharmacopoeia [24]. All aqueous solutions were prepared using
ultra-pure water (Milli-Q-50 18 MΩ·cm).

2.1.2. Instrumentation

Compounds and polymers were weighted in an ABJ-NM/ABS-N balance (Kern,
Ballingen, Germany). MW-assisted synthesis was performed in an Initiator Microwave
Synthesizer (Biotage, Uppsala, Sweden). Thermal synthesis was performed in a Mya
4 Reaction Station (Radley, Essex, UK). Template removal was accomplished using an
Isolera™ Prime (Biotage, Uppsala, Sweden), after packing prepared polymers into empty
Biotage® SNAP 10 g cartridges, between fritted disks. Quantitative analysis was performed
on a Shimadzu ultra-fast high-performance liquid chromatograph (uHPLC) LC-20AD
Prominence Liquid Chromatograph (Shimadzu, Tokyo, Japan) with an SPD-M20A diode
array detector (SPD-M20A). Separation was performed on a Luna C18-2 (Phenomenex,
Torrance, CA, USA) column 150 mm × 4.6 mm, 5 µm. The chromatographic data was
processed using the software package LabSolutions (Version 5.41 SP1, Shimadzu, Japan).
Thermogravimetric analysis and differential thermal analysis were carried out using a
Hitachi STA300 (Tokyo, Japan) thermogravimetric analyzer. The samples were heated from
30–900 ◦C under a nitrogen flow at 10 ◦C min−1. Fourier Transform Infrared (FTIR) spectra
were recorded using a Bruker Tensor 27 (resolution 2 cm−1, 256 scans, Bruker, Billerica,
MA, USA) in the spectral range of 4000–300 cm−1.

2.1.3. Chromatographic Conditions

Chromatographic separation was carried out using a 26 min elution program with
0.2 M triethylammonium phosphate (TEAP) buffer adjusted to pH3 (mobile phase A) and
0.2 M TEAP buffer/ACN (30:70, mobile phase B), at a column temperature of 35 ◦C. A
flow rate of 1 mL·min−1 was used in accordance with the following gradient: 20% mobile
phase B for 0–10 min, increased to 45% for 8 min, slowly increased to 55% for 4 min more,
sharply increased to 90% for 0.5 min, held for 1.5 min to clean residual polar compounds,
and finally decreased to 20% in 0.5 min. Each compound was injected individually to study
retention times and UV-spectra. Diode-array detection was set to collect data at 295 nm.
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2.2. Polymer Preparation

MIP and non-imprinted polymers (NIPs) were prepared by bulk polymerization using
different template-functional monomer molar ratios. Molar quantities are depicted in
Table 1. Polymer monoliths were obtained through MW- and thermal-assisted synthesis.

Table 1. Molar equivalents of template and functional polymers in pre-polymerization solution.

Preparation Method Polymer Molar Ratio
(Template: Functional Monomer)

MW
MIP1 1:2
MIP2 1:3
MIP3 1:4

Thermal
MIP4 1:2
MIP5 1:3
MIP6 1:4

2.2.1. Microwave-(MIP 1–3) and Thermal-Assisted (MIP 4–6) Synthesis

2C-B (free base) and MAA were dissolved in CHCl3 in a microwave vial. The mixture
was kept in the dark overnight to allow the self-assembly of template and monomer.
EGDMA (20 eq.) and AINB (4 eq.) were then added, the mixture stirred for 5 min,
purged with nitrogen, and sealed with a septum. The pre-polymerization mixture was then
irradiated at 70 ◦C for 2 h with absorbance level set to high. The resulting polymer monolith
was then carefully crushed in a mortar, rinsed with methanol, and dried overnight in a
vacuum oven at 40 ◦C.

The same procedure described for MW-assisted synthesis was followed for MIP
thermal-assisted synthesis. Polymerization was achieved through heating the vials with
agitation in a reaction station Mya 4 for a duration of 24 h.

2.2.2. Template Removal

A mixture of methanol with acetic acid (10%, v/v) was forced to pass through syn-
thesized polymers packed into empty Biotage® SNAP cartridges using the Biotage Isolera
pump, at 1 mL·min−1 rate for a duration of 48 h. Finally, polymers were thoroughly
washed with methanol (120 mL, 3 mL·min−1) followed by phosphate buffer pH7 (120 mL,
3 mL·min−1). The quantitative removal of template was confirmed by uHPLC analysis.

2.2.3. Non-Imprinted Polymers

The procedure to prepare MW- (NIP 1–3) and TH-assisted (NIP 4–6) non-imprinted
polymers was similarly used in imprinted polymers, without adding the template molecule.
The washing step was also applied.

