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Abstract

Extraction and purification of target compound or analytes from the matrices is always a goal
to achieve in different industries and fields of study. Therefore, there is always a need to purify
the desired product to get rid of other unwanted products or contaminants. However, to get
100% purity, proper selection of good extraction method and the sorbent with high selectivity
is required. Molecularly imprinted polymers (MIPs) as sorbent have demonstrated its
usefulness for recognition and separation of the target molecules by improving the quality and
selectivity of analytical methods. The aim of the study was to synthesize 1-phenylmenthol by
reducing chiral menthone with Grignard reagent, then use it as a template for the preparation

of MIPs by precipitation polymerisation.

Menthol was oxidized to menthone by the Jones reagent and then treated with phenyl
magnesium bromide (PhMgBr) to give 1-phenylmenthol which was then purified by column
chromatography. The major product 1-phenylmenthol was used as a template to prepare MIPs
by precipitation polymerization. During polymerization methacrylic acid (MAA) was used as
a functional monomer, ethylene glycol di-methacrylate (EGDMA) as cross-linker,
azobisisobutyronitrile (AIBN) as an initiator in methanol as a solvent. The non-imprinted
polymer was synthesized with the same reagents but without a template. Imprinted polymers
were washed to elute or remove the 1-phenylmenthol, with a mixture of methanol/acetic acid
(90:10, v/v), all wash out solution was collected and analysed for the presence of 1-
phenylmenthol using UV-vis spectroscopy for the total of 10 cycles. The four elution were

considered enough to wash out the template.

The product (1-phenylmenthol) was characterized by Fourier transform infra-red (FIRT),
carbon and proton MNR spectroscopy. The results from 3C NMR confirmed the presence of
the two quaternary carbons at 148.6 ppm and 78.4 ppm, while *H NMR confirmed the presence
of OH peak at 2.2 ppm. FTIR showed a broad O-H peak at 3592 cm?, strong C-H at 2924 cm"
1and 3052 cm™ from alkanes and benzene, respectively. The polymers (unwashed MIPs,
washed MIPs, and washed NIPs) were characterized by Brunauer-Emmett-Teller (BET),
Fourier Transform Infra-red (FTIR), thermogravimetric analyser (TGA), and ultraviolet (UV)
spectroscopy. The BET results showed higher surface area (17.85 m? g1), pore size (85.27 A),
and pore volume (0.038 cm? g %) for the MIP as compared to NIP with the surface area of (10.05
m2 g1), pore size (70.69 A) and pore volume (0.018 cm?® g1). TGA confirmed the stability of
washed MIP and NIPs up to 300°C as compared to unwashed MIP which was gradually
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decreasing in weight from 100°C. FTIR results shows the presence of template by broad O-H
peak at a higher wavenumber of 3573 cm™ and strong C-H stretching peaks from alkane groups
on unwashed MIPs as compared to washed MIPs and NIPs which did not have the template. A
series of parameters such as the effect of concentration, the effect of polymer mass, effect of
sample pH, and effect of the contact time were investigated. The high enrichment factor was
achieved at samples pH 7 as the optimum pH. In the effect of concentration, the optimum
concentration were 11 mg L™ and 7 mg L™ for MIP and NIP, respectively. The optimum mass
of the polymer was determined to be 50 and 80 mg for MIP and NIP, respectively. The optimum

time for the adsorption of the 1-phenylmenthol was at 180 min.

(-)-Menthone and 1-phenylmenthol were successfully synthesised and purified using column
chromatography with silica gel. Unlike other essential oils (menthol and menthone), 1-
phenylmenthol was found to have these properties as they were never reported before: it has
no minty odour, colour is yellowish and not soluble in water. Molecularly imprinted polymer
was successful synthesized using precipitation polymerization. The method can be applied to
real samples based on high enrichment factors obtained.

Keywords: Menthone, stereoselective, Grignard reaction, 1-phenylmenthol, molecularly
imprinted polymers (MIPs), adsorption studies
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Chapter 1

Introduction

This chapter “introduction” gives the general background introduction of the study, problem statement,

aims and objectives of the project.
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Introduction

1.1. Background

Most of the essential oil including menthone and menthol are chiral compounds. Like many
molecules of biological enzymes, proteins, neurotransmitter, hormones, and drugs contain
several stereogenic centers, hence, they have so many health benefits in humans. However, the
quantitative analysis of chiral molecules remains challenging, for more complex molecules
such as 1-phenylmenthol [1]. The synthesis of 1-phenylmenthol was investigated via the
reduction of monoterpene menthone. 1-phenylmnethol is now a novel derivative of menthol
where phenyl group is added by Grignard reagent instead of hydrogen by NaBH4. Menthol and
menthone are natural compounds extracted from the peppermint plant, Mentha x piperita, in
which the peppermint leaves have several health benefits, for example, it can be used to treat
common cold, headaches and as an aromatherapy [2]. They are known for their minty odour,
refreshing and cooling sensation [3]. Menthol is mostly used but both menthone and menthol

are abundant in all essential oil extracts [4].

Diluted extracts can be applied to the skin for relief from itching, muscle pain, and the
perception of airflow in your nasal cavity when inhaling their vapours [5, 6]. They can be also
used as flavouring agent in foods, soaps, and cosmetic products [7]. Leaves from pennyroyal
tea (Mentha pulegium) can be used as herbs or tea which also have best health benefits [8].
Pennyroyal tea has antibacterial and anti-inflammatory properties; thus, it can fight flu and
blocked sinuses due to bacterial infections [9]. After consuming anything containing menthol,
it gives the cooling sensation and noticeably minty scent (freshen your breath), same reason
why menthol is a common flavouring for toothpastes, mouthwashes, chewing gums, sweets,
tea, and skin products [3, 9, 10].

A variety of methods are used for the extraction of essential oils from plants [8] such as steam
distillation [11], hydro-distillation [12, 13], microwave extraction [14] and supercritical fluid
extraction [15-17]. Therefore, after extraction from the plants, separation, recovery, and
identification of compound of interest is required. Thus, sample preparation plays several roles:
to reduce the complexity (selective from the mixture), to pre-concentrate target of compound

with high extraction efficiency and enrichment factors [18].

There are many reported and used pre-concentration extraction techniques of compound from
different fields (environmental, pharmaceutical, biological, food and analytical laboratories)
[19-21] such as: solid phase extraction (SPE) [22—24], and liquid-liquid extraction (LLE) [25],
solid phase micro-extraction (SPME) [26], stir bar sorptive extraction (SBSE) [27, 28], micro-
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extraction by packed sorbent (MEPS) [29], fabric phase sorptive extraction (FPSE) [30, 31],
and dispersive liquid-liquid micro-extraction (DLLME) [32], liquid-phase micro-extraction
(LPME) [33].

Although these methods were used by different researchers in different application, they have
some limitations. For example, SPME, suffers from relatively low operating temperature,
instability and swelling of the coating if exposed to organic solvents, low sorbent loading and
poor extraction sensitivity and it can only be used where low sample volume is needed, but
limited in applications where large sample volumes are required [19]. SBSE suffers from poor
extraction sensitivity. MEPS is like SPME, it permits its application in analyses where only
small volumes are needed but limited in applications where higher volumes are required such
as environmental fields. Furthermore, applications are relatively limited for food supplements
due to difficult application of MEPS, which requires a longer time in the pre-analytical steps
[21]. LLE has been replaced long time ago due to well experienced disadvantages: the used of
large volume of toxic organic solvents, high time-consuming and expensive [34]. SPE also uses
large volume of extraction solvents, besides, it involves a multistep procedure and may cause

blockage when handling real samples [20].

Adsorption is one of the most effective, suitable, economic, and healthy methods for the
removal of target compounds, organic compounds, drugs, heavy metals, etc from different
matrices [35]. Adsorption process has attracted attention of many researchers because of low
cost, design flexibility, and high efficiency [36, 37]. Another advantage is availability of
adsorbents but, effectiveness of adsorption process needs to be considered while selecting
adsorbent material [35]. Adsorbents are of different types, and examples include silica-based
sorbents [38, 39], activated carbon [40], polystyrene-divinylbenzene (PS-DVB) [41-43],
porous graphitic carbon [44-46], molecular imprinted polymers (MIPs) [47, 48], metal organic
framework (MOF) [49, 50], and zeolites [36, 51, 52].

However, great attention has now been paid towards molecularly imprinting polymer (MIP)
sorbent to improve the quality and selectivity of analytical methods [48]. The development of
molecularly imprinting polymers (MIPs) demonstrated its usefulness for recognition and
separation of target molecules. Unlike other sorbents materials, MIPs have advantages such as
stability, selectivity, easy application and preparation, which has promoted an increasing
number of applications in various areas [53-55]. Following proper selection of great extraction

method, the best sorbent is also selected to get high selectivity of pre-concentrated target
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compound. Selective and highly adsorptive MIPs are influenced by the functional monomers
and cross-linkers used. Appropriate functional monomers and cross-linking strongly determine
the effectiveness of MIPs interacting with target molecules and polymer complex stability
formed during the polymerization process [56]. MAA has ability to interact with the template
through hydrogen bonds whereas, EGDMA is highly reactive, which produce polymers with
high stiffness so that it is more stable [57].

In this study, menthol was oxidized to menthone by the Jones reagent and then treated with
phenyl-magnesium bromide (PhMgBTr) to give 1-phenylmenthol. 1-phenylmenthol was found
to be a yellowish oil, but, without minty odour like menthone and menthol. The synthesized 1-
phenylmenthol was then used as a template in the synthesis of molecularly imprinted polymers
(MIPs). During polymerization, MAA was used as a functional monomer, EGDMA as cross-

linker, AIBN as an initiator in methanol as a solvent.

1.2. Problem statement

Most organic synthetic reactions are known to produce one or two products due to the
stereoselectivity of starting material, for instance, a chiral menthone is known to form two
diastereomers product, but only one major product is isolated and the other is an impurity.
Therefore, there is always a need to purify the desired product to get rid of the unwanted
products. Analytes at times occur in trace amounts which is a problem because they will be
detected by most analytical instruments. Therefore, there is a need to pre-concentrate before

instrumental analysis.

Purification by extraction and recovery of analytes becomes important to many industrial,
environmental, pharmaceutical, biological, and analytical laboratories, because they cannot
take anything below 100% purity. This is where diverse extraction methods and extraction
sorbent materials are used. Most of these extraction methods suffer from instability, the use of
large volumes of toxic organic solvents, time-consuming and they are expensive, while most
of sorbent materials suffer from lack of selectivity and some cannot be reused. It is against this
background that this research will attempt to develop molecularly imprinted polymers (MIPs)
as the selective sorbent used in solid phase extraction. Unlike other sorbents, MIPs has ability

to recognise (selectivity) and separation of target compound from the matrix.
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Introduction

1.3. Aim and objectives.

1.3.1. Aim
Synthesis of 1-phenylmenthol by Grignard reduction of (-)-menthone as the template for the

preparation of molecularly imprinted polymers (MIPs) by precipitation polymerisation. The

MIPs was then used for the removal of 1-phenylmenthol from spiked solutions.

1.3.2.

Objectives

Carrying out Grignard reaction for the synthesis of 1-phenylmenthol.

Characterization of the Grignard reaction product(s) using *C-, *H-NMR and FTIR.
Synthesis of the MIP using 1-phenylmenthol by precipitation polymerization.
Characterization of the MIP and NIP using UV-Vis, TGA, FTIR and BET.
Optimization of the adsorption of 1-phenylmenthol (effect of concentration, the effect
of polymer mass, effect of sample pH, and effect of the contact time).

Carrying out reusability studies of the prepared imprinted polymers.
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Chapter 2

Literature review

This chapter gives a detailed literature review concerning reaction schemes of how menthone, the
starting compound is enzymically and chemically synthesized. Synthesis of 1-phenylmenthol and
examples of other organometallic reactions was highlighted. Drawbacks associated with chiral or
racemic organic compounds, importance of chiral compound separation and methods to separate them
including MIPs as sorbent material for extraction technique were also discussed. Synthesis of MIPs,
preparative approaches and polymerization reagents used during template imprinting was fully
discussed.
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2.1. Extraction of peppermint essential oils

The genus Mentha consists of variety of species, which includes: mentha x peperita, and mentha
pulegium etc. Peppermint essential oils are extracted from the leaves of mentha x peperita plant,
composition depends on the type of verities at different stages of its production and extraction
conditions. The active components found in peppermnt oil are menthol, menthone, isomenthone,
limonene, neomenthol, geranyl giphosphate and (+)-Pulegone [8]. However, the major component is
menthol and menthone, they are well recognised due to their refreshing minty flavour and odour which
they give to plants[58-60].

