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ABSTRACT: In this study, the hydrolysis of ethyl azolylacetates
and ethyl cinnamates using K2CO3/ethanol under microwave
irradiation was developed. For this purpose, ethyl azolylacetates
were first synthesized by nucleophilic substitution between the
corresponding azole and ethyl bromoacetate under sonication at 50
°C for 3 h, yielding derivatives with 10−92% chemical yields, while
ethyl cinnamates were obtained by a microwave-assisted Horner−
Wadsworth−Emmons (HWE) reaction of triethyl phosphonoace-
tate with a variety of aryl aldehydes at 140 °C for 20 min, yielding
derivatives with moderate to high yields (67−98%). Initially, the optimization of the hydrolysis reaction was performed using ethyl
pyrazolylacetate as a model starting material while varying the temperature, time, and base equivalents; the best results were achieved
by carrying out the reaction at 180 °C for 20 min with 3.0 eq of K2CO3. This simple and greener method facilitated the synthesis of
potassium carboxylates in moderate to high yields, 80−98% for azolyl derivatives and 73−98% for cinnamate derivatives. The
structures of all potassium carboxylates were confirmed by FTIR, 1H, 13C NMR, and HRMS.

1. INTRODUCTION
Organic chemistry has remarkably contributed to the develop-
ment of novel compounds with unique properties that make
them useful for all types of applications and fields, including
biology, medicinal chemistry, engineering, materials science,
among others.1 In this context, one of the primary goals of
organic synthesis research is the design of more effective
synthetic routes and more environmentally friendly method-
ologies in response to increasing environmental concerns over
the last few decades.2 As such, the discovery of microwave-
assisted organic synthesis (MAOS) has led to enhanced
chemical reactions under milder conditions, achieving drastic
acceleration of reaction rates, lower energy costs, cleaner
reactions, improved yields, and has even opened the
opportunity to conduct solvent-free reactions.3−8

Surprisingly, ester hydrolysis is a fundamental trans-
formation in organic synthesis whose acid- and base-catalyzed
methodology under prolonged reflux has barely changed over
the last century. Instead, various studies of enzyme-
catalyzed9,10 and neutral hydrolysis11 have been developed,
and in the previous decades, adapted to microwave-assisted
methods leading to enhanced yields and lower reaction
times.12−14 Nonetheless, these methods exhibit substantial
challenges; enzyme-catalyzed hydrolysis is restricted by narrow
substrate specificity15 and lack of enzyme stability under
working conditions,16 while neutral hydrolysis is limited to
slow reaction rates,17 lack of general applicability14 or requires
specialized catalysts.18 In this context, efficiently obtaining

carboxylic acids and carboxylates holds significant interest due
to their synthetic and practical value. Carboxylic acids are
widely used in the production of diverse kinds of compounds,
including polymers, pharmaceuticals, solvents, and food
additives. Moreover, they frequently serve as key intermediates
in the synthesis of several important heterocompounds, such as
amides,19,20 oxadiazoles,21,22 oxazolines,23 benzothiazoles,24

and other derivatives with biological interest.25 On the other
hand, carboxylates are usually used to form complexes.
Currently, there is a high level of interest in carboxylate
complexes because they are highly promising candidates in
organic catalysis26−28 and mimic metallo-enzymes.29

Therefore, achieving a general and effective method for the
eco-friendly hydrolysis of esters using alternative energy
sources such as microwave irradiation has remained a pressing
goal. Currently, base-catalyzed hydrolysis predominates over
other methods of hydrolysis for many organic compounds30

(Table 1). Accordingly, we report a microwave-assisted
hydrolysis method of ethyl azolylacetates and ethyl cinnamic
esters to obtain their corresponding carboxylates through a
very simple procedure using potassium carbonate.
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2. RESULTS AND DISCUSSION
In order to have a representative group of ethyl azolylacetates
and ethyl cinnamates, initially we prepared the azolylacetates
1a−e by applying the methodology developed by our research
group using ultrasonic energy.36 For this purpose, ethyl
bromoacetate and different azole compounds (pyrazole,
imidazole, benzimidazole, and benzotriazole) were reacted in
the presence of K2CO3 in CH3CN or DMF, to give the ethyl
azolylacetates 1a−c with moderate to high yields (82−92%).
Lower yields were obtained when benzotriazole was used,
which afforded a mixture of regioisomers 1d and 1e in 79%
and 10% yield, respectively (Scheme 1).