2.3. Binding Batch Experiments
2.3.1. General Procedure

For each prepared MIP and NIP, 10 mg of polymer were weighed into a series of
eppendorfs and 1 mL of loading solution (i.e., buffer solution containing variable amounts
of 2C-B) was added. The eppendorfs were stoppered and equilibrated with agitation
(400 rpm) at 25 ◦C during 24 h. After the removal of supernatant, the concentration of
unbounded analyte in the solution, F (µM), was determined by uHPLC following the
procedure described in Section 2.1. Blank assays were performed for each batch experiment.
All experiments were performed in triplicate.

2.3.2. pH Study

The effect of pH on MIP binding was evaluated using different buffer solutions (pH = 3,
5, 7, and 10). The loading solution was prepared with the respective buffer solution and the
polymer was incubated as described in the general procedure. The unbounded 2C-B (F) in
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supernatant was determined by uHPLC and recovery, calculated as the ratio of unbound
2C-B (F) and the initial concentration of 2C-B (C0).

2.3.3. Adsorption Equilibrium Time

To determine the required time for reaching equilibrium, a loading solution of 2C-B
(0.67 mM) at pH 7, was added to 9 samples containing 10 mg of MIP. The incubation was
interrupted at different times: 0, 0.2, 0.3, 0.5, 1.5, 6.0, 12.0, 15.0, and 24 h.

2.3.4. Effect of Extraction Solution Composition

To evaluate the optimal ratio of acetic acid in methanol extraction solution, analyte
recovery was calculated using three different initial concentrations: 0.05, 0.25, and 0.50 mM.
After a 12 h incubation, the loading solution was removed, the polymer was washed
with phosphate buffer solution (pH = 7), and the analyte was extracted with five different
extraction solutions containing 0, 5, 10, 15, and 20%, of acetic acid in MeOH (v/v).

2.4. Binding Parameters Determination and Isotherm Fitting Models
2.4.1. Binding Parameters

Binding parameters of polymers were determined using batch experiments with
further isotherm studies [25]. Analyte solutions (0–2 mM) were freshly prepared for
each set of experiments. Temperature was kept at 293 K. After reaching equilibrium, the
concentration of free analyte, F (µM), was determined by uHPLC and analyte bounded to
polymer, B (µmol·mg−1), was calculated through the Equation (1):

B =
(C0 − F)× V

mP
(1)

where C0 (µM) is the initial concentration of analyte solution, V (mL) is the volume of 2C-B
solution, and mP (mg) is the polymer mass used in each experiment.

2.4.2. Isotherm Fitting Models

The plotting of B versus F yields a binding isotherm, making possible to determine
apparent parameters through fitting. Adsorption isotherm models evaluated through
non-linear fitting were as follows:

Langmuir B =
F × Bmax

Kd + F
(2)

Freundlich B = A × Fm (3)

In Equation (2), Bmax and Kd are the density of binding sites and the dissociation
constant of these sites, respectively. The Langmuir model considers all binding sites are
equivalent. When F = Kd, then B = 0.5 × Bmax. Kd can be defined as the concentration of
free template at which 50% of imprinted sites are occupied, and Bmax as the value of B
when all of the binding sites are occupied. In Freundlich model (Equation (3)), A and m are
dimensionless constants that can be used to evaluate the binding site heterogeneity and
determine dissociation constants and binding site densities [26]. The best fit was assessed
by Akaike’s method and presented as the “probability of correct model” [27].

2.4.3. Imprinting and Selectivity Factors

In each experiment the total number of moles of analyte, ntotal, is described as:

ntotal = n f ree + nbound (4)

where nfree and nbound represent the number of free and bound analyte, respectively. Equa-
tion (4) allows the definition of the line of analyte conservation, constructed by the y-
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interception point if considering that all analyte is bonded (F = 0, limit value of B), and by
x-interception point if all analyte is free (B = 0, limit value of F).

D =
B
F
=

nbound/mP

n f ree/V
(5)

The distribution factor (D) was calculated with Equation (5) through the (x,y) values
(B and F, respectively) of the point of the intersection of the line of ligand conservation
(C0 = 1.0, 1.5 and 2.0 mM) with MIP and with NIP isotherm functions [28].

The imprinting factor (IF) was calculated by comparing the distribution factors of
imprinted (DMIP) and non-imprinted (DNIP) polymers through Equation (6).