This section talks more about the biological production and storage of essential oils on the leaf of
peppermint. The essential oils of peppermint and other Mentha species is produced and accumulated
specifically on the leaf of peppermint plant, which is made from peltate glandular trichomes (oil
glands) found on the surface of the leaf. These epidermal oil glands are composed radially dispersed
secretory cells that is embedded in the surface, in which the essential oils are synthesized [61]. The
oil gland cells (where essential oils are produced and stored) are isolated, then once they are isolated,
they can provide a clarify biosynthesis pathway steps and relevant biosynthetic enzymes needed which
also permit basic purification and detailed characterization of menthol pathway catalysts. The
biosynthesis of (—)-menthol from primary metabolism requires eight enzymatic steps [62]. The
biosynthesis pathway route was described to show biological extraction of essential oils into which
menthone, and menthol are isolated and purified. Therefore, they can be used as starting material in
further organic reactions such as synthesis of 1-phenylmenthol. Unlike other compounds that are
commercially available or that can be derived from the purification of essential oil mixtures, 1-

phenylmenthol is not commercially available.

2.1.1. Enzyme-catalysed biosynthesis of menthol from peppermint (Mentha x piperita)

Biosynthesis of menthol was reviewed, which menthol and related monoterpenes are produced and
accumulated at the upper peppermint leaf surface. Different compounds of peppermint oils are
produced in different plant cells and organs. Eight enzymes shows in schemes below catalysed the

production of major peppermint constituents (menthone and menthol) [63].

The biosynthesis (Scheme 1) starts with (-)-limonene synthase (LS) enzymes which catalysed
conversion of geranyl diphosphate by conducting the cyclization leading to (-)-limonene. (-)-Limonene
itself is an important precursor in the peppermint plant pathway [63]. The next step is the NADPH-
and O»-dependent hydroxylation of (-)-limonene to form (-)-trans-isopiperitenol, followed by allylic

oxidation of (-)-trans-Isopiperitenol to form the a, B- unsaturated ketone (-)-isopiperitenone. Double
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bond in the o,B-unsaturated ketone now activated, for the stereospecific, 1.4 addition of NADPH to
form (+)-cis-isopulegone by the enzyme (-)-isopiperitenone reductase, the last step on this scheme is

formation of (+)-pulegone by movement of a double bond of (+)-cis-isopulegone [64].

AN OPP
LS L;OH
b — o
Y “OH
| PP
Geranyl diphosphate (-)-Limonene (-)-trans-Isopiperitenol
iPD
iPI iPR X
o
| o
(+)-Pulegone (+)-cis-Isopulegone (-)-Isopiperitenone

Scheme 1: Conversion of geranyl diphosphate to (+)-pulegone. The enzymatic steps are catalysed by
(-)-limonene  synthase (LS), (-)-limonene-3-hydroxylase (L3OH), (-)-trans-isopiperitenol
dehydrogenase (iPD), (-)-isopiperitenone reductase (iPR), and (+)-cis-isopulegone isomerase (iPI).

Via (+)-pulegone, (+)-pulegone reductase (PR) converts (+)-pulegone to (+)-isomenthone, and (-)-
menthone (Scheme 2) [63, 64]. (+)-pulegone plays an important role in peppermint metabolism
pathway as the precursor of (-)-menthone and (+)-isomenthone. However, previous studies had
suggested that pulegone reductase lacked stereoselectivity in the formation of both (-)-menthone and
(+)- isomenthone [65], instead (-)-menthone and (+)-isomenthone were produced by recombinant or
NADH-dependent reductase [62, 65].
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PR
| 0 / \ H O 0

NADPH NADP+

(+)-Pulegone (-)-Menthone (+)-isomenthone

Scheme 2: Conversion of (+)-pulegone to (+)-isomenthone and (-)-menthone. The enzymatic steps are

catalysed by (+)-pulegone reductase (PR).

With (-)-menthone as a starting point, the last step in the biosynthesis of menthol is the formation of
menthol and its isomers, menthone is reduced by (-)-menthone:(-)-menthol reductase (MMR) and
menthone: (+)-neomenthol reductase (MNR) enzymes to form (-)-menthol and (+)-neomenthol
respectively (Scheme 3). Likewise, with (+)-isomenthone as the substrate, (+)-neoisomenthol and (+)-
isomenthol are produced with the same enzymes (Scheme 4) [63, 66]. Based on genetic implication
and direct demonstration, two different NADPH dependent keto-reductases operate on (—)-menthone
and (+)-isomenthone, one NADPH-dependent reductase convert (-)-menthone to (-)-menthol and (+)-
neomenthol, the other converts (+)-isomenthone to (+)-neoisomenthol and (+)-isomenthol [64, 67, 68]

OH

i

NADP+
< (-)-Menthol
NADPH

-
“OH

(-)-Menthone

-

(+)-Neomenthol

Scheme 3: Conversion of (+)-menthone to (-)-menthol and (+)-neomenthol. The enzymatic steps are
catalysed by (—)-menthone:(—)-menthol reductase (MMR) and menthone: (+)-neomenthol reductase
(MNR)

© University of Venda



7S
>

) (o

/‘
¢
[=3

niversity of Venda
Creating Future Leaders

Literature review

- ? -

ADP+
N (+)-Isomenthol

NADPH

(-)-Isomenthone
MMR ?\

(-)-Neoisomenthol

Scheme 4: Conversion of (+)-isomenthone to (+)-isomenthol and (+)-neoisomenthol. The enzymatic
steps are catalysed by (—)-menthone:(—)-menthol reductase (MMR) and menthone: (+)-neomenthol
reductase (MNR)

2.2. Stereoselective addition of organometallic (R-MgX) reagents to (-)-menthone

Menthone and menthol are now commercially available, meaning to get them one should not go
through the biosynthesis again. This has drove the attention of many researchers for the further
investigation on the chemical synthetic and stereoselectivity reduction of chiral menthone. However,
most of the interest was on the addition of organometallics (R-MgX) to (-)-menthone instead of other
reducing agents (e.g. NaBHa, LiAIH4, H2NNH: etc.) [68].

The first synthesis of menthone was via oxidation of menthol by chromic acid [69]. There are not many
records about the chemical synthesis of menthone from pulegone. The only reported reaction was the
addition of organotin anions to (+)-pulegone, i.e., compounds with tin-metal bonds [70]. Otherwise
more interest in previous studies was the addition of organometallic reagents to ketones including
menthone. Since menthone is an enolizable and hindered ketone (due to bulk isopropyl group), as
compared to cyclohexanol, it always made it difficult to be reduced into two isolated diastereomers as

theoretically hypothesized [71]. Lecomte et al. [72] described the addition of phenyl lithium to (-)-

10
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fenchone (Scheme 5), (-)-menthone, and (+)-camphor where the aim was to increase the

stereoselectivity yields of the products.

PhLi
o toluene-diethyl ether OH
Ph
(-)-Fenchone 1-phenylfenchone

Scheme 5: Stereoselective addition of phenyl lithium (PhLi) to (-)-fenchone.

The reduction of menthone by organometallic reagents was also described by Panev and Dimitrov
[69]. They investigated the addition of several organometallic reagents to (-)-menthone with and
without CeClz to improve the synthetic method for the preparation of neomenthol derivatives in high
yields as well as studying their stereoselectivity. These examples from the literature drive the

experimental procedure reaction of our project and emphasize how challenging this reaction was.

In this study, the proposed reaction scheme was the stereoselective reduction of menthone by PhMgBr

to yield 1-phenylmenthol as the major product (Scheme 6).

PhMgBr
THF

Scheme 6: Stereoselective addition of PhMgBr to (+)-menthone.

2.2.1. Formation of the two diastereomers

This section describes the stereoselective nucleophilic addition of Grignard reagent to menthone. The
axial attack makes hydroxyl group (-OH) be equatorial and form menthol derivative (Scheme 7) [73].
The equatorial attack makes hydroxyl group (-OH) be axial and form neomenthol derivative (Scheme
8). In most addition reactions published, the attack by the PhMgBr has been described to proceed
exclusively from the equatorial side of the carbonyl C-atom, resulting in the formation of neomenthol

derivatives [69].

11
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1 2
CH, OH CH,
0
Ph

: MgBr 1-phenylmenthol

Scheme 7: Formation of 1-phenylmenthol by axial addition of PhMgBr.

1
_—
CH; Ph CH,
o
OH
MgBr
\O 1-phenylneomenthol

Scheme 8: Formation of 1-phenylneomenthol by equatorial addition of PhMgBr.

2.3. Chirality of organic compounds

Most chiral organic compounds e.g., pesticides and therapeutic drugs, after synthesis, are sold on the
market as racemic mixtures. The enantiomers in the racemates do not exhibit the same bioactivity
towards target diseases, Table 1 shows some examples of chiral compounds with their contrasting [74—
76]. Because of this chirality, living organisms show different biological responses to one of the pair
of enantiomers in drugs, pesticides, or any other organic compound [77]. As a result, two enantiomers
of certain drugs will exhibit different pharmacokinetics activities such as toxicology, absorption,
distribution, and metabolism in the human body [74]. Thus, one isomer may produce the desired
therapeutic activities, while the other may be inactive or produce unwanted effects [77]. The problem
with side effects and environmental issues caused by racemic drugs or pesticides encouraged
researchers to separate two racemates into enantiopure products. Besides, removal of unwanted,
inactive isomer will reduce metabolic drug load in patients’ bodies, avoid bio-inversion, reduce drug

interactions and it will make organic reactions simpler [78, 79].

12
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Table 1: Contrast pharmacokinetics activities of chiral compounds

Enantiomer 1

Enantiomer 2

I S-propranolol
‘ O/\E/\NJ\

GH
S(-)-Propranolol is a beta-blocker used to
treat hypertension (high blood pressure), and
other diseases [80]

R-propranolol

e

OH

R- (+)-propranolol is inactive

L-dopa
HO
OH

NH,
HO

L-Dopa is used in therapeutics treatment of

Parkinson disease [81]

HO

HO

D-dopa is inactive

S-ketamine

S-(+)-ketamine is used to induce loss of

consciousness or anesthesia [80]

cl R-ketamine

NH—

R-(-)-ketamine has negative effects of

causing agitation and hallucination

(-)-Menthol

OH

(-)-Menthol has a strong minty odor and

cooling sensation [63, 66, 82]

(+)-Neomenthol

"
‘OH

(+)-Menthol and (+)-neomenthol are less

minty with a strong musty odor

13
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2.4. Chiral separation techniques
As already discussed above, it is important to separate chiral compounds. Thus, this section
concentrated on separation methods. These have been used in chiral separations of the different

compounds.

2.4.1. High-performance liquid chromatography with chiral columns

Due to its remarkable properties like reproducibility, selectivity, sensitivity, rapidness, and the
availability of a wide range of chiral stationary phases (CSPs), high-performance liquid
chromatography (HPLC) has achieved a great reputation in chiral resolution [83]. HPLC is a highly
improved form of column liquid chromatography. Instead of a solvent being allowed to flow through
a column under gravity, it is forced through under high pressures of up to 400 atmospheres which
makes it much faster. HPLC is carried out at around room temperature, thus, it is suitable for chiral

resolution [84].

For chiral separation, HPLC is divided into two categories: namely, direct resolution using chiral
stationary phase (CSP) [85] and indirect resolution employing chiral derivatization reagents. Chiral
derivatization is explained under gas chromatography (GC) [85]. In the direct resolution, CSP is
added into the column interacting continuously with the enantiomers to be separated. CSPs are
categorised into polysaccharide-based CSPs, cyclodextrin-based CSPs [86], macrocyclic antibiotic-
based CSPs, ion-exchange-type CSPs, crown ether-based CSPs, protein-based CSPs, brush/pirkle-
type CSPs and molecularly imprinted polymer (MIP) CSPs [87, 88].

Rebizi et al. [88] investigated the chiral separation of cefadroxil by using HPLC with UV detection
using polysaccharide-based CSPs, namely cellulose and amylose derivatives as chiral selectors.
Cefadroxil is a p-lactam antibiotic, a chiral compound with three stereogenic centres that allow eight
possible stereoisomers. Among eight diastereomers. only one isomer of cefadroxil is active as an
antibiotic. Therefore, to ensure the quality of cefadroxil, the determination of optical impurities is
required. This was achieved by using commercially available different coated and immobilized
polysaccharide derivatives of both cellulose and amylose as CSPs. It resulted in the separation of
stereoisomers with good resolution on cellulose CSPs (Chiralpak 1B column) using hexane—2-propanol
(60: 40 v/v) as the mobile phase, but poorly resolved on amylose CSPs.

