Journal of
theBrazilian
hemical
Society

Communication

https://dx.doi.org/10.21577/0103-5053.20260089

J. Braz. Chem. Soc. 2026, 37-Spe2, e-20260089, 1-7
©2026 Sociedade Brasileira de Quimica

Microwave-Assisted vs. Conventional Knoevenagel-Doebner Condensation for the
Synthesis of 3-Arylacrylic Acids: a Pyridine-Rationalized Approach

Luiz F. E. S. Soares,"”* Emmanuel D. da Silva,"* Hordcio B. Pacule,"
José A. F. P. Villar® and Jefferson L. Princival”**

“Laboratorio de Catdlise Orgdnica, Universidade Federal de Sdo Jodo del-Rei,
35501-295 Divinopolis-MG, Brazil

bLaboratdrio de Sintese Orgdnica e Nanoestruturas, Universidade Federal de Sdo Jodo del-Rei,
35501-295 Divinopolis-MG, Brazil

Microwave-assisted Knoevenagel-Doebner condensation mediated by pyridine has proven
to be a highly efficient method for the synthesis of 3-aryl acrylic acids, which are important
intermediates in the preparation of industrially and pharmacologically relevant compounds. The
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efficiency of the present approach is demonstrated by high reactant conversion, along with a  grganic sYNTHESIS

significant reduction in reaction time compared to conventional heating methods. A comparative
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study revealed that the use of pyridine as both base and solvent under either conventional reflux
or microwave-assisted conditions clearly favors the latter, with reactions proceeding at least eight
times faster under microwave irradiation. Furthermore, the method was successfully scaled up
for selected target molecules, enabling the synthesis on a 50 mmol scale of cinnamic acid (2a),
(E)-3-(furan-2-yl) acrylic acid (2b), and ferulic acid (2e).
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Introduction

Compared to conventional reflux heating, literature
reports microwave irradiation significantly accelerates
reaction rates while maintaining or even enhancing product
yields, in addition to offers high reproducibility across a
broad range of substrates.' Accordingly, this approach
has emerged as a viable, sustainable, and environmentally
friendly alternative, enabling highly efficient processes
alongside practical and easily implemented technology in
modern organic synthesis.*” As a widely recognized green
technology, microwave-assisted methods provide not only
shorter reaction times but also improved controllability
and cleaner reaction profiles, making them particularly
attractive for the preparation of organic compounds.'
The key feature of microwave heating lies in the direct
interaction of electromagnetic radiation with molecular
dipoles and ionic species present in the reaction medium.
The rapid oscillation of these species generates heat through
dielectric loss, resulting in efficient volumetric heating, in

*e-mail: princivalj@ufsj.edu.br
Editor handled this article: Fernanda Gadini Finelli (Guest)
This publication is part of the special issue “Organic Synthesis - BMOS”

contrast to the conduction-limited heat transfer observed
under conventional conditions.® Consequently, localized
overheating of polar media and the formation of hot spots
may occur, creating thermal gradients that can influence
reaction selectivity and even enable transformations not
accessible under traditional heating.® In this context, the
choice of base plays a crucial role in determining both
the efficiency and scalability of microwave-assisted
Knoevenagel-Doebner condensations. Pyridine offers
distinct advantages over more reactive amines such
as piperidine, owing to its lower basicity and reduced
nucleophilicity, which contribute to improved thermal
control and minimized side reactions under microwave
irradiation. Given that microwave-assisted processes are
inherently sensitive to thermal gradients, this characteristic
is particularly important for ensuring scalability.* In
addition, the use of pyridine instead of piperidine may
simplify handling and regulatory compliance, as piperidine
is subject to stricter monitoring due to its classification as a
potential controlled precursor. Despite the well-established
use of microwave-assisted methodologies in organic
synthesis, there are still few reports on their application
to the Knoevenagel-Doebner condensation.! In that study,
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phenolic aldehydes were reacted with malonic acid in
dimethylformamide (DMF) using piperidine as catalyst.