IF =
DMIP
DNIP

=
nbound,MIP/n f ree,MIP

nbound,NIP/n f ree,NIP

(6)

Selectivity was studied by analyte batch-binding evaluation in the presence of 14 dif-
ferent competing compounds (C0 = 0.35 mM for all competitors). The selectivity factor (S)
was calculated using Equation (7) by comparing the MIP distribution factors of analyte
(D2C-B) and competitors (Dcompetitor):

S =
D2C−B

Dcompetitor
(7)

3. Results and Discussion
3.1. Synthesis and Template Removal

The use of appropriate molar ratios of template/functional monomer/cross-linker
is very important to improve the specific affinity of the polymers and the number of
recognition sites of the MIP. High ratios of functional monomer/template typically result
in high non-specific affinity, while low ratios produce fewer complexation events due to
insufficient functional groups [29]. The cross-linker molar amount used in each of the
formulations prepared complied with the functional monomer to cross-linker molar ratio
of 1:5 [29]. Molecularly imprinted and non-imprinted polymers were prepared through
MW- (1–3) and thermal-assisted synthesis (4–6), using different imprinting ratios (1:2, 1:3,
1:4; template/functional monomer; Table 1), and its binding properties characterized.

The usage of microwave irradiation consistently reduces the polymerization time
with respect to traditional heating. This is due to the promotion of high heat transfer into
the reaction mixture that facilitated the increase in reaction rate and the decrease in the
energy consumption [12]. The effect of irradiation on polymerization was assessed by
visual inspection of obtained materials, through experiments with successive temperature
increases starting at 55 ◦C up to 80 ◦C. The solution increased fluidity with extended times
but only from 70 ◦C onwards a monolith was obtained after 2 h of irradiation. Comparing
with thermal heating, the use of MW reduced the preparation time by 12-fold, using
the same temperature. Template removal was achieved after washing with a mixture of
methanol: acetic acid (9:1, 1 mL·min−1, 48 h). Experiments using the same washing volume
at higher flux (up to 10 mL·min−1) and higher acetic acid content (up to 20% v/v) did not
improve template removal times. Regarding the mass of polymer used in each experiment,
the use of 10 and 30 mg of polymer in 1 mL of solution was evaluated and equivalent
results were obtained.

3.2. Characterization
3.2.1. FTIR Characterization of MIPs and NIPs

The FTIR spectra of both MIPs and NIPs were obtained to investigate the backbone
structure of the prepared polymers (Figure 2).
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As the starting materials of the MIP and NIP, such as the functional monomer, cross-
linker, initiator, etc., were the same, all FTIR spectra obtained are similar (Figure 2A). The
O-H stretching peak at 3569 cm−1 and the O–H bending vibration at 1388 cm−1 confirm
the presence of carboxylic acid groups. The absorption band at 2854 cm−1 corresponds
to the asymmetrical vibration of C–H bond of the –CH2 polymer chain. The presence
of two significant peaks at 1721 and 1146 cm−1 is related to C=O and C–O–C stretching
vibration, respectively, and shows the existence of EGDMA cross-linker [30]. The –CH3,
–CH2 deformation vibrations spectra are clearly detected at 1453 cm−1 [31]. The absence
of the MAA and EGDMA C=C double bond stretching at 1644 cm−1 in MIPs and NIPs
indicates that the polymerization process was successful [31].

Thermogravimetric Analysis

The thermal behavior of MIPs was evaluated by measuring the weight loss (TGA,
Figure 3A) and the rate of weight loss (DTG, Figure 3B) after heating the sample at a
constant rate.

The obtained thermograms were similar for all MIPs prepared, presenting mainly
three steps of weight loss by analysis of both TG and DTG thermograms. All of the MIPs
lose water in the initial step, up to approximately 100 ◦C. After that, a second step was
observed between 250 ◦C and 370 ◦C, which was due to the depolymerization of Poly(MAA)
resulting in a small yield of monomer [31]. The third major step is initiated at ~370 ◦C due
to an elimination of the water molecule adsorbed between pairs of carboxylic groups [31].
A more detailed analysis of thermograms in the 425–525 ◦C range, suggested that MIPs
with a higher ratio of template and functional monomer led to a higher amount of weight
loss. Since a lower amount of template was used in both MIP 3 and MIP 6, the content of
polymer backbone is higher per unit of mass of MIPs when compared with those prepared
with higher quantities of 2C-B.