Fedorova et al. [89] reported a new protein-based CSP. They synthesized new silica-based, mixed-
binary chiral sorbent grafted with the macrocyclic antibiotic eremomycin and bovine serum albumin
(BSA). The eremomycin-BSA sorbent was filled into the HPLC column for enantio-separation of

racemic profens (ketoprofen, ibuprofen, and indoprofen). The results showed that mixed sorbent

14
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(eremomycin-BSA) provided a higher resolution of enantiomers as compared with results obtained

using a sorbent with only eremomycin as the chiral selector.

Yang et al. [90] conducted enantio-separation of eleven 3,5-disubstituted hydantoins in HPLC under
the normal phase mode using Chiralpak IA, a polysaccharide-based CSP. Hydantoin is an organic
heterocyclic compound used in organic chemistry. 3,5-disubstituted hydantoins were reported to be
chiral auxiliaries. Therefore, to obtain high optical purity of a chiral auxiliary chiral HPLC column

was used to successfully separate them.

Fanali et al. [91] conducted the enantio-separations experiment of flavanone derivatives using
polysaccharide-based CSP by HPLC in the normal- and polar organic phase mode. Based on the results
both cellulose 3, 5-dichlorophenylcarbamate, and amylose 3,5-dimethyl phenyl carbamate were useful
CSP, but the problem was mobile phases that were making it difficult to achieve the best enantiomers

elution.

Sun et al. [92] performed the first chiral separation of haloxyfop (herbicide) enantiomers on a pirkle
type CSP called (R, R) Whelk-O1 chiral column coated with 1-(3, 5-dinitrobenzamido)-1, 2, 3, 4-
tetrahydro phenanthrene as CSP by HPLC. Haloxyfop is a chiral herbicide used to control annual and
perennial grasses in broadleaf crops. It has pair of enantiomers, R-haloxyfop and S-enantiomer, as
known that the use of active enantiomer helps reduce the amounts of pesticides released into the
environment, the separation was done and CSP showed excellent enantioselectivity toward the two

enantiomers.

2.4.2. Gas chromatography with chiral columns

Gas chromatography (GC) uses carrier gas as a mobile phase, usually an inert gas such as helium or
nitrogen [93]. The mobile phase carries the vaporized sample through a stationary phase in the column
than to the detector, mainly mass spectrometer (MS) [93]. Due to the chiral stationary phase and chiral
derivatization reagent, chiral GC is well recognized as a powerful, simple, convenient, fast, and
efficient method for the separation of enantiomeric compositions of volatile and thermally active
components [86, 94]. Chiral GC stationary phases were mainly classified into three categories:
cyclodextrin derivatives, chiral amino acid derivatives, and metal coordination complexes. However,
some chiral GC stationary phases have been developed such as chiral ionic liquids, polysaccharides,

cyclopeptides, and metal-organic frameworks [95].

It has been applied for many different analytes, such as essential oils, fragrances, intermediates,
organic compounds, metabolites, pharmaceuticals drugs, and pesticides [84, 94]. Furthermore, indirect

resolution is the method of converting enantiomers to diastereomers via chemical reactions with chiral
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derivatizing reagents, which are then separated by GC using achiral columns [96, 97]. This is because
different molecular properties displaced by diastereomers make it simple to be separated by usual
chromatographic techniques, while enantiomers can be resolved only by using the specific column
with a CSP [98].

Patil et al. [95] demonstrated how the ability of cyclodextrin-based GC stationary phases was improved
by derivatization. Using permethylated, acetyl, dimethyl, trifluoro acetyl, and dipentyl as
derivatization reagents, cyclodextrins (CDs) were derivatized to improve their enantioselectivities, to

decrease melting points, and to improve solubilities.

Derwich et al. [58] extracted and analysed the chemical composition of essential oils from Mentha
pulegium leaves, a traditional herbal medicine in Morocco. They were extracted by hydro distillation
and analysed by GC-FID and GC-MS. Twenty-eight compounds were identified, and the yield of
essential oils was 1.66%. The total identified compounds accounted for about 97.34% of the oil.

Almalki et al. [99] Synthesized and analysed six N-(dimethoxybenzyl)-4-Bromo-2,5-
dimethoxyphenethylamine isomers. GC-MS methods were used to differentiate and specifically
identify all six members of this dimethoxy-benzyl 25B-NBOMe derivatives. Halogenated and non-
halogenated derivatives (N-(2’,5’-dimethoxybenzyl)-2,5-dimethoxyphenethylamine) were prepared
and subjected to EI-MS analysis, as a result, all six of these isomer derivatives showed equivalent EI-
MS fragment ions. The combination of different base peak ions (m/z 151 or 242/244), unique fragment
ions (m/z 136 and m/z 263), along with differences in the relative abundance of ions at m/z 121 and
m/z 91, allowed for differentiation and specific identification of all six of the isomeric derivatives [99].

2.4.3. Supercritical fluid chromatography

SFC is another technique, related to HPLC, which uses a supercritical fluid as the mobile phase, i.e.,
fluid at a pressure and temperature above the critical point [100]. Supercritical mobile phases (typically
CO3) have properties that are intermediate between those of gases and those of liquid. Supercritical
COz is created by subjecting the gas to high pressures. The high diffusivity and low viscosity of
supercritical fluids allow the use of high flow rates without any harmful effects on separation efficiency
[101]. The use of a CO2 as mobile phase gives the technique its advantages such as higher flow rates,
faster separations, and lower organic solvent consumption. Furthermore, after pressure reduction, CO-
may be easily evaporated, recycled, and reused, which reduces costs and the amount of generated waste
[102, 103].

The enantioselective separation performance of SFC is influenced by the column, mobile phase flow
rate and composition, pressure, and temperature. An organic polar solvent must be added to the mobile
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phase to elute analytes from the column [101]. CSPs used in SFC are mainly the same as those used
in HPLC. Polysaccharide derivative CSPs have been commonly used for the chiral separation of
pesticides, i.e. amylose tris(3,5-dimethyl phenyl carbamate) and cellulose tris (3,5- dimethyl phenyl
carbamate) CSPs [104, 105].

Tao et al. [102] developed an SFC-MS/MS method for simultaneous detection of fenbuconazole
(fungicide) and its chiral metabolites in fruit, vegetable, cereal, and soil. Baseline separation of six
stereoisomers was achieved on ACQUITY UPC2 Trefoil AMY 1 column (amylose and Chiralpark 1B-
3 cellulose polysaccharide CSPs). Recoveries for the six target analytes were between 76.3% and
104.6%.

Yan et al. [106] developed two-step method for the separation of B-cypermethrin (pesticide)
stereoisomers by SFC with polysaccharide chiral stationary phases. The effects of chiral stationary
phases, mobile phases were also considered. Through a two-step separation, B-cypermethrin was firstly
separated by using a cellulose-derived chiral stationary phase to obtain two stereoisomeric pairs, and
further resolved on an amylose-based chiral stationary phase to produce four enantiopure

stereoisomers.

Heiland et al. [107] presented the first microchip-based SFC. Chip-SFC was developed and tested with
two analytes: chiral herbicide napropamide using Chiralpak IC-3/cellulose tris-(3, 5-
dichlorophenylcarbamate) as stationary phase and pirkle’s alcohol using Chiralpak I1B-5 material as
the stationary phase. Napropamide has two isomers (-) and (+)-napropamide in which the (—)-isomer
is more toxic toward biological factors, like root growth and fresh weight. Elution of isomers after
separation was done by mixtures of supercritical carbon dioxide with methanol CO2/MeOH streams

(pinch and eluent). It resulted in fast racemic herbicide enantiomer separation of fewer than 20 s.

2.4.4. Capillary electrophoresis

Capillary electrophoresis (CE) and other capillary electromigration techniques are often used for chiral
separation, namely electro-kinetic chromatography (EKC), micellar electro-kinetic capillary
chromatography (MEKC), non-aqueous capillary electrophoresis (NACE), and capillary
electrochromatography (CEC) [101, 108]. These techniques are based on the interaction of
enantiomers with a chiral stationary selector added to the background also called background
electrolyte (BGE) [109]. The simplicity and availability of chiral selectors such as surfactants,
macrocyclic antibiotics, polysaccharides, and cyclodextrins, make these CE techniques the best for

chiral separation [110].
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However, CEC combines features of capillary electrophoresis (CE) and liquid chromatography (LC),
i.e. combining chromatographic and electrokinetic separation principles [111]. Although CEC is
characterized by high selectivity and efficiency, it is associated with a limited number of specific
stationary phases developed for it, the low number of commercially available CEC columns, the frits
to maintain the stationary phase, which makes CEC not very useful for industrial application [110].
Generally, an electrical field is applied over a capillary that is filled with stationary (CSP) and a mobile

phase to perform separations [112].

Lancioni et al. [113] developed a method to optimize the ligand concentrations in the BGE of CE.
Four chiral pharmaceutical drugs (pindolol, propranolol, oxprenolol, and homatropine methyl
bromide) were chosen as analytes. The separation was done using 2-hydroxypropyl-p-cyclodextrin (2-
HP-B- cyclodextrins) as a ligand or chiral sector. As a result, the concentration ligand was found as

optimum.

Amin et al. [109] investigated diastereomeric separations of chiral antimalarials by capillary zone
electrophoresis (CZE), variety of chiral selectors were used to successfully separate antimalarial

enantiomers i.e. oligosaccharides (cyclodextrins and oligomaltodextrins).

Garcia et al. [112] developed a capillary micellar electrokinetic chromatography (MEKC) method that
enables the stereoselective separation of the insecticide bioallethrin stereoisomers. Amounts of
different cyclodextrins surfactant, cyclodextrin, and urea were added in the BGE. Bioallethrin is an
insecticide belonging to the pyrethroids family which is used in agriculture, forestry, household, and
public health. The method was developed also to evaluate the toxicity of bioallethrin sterecisomers on
the growth of the green alga Pseudokirchneriella subcapitata, and the germination of plant Sorghum
bicolor (non-target organisms). Based on the results, bioallethrin sterecisomers were separated with a
resolution of 7.4 in 6.5 min. The racemic bioallethrin resulted in more toxicity than S-bioallethrin for
green algae and 100% inhibition of seeds germination. Thus, both racemate and pure S-bioallethrin

are classified as toxic to algae.

2.4.5. Pre-concentration

The first extraction technique developed was liquid-liquid extraction (LLE), but due to lots of
disadvantages, it has been replaced from laboratories by new extraction techniques such as solid-phase
extraction (SPE) and solid-phase micro-extraction (SPME). These techniques are employed before the

analytical instrument for pre-concentrating the target compounds from aqueous media [114, 115].
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2.4.6. MIPs in sample pre-emptying (solid-phase extraction)
The ability to isolate and pre-concentrate the compounds of interest from complex sample matrix [116]

makes MIPs excellent sorbent materials for SPE and SPME sample preparation techniques [117].

In the SPE approach, MIP particles are packed inside an empty cartridge. The MIP SPE cartridges are
pre-conditioned and loaded with a sample [118, 119]. Before analyte elution, the MIPs are washed
with solvents commonly methanol to remove all interferences and not the bound analyte. Elution is

carried out by a solvent that can release the bound analyte from the imprinted sites [115, 120].

Xu et al. [121] prepared double water-compatible molecularly imprinted polymers (DWC-MIPs) and
applied them as solid-phase extraction (SPE) sorbent for selective pre-concentration and specific
recognition of triazines herbicides in water samples. Although four types of atrazine imprinted WC-
MIPs were successfully prepared, WC-MIPs displayed excellent recognition ability in aqueous media.
The SPE based on DWC-MIPs was successfully used for simultaneous pre-concentration, separation,

and determination of four triazine compounds in tap water and river water samples.

Manesiotis et al. [122] prepared MIPs using S-ibuprofen as a template. The imprinted polymers were
employed as an HPLC stationary phase and complete enantiomeric separation of racemic ibuprofen.
The synthesized polymers were subsequently tested in MI-SPE as selective sorbents for the extraction

of ibuprofen from complex samples.

Zunngu et al. [123] synthesized selective MIPs using ketoprofen as a template, which was applied as
an SPE sorbent. SPE technique was optimized and used with HPLC for the quantitative determination
of ketoprofen in wastewater treatment plants located in the southern part of Durban City, South Africa.
Ketoprofen is a drug used to treat inflammatory diseases and it is being consumed by many humans,
therefore it is widely detected with other nonsteroidal anti-inflammatory drugs (NSAIDs) in
wastewater and surface water. Based on the results, ketoprofen was detected in all samples and its
concentrations were higher when compared with what has been reported for WWTPs located in

Europe.