The Knoevenagel condensation is recognized as one of
the most extensively explored reactions for the synthesis
of o,B-unsaturated carbonyl compounds, particularly in
the preparation of cinnamic acid derivatives.'” To date,
its application in the production of 3-aryl acrylic acids
has attracted considerable attention in both academic and
industrial settings, owing to its broad functional group
tolerance, which enables the synthesis of structurally diverse
derivatives'' possessing a wide range of biological activities,
such us antimicrobial effects,'? anti-inflammatory activity'*->
and anticancer properties.'® Further studies have demonstrated
neuroprotective effects, mediated by HDAC2 inhibition and
microRNA regulation,'” along with metabolic benefits,
including antioxidant and hypolipidemic properties,'® and
antidiabetic activity attributed to a-glucosidase inhibition
and the reduction of postprandial glycemia.'*

In this context and given the limited number of studies
employing pyridine in microwave-assisted Knoevenagel-
Doebner condensation in addition of more strictly regulated
use of amines such as piperidine, we herein report an
efficient and scalable protocol for the synthesis of 3-aryl
acrylic acids using pyridine as both base and solvent.

Results and Discussion

To initiate the investigation of the Knoevenagel-Doebner
condensation, reactions were first performed using equimolar
amounts of p-tolualdehyde and malonic acid. Under
conventional heating, compound 2¢ was obtained in 75%
yield, whereas microwave irradiation afforded compound
2¢ in only 30% yield. Therefore, a broader range of reactant
stoichiometries was evaluated by varying the amount of
p-tolualdehyde from 1.0 to 2.0 equiv. and the amount of
malonic acid up to 3.0 equiv. Analysis of these experiments
revealed that, under microwave irradiation, the use of 1.5 and
2.0 equiv. of malonic acid afforded compound 3c in 55 and
98% yield, respectively. In contrast, only minor differences
were observed under conventional heating. These results
suggest that, although decarboxylation may be suppressed
under relatively basic conditions such as pyridine, the thermal
effect generated by microwave irradiation plays a significant
role in promoting the partial consumption of malonic acid
in the reaction medium.

Accordingly, after optimization of the reactant ratio
and considering parameters such as concentration, reaction
time, and isolated yield, both pyridine and triethylamine
were further evaluated as bases, under either conventional
or microwave heating. In these experiments, 1.0-2.0 equiv.
of malonic acid was reacted with 1.0 equiv. of benzaldehyde
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in order to establish the standard reaction conditions. The
corresponding results are shown in Figure 1.
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Figure 1. Knoevenagel-Doebner condensation upon Py, TEA and
TEA + Py to obtain 2¢. Py: pyridine; TEA: triethylamine; MW: microwave
irradiation; CM: conventional method.

As shown in Figure 1, compound 2¢ was obtained
in 98% yield within 60 min when pyridine was used as
the sole solvent (light blue line, Figure 1). In contrast,
significantly lower and comparable yields were observed
when compound 1c¢ was reacted for the same period in
triethylamine or in a 1:1 mixture of triethylamine and
pyridine, affording compound 2c¢ in only 75 and 80% yield,
respectively. Overall, based on the results summarized
in Figure 1, the optimal conditions for the microwave-
assisted synthesis of compound 2¢ were found to be
compound 1c¢ (10 mmol), malonic acid (20 mmol), and
pyridine (4 mL), under microwave irradiation at 80 °C
and 100 W. To determine the optimum reaction time under
conventional heating, the reaction was monitored under
analogous conditions. Since after 60 min only 30% yield
of compound 2¢ was obtained (black line, Figure 1), the
reaction time was extended until compound 3¢ was formed
in 88 and 95% yield when 1.5 and 2.0 equiv. of malonic
acid were employed, respectively. Under these conditions,
8 h were required for complete conversion.