On the other hand, to obtain ethyl cinnamates 2a−f, a
Horner−Wadsworth−Emmons reaction (HWE) was per-
formed between triethyl phosphonoacetate and commercially
available aryl aldehydes such as benzaldehyde, 4-fluorobenzal-
dehyde, 4-chlorobenzaldehyde, 4-bromobenzaldehyde, 4-me-
thoxybenzaldehyde, and 4-nitrobenzaldehyde using K2CO3 in
ethanol under microwave irradiation at 140 °C for 20 min.
After column chromatography purification, ethyl cinnamates
2a−f were obtained in yields ranging from 67% to 98%
(Scheme 2). The highest yields were obtained when
benzaldehyde, 4-fluorobenzaldehyde, 4-bromobenzaldehyde,
and 4-nitrobenzaldehyde (88−98%) were used; the lowest
yields were obtained for compounds 2c and 2e, using 4-chloro-
and 4-methoxybenzaldehyde, respectively. These results were
in agreement with those described in the literature, and
spectroscopic data (1H and 13C NMR) of known ethyl
azolylacetates6,36 and ethyl cinnamates37−39 were further
compared to confirm their structures.

After ethyl azolylacetates 1a−e and ethyl cinnamates 2a−f
were obtained, the next step was to find the optimal reaction
conditions for the hydrolysis of these compounds under
microwave irradiation. Initially, ethyl pyrazolylacetate 1a was
used as a substrate in the model reaction shown in Table 2.
The first five experiments focused on the reaction of 1a with
3.0 equiv of K2CO3 as a base and EtOH as a solvent for 20 min
at different temperatures (100−180 °C). The lowest yield
(69%) was obtained when the reaction was carried out at 100
°C (Table 2, entry 1). Moreover, the increase in temperature
to 120 °C, 140 °C, and 160 °C did not have a significant effect
on the yield (Table 2, entries 2, 3, and 4). Interestingly, when
the reaction was performed using 3.0 equiv of K2CO3 at 180
°C for 20 min, carboxylate 3a was obtained in a 98% yield
(Table 2, entry 5). This result prompted us to evaluate the
influence of K2CO3 equivalents using 2.0 and 1.0 equiv at 180
°C for 20 min. The yield obtained using 2.0 equiv decreased to
89%, whereas under the same conditions, the yield dramatically
dropped to 52% when using only 1.0 equiv (Table 2, entries 6
and 7). Finally, we decided to evaluate the hydrolysis reaction
using 3.0 equiv of K2CO3 at 180 °C for 10 min, obtaining the
carboxylate 3a with an excellent yield, 97% (Table 2, entry 8).
Based on the observed results, we proposed the formation of

carboxylate 3a, which was unequivocally characterized by its
low- and high-resolution mass spectrometry analysis. At the
same time, the IR data for compound 3a were compared with
the IR data of pirazol-1-yl acetic acid described by Boa et al.40

(potassium carboxylate vs carboxylic acid), where the pirazol-
1-yl acetic acid shows a band at 1733 cm−1 which is attributed
to the carbonyl group, whereas for compound 3a, the
carboxylate symmetric stretching mode is shifted to lower
frequency, 1601 cm−1. These data confirm the presence of the
carboxylate group as a resonance hybrid.
On the other hand, the 1H NMR data for 3a were consistent

with the 1H NMR data for pirazol-1-yl acetic acid, except for a
broad signal (br) at 4.0−4.5 ppm for OH in the carboxylic
acid. Another major difference between these two compounds
is the 13C NMR signal for carbon C�O, where the pirazol-1-yl
acetic acid shows a signal at 172.23 ppm (CO2H),41 while 3a
shows a signal shifted to 174.8 ppm (CO2K) (Figure S2). The
Δδ value (2.57 ppm) indicates that the two oxygens from the
carboxyl group are coordinated with potassium. These results
are consistent with the literature for a bidentate bridge
coordination.42,43

Once the optimal reaction conditions were found, the next
step involved investigating the generality of the hydrolysis
reaction of 1a−e and 2a−f using K2CO3 (3 equiv), ethanol as
the solvent, and the reaction running at 180 °C for 20 min.