Tavengwa et al. [124] successfully synthesized magnetic MIPs by bulk polymerization for the
extraction of nitroaromatic compounds (NACSs). Prepared magnetic MIPs were packed in solid-phase
extraction cartridges for the extraction of selected NACs i.e., 2,4-dinitrotoluene (2,4-DNT),
nitrobenzene (NB), and 2-nitrotoluene (2-NT). After SPE, the filtrate was subjected to HPLC-UV for
further analysis. Magnetic MIPs were used instead to overcome some of the problems that are found

in MIPs, such as greater selectivity and shorter contact time with the analyte solution.
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2.4.7. Solid-phase micro-extraction

In SPME, a syringe-like with a sorbent-coated fiber at the end of the needle is applied for the analyte
extraction from sample solutions, after extraction, it is injected directly into the analytical instrument
i.e. GC or HPLC [118]. An excellent coating material is very important to obtain high extraction
efficiency [125]. Several SPME coating materials have been used including, MIP-coated fibers [119],
polydimethylsiloxane (PDMS) [126], polyacrylate (PA), polydimethylsiloxane divinylbenzene
(PDMS-DVB) and carbowax polydivinylbenzene (CW-DVB) [125]. However, great attention has now
been paid towards molecularly imprinting polymer (MIP) sorbent to improve the quality and selectivity
of analytical methods. The development of molecularly imprinting polymer (MIP) demonstrated its
usefulness for recognition and separation of target molecules, unlike other sorbents materials, MIP has
advantages such as stability, selectivity, easy application and preparation, which has promoted an
increasing number of applications in various areas [127-129].

2.5. Molecularly imprinting technology

Molecularly imprinting is a template-directed technique that allows the design and synthesis of
polymers with well-defined artificial recognition sites that are complementary in the functional group,
size, and shape of the target molecule [130, 131]. Figure 1 shows the molecular imprinting process.
Firstly, a pre-polymerization complex is formed between the template and the functional monomer in
a porogenic solvent [132]. Secondly, the complex is mobilized by the cross-linker, and the initiator is
used to obtain a polymerization complex. Lastly, after synthesis, different removal of template
methods are used such as pressurized hot water extraction (PHWE), Soxhlet extraction or microwave
extraction [133-135]. Thereafter, MIPs binding sites are formed which are sterically and chemically
complementary to the template molecule, enabling the polymer to selectively rebind the imprint
molecule and its analogues from a mixture [130, 136].

MIPs are synthesized by different polymerization techniques, such as bulk polymerization [57, 137,
138], precipitation polymerization [1, 139, 140], suspension polymerization [141], emulsion
polymerization [142], and sol-gel polymerization [143].
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Figure 1: General method for the synthesis of MIPs [134].

2.5.1. Application and uses of molecularly imprinted polymers (MIPs)

MIPs have been applied in many areas [144], as CSP in chromatographic separation [145-147] as a
sorbent in samples preparation [123, 124] chemical sensors [148], capillary electro-chromatography
enantioselective [67, 149] catalysis [150-152] for its remarkable advantages. The recognition sites of
MIP mimic the binding sites of antibodies and enzymes [153, 154]. However, in contrast to those
biological enzymes, MIPs are physically robust, stable in a broad range of pH, pressure, and
temperature and they have high selectivity and sensitivity [155, 156]. Additionally, those polymeric
materials are easier to synthesize for a wide range of template molecules and are less expensive than
antibodies [116]. Furthermore, MIPs can be stored for several years at room temperature and they can

be reused several times without loss of the memory effect [130].

In most the chromatographic analysis, MIPs have been used as CSP. For example, Ansell et al. [147]
successfully synthesized (—)-ephedrine imprinted polymers in the enantio-separation of (+)-ephedrine.
(-)-Ephedrine imprinted polymers were used as stationary phases in supercritical fluid
chromatography. Liao et al. [146] prepared (S)-ornidazole molecularly imprinted monolithic through
a single-step thermal copolymerization, a new monolithic stationary phase for the rapid chiral

separation of anti-parasitic drugs by pressurized CEC.
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2.5.2. Pre-polymerization reagents of MIPs

2.5.2.1. Template

The template is the target molecule or compound that plays a vital role in the process of imprinting. It
is the molecule for which the imprinted polymers are synthesized. Generally, an ideal template
molecule should satisfy three requirements: firstly, it should have no groups involved to prevent
polymerization, it should exhibit excellent chemical stability in the polymerization reaction, and lastly,
it should contain functional groups well adapted to assemble with functional monomers [157-159].
Examples of templates that were used before include chiral compounds (e.g. (-)-menthol [67], 2,4-
dinitrotoluene (2,4-DNT) [124], S-citalopram (SCIT) [160] and R-mandelic acid [149]), enzymes (e.g.
chymotrypsin [161]), pharmaceutical drugs (e.g. non-steroidal anti-inflammatory drugs (NSAIDs)
[162], propranolol [163], oseltamivir (OS) [164], and S-amlodipine (S-AML) [165]), biological
compounds (e.g. (-)-ephedrine [166], steroids [167], and protein [168]) and pesticides (e.g. bifenthrin
and diazinon [169]).

2.5.2.2. Functional monomers

Functional monomers create binding sites on the imprinted polymer forming a pre-polymerization
complex via monomer-template interaction by providing a functional group. They should contain
functional groups like carboxylic acid, alcohol, and amide or any group with N-H, O-H, or F-H bonds,
which are responsible of forming hydrogen bond with the template [132]. The choice of functional
monomers affects the polymer of the recognition site and the concentration influence the number of
binding sites. Generally, functional monomers are used in the molar excess to template molecules,
which permits to favour the formation of functional monomer-template complexes [170]. Xia et al. [1]
synthesized MIP microspheres by precipitation polymerization using 4-vinylpyridine as functional
monomer and EGDMA as cross-linker. They showed particle morphology of the MIP prepared from
1 to 10% (w/v) concertation of 4-vinylpyridine. Moreover, monodisperse MIP microspheres were
isolated when 1 and 2% (w/v) of co-monomer was used but, at higher concentrations of 4, 6, and 8%
(w/v) the spherical particles started to agglomerate. Figure 2 shows common functional monomers

used during imprinting.

22

© University of Venda



7S
>

) (o

,
L

University of Venda
Creating Future Leaders

Literature review

(0] o) (@)
HO
OH OH OH
(0]

Acrvli d . .
crylic aci Itaconic acid Methacrylic acid (MAA)

O
O/ N/| i|N/
e —

2-Vinylpyridine

Methyl methacrylate 4-Vinylpyridine

O OH (0]
O
OH
YJ\O/\/ \)J\
NH,
2-Hydroxyethyl methacrylate Acrylamide
P

= o) = o)
p-Vinylbenzoic acid ~ |
N N N
o | |
2.6-bis- lamid idi
YJ\NHz is-acrylamidopyridine

4-Ethylstyrene
Methacrylamide Y

Figure 2: Structures of common functional monomers.

2.5.2.3. Cross-linkers

The cross-linker is primarily responsible for the morphology of the polymer matrix, it stabilizes the
imprinted binding sites, and also provides mechanical and thermal stability to the polymer [171]. High
cross-linking ratios are generally used to obtain permanently macroporous materials with good
mechanical stability [78, 87]. Xia et al [1] indicated that to control the morphology and specific binding
characters of the imprinted polymer, high percentage of cross-linker: monomers ratio must be used.
From their results, monodisperse MIP were formed in molar ratios of 1:4 and 1:2, thus, when EGDMA
is 4 times and 2 times higher than 4-vinylpyridine. But when the molar ratios changed to 2:1, and 4:1,
thus when EGDMA is lower than the 4-vinylpyridine, MIP microspheres became agglomerated. This
indicate that with the decrease in the amount of EGDMA, the agglomeration becomes heavier, then
high percentage of cross-linker in the co-monomers mixture is crucial to prevent polymer
agglomeration [1]. Different cross-linker reagents can be used during molecular imprinting as is shown

in Figure 3, the most popular cross-linker is ethylene glycol dimethacrylate (EGDMA).
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Figure 3: Structures of cross-linkers used in molecular imprinting.

2.5.2.4. Solvents

Porogenic solvents play an important role in the formation of the porous structure of MIPs, and they
dissolve all the components (template, functional monomer, cross-linker and initiator) in a single phase
during the polymerisation process [172]. Another role of solvents is to disperse the heat of the reaction
produced during polymerization; otherwise, the temperature will increase [158, 173]. The increasing
amount of solvent used result in increasing of pores size, so a proper amount of solvent will improve
the formation of specific cavities designed for binding template molecules [174]. Less polar solvents
improve the formation of functional monomer-template complexes (stabilization of hydrogen bonds),
while the more polar solvent disturbs interactions in the formed complexes. Examples of solvents used
during imprinting are acetonitrile, chloroform, dichloromethane, N, N-dimethylformamide, methanol,
2-methoxy ethanol, tetrahydrofuran, and toluene [136, 171, 175].
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2.5.2.5. Initiator

Initiators start the process of polymerization. The appropriate use of the initiators controls the degree
of the exothermic process of polymerization. In some cases before and after addition of initiator, the
dissolved oxygen is removed from polymerization solutions by bubbling an inert gas like nitrogen or
argon [158]. Each initiator has its specific decomposition rate at a given temperature and concentration
[166]. When a high concentration of initiator is used, it increases the temperature generated during
polymerization which negatively impacts the recognition properties of MIPs. This is because the high
temperatures reached with high concentrations of initiator worsen the quality of the imprints formed
[1, 166] . So, to achieve the best selective rigid polymers, MIPs should be synthesized over a long
period using low concentrations of initiator and low temperatures [176]. In addition, when lower
amounts of initiator are used, the peak temperature inside the polymerization mixture decreases,
generating polymers with quality imprinting cavities [130]. Common initiators are listed in Figure 4,
among them, azobisisobutyronitrile (AIBN) is most conveniently used at the decomposition

temperatures of 50-70°C.
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Figure 4: Common initiators used in molecular imprinting.

2.5.3. MIP preparative approaches

Three different approaches have been proposed for MIPs preparation, that is the covalent, non-
covalent, and semi-covalent approaches, differing from the way the template is linked to the functional
monomer [127]. Of the three approaches, the non-covalent approach has been used more extensively

but, the semi-covalent approach combines the advantages of the other two [114].
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2.5.3.1. Covalent approach

The covalent approach involves the formation of reversible covalent bonds between the template and
monomers before polymerization (Figure 5). To remove the template, synthesized polymers are treated
with reagents in solution or is refluxed in a soxhlet extraction, then MIPs will rebind template
molecules again via the same covalent interactions. However, the difficulty of designing an appropriate
template-monomer complex in which covalent bond formation and cleavage are readily reversible

under mild conditions makes this approach rather restrictive [126, 127].

Template ’ '
ﬂ Covalent rebinding
Self <

Polymerlsatlon
assembly > vy @
Removal of template
;A*’ - by chemical cleavage
‘ Cross-linker
Functional
monomers

Figure 5: Covalent molecular imprinting [176].

2.5.3.2. Non-covalent approach

It is obtained by mixing the template with a suitable functional monomer in an appropriate porogen by
the formation of weak non-covalent interactions, such as hydrogen bonding or van der Waals forces,
before polymerization. The template molecule is removed from the synthesized polymer matrix by
washing with solvents (Figure 6) [176, 177]. This approach becomes the most widely used because it
is relatively simple to prepare the template—monomer complex and easy to remove the templates from
the polymer matrix [178].

Template ﬂ
; Non-covalent rebindin,
Q Self ﬁﬂ Polymerlsatlon - g
assembly ¢ ) -~
+ Removal of template
/_-_l by washing with solvent
J / Cross-linker
Functional
monomers

Figure 6: Non-covalent molecular imprinting [176].
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2.5.3.3. Semi-covalent approach

Semi-covalent imprinting combines the advantages of the above two approaches, thus, co-
polymerization during imprinting formation is done by covalent bonds, and re-binding of the target
molecule to the MIP is done by non-covalent bonds [179]. In other words, the stable and stoichiometric
complex in covalent imprinting and the template re-binding in non-covalent imprinting (Figure 7)
[180, 181].
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Self assembly ‘ Polymerisation

JE— .
EEE—S -

=
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f ’ Cross-linker Removal of template
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_ @

Non-covalent rebinding

Figure 7: Semi-covalent molecular imprinting [177].
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Chapter 3

Materials and methods

This chapter gives detailed information of all material and reagents, characterisation instruments and
methods used to the synthesis of 1-phenylmenthone and synthesis of MIPs. Adsorption and reusability
studies of MIPs procedure was also explained.
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3.1. Chemicals and reagents

Methanol, toluene, methacrylic acid (MAA), ethylene glycol dimethacrylate (EGDMA), and
azobisisobutyronitrile (AIBN) were purchased from Sigma-Aldrich (Darmstadt, Germany). (-)-
Menthone (90%), (+)-menthol, THF, NH4ClI, dichloromethane (DCM), sodium chloride, magnesium
sulfate (MgSOa), p-anisaldehyde, acetone, ethanol (99%), hydrochloric acid (37%), acetic acid,
sodium borohydride (NaBHs), diethyl ether, were also purchased from Sigma-Aldrich (Darmstadt,
Germany). Magnesium, phenyl bromide and phenyl magnesium bromide were purchased from
Rochelle Chemicals (Johannesburg, South Africa). lodide, ethyl acetate, hexane, potassium
permanganate, potassium carbonate, sodium hydroxide, silica gel, vanillin, toluene, NaHCOs3, NaSOa,
Na2Cr.07:2H20, H2SO04 and chloroform (CDCIs) were purchased from Sigma-Aldrich (Darmstadt,

Germany).

