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Abstract

Eugenol, a phenol-derived aromatic allylbenzene compound, exhibits a wide spectrum of biological
activities (antifungal, antibacterial, antioxidant, analgesic, and antiseptic) and is an active
ingredient in various hygiene products. It contains three reactive groups (hydroxy, allyl, and
methoxy) and undergoes several reactions, including alkylation. The modification of the hydroxyl
group of eugenol through alkylation has been performed using different alkylating agents.
Alkylation has been carried out in various solvents (benzene, acetonitrile, methanol, and water)
and at diverse temperatures. Hence, the investigation of this alkylation reaction on eugenol
remains challenging. Correspondingly, the present study investigated the alkylation of eugenol by
ethyl chloroacetate in polar aprotic solvents (N,N-dimethylformamide, dimethyl sulfoxide,
acetonitrile, and tetrahydrofuran) at temperatures ranging from 0°C to room temperature. The
product, ethyl 2-(4-allyl-2-methoxyphenoxy)acetate (3), was obtained in yields of 91%, 51%, and
47% using DMF, DMSO, and CH3CN, respectively. The product's structure was confirmed by NMR,
IR spectroscopy, and HRESIMS analysis.
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ovale,  Penicillium  chrysogenum, and

Introduction Streptococcus aureus (Olea et al., 2019; Pinto

Eugenol (4-allyl-2-methoxyphenol or
1-allyl-4-hydroxy-3-methoxybenzene),
included in the group of phenol-derived
aromatic allylbenzene compounds, is the
main constituent of the essential oil of clove
(Syzygium aromaticum) (Marchese et al,
2017; Suryanti et al,, 2016). It can also be
found in cinnamon, tulsi, and pepper (Khalil
et al,, 2017). Eugenol exhibits potential as an
antifungal, antibacterial, antioxidant,
analgesic, and antiseptic agent (Frohlich et
al, 2019; Mekky et al,, 2023). It has been
reported to be active against Candida
albicans, Aspergillus niger, Saccharomyces
cerevisiae, Bacillus subtilis, Pityrosporum

et al,, 2019). Additionally, eugenol has been
used as an active ingredient in antiseptics
(Wael et al,, 2018), aromatherapy, fragrances
for perfumes, cosmetics, and detergents
(Bendre etal., 2016).

Eugenol, containing hydroxy, allyl,
and methoxy groups, is a reactive
allylphenol-type phenylpropanoid
compound (Ulanowska & Olas, 2021). It
undergoes several reactions, including
acetylation, esterification, isomerization,
alkylation, and addition, which are directly
useful or serve as starting points for other
compounds (Firdaus et al., 2020; Mishra et
al,, 2013).
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The hydroxyl group of eugenol can
be modified to produce ether through
Williamson etherification (Suryanto &
Anwar, 2012). This hydroxyl group can also
undergo alkylation reactions with alkylating
agents such as acetyl, propanil, 3-
chloropropanil, 3-hydroxypropanil, methyl
butanoate, and butanoic acid (Fernandes et
al, 2020; Olea et al, 2019). For example,
alkylation of eugenol with iodomethane or
iodoethane at a temperature of 40-50°C with
potassium hydroxide in benzene forms the
corresponding ethers, namely 3,4-
dimethoxyallylbenzene and 3-methoxy-4-
ethoxyallylbenzene (Mikhailovskii et al,
2012). Similarly, alkylation of the hydroxyl
group of eugenol has been carried out with
1-bromopropane, 1-bromo-3-chloropropane,
3-bromopropan-1-ol, and ethyl 4-
bromobutanoate using cesium carbonate in

acetonitrile at 65°C. The alkylation
products—4-allyl-2-methoxy-1-
propoxybenzene, 4-allyl-1-(3-

chloropropoxy)-2-methoxybenzene, 3-(4-
allyl-2-methoxyphenoxy)propan-1-ol, and
ethyl 4-(4-allyl-2-
methoxyphenoxy)butanoate—were obtained
in 53-89% yield (Fernandes et al., 2020).
Alkylation of eugenol with propargyl
bromide was successfully performed using
sodium hydroxide in methanol, yielding 4-
allyl-2-methoxy-1-(prop-2-yn-1-