The results also show the exclusive formation of the
E isomer (see Supplementary Information (SI) section,
for typically coupling constant for an E-isomer), which
is consistent with the stereochemical outcome commonly
reported for classical Knoevenagel-Doebner condensations.
In these reactions, the E configuration is favored due
to its greater thermodynamic stability compared to the
corresponding Z isomer, after decarboxylation step.

After optimization, and to demonstrate the generality
of the method, aldehydes 1a-1m were subjected to the
Knoevenagel-Doebner condensation under the optimized
conditions. The results obtained as well as the comparison
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between microwave irradiation (MW) and conventional
method (CM), are summarized in Table 1.

Table 1. Knoevenagel-Doebner condensation comparing CM and MW
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“Isolated yields; conditions: compounds 1a-1m (10 mmol), malonic
acid (20 mmol), pyridine (4 mL, ca. 50 mmol), 80 °C; CM: conventional
method, 8 h; MW: microwave irradiation, 1 h.
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Under the conditions shown in Table 1, compounds 2¢
and 2g (entries 3 and 7) were obtained in 98% yield. In
cases where comparable yields were achieved under both
heating methods, the principal advantage of microwave
irradiation was the substantial reduction in reaction time.
For example, cinnamic acid derivative 2a (entry 1, Table
1) was obtained in 95% yield under both conventional
and microwave conditions; however, under microwave
irradiation the reaction was completed eight times
faster, using identical stoichiometric ratios. This result is
particularly noteworthy, since the literature®' reports only
68% yield for compound 2a under similar microwave
conditions. Overall, the data presented in Table 1 clearly
demonstrate the superiority of microwave irradiation.

Furthermore, comparison of the present protocol with
representative literature methods highlights its advantages.
For instance, Viana et al.?’ reported the synthesis of
p-chlorocinnamic acid (2h) in 61% yield, 3-nitrocinnamic
acid (2f) in 34% yield, and 4-nitrocinnamic acid (2g) in 59%
yield under microwave irradiation. In contrast, the present
methodology afforded compounds 2h and 2f in 95% yield
and compound 2g in 98% yield. Niemczyk et al.** obtained
compound 2f in 65% yield. Importantly, m-nitrocinnamic
acid (2f) is a key intermediate in the synthesis of Ro 24-5913,
apotent and selective oral leukotriene D4 (LTD,) antagonist
used in the treatment of asthma.?

Beyond their synthetic relevance, the prepared compounds
exhibit a variety of noteworthy biological activities.??
Compound 2b acts as an auxin-response inhibitor, attenuating
auxin-induced gene expression (IAA5/BA3-GUS)
and suppressing root and hypocotyl elongation without
interfering with the IAA7/AXR2-SCF(TIR1) interaction.?*
Compound 2c¢ exhibits antifungal activity and acts as a
chemosensitizer toward agents that compromise fungal
cell wall integrity.

Compound 2d displays neuroprotective effects
associated with modulation of cellular redox status,
preservation of mitochondrial function, and increased
adenosine triphosphate (ATP) production under oxidative
stress conditions.?® Compound 2e (ferulic acid) demonstrated
in vivo antitumor activity, reducing tumor growth and
modulating pathways associated with cell proliferation
and hypoxic stress responses.”’ In addition, ferulic acid
has broad metabolic applications and is widely employed
in the treatment of metabolic syndrome, food preservation,
and cosmetics.”® Finally, compounds 2g and 2h showed
inhibitory activity against tyrosinase, involving interactions
within the enzyme active site and, in the case of the nitro
derivative, chelation of the catalytic copper ion.”