Anhydrous THF was prepared by drying THF with molecular sieves. All reactions were carried out in
oven dried Schlenk flasks under a nitrogen atmosphere. The following starting materials (-)-menthone
and PhMgBr were commercially available or prepared according to the literature. Centrifugation was

carried out by a Beckman Coulter Avanti J-E centrifuge (4000 x g) for 3 min at 20°C.

3.2. Characterisation instruments

NMR spectroscopy: Structures of all organic compounds were analysed by *H and 3C NMR recorded
on a Bruker 400 MHz instrument (USA Massachusetts) using chloroform (CDCIs) as a solvent and
tetramethylsilane (TMS) at 0.00 ppm as an internal standard. Values for the chemical shifts were

expressed in parts per million (ppm).

Thin-layer chromatography (TLC): TLC was used to monitor the reactions using DC-Fertigfolien
pre-coated TLC-sheets ALUGRAM Xtra Silica Gel/UV2s4 plate and the mobile phase was ethyl acetate
and hexane (10:90, v/v). All TLC plates were visualized by p-anisaldehyde and vanillin stains. P-
anisaldehyde was prepared as follows: 5 mL of concentrated sulfuric acid, 1.5 mL of glacial acetic
acid, and 3.7 mL of p-anisaldehyde were dissolved into 135 mL absolute ethanol, then the solution
was stirred vigorously to ensure homogeneity. The resulting staining solution was then stored in a 500
mL beaker and covered with aluminium foil. Vanillin stain was prepared by adding 15 g vanillin in

250 mL ethanol and 2.5 mL concentrated sulfuric acid.

Column chromatography: All the crude products in all reactions were purified by column
chromatography using silica gel as a stationary phase and ethyl acetate and hexane (10:90, v/v to 30:70,

v/v) as mobile phase.
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TGA Q500 V20.13 Build 39 (CSIR Pretoria, South Africa) was used to determine weight loss vs
temperature of imprinted polymers. Thermograms were recorded using a heating rate of 20°C per
minute from 0-1000°C, under nitrogen atmosphere at a rate of 40 mL per min. FTIR was used to
analyse the functional group of compounds using an FT-IR spectrometer (Bruker platinum 22 vector)
in a frequency range of 400-4000 cm. Solid and liquid samples were analysed as they are. The surface
area, total pore volume, and average pore diameter of the MIPs were analysed by the TriStar 11 3020
Version 3.02 (serial # 215) BET instrument from CSIR lab analysis, Pretoria. MIPs sample were
degassed for 4 h at 100°C before analysis.

3.3. Synthesis of menthone (1)

Sodium chromate (Na2Cr207.2H20 (15.0 g, 50.33 mmol)) was added to 30 mL water in an Erlenmeyer
flask, the reaction was cooled in ice and treated with 10 mL concentrated sulphuric acid (H2SO4 98%,
d = 1.84) as a source of hydrogen to form chromic acid. This solution was transferred to a measuring
cylinder and diluted with water to make it 75 mL. Menthol (23.44 g, 150 mmol) and a solution of
chromic acid (75 mL) were mixed slowly in a three-necked round-bottomed flask, the internal
temperature was maintained between 20-25°C and the reaction mixture was stirred for 24 h at room
temperature until green-black pigment was formed. The mixture was separated and extracted with Et,O
(2x 90 mL). The organic layer was washed with 10% ag. NaHCO3 (3 x 40 mL) and water (3 x 50 mL).
The organic extracts were then dried (Na;SO4) and concentrated by a rotavapor to give the desired

compound 1 as a colourless liquid like oil (20.6 g, 95%).

IH NMR (400 MHz, CDCls):  (ppm) 0.776 (3H, d, H-9, J = 6.8 Hz), 0.837 (3H, d, H-10, J = 6.8 Hz),
0.937 (3H d, H-7, ] = 6.4 Hz)), 1.256-1.330 (2H, m, H-4), 1.751-1.846 (2H, m, H-3), 1.883-1.917 (1H,
m, H-5), 1.946-2.025 (1H, m, H-8), 2.042-2.098 (2H, m, H-6), 2.249-2.296 (1H, ddd, H-2, J = 12.8, 4,
2.4 Hz)), 3C NMR (400 MHz, CDCl3) 8C (ppm) 18.63 (C-7), 21.15 (C-9), 22.23 (C-10), 25.82 (C-
8), 27.80 (C-3), 33.86 (C-4), 35.42 (C-5), 50.80 (C-6), 55.77 (C-2), 212.22 (C-1).
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3.4. Synthesis of 1-phenylmenthol

Grignard reagent (PhMgBr) (10.3 mL, 64.82 mmol) was added dropwise at -10°C to a solution of
menthone (1) (5.0 g, 32.24 mmol) and 45 mL anhydrous THF in a round-bottomed flask. The reaction
was stirred for 24 h at room temperature under nitrogen gas and then heated under reflux for another
24 h. After been allowed to cool down to room temperature, the mixture was hydrolysed by adding 5
drops of 2 M HCI and extracted with Et2O (3 x 40 mL). The organic layer was washed with 5% ag.
NaHCOs3, H.O (50 mL), dried with Na>SO4 and concentrated by rotavapor to give compound 2 as a

yellowish oil.

IH NMR: § (ppm) 0.753 (3H, d, H-7, J = 6.8 Hz), 0.848 (3H, d, H-9, J = 6.8 Hz), 0.919 (d, H-10, J =
6.4 Hz), 0.989-1.096 (2H, m, H-4), 1.256-1.282 (2H, m, H-3,), 1.434-1.599 (2H, m, H-5, H-8), 1.623-
1.700 (2H, m, H-6), 1.860-1.918 (1H, m, H-2), 2.198 (1H, s, H-15). 7.25 (1H, t, H-14, J=8), 7.37 (1H,
t, H-12, J=8), 7.48 (1H, t, H-13, ] =8 Hz). 3C NMR (400 MHz, CDCls) 6C (ppm) 18.38 (C-7), 21.30
(C-3), 22.22 (C-9), 23.73 (C-10), 26.70 (C-8), 28.52 (C-5), 35.18 (C-4), 49.90 (C-2), 51.61 (C-6),
78.41 (C-1), 124.60 (C-12), 126.12 (C-13)128.08 (C-14), 148.61 (11).
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3.5. Synthesis of molecularly imprinted polymers (MIPs)

A modified method by Xia et al. [1]. was used. Briefly, in 250 mL one neck round-bottomed flask, 70
mL methanol was added followed by 1-phenylmenthol (0.116 g, 0.5 mmol) the template and the
functional monomer MAA (422 uL, 5 mmol). The mixture was stirred for 10 min and cross-linker
EGDMA (2 mL, 10 mmol) was added. The pre-polymerization mixture was purged with N2 for 2 min
to remove oxygen before addition of initiator AIBN (50 mg, 0.3 mmol). After addition of initiator, it
was purged again with N2 for 2 min. The flasks were greased with oil and closed loosely with the lid
then covered by parafilm and placed in an oil bath and the temperature was slowly increased to 80°C
and maintained for 24 h. The obtained products (MIPs containing the template) were dried at 90°C
oven to remove the excess solvent. Non imprinted polymers (NIPs) were prepared using the same
procedure but without the template. Table 2 shows the synthesis of MIPs and NIPs experimental

conditions.

Table 2: Experimental conditions for the synthesis of MIP

MIPs Solvent Functional monomer Cross-linker Initiator Template
(70mL)  (MAA, pL) (EGDMA, mL) (AIBN,mg) (9)
MIP1  Methanol 422 2.0 50 0.116
MIP 2  Toluene 422 2.0 50 0.116
MIP 3  Methanol 844 7.5 100 0.232
NIP 1 Methanol 422 2.0 50 0.000

3.6. Template elution

After polymerization of MIPs, a part of imprinted MIPs was washed to remove the template (1-
phenylmenthol) from the polymers. Although non-imprinted polymers (NIPs) were not template-
imprinted they did not skip the ‘removal step’. To verify the absence of 1-phenylmenthol template into
the imprinted polymer, 2 g of dried MIPs were washed with the mixture of methanol: acetic acid (90:10
v/v) for the total of 10 washing cycles. A mass of 2 g and 1 g of MIPs and NIPs were transferred into
50 mL centrifuge tubes then, 20 mL solvent was added into the tubes. The tubes were placed on a
shaker at 150 rpm for 20 min and they were centrifuged at 20°C for 3 min, then 2 mL aliquot of the
supernatant was transferred into Eppendorf tubes. This procedure was repeated 10 times in all MIPs

and NIPs. The wet washed polymers were dried at 90°C overnight.
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3.7. Adsorption studies

Parameters that affect the adsorption of 1-phenylmenthol onto MIP were optimized. The optimization
was demonstrated through the application of MIPs and NIPs as sorbents in solid-phase extraction. It
was done using methanol because template (1-phenylmenthol) has poor solubility in water. Adsorption
parameters in the batch mode, such as sample pH (2 to 11), polymer mass (10 to 80 mg), contact time
(30 to 180 min) and concentration of 1-phenylmenthol (7 to 54 mg L), were optimized for the
adsorption of 1-phenylmenthol by MIPs and NIPs sorbent from 30 mL methanol solutions. It was done
by holding all the other parameters constant while varying one. For example, when monitoring the
effect of pH, the pH was adjusted to 2, 7 and 11, while time, adsorption solvent, mass of sorbent and
concentration of 1-phenylmenthol were kept constant. For the first pH experiment, 30 mL solution of
methanol was adjusted to pH of 2 and placed into 50 mL tube, followed by addition of 11 mg L™
template and 30 mg of sorbent. The tubes were shaken on an elliptical benchtop shaker at 150 rpm for
60 min. After the adsorption of the 1-phenylmenthol, the whole solution of polymers was loaded in
SPE cartridges where the solution was drained, leaving the sorbent sitting on the bottom of the
cartridge. After elution with 3 mL methanol, the eluents were analysed by UV to measure the
absorbance. Each experiment was repeated 3 times (triplicates). In each case, the enrichment factor

(EF) was calculated using equation 1.

Cads
Co

EF = (1)

where C, is initial concentration in mg L™ and C,4, is the amount of 1-phenylmenthol enriched into

the imprinted polymers in mg L
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Chapter 4

Results and discussion

This chapter looks at the detailed results and discussion obtained from characterization techniques
used during the study of this project. NMR and FTIR results for the synthesis of 1-phenylmenthol was
discussed. UV-vis spectrum for the validation and calibration of 1-phenylmenthol was explained.
Synthesis of MIPs and elution of template molecules was also shown. FTIR, TGA and BET results for
the synthesized MIPs and NIPs, optimization of the template molecule and reusability of the imprinted

polymers was also discussed.
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4.1. Reduction of menthone to 1-phenylmenthol (2)

This study was about the reduction of (-)-menthone (1) to yield 1-phenylmenthol (2). It began by
simply treating commercially available menthone (1) with a strong oxidizing reagent (PhMgBr) in
THF as a solvent under inert environment (Scheme 9). The reaction was monitored by thin layer
chromatography (TLC). Unfortunately, nuclear magnetic resonance (NMR) spectroscopy analysis of

the isolated product showed that the reactions did not take place.

MgBr

S
OH

THF, - 0°C, RT, 5 h,
under N, gas

Scheme 9: Grignard reaction addition of PhMgBr to (-)-menthone.
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Figure 8 shows *C NMR spectrum of the product obtained in the reaction scheme 9, the reaction did
not take place, starting material did not react to form new expected compound. This was supported by
the absence of two quaternary carbon C1 at 78 ppm and C11 at 148 ppm, it was also supported by the
presence of ketone peak at 211 ppm from the menthone, which means that it was not reduced to alcohol
as expected. The reaction might have failed due to the duration of reaction and temperature. The same

reaction was repeated in section 4.2.