yloxy)benzene with an 87% yield. The
reaction was conducted at 40°C, followed by
stirring at room temperature for 18 hours
(Oliveira et al,, 2019). Methylation of eugenol
was also executed with dimethyl carbonate
using aqueous sodium hydroxide and a 20%
bentonite catalyst. This reaction, performed
at a temperature of 120-160°C, afforded
methyl eugenol in a 26% yield (Asnawati et
al, 2015). Alkylation of eugenol can be
accomplished in various solvents, such as
benzene, acetonitrile, methanol, and water,
at temperatures ranging from 40-65°C to
120-160°C. These findings extend
possibilities for investigating the alkylation
of eugenol in other solvents and at lower
reaction temperatures. Based on the above
explanation, this study aimed to investigate
the alkylation reaction of eugenol with ethyl
chloroacetate in polar aprotic solvents (N,N-
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dimethylformamide, dimethyl sulfoxide,
acetonitrile, and tetrahydrofuran) at
temperatures ranging from 0°C to room
temperature to produce ethyl 2-(4-allyl-2-
methoxyphenoxy)acetate.

Methodology

General Procedure

All chemicals were procured from
commercial suppliers (Sigma-Aldrich, Merck,
RCI Labscan, Smart-Lab, JT Baker, Fulltime,
and VWR Chemical) and used as received.
Reaction progress was monitored by thin-
layer chromatography (TLC) on silica gel 60
F254 (Merck, Germany). The NMR, IR
spectra, and LC-HRMS were used to
characterize the synthesized compounds.
The IR spectra were recorded on an FT-IR
8400S spectrometer (Shimadzu, Japan). The
NMR spectra were recorded on a Bruker
Avance Neo NMR 500 MHz spectrometer
(Bruker, Switzerland). The LC-HRMS analysis
was performed on a Xevo G2-XS QTOF
(Waters, USA).
Synthesis of Ethyl
methoxyphenoxy)acetate (3)

Eugenol (1) (2.3 mL, 15 mmol) in
aprotic solvents (N,N-dimethylformamide,
dimethyl sulfoxide, acetonitrile, and
tetrahydrofuran) (62.5 mL) was stirred at
0°C (ice bath) for 15 minutes. Potassium
carbonate (7.26 g, 52.5 mmol) was added,
and the mixture was further stirred at 0°C
for 30 minutes. Next, ethyl chloroacetate (2)
(6.4 mL, 60 mmol) was added, and the
reaction mixture was stirred at 0°C for 1
hour, followed by stirring at room
temperature for 3 hours. After the starting
material was completely consumed, as
indicated by TLC monitoring, the mixture
was extracted using dichloromethane (3 x 15
mL) and water (20 mL). The organic phase
was combined and dried over Na;SO4. The
solvents were evaporated under reduced
pressure, and the resulting residue was
purified by silica gel column
chromatography (0.063-0.0200 mm) using a
mixture of n-hexane and ethyl acetate. This
process  afforded  ethyl  2-(4-allyl-2-
methoxyphenoxy)acetate (3) as a yellow to
brownish-yellow oil (DMF: 3.41 g, 91%;
DMSO: 191 g, 51%; CH3CN: 1.76 g, 47%

2-(4-allyl-2-

Copyright © 2024 WIC | ISSN 2621-5985 (online) | ISSN 2549-385X (print)

Volume 7, Nomor 2, 2024



yield); IR (KBr): v 3077, 2978, 2839, 1759,
1680, 1036 cml; 'H NMR (DMSO-ds, 500
MHz): 6 6.81 (d, ] = 2 Hz, 1H, CH Ar), 6.78 (d,
J=8Hz, 1H, CH Ar), 6.66-6.64 (m, 1H, CH Ar),
5.97-5.84 (m, 1H, CH), 5.08-5.02 (m, 2H,
CHz), 4.69 (s, 2H, CH2), 4.15(q,/ =7, 7 Hz, 2H,
CH), 3.75 (s, 3H, OCHz), 3.29 (d, / = 7 Hz, 2H,
CHz), 1.21 (t, ] = 7 Hz, 3H, CH3); HRESIMS
[Found: m/z 273.1109 (M+H)*), calcd for
C14H1s04Na: (M+H)+, 273.1103].