The methodology was further evaluated on a larger
scale using selected compounds of particular interest,
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namely cinnamic acid (2a), (E)-3-(furan-2-yl)acrylic
acid (2b), and ferulic acid (2e), which were prepared
on a 50 mmol scale. Under the optimized conditions,
compound 2b was isolated in 98% yield (20.3 g), whereas
compounds 2a and 2e were obtained in 95% yield
(21.4 and 27.6 g, respectively), thereby demonstrating the
robustness and scalability of the proposed microwave-
assisted protocol. For comparison, Mouterde and
Allais' also reported the use of microwave irradiation
for the preparation of 4-hydroxycinnamic acid (2d),
obtaining the product in 92% yield on an 8 mmol scale
using N,N-dimethylformamide (DMF)/piperidine as
the reaction medium. These results indicate that, even
relative to previously established microwave-assisted
methodologies, modification of the reaction medium
exerts a decisive influence on reaction performance,
further underscoring the high efficiency and sustainable
potential of the method described herein.

Finally, with the exception of compound 2i (entry 9),
the protocol proved to be general, furnishing the
desired products in very good yields. Moreover, the
isolated yields obtained in the present study were
consistently higher than those reported in the literature,
highlighting the effectiveness of the reaction conditions
employed.

Regarding to the reaction mechanism, pyridine is
proposed to act both as solvent and as base. Under the
mildly basic conditions, the reaction is initiated by
deprotonation of the acidic proton of malonic acid, followed
by abstraction of a proton from the methylene group, both
mediated by pyridine. The resulting resonance-stabilized
enolate 3 then undergoes nucleophilic addition to the
aldehyde, affording p-hydroxycarbonyl intermediate 4.
Subsequent protonation by the pyridinium species furnishes
intermediate 5. Under microwave irradiation, intermediate 5
is proposed to undergo a decarboxylation/E1¢B sequence,®
ultimately yielding the corresponding o,-unsaturated
acid 2."3" Scheme 1 summarizes the proposed reaction
pathway.

O(O
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Microwave-Assisted vs. Conventional Knoevenagel-Doebner Condensation for the Synthesis of 3-Arylacrylic Acids

Mechanistically, the reaction differs from the
conventional use of secondary amines (e.g., piperidine),
which form iminium salts at the initial stage and undergo
elimination with the loss of a piperidinium moiety.’' In
contrast, when tertiary amines are employed, no nitrogen-
based leaving group is lost, and the process predominantly
follows an E1cB mechanism.

When ortho- or para-phenolic groups are present in
the aromatic aldehyde, formation of a methylene quinone
intermediate may divert the reaction pathway. In such cases,
the phenolate stabilizes the negative formed charges and
conjugates with the aromatic ring, promoting electronic
reorganization that leads to an additional decarboxylation
step and, consequently, to the formation of 4-vinylphenol.
This behavior is significantly favored when the reactions
are carried out at elevated temperatures or in the presence
of excess piperidine.*

Conclusions

The results obtained highlight the use of pyridine
under both conventional heating and microwave-assisted
conditions as an effective and time-efficient strategy
for the synthesis of 13 acrylic acid derivatives. This
approach has proven to be scalable, offering a very simple
and efficient alternative that enables the production of
compounds 2a-2m in notable yields and with significantly
reduced reaction times.

Experimental
Materials and reagents

All commercial reagents and solvents were used
without further purification. Analytical thin-layer
chromatography (TLC) was performed on silica gel 60 plates
(Macherey-Nagel®, 20 x 20 cm, 0.25 mm thickness) and
visualized under UV irradiation (254 or 365 nm) or in an
iodine chamber.
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Scheme 1. Proposed mechanism for the Knoevenagel-Doebner condensation using pyridine.
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Instrumentation