Table 1. Examples of Catalysts Used in Acid-, Base-, Neutral-, and Enzyme-Catalyzed Ester Hydrolysisa

Catalyst
Amount of
catalyst Ester(s) Reaction conditions

Yield
(%) Ref.

Sulfonated naphthalene-based solid
acid

3% (w/w) Methyl acetate 55 °C, 4 h 37 Fu Z. et al.31

KOH 5% (w/v) Ethyl azolyl esters Reflux, 1 h 34−35 El-Kardocy A. et al.32

KOH 10% (w/v) Ethyl quinolinyl esters MW, 90−100 °C, 15 min ND-97 Malvacio I. et al. 33

LiCl-DMF 5.0 eq. Methyl esters MW, 150−160 °C, 10 min 29−99 Wu X. A. et al. 13

Zn-based polymeric NPs 15 μM Aryl and alkyl esters 40 °C, 4 h 18−99 Arifuzzaman MD. et al.18

Carboxylesterase NPs 16 μM Aryl and alkyl esters 40 °C, 10 min, 28 h 0−95 Smeets J. W. H. et al.34

Lipase (Lipozyme RM IM) 3.5 eq. Methyl phenoxyl ester MW, 45 °C, 4 h 97 Bevilaqua J. V. et al.35

K2CO3/EtOH 3.0 eq. Ethyl azolyl and cinnamic esters MW, 180 °C, 20 min 73−98 This work
aND = hydrolysis product not detected.

Scheme 1. Preparation of Ethyl Azolylacetates 1a−e
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These reaction conditions afforded the target compounds 3a−
e and 4a−f from good to excellent yields (73 to 98%) as white
solids easily separated by filtration from the reaction mixture
(Schemes 3 and 4).
The hydrolysis of ethyl imidazolyl 1b, benzimidazolyl 1c,

and 1-benzotriazolylacetate 1d generated the corresponding

potassium carboxylates 3b, 3c, and 3d in good yields, 83%,
85%, and 80%, respectively. A slight increase in yield was
observed for the hydrolysis of 1e (87%); meanwhile, the
hydrolysis of ethyl pyrazolylacetate 1a gave the best yield
(98%).
In the same manner, the hydrolysis reaction of 2a−e

produced the corresponding potassium cinnamates 4a−e in
good to high yields, 87−97%, while a moderate yield (73%)
was obtained for compound 4f (Scheme 4). It is important to
mention that the structure of all potassium carboxylates was
confirmed by high-resolution mass spectrometry.
The IR and 13C NMR data for the carbonyl group of

compounds 3a−e and 4a−f are shown in Table 3. For
compounds 3a−e, in the IR spectra, the carbonyl group
appears between 1567 and 1641 cm−1, while the carbonyl
group in the pirazol-1-yl acetic acid appears at 1773 cm−1. For
the carboxylic carbon, in the 13C NMR spectra, the carbons are
more deshielded than pirazol-1-yl acetic carbon (172.2−174.8
ppm vs 172.2 ppm). On the other hand, for compounds 4a−f,
all the carboxylic carbons are more shielded than the carboxylic
carbon of the cinnamic acid (174.7−176.0 ppm vs 167.6
ppm).44

3. CONCLUSIONS
In summary, microwave-assisted organic synthesis has been
successfully applied in the preparation of potassium carbox-
ylates, achieving short reaction times and good to high
chemical yields compared with traditional synthetic methods.
Therefore, we propose this procedure as a fast, practical, and
efficient method for synthesizing a variety of carboxylates. It is
important to mention that obtaining a crystal suitable for
further structural studies by X-ray diffraction and the
evaluation of biological activities of these newly synthesized
compounds are currently in progress.

4. METHODS
4.1. Chemistry. All commercial materials were used as

received, unless noted otherwise. Flash chromatography was
performed using 230−400 mesh Silica Flash 60 silica gel. Thin-
layer chromatography was done on precoated TLC sheets of
silica gel 60 F254 (E. Merck). NMR spectra were recorded on
a Varian System instrument (400 MHz for 1H and 100 MHz
for 13C). The spectra were obtained in D2O, CD3OD, and

Scheme 2. Preparation of Ethyl Cinnamates 2a−f

Table 2. Optimization of Reaction Conditions for the
Preparation of Potassium Carboxylate 3a

Entry K2CO3 (eq.) Temperature (°C) Time (min.) Yield (%)a

1 3 100 20 69
2 3 120 20 71
3 3 140 20 73
4 3 160 20 74
5 3 180 20 98
6 2 180 20 89
7 1 180 20 52
8 3 180 10 97

aThe isolated solid was purified by ethanol washing.