Results and Discussion

In the present study, the formation of
ethyl 2-(4-allyl-2-methoxyphenoxy)acetate
(3) from the reaction of eugenol (1) and
ethyl chloroacetate (2) followed the scheme
displayed in Figure 1. The reaction was
conducted in various aprotic solvents,
namely  N,N-dimethylformamide (DMF),
dimethyl sulfoxide (DMSO), acetonitrile
(CH3CN), and tetrahydrofuran (THF), in the
presence of potassium carbonate as a base.
The reaction proceeded via bimolecular
nucleophilic substitution (Sn2), yielding ethyl
2-(4-allyl-2-methoxyphenoxy)acetate (3) in
varying percentages depending on the
solvent used.

0
OH 2(4eq) o

/\/@ —>K2C03 /\/@

z OMe =z OMe

DMF/DMSO/
1(1eq) CH3CN/THF 3 (DMF, 91%; DMSO, 51%;
0°Ctort CH3CN 47%, THF 0%)

Figure 1. Synthetic scheme of ethyl 2-(4-
allyl-2-methoxyphenoxy)acetate (3).

123 123 123 123
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In general, the experiments were
carried out by dissolving eugenol (1) in the
respective solvent under stirring at 0°C (ice
bath), followed by the addition of potassium
carbonate (K,COz). Ethyl chloroacetate (2)
was then added, and the reaction mixture
was stirred further at 0°C and subsequently
at room temperature. The progress of the
reaction was monitored using thin-layer
chromatography (TLC) with n-hexane:ethyl
acetate (5:1) as the mobile phase. The TLC
profiles obtained with the four solvents at
room temperature (see Figure 2) showed the
appearance of a new spot with an Rf value
distinct from that of eugenol (1). However,
the reaction in THF did not progress,
prompting  termination and  further
processing of the reaction mixture.

The reaction products were poured
onto crushed ice, allowed to reach room
temperature, and then extracted with
dichloromethane (DCM). The resulting
organic phase was washed with distilled
water, dried over anhydrous sodium sulfate
(NapS0,), filtered, and concentrated under
reduced pressure. The residue obtained was
purified by column chromatography using n-
hexane:ethyl acetate mixtures as the eluent.
Fractions with similar Rf profiles were

0" combined, and the solvent was evaporated,

yielding ethyl 2-(4-allyl-2-
methoxyphenoxy)acetate (3) as a yellow to
brownish-yellow oil. A purity test of the
product using TLC (see Figure 3) revealed a
single spot, indicating that compound (3)
was pure.

Figure 2. TLC monitoring profile for the synthesis of ethyl 2-(4-allyl-2-methoxyphenoxy)acetate
(3) at room temperature in different solvents: DMF (left), DMSO (left-center), CH3CN (right-
center), and THF (right). Key: 1 = eugenol (1), 2 = mix (eugenol (1) + reaction mixture), 3 =

reaction mixture.
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a b c

Figure 3. TLC profile of ethyl 2-(4-allyl-2-methoxyphenoxy)acetate (3) in different solvent
systems: (a) n-hexane, (b) n-hexane:ethyl acetate (1:1), (c) n-hexane:ethyl acetate (5:1), (d1) n-
hexane:ethyl acetate (5:1), (d2) n-hexane:ethyl acetate (1:1).