The peaks assigned in DTG showed the inflection point of the TG thermograms, which
allowed us to conclude the difference between materials prepared by their stability. By
comparing the weight loss rate of the MIPs and NIPs prepared through MW-assisted
synthesis, it was possible to verify that for the same template:functional monomer ratio
used, the peaks appeared at similar temperatures. However, when comparing materials
with different ratios, a shift of temperatures is observed for both MIP1 and NIP1, which
could be due to a lower polymer backbone content, leading to a poor thermal stability.
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3.3. Binding Optimization

Optimization of binding conditions was assessed through the study of the required
time to reach equilibrium (Figure 4) and the concentration of acetic acid in methanol
(Figure 5) for extraction procedure. At least 3 h were required for B values to reach the
equilibrium. This feature can restrict the application of the material to lower concentra-
tions. Maximum recovery is achieved with 10% acetic acid, further increases did not
improve extraction.

The influence of pH on binding was evaluated over the range 3 to 10. As 2C-B is
a weak base (pKa = 9.8) and MAA a weak acid (pKa = 4.7), the pH of the solution can
influence template-polymer interaction since it will determine which chemical species are
present in solution. The data found (Figure 6) showed that higher recovery was obtained
between the pKa of 2C-B and MAA (5 < pH < 10). This pH effect can possibly be explained
by increased adsorption promoted by ionic interaction, which will be higher with the
protonated amine group of 2C-B and anionic carboxylate groups of MAA. Therefore, in the
subsequent experiments pH was adjusted to pH = 7.
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Figure 6. Effect of pH on average recovery (mean ± SD, n = 2) of 2C-B (0.35 mM) after incubation
with molecularly imprinted polymers.

Binding Parameters and Isotherm Fitting

For all studied MIP, B versus F isotherm plots of equilibrium batch binding experi-
ments (Figure 7) exhibit a saturation-type curve. This supports the current understanding
that adsorption at MIP occurs via a mixture of specific binding, due to the presence of
specific cavities, with non-specific binding, related to surface adsorption by Van der Waals
forces [25]. NIP isotherm plots showed a lower saturation progress when compared with
the corresponding MIP.
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Strategies to compare imprinted and non-imprinted polymers and evaluate their per-
formance have been a source of debate [25,32]. Theoretical isotherm models have been ex-
tensively utilized to conduct comparative analyses of materials [25]. These models provide
a means for quantitative analysis, although it should be noted that the resulting values are
considered apparent. Distribution factors D, when calculated by the x,y-interception points
of isotherms (see experimental section), allow further comparison with non-imprinted
material (i.e., imprinting factor IF) or competitor molecules (i.e., selectivity factor S).

Non-linear fitting of Langmuir and Freundlich isotherm models (Equations (2) and (3),
respectively) were tested. The Langmuir model assumes that adsorption follows a ho-
mogeneous monolayer coverage. It considers a finite number of binding sites such that
once these sites are filled no further molecules can bond. On the other hand, Freundlich
represents a reversible reaction where multilayer adsorption is permitted. In general, in
our batch experiments, the Langmuir model afforded the best fitting from the analysis of
parameters, with a lower sum of squares (SS), higher correlation coefficients (R2), and over-
all higher probability of being the correct model using Akaike’s method, when compared
with Freundlich model (Table 2). Other adsorption models that consider a heterogeneous
distribution of binding sites, namely bi-Langmuir, were also tested but the fitting did not
meet requirements.

MIP obtained via MW-assisted synthesis (MIP 1–3) showed Langmuir’s Bmax values
ranging from 75.9 to 115.6 µmol·mg−1 and Kd values ranging from 8.6 to 32.8 µM (Table 2).
The imprinted polymers prepared via thermal heating show Bmax values in the range of
82.9–115.4 µmol·mg−1 and Kd values ranging from 4.9 to 25.6 µM (Table 2). The exhibition
of specific and non-specific binding behavior and equivalent Bmax and Kd in MW- and
TH-assisted polymerization can be an indication that apparently radiation did not affect the
formation of cavities with complementary features. Considering the variation in template-
functional monomer molar ratio, there is, in general, an increase in Bmax from a molar
ratio of 1:2 to 1:4 in both preparation systems. MIP 3 and 6 present the higher values
(115.6 ± 5.5) µmol·mg−1 and (115.4 ± 4.5) µmol·mg−1, respectively.

To examine the impact of the non-selective interactions of the analyte and polymer
on the Kd and Bmax descriptor values, the binding differential was examined through IF.
For the ease of polymer comparison, IF values were determined using the line of ligand
conservation method (see Section 2). Data revealed that the six prepared polymers follow
the same IF decaying values, in the range of 1.0–2.0 mM (Figure 8). In general, MIP



Appl. Sci. 2024, 14, 1377 11 of 14

distribution factor D falls (Equation (5)), while in the NIP isotherm curve the curvature is
less pronounced, which could be explained by the lack of specific binding, promoting less
variation in the middle range of studied F concentrations. This data provides information
on at which concentrations the MIP can be more efficient than its non-imprinted pair.