Scheme 3. Preparation of Potassium Azolyl-Carboxylates
3a−e
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CDCl3. Chemical shifts (δ) are reported in parts per million.
Multiplicities are recorded as follows: s (singlet), d (doublet), t
(triplet), q (quartet), and m (multiplet). Coupling constants
(J) are given in Hz. High-resolution FAB+ mass experiments
were done in JEOL HRMStation JHRMS-700. Reactions
carried out with stirring under microwave irradiation in closed
vessels were all performed by using a microwave synthesis
reactor (Anton Paar Monowave 300).
4.2. General Procedure for the Synthesis of Com-

pounds 2a−f. In a capped 10 mL MW-vessel, triethyl
phosphonoacetate 1 (1.0 equiv), the corresponding aldehyde
(1.0 equiv), K2CO3 (1.0 equiv), and EtOH (4 mL) were
mixed. The vessel was placed into the irradiation cavity, and
the mixture was heated with stirring under microwave
irradiation at 140 °C for 20 min. Next, the vessel was cooled
to room temperature, and the residue was dissolved in
methanol, filtered, and then evaporated under vacuum. The
crude product was purified by column chromatography on
silica gel using EtOAc:Hex (4:6 v/v) as an eluent. The purity
of the final products was determined by 1H NMR. Character-
ization data for compounds 2a−f were consistent with those
reported in the literature.37−39

4.3. General Procedure for the Synthesis of Com-
pounds 3a−e and 4a−f. In a capped 10 mL MW-vessel, the
corresponding ester 1a−e or 2a−f (1.0 equiv), K2CO3 (3.0
equiv), and EtOH (4 mL) were mixed. The vessel was placed
into the irradiation cavity, and the mixture was heated with
stirring under microwave irradiation at 180 °C for 20 min.
Next, the vessel was cooled to room temperature, and the
residue was dissolved in methanol, filtered, and then
evaporated under vacuum. The solid product was purified by

crystallization using cold ethanol. The synthesized compounds
were characterized by FTIR, 1H NMR, 13C NMR spectrosco-
py, and high-resolution mass spectrometry.
4.3.1. Potassium 2-(1H-Pyrazol-1-yl)acetate 3a. 258 mg

(98%), white solid, mp >200 °C dec. 1H NMR (400 MHz,
CD3OD): δ 4.69 (s, 2H, CH2C�O), 6.26 (t, J = 2.1 Hz, 1H,
Harom), 7.43 (d, J = 1.8 Hz, 1H, Harom), 7.57 (d, J = 2.2 Hz, 1H,
Harom). 13C NMR (100 MHz, CD3OD): δ 56.3, 106.5, 132.3,
139.7, 174.8 (C�O). FTIR: ν = 3453, 3107, 1601, 1394,
1311, 757 cm−1. HRMS (FAB+): calculated for C5H5O2N2K2
[M + 2K]+, m/z 202.9625; found for [M + 2K]+, m/z
202.9630.
4.3.2. Potassium 2-(1H-Imidazol-1-yl)acetate 3b. 220 mg

(83%), white solid, mp >200 °C dec. 1H NMR (400 MHz,
CD3OD): δ 4.47 (s, 2H, CH2C�O), 6.86 (br, 1H, Harom),
6.98 (br, 1H, Harom), 7.52 (br, 1H, Harom). 13C NMR (100
MHz, CD3OD): δ 51.6, 122.1, 128.4, 139.4, 174.8 (C�O).
FTIR: ν = 3161, 1647, 1360, 844 cm−1. HRMS (ESI+):
calculated for C5H5O2N2K2 [M + 2K]+, m/z 202.9625; found
for [M + 2K]+, m/z 202.9593.
4.3.3. Potassium 2-(1H-Benzimidazol-1-yl)acetate 3c. 211