The synthesis of ethyl 2-(4-allyl-2-
methoxyphenoxy)acetate (3) in different
polar aprotic solvents from eugenol (1) and
ethyl chloroacetate (2) in the presence of
K,CO; as the base was carried out. The
solvents affected the reaction profile, as
indicated by TLC (see Figure 3). The
reaction of eugenol (1) and ethyl
chloroacetate (2) in DMF, DMSO, and CH3CN
produced ethyl 2-(4-allyl-2-
methoxyphenoxy)acetate (3) as an oily
product, with a mass and yield of 3.41 g
(91%), 191 g (51%), and 1.76 g (47%),
respectively (see Table 1).

It was noted that eugenol (1) had a
large dipole moment related to its molecular
polarity, enabling it to form strong
nonspecific dipole-dipole interactions with
the solvent (Muliadi et al, 2023). The
solubility of eugenol (1) was greater in DMF
compared to other solvents due to the
formation of a hydrogen bond between the -
OH group of eugenol (1) and the nitrogen
atom of DMF (Solomons et al, 2014).
Meanwhile, eugenol (1) was only slightly
soluble in DMSO and CH3CN, affecting the
yield of the product (3). THF, a polar aprotic
solvent with a small dipole moment and a
dielectric constant of less than 10, resulted
in the limited solubility of eugenol (1). This
condition decreased the nucleophilicity of
the reactant, thereby inhibiting the SN2
reaction (Yulianti et al., 2012).

The structure of ethyl 2-(4-allyl-2-
methoxyphenoxy)acetate (3) was identified
using NMR, IR spectra, and HRESIMS
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analysis. The 'H NMR spectrum of
compound (3) in DMSO-d¢ (500 MHz) (see
Figure 5) displayed triplet and singlet
signals at § 1.20 ppm (] = 7 Hz) and 6 3.73
ppm, attributed to CH3 protons. A singlet at
6 4.67 ppm, a doublet at § 3.28 ppm (] = 7
Hz), a quartet at 6 4.14 ppm (] = 7, 7 Hz),
and a multiplet at § 5.08-5.02 ppm
corresponded to CH, protons. The CH
proton appeared as a multiplet at 6 5.97-
5.84 ppm. The presence of aromatic protons
was noted from doublet, doublet, and
multiplet signals at § 6.78 ppm (] = 8 Hz), §
6.81 ppm (J = 2 Hz), and 6 6.66-6.64 ppm,
respectively.

The structural identification of ethyl
2-(4-allyl-2-methoxyphenoxy)acetate (3) by
infrared  spectroscopy indicated the
existence of CH sp?, CH sp?, C=0, C=C, and C-
0 bonds, observed as absorption bands at v
3077, 2978, 2839, 1759, 1680, and 1036
cm™ (see Figure 6). The molecular mass of
ethyl 2-(4-allyl-2-methoxyphenoxy)acetate
(3) (see Figure 7) exhibited a molecular ion
([M+H]*) peak at m/z 273.1109 for
C14H1504Na, consistent with the theoretical
m/z [M+H]* 273.1103.

A plausible mechanism for the
formation of ethyl 2-(4-allyl-2-
methoxyphenoxy)acetate (3) via an Sy2
reaction involved the deprotonation of the
hydroxy group of eugenol (1) by the
carbonate ion, forming the alkoxide as a
nucleophile. A subsequent concerted attack
of this species on ethyl chloroacetate (2) led
to the formation of product (3).
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Table 1. %Yield of ethyl 2-(4-allyl-2-methoxyphenoxy)acetate (3)

Product 3 Solvents
DMF DMSO CH;CN THF
%Yield 91 47 0
Appearance Oily Oily Oily

Color Yellow Yellow

Brownish yellow  Blackish

Conclusion

In conclusion, ethyl 2-(4-allyl-2-
methoxyphenoxy)acetate (3) was obtained
in yields of 91%, 51%, and 47% using DMF,
DMSO, and CH3CN, respectively, as solvents
in the reaction between eugenol (1) and
ethyl chloroacetate (2). The structure of
ethyl 2-(4-allyl-2-methoxyphenoxy)acetate
(3) was established through NMR, IR
spectroscopy, and HRESIMS analysis.
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