'H (100 MHz) and 3C (25 MHz) nuclear magnetic
resonance (NMR) spectra were recorded on a Nanalysis
100 Pro spectrometer (100 MHz), using deuterated
chloroform (CDCl,) as the solvent, with five drops of
deuterated dimethyl sulfoxide (DMSO-d;) as a co-solvent.
Chemical shifts (d) are reported in ppm relative to
tetramethylsilane (TMS, Me,Si) or the deuterated solvent
(CDCl,), and coupling constants (J) are reported in Hz.
The mass of the obtained products was confirmed using a
Bruker Amazon SL mass spectrometer with electrospray
ionization (ESI) in negative mode. The samples were
diluted in acetonitrile/water (1:1) and filtered through
a 0.22 pym Millipore filter. High-performance liquid
chromatography (HPLC) analysis was performed using
a Shimadzu prominence liquid chromatography system
equipped with an LC-20AT pump, an SPD-M20A
photodiode array detector (PDA-DAD), an SIL-20A
autosampler, and a Shim-pack C18 VP-ODS reverse-phase
column (4.6 x 250 mm, 5 um). The analyses were carried
out at three wavelengths: 220 (channel 1), 250 (channel 2),
and 280 nm (channel 3). The chromatographic method
was carried out under isocratic conditions using
acetonitrile/H,O (85:15, v/v) as the mobile phase, with a
flow rate of 1.0 mL min™" and a total run time of 15 min. An
injection volume of 20 uLL was used for the sample solution,
prepared at a concentration of 0.5 mg in 2 mL of acetonitrile.

Experimental conditions
General process for preparation of acrylic acids

Conventional method (CM)

The acrylic acids 2a to 2m were synthesized according
to the conventional method (CM) as follows: to a 50 mL
round-bottom flask, were sequentially added aldehyde
(10 mmol), malonic acid (20 mmol) and pyridine
(4 mL, ca. 50 mmol). The reaction mixture was heated
at 80 °C and leaved for 8 h. The progress of the reaction
was monitored by thin-layer chromatography (TLC)
using an n-hexane:ethyl acetate (1:1, v/v) mixture as
the eluent. Upon completion of the reaction, the mixture
was cooled in an ice bath under continuous stirring.
Hydrochloric acid (6 mol L) was then slowly added
dropwise under constant stirring until the pH was adjusted
to 2-3, promoting precipitation of the product as a solid.
The resulting suspension was kept in an ice bath for
30 to 40 min to maximize precipitation. The solid product
was then isolated by vacuum filtration and washed with
small portions of distilled water to remove acidic residues

J. Braz. Chem. Soc. 2026, 37-Spe2, e-20260089

Soares et al.

and other soluble impurities. Finally, the material was
dried under vacuum, yielding a white, opaque solid with
yields ranging from 35 to 96% depending on the specific
aromatic aldehyde used (Table 1).

Microwave-assisted synthesis method

The acrylic acids 2a to 2m were synthesized as follows:
to a 50 mL round-bottom flask, were sequentially added
aldehyde (10 mmol), malonic acid (20 mmol) and pyridine
(4 mL, ca. 50 mmol). The reaction system was coupled to a
microwave reactor configured to operate under controlled
conditions. The reaction was carried out at 100 W, with
temperature controlled between at 80 °C, for a period of
60 min. The progress of the reaction was monitored in the
same way as in the conventional method. The extraction,
precipitation, isolation, and purification processes of the
products obtained by microwave irradiation were identical
to those described for the conventional methodology,
ensuring the reproducibility of the steps and allowing direct
comparison between the two synthesis methods.

Cinnamic acid (2a)

Fine white opaque solid; yield 95 (CM) and 95% (MW);
'H NMR (100 MHz, CDCl;) 6 7.86 (d, J 16 Hz, 1H),
7.57-7.31 (m, 5H), 6.51 (d, J 16 Hz, 1H); C NMR
(25 MHz, DMSO-dy) 6 172.78, 149.14, 139.54, 135.42,
134.14, 133.40, 124.53; HRMS (ESI) m/z, M —-H]": 147.1,
[2M - H]™: 295.01; CAS: 140-10-3.

(E)-3-(Furan-2-yl)acrylic acid (2b)

Pale brown solid; yield 95 (CM) and 95% (MW);
'H NMR (100 MHz, CDCl,) 6 7.51-7.49 (m, 1H), 7.39
(d, J 15 Hz, 1H), 6.67-6.38 (m, 2H), 6.26 (d, J 15 Hz, 1H);
3C NMR (25 MHz, DMSO-d,) 6 169.59, 150.91, 144.78,
131.56, 116.12, 114.70, 112.27; HRMS (ESI) m/z,
[M —H]: 137.1; CAS: 539-47-9.