mg (85%), white solid, mp >200 °C dec. 1H NMR (400 MHz,
CD3OD): δ 4.78 (s, 2H, CH2C�O), 7.22−7.30 (m, 2H,
Harom), 7.44−7.46 (m, 1H, Harom), 7.65−7.67 (m, 1H, Harom),
8.10 (s, 1H, NCH�N). 13C NMR (100 MHz, CD3OD): δ
49.4, 111.4, 119.8, 123.2, 124.1, 135.6, 143.7, 145.6, 174.5
(C�O). FTIR: ν = 3316, 3055, 1570, 1397, 741 cm−1. HRMS
(FAB+): calculated for C9H7O2N2K2 [M + 2K]+, m/z
252.9782; found for [M + 2K]+, m/z 252.9781.
4.3.4. Potassium 2-(1H-Benzotriazol-1-yl)acetate 3d. 492

mg (80%), white solid, mp >200 °C dec. 1H NMR (400 MHz,

Scheme 4. Preparation of Potassium Cinnamates 4a−f

Table 3. IR and 13C NMR Spectroscopic Data for the Carbonyl Group in Compounds 3a−e and 4a−f

Compound Carbonyl group (cm−1) Carboxylic carbon (δ, ppm) Compound Carbonyl group (cm−1) Carboxylic carbon (δ, ppm)

3a 1601 174.8 4a 1636 175.7
3b 1641 174.8 4b 1639 175.6
3c 1567 174.5 4c 1634 175.3
3d 1594 172.9 4d 1642 175.4
3e 1601 172.2 4e 1627 176.0
--- --- --- 4f 1641 174.7
Pirazol-1-yl acetic acid 1733 172.2 Cinnamic acid 1670 167.6
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CD3OD/CDCl3): δ 5.25 (s, 2H, CH2C�O), 7.38−7.42 (m,
1H, Harom), 7.50−7.54 (m, 1H, Harom), 7.66−7.68 (m, 1H,
Harom), 7.94−7.96 (m, 1H, Harom). 13C NMR (100 MHz,
CD3OD/CDCl3): δ 52.5, 111.9, 119.6, 125.3, 128.4, 135.0,
146.6, 172.9 (C�O). FTIR: ν = 3303, 3060, 1594, 1384, 741
cm−1. HRMS (FAB+): calculated for C8H6O2N3K2 [M + 2K]+,
m/z 253.9734; found for [M + 2K]+, m/z 253.9732.
4.3.5. Potassium 2-(2H-Benzotriazol-2-yl)acetate 3e. 325

mg (87%), white solid, mp >200 °C dec. 1H NMR (400 MHz,
CD3OD/CDCl3): δ 5.36 (s, 2H, CH2C�O), 7.41−7.46 (m,
2H, Harom), 7.87−7.91 (m, 2H, Harom). 13C NMR (100 MHz,
CD3OD/CDCl3): δ 60.5, 118.6, 127.1, 145.3, 172.2 (C�O).
FTIR: ν = 3366, 2964, 1601, 1384, 747 cm−1. HRMS (FAB+):
calculated for C8H6O2N3K2 [M + 2K]+, m/z 253.9734; found
for [M + 2K]+, m/z 253.9727.
4.3.6. Potassium Cinnamate 4a. 194 mg (97%), white

solid, mp >200 °C dec. 1H NMR (400 MHz, D2O): δ 6.44 (d,
J = 16.0 Hz, 1H, CHC�O), 7.31 (d, J = 16.0 Hz, 1H,
C6H5CH�CH), 7.35−7.40 (m, 3H, Harom), 7.53−7.55 (m,
2H, Harom). 13C NMR (100 MHz, D2O): δ 124.2, 127.7, 129.0,
129.6, 135.2, 140.7, 175.7 (C�O). FTIR: ν = 3022, 1636,
1555, 1383, 966 cm−1. HRMS (FAB+): calculated for
C9H7O2K2 [M + 2K]+, m/z 224.9720; found for [M + 2K]+,
m/z 224.9740.
4.3.7. Potassium 3-(4-Fluorophenyl)acrylate 4b. 250 mg