7
13
12 14
4
X 11 13
1 OH 12
8
9 10
| " | . Aol
T T T T T T T T T T T T
220 200 180 160 140 120 100 80 60 40 20 ppm

Figure 8: *°C NMR spectrum of 1-phenylmenthol (2) synthesised according to scheme 9.
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4.2. Alternative approach towards the synthesis of 1-phenylmenthol (2)

Scheme 10 shows an alternative approach where the different method (procedure) was used and
reaction conditions were changed, also considering that the Grignard reagent is sensitive to water and
oxygen. The reaction was monitored by TLC after every 4 h, it was purified by column
chromatography and analysed *C NMR, but the reaction failed, and it was confirmed by NMR

spectrum (Figure 9).

MgBr

) —
el

O THF, - 0°C, RT 24 h,
reflux under N, gas

OH

1 2

Scheme 10: Alternative approach towards the synthesis of 1-phenylmenthol (2).
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Figure 9 shows *3C NMR spectrum of compound 2 synthesized according to scheme 10. The spectrum
shows that the ketone peak at 212 ppm is still present in the product, which meant that menthone was
not fully converted and it was difficult to separate. Although, two quaternary carbon C11 at 148 ppm
and C1 at 78 ppm were observed, but the product was still contaminated and too little after double
column purification. In the next section 4.3 and 4.4, the starting materials menthone and phenyl
magnesium bromide were prepared in the lab because the purchased reagents might be the problem

hence, the reactions were failing.

212.45

Jll

T T T T T T T T T T T T
220 200 180 160 140 120 100 80 60 40 20 ppm

Figure 9: 13C NMR spectrum of 1-phenylmenthol (2) synthesised according to scheme 10.
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4.3. Oxidation of menthol to menthone (1)

Menthone (1) was successfully prepared by treating commercially available menthol (3) with a hot
solution of chromic acid in diethyl ether as a solvent (Scheme 11). The product 1 was obtained as a
colourless oil with a percentage yield of 85%. The structure of synthesized product 1 was purified by
column chromatography and analysed by **C NMR (Figure 10), *H NMR (Figure 11), and IR (Figure

12) spectroscopies.

Na,Cr,0,-2H,0 4 6
H,SO,, Et,0, RT 3
OH (0)

10

Scheme 11: Oxidation of menthol (3) by chromic acid to form menthone (1).

Figure 10 (a) shows 3C NMR spectrum of menthone (1), the compound that was synthesised according
to scheme 11. The product was characterized by the presence of the quaternary carbon peak C1 at 212
ppm, which meant that alcohol (menthol) was converted to the expected ketone (menthone). Figure 10
(b) shows dept 135 carbon NMR spectrum of menthone (1). This spectrum confirmed all methylene
carbon peaks such as C3, C4, and C6 were below the base line, and absence of C1 confirmed that
indeed it was quaternary carbon (carbon bonded to no hydrogens). Both spectra show successful
conversation of alcohol (menthol) to ketone (menthone) by chromic acid, also known as Jones reagent.
Some reactions have used pyridinium chlorochromate (PCC) for the same conversion [182]. Almost
all living organisms require aldehydes or ketones, in the chemical industry, simple aldehydes and
ketones are produced in large quantities for then to be used as solvents and as starting materials to
prepare other important compounds [183] hence, menthone was prepared as starting material for the

synthesis of the target compound (1-phenylmenthol).
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Figure 10: *C NMR full spectrum (a) dept 135 NMR spectrum (b) of menthone synthesized according
to scheme 11.
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Figure 11 shows *H NMR spectrum of menthone (1) which was characterized by the absence of singlet
alcohol peak confirming that menthol had been oxidized to ketone. Integration of all proton peaks were
calculated to determine how many protons were there also the multiplicity of all protons were also
interpreted. Starting from the upfield side, H7, H9 and H10 are all doublets with 3 hydrogens each.
Although H9 and H10 seems equivalent, they were all detected and splitted as two non-equivalent
peaks. Peak H3 and H4 shows multiplets with two hydrogens each. Peak H2 represented doublet of
doublet of a doublet (ddd) with one hydrogen, and peak H5 and H8 shows multiplet with one hydrogen
each. The integration of peak H6 was supposed to be at peak H8 representing one hydrogen since peak

H6 has two hydrogens. Proton H2 and H6 are deshielded due to the high electronegative oxygen next

.

2.3 2.2 21 2.0 1.9 1.8 1.7 1.6 1.5 1.4 1.3 1.2 11 1.0 0.9 0.8 ppm
[ I R [— - L L
I8l WO ke e 5] KB

Figure 11: *H NMR spectrum of menthone, product obtained in scheme 11.
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Figure 12 shows the infrared (IR) spectrum of synthesized menthone (1) according to scheme 11. The
structure of the product 1 was characterised by IR, which showed that a strong C=0 peak at 1707 cm"

! was due to ketone and strong C-H peak at 2954 cm™ was due to alkane from the cyclohexane.
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Figure 12: IR spectrum of synthesized menthone according to scheme 11.
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4.4. Proposed method for the synthesis of 1-phenylmenthol (2)

Scheme 12 shows the synthesis of 1-phenylmenthol (2) through two step reaction. Previously
synthesized compound 1 (Scheme 11) and freshly prepared Grignard reagent (PhMgBr) were used.
The Grignard reagent was prepared as needed, by reacting bromobenzene (4) with magnesium metal
in THF as a solvent in the presence of iodine as a catalyst, followed by addition of menthone. The first
reaction was supposed to reflux by itself, but iodine was used to assist. Unfortunately, the reaction was

not successful, and it was confirmed by *C NMR (Figure 13).

Br MgBr
Mg, I, catalyst 1
\¢ - —
/\ A
THEF, N, THF, reflux under OH
N, for 24 h

Scheme 12: Proposed method for the synthesis of 1-phenylmenthol (2)
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Figure 13 shows 3C NMR of compound 2 synthesised in scheme 12. Based on the spectrum, the first
reaction did not happen as expected which ended up with all stating material in the product. Perhaps
the freshly prepared Grignard reaction was unreactive because it was exposed in oxygen or
contaminated by water which destroy the reagent. Reaction condition and procedure to prepare the
Grignard reagent also affect the reduction of menthone. Even though quaternary carbon C1, and C11
peaks at 78 ppm and 148 ppm were observed and ketone carbon peak at 212 ppm was not observed,

the product was too contaminated and not convincing. The same reaction was repeated in section 4.5.

13

I

T T T T T T T T T T T T
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E
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Figure 13: C NMR full spectrum of 1-phenylmenthol synthesized according to scheme 12.
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4.5. Alternative approach following the synthesis of 1-phenylmenthol (2) in 4.4.

Since, reaction scheme 12 failed, a different procedure was applied, including carefully monitoring the
reaction with TLC, observing colour changes and temperature. The reaction of bromobenzene and
magnesium metals is highly exothermic with addition iodine, the reaction heated up by its own. While
refluxing it showed different colour change, black soon after addition of iodide, yellow when it started
to heat up, then cream white. The reaction could cool down to room temperature, followed by addition
of menthone, which was then stirred for 24 h. Addition of menthone to PhMgBr is now an endothermic,
so the reaction needed external heat, i.e., it was heated under reflux for another 24 h. NMR analysis

(Figure 14) of the isolated product showed that the reaction was successful.

Br MgBr
©/ 1.Mg, I, catalyst> ©/ ) Menthone
—> 3
THF, N
» 2 THF, reflux under
4

N, for 24 h

Scheme 13: Alternative approach towards the synthesis of 1-phenylmenthol (2)

Figure 14 shows the *C NMR spectrum of 1-phenylmenthol synthesized according to scheme 13. The
spectrum shows all CH peaks from the benzene ring, C12 at 124 ppm, C14 at 127 ppm, and C13 at
128 ppm. The two new quaternary carbons C1 and C11 at 78 ppm and 148 ppm respectively also
emphasized that indeed the product was formed. This spectrum was recorded after the product was
purified twice trying to clean and get pure product. However, the product was still contaminated, and
it became too little after purification, meaning the percentage yield was very small, so it needed to be

upscaled.

It was up to this point where it started to show that reduction of (-)-menthone (1) by organometallic
reagent is not as easy as it is presented on the scheme, this was also supported by few papers [69, 71,
72], which all emphasized on saying (-)-menthone (1) is an enolizable and a hindered ketone due to
the bulky isopropyl making it difficult for it to be reduced into an alcohol. Paven and Dimitrov [69]
investigated the addition of organometallic reagents to compound 1 with and without cerium chloride
(CeCls) as a catalyst and THF as a solvent, PhMgBr was one of the reagents. Their results indicated
that conversion of compound 1 to compound 2 by most organometallic reagents was not complete

resulting in some difficulty in isolating both products (1-phenylmenthol and its isomer 1-
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phenylneomenthol). Lecomte et al. [72] investigated how they could improve the reduction of hindered
ketones by using phenyl lithium (PhLi) in a non-polar solvent (toluene-diethyl ether) (see scheme 5).
Their results and discussion indicated that the addition of organometallic reagent to a hindered ketone,
including menthone could be easily achieved by using a non-polar solvent (toluene) because non-polar
solvents favour addition versus enolization when working with ketone like compound menthone. They
also indicated that the percentage yields of the product can be increased using PhMgBr in THF as a

solvent with or without cerium chloride (CeCls) as a catalyst.

The reaction scheme 13 worked after using synthesized starting reagents. This confirmed that
purchased reagents used in section 4.1 and 4.2 had badly affected the formation of compound 2, which
was because the reagents were old and were not stored in a suitable environment, especially PhMgBr,

it was unreactive due to the exposure to oxygen and water.

13

12 1

|-—>14 :
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Figure 14: *C NMR full spectrum of 1-phenylmenthol synthesized according to scheme 13.
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4.6. Modified method towards the synthesis of 1-phenylmenthol (2)

Although the reaction scheme 13 worked, the reaction was repeated in this section to upscale the
product yield and to get pure product without contaminations. New Grignard reagent (PhMgBr) was
purchased and another modified method by Paven and Dimitrov [69] was adopted for the preparation
of compound 2. PhMgBr reagent was added dropwise at 10°C into THF solution of menthone, then the
reaction mixture was stirred for 24 h at room temperature, then refluxed for another 24 hours. The
crude product mixture was hydrolysed by 2 M HCI and extracted to form the desired product as
yellowish oil. The product was purified by column chromatography and the percentage yield was 68%.
Furthermore, the product was analyzed by **C NMR (Figure 15), *H NMR (Figure 16) and IR (Figure

17) spectroscopies.

Dry THF, PhMgBr

0 -10°C, RT 24 h, reflux
under N, for 24 h

Scheme 14: Modified method towards the synthesis of 1-phenylmenthol (2).
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Figure 15 (a) shows the *C NMR full spectrum of menthone, the compound that was synthesised
according to scheme 14. The spectrum shows the presence of two quaternary carbon peaks C1 and
C11 at 78 ppm and 148 ppm, thus the product has formed. Carbon C12, C13 and C14 peaks confirmed
the presence of CH from the phenyl group. The two C12 carbons and two C13 carbons are equivalent,
hence they have higher peak intensity as compared to C14 peak. Other carbon peaks from the
cyclohexane have changed (in terms of chemicals shifts) as compared to the *C spectrum of starting
material (menthone), thus another indication that all starting material were converted to product. Figure
15 (b) shows dept 135 carbon NMR spectrum of 1-phenylmenthol, this spectrum is the one which
makes it clear on which carbon is which. Dept 135 do not show quaternary carbons, C1 and C11.
However, it clearly showed the CH. carbons C3, C4 and C6 below the base line and all CH and CH3
are above the base line, but CH carbons from phenyl group are deshielded (called aromatic region) as
compared to other CH from cyclohexane group. Both spectra showed successful reduction of

menthone by phenyl-magnesium bromide reagent to form 1-phenylmenthol.
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Figure 15: 3C NMR full spectrum (a) dept 135 NMR spectrum (b) of 1-phenylmenthol synthesized
according to scheme 14.
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Figure 16 (a) shows 'H NMR spectrum of 1-phenylmenthol (2) synthesized according to scheme 14.
Compound 2 was bit complicated in terms of protons, as far as the spectrum is showing, most of the
signals were overlapping making it difficult to read the multiplicity. However, the spectrum shows
peak H15 at 2.2 ppm, broad singlet due to alcohol, this was the most expected peak to confirm the
convention of ketone to alcohol. Figure 16 (b) shows an expansion spectrum of aromatic region where
all protons due to phenyl group were observed. As shown in the spectrum, H12 at 7.37 ppm is doublet
due to H13, H13 at 7.48 ppm is triplet due to H14 and H12. Moreover, H14 at 7.25 ppm is triplet due
to two H13 hydrogens.
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Figure 17 shows IR spectrum of 1-phenylmenthol synthesized according to scheme 14. The spectrum
confirmed all the functional groups that were found on the product 2. A broad O-H peak at
wavenumber 3492 cm confirmed the presence of alcohol, strong C-H stretching peaks at 2924 cm™
and 3052 cm™ were from the cyclohexane and benzene. The C=0 ketone peak was observed to be
weak as compared to IR spectrum of menthone on Figure 12 which represented the conversion of

ketone to alcohol.
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Figure 17: IR spectrum of 1-phenylmenthol synthesized according to scheme 14.