Table 2. Non-linear fitting parameters (mean ± SD, n = 2) through Langmuir and Freundlich
isotherm models.

Langmuir Freundlich

Isotherm Parameters Fitting Parameters Isotherm Parameters Fitting Parameters

Bmax Kd R2 SS P(AIC) A m R2 SS P(AIC)

MIP 1 (75.9 ± 1.6) (8.6 ± 0.8) 0.9797 266 >99.9 (23.8 ± 3.6) (0.17 ± 0.03) 0.8146 2426 <0.01
MIP 2 (108.3 ± 1.6) (32.8 ± 2.0) 0.9932 138 >99.9 (16.9 ± 0.3) (0.02 ± 0.02) 0.9443 1421 <0.01
MIP 3 (115.6 ± 5.5) (26.7 ± 6.2) 0.9695 2031 8.8 (24.3 ± 2.9) (0.24 ± 0.02) 0.9829 1566 91.2
MIP 4 (82.9 ± 2.2) (4.9 ± 0.6) 0.9658 562 >99.9 (29.2 ± 3.4) (0.16 ± 0.02) 0.9005 1632 <0.01
MIP 5 (96.6 ± 1.4) (6.8 ± 0.4) 0.9921 167 >99.9 (32.2± 4.2) (0.16 ± 0.02) 0.8594 2966 <0.01
MIP 6 (115.4 ± 4.5) (25.6 ± 4.4) 0.9556 1367 99.1 (23.1 ± 3.4) (0.24 ± 0.02) 0.9255 2294 0.9
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Figure 8. Imprinting factor of three MW-assisted MIP/NIP preparations.

The selectivity of MIPs depends on their ability to maintain the fidelity of the binding
sites formed by template imprinting. Molecular selectivity was established from investi-
gations conducted under competitive batch binding conditions with 2C-B analogues and
other common NPS, using MIP 3 (Figure 9). Selectivity was higher for ketamine and lower
for compounds chemically similar to 2C-B, such as 2C-I and 2C-C.
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Figure 9. Selectivity factor of MIP 3 towards different similar structures. KET: Ketamine; DMT:
dimethyltryptamine; AMP: amphetamine; MET: methamphetamine; MDMA: 3,4-methylenedioxym-
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etamphetamine; MESC: 3,4,5-trimethoxyphenethylamine, mescaline; 2C-H: 2,5-dimethoxyphenethyl-
amine; 2C-I: 2,5-dimethoxy-4-iodophenethylamine; 2C-N: 2,5-dimethoxy-4-nitrophenethylamine;
2C-C: 4-chloro-2,5-dimethoxyphenethylamine; 25N: N-2-methoxybenzyl-2,5-dimethoxy-4-
nitrophenethylamine; MESC-NB: N-2-methoxybenzyl-3,4,5-trimethoxyphenethylamine; 25B:
N-2-methoxybenzyl-4-bromo-2,5-dimethoxy-phenethylamine; 25C: N-2-methoxybenzyl-4-chloro-
2,5-dimethoxy-phenethylamine.

The study of selectivity included also the forensic relevant NBOMes (N-2-methoxybe-
nzyl-dimethoxy-phenethylamine derivatives; 25B and 25C). Reports of severe clinical
toxicity and deaths have been associated with intentional and unintentional (e.g., sold on
the internet allegedly as 2C-B [33]) containing NBOMe derivatives [34]. For these potent
N-benzylated derivatives, good selectivity values were achieved, with a five times lower
D value.

4. Conclusions

In this study, we employed 2C-B as a template molecule and methacrylic acid as a
functional monomer, comparing two polymerization methods: thermal and microwave-
assisted. The outcome was the successful synthesis of molecularly imprinted polymers
(MIPs) with high recognition for 2C-B and good selectivity on a wide range of new psy-
choactive substances. Our analysis, conducted using the Langmuir model, revealed that
both polymerization methods demonstrated a striking similarity. However, the microwave-
assisted approach demonstrated an additional advantage—its environmentally friendly
and expedited nature, highlighting its potential as a greener and more efficient process.

This study not only adds to our understanding of molecularly imprinted polymers
but also paves the way for further investigations into the recognition of psychedelics using
this approach. By shedding light on the compatibility of diverse molecules with MIPs, our
work offers a foundation for future explorations in this captivating field.
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