(98%), white solid, mp >200 °C dec. 1H NMR (400 MHz,
CD3OD): δ 6.46 (d, J = 16.0 Hz, 1H, CHC�O), 7.07−7.12
(m, 2H, Harom), 7.37 (d, J = 16.0 Hz, 1H, C6H4CH), 7.55−
7.58 (m, 2H, Harom). 13C NMR (100 MHz, CD3OD): δ 116.5
(d, JC−F = 22 Hz), 126.6, 130.4 (d, JC−F = 8.3 Hz), 133.7 (d,
JC−F = 3.3 Hz), 139.5, 164.5 (d, JC−F = 247.1 Hz), 175.6 (C�
O). FTIR: ν = 3392, 3033, 1639, 1556, 1380, 1240 cm−1.
HRMS (FAB+): calculated for C9H6FO2K2 [M + 2K]+, m/z
242.9626; found for [M + 2K]+, m/z 242.9621.
4.3.8. Potassium 3-(4-Chlorophenyl)acrylate 4c. 223 mg

(89%), white solid, mp >200 °C dec. 1H NMR (400 MHz,
CD3OD): δ 6.44 (d, J = 16.0 Hz, 1H, CHC�O), 7.28 (d, J =
16.0 Hz, 1H, C6H4CH), 7.29 (d, J = 8.5 Hz, 2H, Harom), 7.44
(d, J = 8.5 Hz, 2H, Harom). 13C NMR (100 MHz, CD3OD): δ
127.7, 129.9, 135.5, 136.2, 139.1, 175.3 (C�O). FTIR: ν =
3029, 1634, 1553, 1377, 966, 827 cm−1. HRMS (FAB+):
calculated for C9H6ClO2K2 [M + 2K]+, m/z 258.9330; found
for [M + 2K]+, m/z 258.9334.
4.3.9. Potassium 3-(4-Bromophenyl)acrylate 4d. 207 mg

(87%), white solid, mp >200 °C dec. 1H NMR (400 MHz,
CD3OD): δ 6.53 (d, J = 16.0 Hz, 1H, CHC�O), 7.34 (d, J =
16.0 Hz, 1H, C6H4CH), 7.47 (d, J = 8.6 Hz, 2H, Harom), 7.52
(d, J = 8.6 Hz, 2H, Harom). 13C NMR (100 MHz, CD3OD): δ
123.6, 127.6, 130.2, 132.9, 136.5, 139.3, 175.4 (C�O). FTIR:
ν = 3407, 3029, 1642, 1553, 1386, 966, 823 cm−1. HRMS
(FAB+): calculated for C9H7BrO2K2 [M + 2K]+, m/z
303.8904; found for [M + 2K]+, m/z 303.8917.
4.3.10. Potassium 3-(4-Methoxyphenyl)acrylate 4e. 221

mg (90%), white solid, mp >200 °C dec. 1H NMR (400 MHz,
D2O): δ 3.79 (s, 3H, CH3O), 6.33 (d, J = 16.0 Hz, 1H,
CHC�O) 6.93 (d, J = 8.8 Hz, 2H, Harom), 7.29 (d, J = 16.0
Hz, 1H, C6H4CH), 7.49 (d, J = 8.8 Hz, 2H, Harom). 13C NMR
(100 MHz, D2O): δ 55.4 (CH3O), 114.4, 122.0, 128.2, 129.3,
140.5, 159.9, 176.0 (C�O). FTIR: ν = 2939, 2622, 1627,
1393, 977, 829 cm−1. HRMS (FAB+): calculated for
C10H9O3K2 [M + 2K]+, m/z 254.9826; found for [M +
2K]+, m/z 254.9858.

4.3.11. Potassium 3-(4-Nitrophenyl)acrylate 4f. 178 mg
(73%), white solid, mp >200 °C dec. 1H NMR (400 MHz,
D2O): δ 6.52 (d, J = 16.1 Hz, 1H, CHC�O), 7.27 (d, J = 16.1
Hz, 1H, CHC6H4), 7.63 (d, J = 8.4 Hz, 2H, Harom), 8.13 (d, J =
8.4 Hz, 2H, Harom). 13C NMR (100 MHz, D2O): δ 124.0,
128.3, 138.0, 142.1, 147.4, 162.5, 174.7 (C�O). FTIR: ν =
3233, 1641, 1373, 1341, 845 cm−1. HRMS (FAB+): calculated
for C9H6O4NK2 [M + 2K]+, m/z 269.9571; found for [M +
2K]+, m/z 269.9578.
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