4.7. Synthesis of 1-phenylmenthol imprinted polymer and non-imprinted polymer

1-phenylmenthol imprinted polymer and non-imprinted polymer were successfully synthesized by
precipitation polymerization as they settle at the bottom of the flask (Figure 18). Based on Table 2,
different molar ratios of the template: functional monomer were prepared in different porogen to get
the good quantity and best-working molar ratio which was found to be 1:4 MAA/EGDMA. After
polymerization, the obtained MIP and NIP polymers were weighed, washed, and characterized. A
modified method by Xia et al. [1], the template and functional monomer (MAA) were dissolved in
methanol followed by cross-linker (EGDMA) and initiator (AIBN). After purging with N2 gas flask
was closed and heated at 80°C until completion. After drying, the polymers were successfully washed

with the mixture methanol: acetic acid solvent to remove the template.
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Figure 18: Synthesis of 1-phenylmenthol imprinted polymer and non-imprinted polymer.

4.8. UV/Vis absorption spectrum of 1-phenylmenthol

Figure 19 shows the absorption spectrum 1-phenylmenthol measured in the range 200 to 800 nm.
Absorption of the template was done to check if the template was UV active and at what wavelength
does it absorb, because this data had never been published before. A volume of 10 pL (1.32 M)
template was dissolved in 250 pLL methanol to make 0.0528 M concentration, then it was analysed by
UV-vis spectroscopy. The results in Figure 19 indicated that the template was indeed UV active, due
to chromophore benzene ring and the absorption from the antibonding -OH, which gave the maximum
wavelength to be 320 nm. This UV analysis was the done after one year of synthesis and by then the
compound had changed colour from light yellow to dark blue. Perhaps its chromophore breaks down
into new chromophore with difference absorption wavelength. Thus, the reason why there are other
peaks from 500 to 700 nm, since the compound was 1 year old, it could have broken down into
fragments that resulted on those peaks. Thought it was not exposed to sunlight, it could have lost its

stability over the room temperature and environment it was kept on hence.

3.5 ~ 320
3 u
2.5 1
2 u
1.5 1
1 u
0.5 1
0

Absorbance

200 300 400 500 600 700 800
Wavelength (nm)

Figure 19: UV absorption spectrum of 1-phenylmenthol
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4.9. Template elution

Figure 20 shows the UV/Vis spectrum of the wash-out solution analysis after removal of the template
from the imprinted polymers. Although non-imprinted polymers (NIPs) were not template-imprinted
they did not skip the ‘removal step’. To verify the absence of template (1-phenylmenthol) into the
imprinted polymer, 2 g of dried MIPs were washed with the mixture of methanol: acetic acid (90:10
v/v) for the total of 10 washing cycles. Acetic acid was chosen as the modifier as it has been used to
enhance the elution strength of solvents during desorption studies. Four elution’s were considered

enough to wash out the template, because from wash 4 onwards the absorbance was about zero.

This step is very crucial in the synthesis of MIP due to the importance of complete template removal.
However, it is known that even after exhaustive washing by different approaches (thermal annealing,
microwave assisted extraction, Soxhlet extraction, and supercritical fluid template desorption), traces
of template may remain in the polymer network [119, 184], because sometimes imprinted sites are
formed not only on the surface of the functional monomer, but also deeply in the cross-linked polymer
network structure, where organic solvent can hardly reach during the process of template elution. Thus,
the remaining of template molecules in the MIP means less cavities are available for rebinding, which
decreases extraction efficiency [135]. Another problem with incomplete template removal is template
bleeding (bleeding of the non-extracted template), so if template could bleed during analytical
applications, errors will arise and result in over estimation of analytical results (negatively impact real
samples analysis) [162]. Template removal should be accurately performed in order to ensure that the
maximum number of imprinted sites are free which might also reduce high concentration of template
bleeding [138].

During polymerization, template, functional monomer, cross-linking agent, and initiator were dissolve
in a porogenic solvent, where the functional monomer (MAA) created binding sites on the 1-
phenylmenthol-imprinted polymer forming monomer-template interaction Figure 21A. In this research
study the imprinting of template was achieved by non-covalent forces (hydrogen bonds) between
methacrylic acid and 1-phenylmenthol. Methacrylic acid as a monomer allows the formation of
hydrogen bonds between its carboxyl group and hydroxyl group from the template. Thus, the
methacrylic acid was selected because it has only few polar functional groups which results in few but

strong interaction with binding template to the MIPs.

In non-covalent methods, polymeric chains self-organized around the imprinting molecules through

hydrogen bonding which is responsible for the molecular immobilization during the rebinding. After
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polymerization, the polymer matric was washed to remove the template leaving binding cavities with

a complementary geometric and chemical fitting structure, which prevent possible binding of other

compounds that do not match with the template imprinted cavities Figure 21B.

3
A
2.5 [ \

) [\ — — Wash 1
8 ,I \\ ....... Wash 2
[
_céf 15 [ \ Wash 3
3 ! \ - - - Wash 4
< 1 f \

3
0 T T T 1
200 300 400 500 600

wavelength (nm)

Figure 20: UV/Vis spectrum of the solution after washing of the MIP.

Figure 21: (a) hydrogen bonds formed between template and MAA during polymerisation (b)

complementary cavity left after removal of template.

56

© University of Venda



7S
>

) (o

,
L

University of Venda
Creating Future Leaders

Results and discussion

4.10. Standard calibration curve of 1-phenylmenthol

A standard calibration curve was constructed for 1-phenylmenthol to obtain the linear equation which
was used to calculate the final concentration (mg L) of the template after adsorption, which was then
used to find enrichment factor (EF) according to the equation (1). For this purpose, a stock solution
was prepared by dissolving a 2 uL template in 50 mL methanol to make 1225 mg L. From this stock
solution, suitable dilutions were prepared (232, 464, 580, 696, and 812 mg L™). All the standards were
analysed by UV at 320 nm. The values of absorbance were recorded, and a standard curve was

constructed by plotting the absorbance against concentration (Figure 22).
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Figure 22: Standard calibration curve of 1-phenylmenthol
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4.11. Characterization of prepared imprinted polymers

4.11.1. Fourier transforms infrared spectroscopy (FTIR)

FTIR spectroscopy was done to monitoring changes in functional groups of the compounds in the
MIPs and NIPs. The FTIR spectrum of NIP (a), unwashed MIP (b), and washed MIP (c) are shown in
Figure 23. Few peaks were observed from the spectrum of each sample. A broad -OH stretching peak
at 3573 cm™* for unwashed MIPs, 3545 cm™ for washed MIPs, and 3519 cm™ for NIPs were associated
with the methacrylic acid alcohol group (OH) but, unwashed MIPs showed high wavenumber of -OH
due to another alcohol from the template. The C-H peak at 2948 and 2995 cm for unwashed MIPs,
2953 cm™* for washed MIPs, and C-H, 2954 cm™ for NIPs were observed and they were all due to the
presence of methylene group in both MAA, EGDMA, and AIBN polymerization materials. Unwashed
MIPs showed two strong C-H peaks as compared to washed MIPs due to other alkane groups from the
template. Moreover, the C-H frequency or washed MIPs and NIPs are almost similar as compared to
unwashed MIPs. This might be due to the absence of template in both washed MIPs and NIPs. The
carbonyl group C=0 strong peak at 1722 cm™in all polymers originated from MAA and EGDMA.
The strong C-O peak at 1145 cm™ from all the polymers were associated with aliphatic ether on
EGDMA. These observations supported the successful preparation of MIPs, also the successful
removal of the template. Related FTIR results were also obtained and presented by Sikiti et al. [185],
where almost all most all the bond peaks found in their MIPs and NIPs were close to the wavenumbers
presented in this study. However, their polymers were printed with 2,3,7,8-tetrachlorodibenzo-p-
dioxin as a template molecule and chloroform was used as a solvent. On the other hand, Bayramoglu
and Arica [186] prepared ion-imprinted polymers, using Cr (V1) as the template and 4-vinyl pyridine
(4-VP) and from analysed FTIR result the same stretching bond wavenumbers were observed, though

different template and functional monomer was used.
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Figure 23: FTIR spectrum of washed NIP (a) unwashed MIP (b) and washed MIP (c).
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4.11.2. Brunauer-Emmett-Teller (BET)

BET was done to analyse the surface area of unwashed MIPs and washed NIPs (Table 3), where the
polymer surface area, pore volume, and pore diameter were measured. The surface area of MIP was
found to be 17.85 m2 g1, thus larger than that of NIP which was 10.05 m2 g%, Although, the surface
area was taken in the presence the template, it was still higher than that of NIPs, which means that the
template adsorbed and saturated the pores and still leave some pores great enough to attain that surface
area. The observed surface area of the NIPs might be credited to the pores left by the porogen
molecules during washing. Moreover, the surface area, pore volume and pore size for MIP was also
found to be larger than that of NIP. Sikiti et al. [185], presented related BET results for the dioxins
MIPs and NIPs, the results shows the same trend of higher pore size as compared to surface area and
pore volume was always the lowest. It was also found that the surface area, pore volume and pore size
for MIP was higher than of the corresponding NIP. Some imprinted and non-imprinted polymer with
the same BET trend of pore size greater than surface area which greater than pore volume were

prepared by Xia et al. [1] and Tegegne et al. [187], but with different template molecule.

Table 3: Brunauer-Emmett-Teller (BET) results of MIPs and NIPs

Polymer BET surface area Pore volume Pore size
(m?g™) (cm*g?) A)
NIPs 10.05 0.018 70.69
MIPs 17.85 0.038 85.27
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4.11.3. Thermogravimetric analysis (TGA)

Thermograms of the washed NIP, unwashed, and washed MIP particles are plotted in Figure 24. TGA
revealed two decomposition states. The first weight loss was approximately 5% between 0 and 80°C
which represents the decomposition of volatile compounds. Washed MIP and NIP were stable between
100 and 250°C, but unwashed MIP was gradually decreasing in weight between 100 and 250°C. These
observations indicated that unwashed MIP was less stable as compared to washed MIP and NIP.
Further rapid major thermal decomposition of all polymers was observed at 411°C for unwashed MIP,
409°C for washed MIP, and 415°C for washed NIP, which was marked as the temperature where the
polymer building materials collapses. A percentage of 98% of polymers were fully decomposed at
461°C for unwashed MIP, 479°C for washed MIP, and 465°C for washed NIP. This was due to the
thermal decomposition of the cross-linker (EGDMA) from the polymer structure. Similar results were
obtained in another study by Zahedi et al. [139] where the polymer thermal degradation was observed

at 411°C for a washed MIP which was synthesized in the presence of dexamethasone as a template.
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Figure 24: Thermogravimetric analysis of the washed NIPs, unwashed, and washed MIPs.
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4.12. Optimization of 1-phenylmenthol

Parameters that could influence the adsorption of 1-phenylmenthol onto MIPs were optimized.
Optimization was carried out by using methanol because 1-phenylmenthol (an essential oil) is
insoluble in water. SPE parameters investigated include effects of sample pH, sorbent mass,
concentration, and contact time at room temperature. Since the target compound is polar, methanol
was used for elution from the SPE cartridge. During optimization, only one parameter was varied, and

the other parameters were kept constant. Each experiment was repeated 3 times.

4.12.1. Effects of samples pH

The binding affinity of the template is highly dependent on pH of the solution; thus, the polymer pH
of the solution is another important parameter for the adsorption process. So, it is very important to
investigate the effect of solution pH on adsorption of 1-phenylmenthol on MIPs and NIPs. The effect
of pH on 1-phenylmenthol adsorption was determined for different pH values ranging from 2 to 11,
using a methanol solution (Figure 25). The pH of methanol solution was adjusted to promote the
monomer-template interactions since it has been reported that the extraction is based on hydrogen
bonding of the target compound and functional monomer. This is due to the chemical speciation for
both active binding sites of cavities present inside the MIP and the active functional groups of the
template available for bonding. Figure 25 shows that highest adsorption of template was achieved at
pH 7 with an enrichment factor of 40. At optimum pH (pH 7) there are no structural changes of
template and MIP configuration’s so, maximum adsorption of template was observed at neutral pH
and then changed as the medium turned to acidic or basic. At acidic media pH 2 or basic media pH 11
the adsorption seems to be decreasing, this might be since the synthesis of both MIP and NIP has a
permanent positive charge, which causes the electrostatic repulsion and result in poor enrichment
factor at pH 2. Or it might be due to the hydrophobic interactions by many competing H+ ions in acidic
media that will be available for the protonation of carboxylic group result in weakening of H-bonding
between template and selective binding sites of MIPs and causes a decreasing the binding capacity in
acidic media. Tt higher pH values (basic media), the adsorption also seems to be decrease too which
may be due to the presence of soluble hydroxyl groups and competing with the template for binding
sites. MIPs had always enrichment factor than NIPs because they have specific binding sites for 1-
phenylmenthol, while NIPs have no specific binding sites. A similar trend was observed by Bakhtiar
et al. [188], who used 2-phenyl-phenol as a template to prepare MIPs. Their results showed that
99.42% was recovered at pH 7, which meant that sample pH 7 was also their optimum. Moreover
Shafgat et al, [189] observed the same trend, using the congo red dye as a template to achieve the

highest removal efficiency at pH 7.
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Figure 25: Effect of sample pH on the adsorption of 1-phenylmenthol (n = 3, SD). Experimental
conditions: Mass of MIPs, 50 mg; mass of NIPs, 80 mg; solution volume, 30 mL; contact time, 180

min; template concentration, 11 mg L™

4.12.2. Effects of mass

The effect mass was investigated in the range of 10 to 80 mg. Figure 26 shows that, initially, the
enrichment factor of 1-phenylmenthol increased as the mass of the MIPs increased. This is because an
increase in the amount of polymer, the number of the adsorption sites was increased and make a greater
availability of the template to be adsorbed within the polymers. A little decrease in the enrichment
factor was observed with further increased in mass of MIPs from 50 mg to 80 mg, which might be due
to the aggregation of polymer particles. Therefore, aggregation of polymer particles decreased the
available binding sites, and hence, lower enrichment factor. NIPs required more amount of sorbent
because it had no specific binding sites for 1-phenylmenthol adsorption, hence higher enrichment
factor as the mass increased. The highest enrichment factor was obtained at the mass of 50 mg for
MIPs and 80 mg for NIPs. Thus, mass 50 and 80 mg were selected as optimum and used in all other
experiments. The same effect of mass results was presented in a recent study by Shafqat et al. [189].
They synthesized MIPs in the presence of congo red dye as a template, and the effects of mass were
investigated from mass of 0.1 g to 1 g. Their results indicated that percentage removal of the dye
increased with the increase in the mass of MIPs up to a certain limit where further increased in mass
of MIPs cause a gradual decline. A similar trend was observed for the MIPs synthesised with abacavir

as template by Qwane et al. [190], which meant that during the increase in mass of MIPs, more binding
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sites in the polymer became available, and the extraction efficiency was enhanced until the equilibrium

was reached at a mass of 40 mg as their optimum mass.
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Figure 26: Effect of mass on the adsorption of 1-phenylmenthol (n = 3, SD). Experimental conditions:

Sample pH 7; solution volume, 30 mL; contact time, 180 min; template concentration, 11 mg L.

4.12.3. Effects of concentration

The experiment was carried out at a different concentration of the 1-phenylmenthol (7 to 54 mg L™?).
Figure 27 shows that the enrichment factor for MIPs increased with the increase of the template
concentration from 7 to 11 mg L%, then decreased with further increase in concentration from 22 to 54
mg L. This indicated that the MIP was reaching saturation at higher concentrations. However, this
observation was only noticed when MIPs were used. On the other hand, when the concentration of
template increased, the enrichment factor on NIPs increased from 7 to 54 mg L. Since NIPs have
limited or no binding sites, high concentration of template was needed to achieve noticeable full
binding of template into the NIPs, as compared to MIPs where only 11 mg L™ concentration was
enough to achieve the highest enrichment factor. In other words, high adsorption at lower
concentration of template with MIPs was observed, whereas high adsorption at higher concentration
of template into NIPs was observed. The maximum enrichment factor was obtained at the concertation
of 11 mg L for MIPs and 54 mg L™ for NIPs; therefore, they were selected as optimum and used in

other optimization experiments.
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Figure 27: Effect of concentration on the adsorption of 1-phenylmenthol (n = 3, SD). Experimental
conditions: Mass of MIPs, 50 mg; mass of NIPs, 80 mg; sample pH 7; solution volume, 30 mL; contact

time, 180 min.

4.12.4. Effects of contact time

The relationship between the amount of 1-phenylmenthol adsorbed and contact time for the MIPs is
shown in Figure 28, where 50 mg of MIPs was added into 30 mL solution (11 mg L) at sample pH
7, the adsorption was investigated between 20 to 180 min. Figure 28 shows that there is an increase in
the enrichment factor on both MIPs and NIPs from 20 to 180 min. The time 180 min was therefore
selected as the optimum time in both MIPs and NIPs. The enrichment factor of the MIPs was higher
than of the NIPs, because MIPs has high selectivity due to the binding sites, while NIPs had no binding

sites.
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Figure 28: Effect of contact time on the adsorption of 1-phenylmenthol (n = 3, SD). Experimental
conditions: Mass of MIPs, 50 mg; mass of NIPs, 80 mg; sample pH 7; solution volume, 30 mL,;

template concentration, 11 mg L.

4.13. Reusability studies

The results of the reusability studies are shown in Figure 29. The reusability of imprinted polymers
was done at experimental optimum conditions (mass of MIPs, 50 mg; mass of NIPs, 80 mg; sample
pH, 7; solution volume, 30 mL; contact time, 180 min, template concentration, 11 mg L1). Adsorption—
desorption cycles were repeated 6 times by using the same imprinted particles with fresh elution
solution. An increase of enrichment factor from cycle 1 to 3 was probably due to template bleeding or
memory effects, when the previous cycles of adsorption of template left some 1-phenylmenthol bound

on the binding sites after washing to prepare the second cycle. After the first cycle of adsorption, they
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were template molecules remaining in the MIPs thus, less cavities will be available for rebinding,
which decreases the enrichment factor of the next cycles. A decrease from cycle 3 to 6 was due to the
loss of polymers or some imprinted cavities were destroyed, which led to slight loss of adsorption
capacity. The enrichment factors of MIPs were higher than of NIPs because MIPs has high selectivity
due to the binding sites, while NIPs have no binding sites. The results of the reusability studies have
shown that the MIP can be re-used up to 3 cycles, because the enrichment factor decreased by only 9

from cycle 1 to 6.

Related results for stability and reusability of MIPs were presented by Fernandes et al. [53], who
synthesized MIPs using ascorbic acid as template. Based on their results, they have observed a little
increase from cycle 2 to 3 and decrease from cycle 4 to 5. However, most of studies showed an equal
uniform percentage recovery or little decrease after few cycles. Qwane et al. [190] synthesized
abacavir imprinted polymers and reusability of the synthesized MIP for the adsorption of abacavir was
done. The results showed that the extraction efficiency of MIPs was greater than 90% from cycle 1 to
6 and little decline from 6 to 10 cycles. Xu et al. [191] synthesized lysozyme imprinted polymers (Lyz-
MIPs). The regeneration and reusability batch adsorption experiment were done, based on their results,
after 6 cycles, the removal efficiency of the Lyz-MIPs for template protein was only reduced by 7.4%.
Furthermore, Gao et al. [192] synthesized magnetic protein imprinted, and non-imprinted
nanoparticles. Based on the reusability studies, they found that adsorption capacity of MP-MIPs was
still maintained at stable values of 91.3% after 6 cycles, although with little decrease of 6%, whereas

the extraction efficiency of NIPs remained almost unchanged.
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Figure 29: Reusability MIPs and NIPs (n = 3, SD). Experimental conditions: Mass of MIPs, 50 mg;
mass of NIPs, 80 mg; sample pH 7; solution volume, 30 mL; contact time, 180 min; template

concentration, 11 mg L.

68

© University of Venda



7S
>

) (o

,
L

University of Venda
Creating Future Leaders

Chapter 5

Conclusion

This chapter conclude the aim, results, and findings of this dissertation. Challenges that were faced

during the project, recommendation and future work are all discussed.
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5.1. Conclusion

In this work, menthol was successfully oxidised into menthone, which was then used as starting
material to synthesised 1-phenylmenthol. AIll organic products were purified by column
chromatography and fully characterized by *C NMR, H NMR and FTIR which showed and
confirmed the structure of all successful and unsuccessful synthesized product based on the chemical
shift of all carbon and hydrogen atoms. 1-phenylmenthol was then used as molecular template for the
synthesis of MIPs, a robust polymeric 3D structure that was used as a sorbent on SPE. In addition, 1-
phenylmenthol is a chiral organic compound that was used as a template for the first time in the
synthesis of MIPs. Unlike other essential oils (menthol and menthone), 1-phenylmenthol was found to
have these properties as they were never reported before: it has no minty odour, colour is yellowish

and not soluble in water.

Molecularly imprinted polymer was successful synthesized using precipitation polymerization. MIP
was synthesized using 1-phenylmenthol as a template, EGDMA as a cross-linking agent, methanol as
a porogen, MAA as a functional monomer and AIBN as an initiator. They were characterized by FT-
IR, TGA, and BET surface area analysis which indicated successful preparation of MIPs. BET analysis
shows that MIP had a larger surface area, pore volume and pore size than the NIP. TGA confirmed the
stability of washed MIP and NIPs up to 300°C as compared to unwashed MIP which was gradually
decreasing in weight from 100°C. FIRT spectrum showed it clearly on unwashed MIPs that there is a
template as compared to washed MIPs and NIPs that did not have template. Parameters affecting
adsorption of 1-phenylmenthol into polymers were optimized and calculated in terms of enrichment
factors. Optimization experiments were done at different sample pH, mass of the polymer, contact
time, and template concentration to find the optimum conditions. Therefore, the optimum enrichment
factor was found to be at sample pH 7, mass of MIPs at 50 mg, contact time at 180 min, template
concentration at 11 mg L™ and mass of NIPs at 80 mg. The synthesized MIP can be re-used up to 3

cycles, because the enrichment factor decreased by only 9 from cycle 1 to 6.
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5.2. Challenges, recommendation, and future work

Challenges that were encountered during the study of this research project.

The addition of PhMgBr to menthone was quite difficult since menthone is an enolizable and
hindered ketone, because of the bulky isopropyl crating 1,3 diaxial interaction, making it
difficult for the Grignard addition of phenyl group to menthone.

PhMgBr is strong nucleophile and highly reactive agent, it is sensitive to water and oxygen.
Therefore, the reaction should be done in dry and inert environment because if moisture is in
contact with the reagent, it will become unreactive.

As far as synthesis of MIPs reaction was done, there were few challenges: This precipitation
reaction is a condensation polymerization called endothermic reaction, thus the reaction
required heat from outside. This becomes a challenge when too little or too high heat
(temperature) was provided, therefore, when temperature is below 60°C the polymerization
mixture will not get enough energy to convert reactant into the desired product.

Another challenge was when pre-polymerization mixture was purged with N2 gas, addition of
inert gas to the constant-volume reaction mixture increases the total pressure of the system.
Therefore, high pressure starts to accumulate and push out the lid which closes the round
bottomed flask, causing the solvent to evaporate when temperature was increased to 80°C.
During the elution of template process, the wash out solution was analyzed by high limit
detection UV-vis instrument, which could not detect the small amount of template left uneluted
in the imprinted polymer matrices. Hence, the problem with incomplete template removal is
template bleeding which occurred and might have caused the enrichment factors to be enhanced

due over estimation of adsorption results.

Future work

To synthesized 1-phneylmenthol considering different purification or separation methods like
LC-MS to identify its molecular weight and the chirality of the product. Furthermore, some
catalysts (CeCls) can be added to enhance addition of Grignard reaction and percentage yield
of the product.

To conduct one pot Grignard reaction with MIPs and determine the rate of reaction, with and
without MIPs. In addition, different reducing agent (e.g., PhLi) other than PhMgBr can be used
to reduce the difficulties of handling PhMgBr and increase the addition of phenyl group to

menthone.
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= Analyze three different imprinted polymers with SEM considering the effect of different
functional monomer: cross-linker ratios. A certain functional monomer: cross-linker ratio can
be used to produce MIP particles with controlled size and morphology, which can also increase
the stability of polymers.

= Apart from 1-phenylmenthol used in this project as template, different commercially available
organic compound can be used as template, which can dissolve in other solvents not just
methanol, also to increase the reusability cycles, and selectivity of MIPs.

= Application of the prepared MIPs to real samples and analysis with the LC-MS instead of the
UVv.
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Figure Al: TGA thermograph of unwashed MIPs
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Figure A2: TGA thermograph of washed MIPs
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