(E)-3-(p-Tolyl)acrylic acid (2¢)

Fine white opaque solid; yield 96 (CM) and
98% (MW); 'H NMR (100 MHz, DMSO-d; and CDCl,)
0 7.84 (d, J 15 Hz, 1H), 7.43 (d, J 8Hz, 2H), 7.27
(d, J8Hz,2H), 6.47 (d,J 15 Hz, 1H), 2.46 (s, 3H); *C NMR
(25 MHz, DMSO-d, and CDCl;) 6 168.79, 144.48, 140.35,
131.72, 129.50, 127.90, 117.72, 21.29; HRMS (ESI) m/z,
[M —HJ: 161.1, [2M — H]: 323.2; CAS: 940-61-4.

(E)-3-(4-Hydroxyphenyl)acrylic acid (2d)

Fine white opaque solid; yield 75 (CM) and 95% (MW);
'HNMR (100 MHz, DMSO-d, and CDCl,) 6 9.18 (s, 1H),
7.60(d,J 16 Hz, 1H),7.38 (d,J 8 Hz,2H), 6.84 (d,J 8 Hz,2H),
6.23 (d, J 16 Hz, 1H); *C NMR (25 MHz, CDCl, and
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DMSO-d,) § 168.47, 160.03, 144.54, 130.14, 125.75,
116.22; HRMS (ESI) m/z, [M — H]": 163.1, [2M — H]":
327.1; CAS: 7400-08-0.

(E)-3-(4-Hydroxy-3-methoxyphenyl)acrylic acid (2e)

Pink solid; yield 70 (CM) and 90% (MW); 'H NMR
(100 MHz, DMSO-d; and CDCl;) 6 9.0 (s, 1H),
7.66(d,J 16 Hz, 1H),7.37-6.72 (m,3H), 6.17 (d,/ 16 Hz, |H),
3.82 (s, 3H); “C NMR (25 MHz, DMSO-d, and CDCl,)
0 168.97, 148.54, 147.36, 144.78, 126.25, 122.52, 115.28,
109.96, 55.64; HRMS (ESI) m/z, [M — H]: 193.1;
CAS: 537-98-4.

(E)-3-(3-Nitrophenyl)acrylic acid (2f)

Fine white opaque solid; yield 90 (CM) and 95%
(MW); 'H NMR (100 MHz, DMSO-d, and CDCl,)
0 8.28-8.10 (m, 2H), 7.86-7.47 (m, 3H), 6.48 (d,J 16 Hz, 1H);
3C NMR (25 MHz, DMSO-d,; and CDCl;) 6 172.29,
153.40, 146.21, 141.22, 138.53, 134.93, 129.03, 127.17;
HRMS (ESI) m/z, [M — H]~: 192.1, [2M — H]: 385.1;
CAS: 1772-76-5.

(E)-3-(4-Nitrophenyl)acrylic acid (2g)

Light yellow solid; yield 90 (CM) and 98% (MW);
'H NMR (100 MHz, DMSO-d, and CDCl;)
0 8.16 (d, J 9.0 Hz, 2H), 7.74 (d, J 9.0 Hz, 2H),
7.61 (d, J 16 Hz, 1H), 6.55 (d, J 16 Hz, 1H); *C NMR
(25 MHz, DMSO-d, and CDCl,) 6 167.47, 148.46,
141.76, 141.26, 129.74, 124.38, 124.13; HRMS (ESI) m/z,
[M - H]: 192.1, [2M - H]: 385.1; CAS: 619-89-6.

(E)-3-(4-Chlorophenyl)acrylic acid (2h)

Fine white opaque solid; yield 85 (CM) and 95%
(MW); 'H NMR (102 MHz, DMSO-d, and CDCl,)
0 7.85-7.77 (m, 1H), 7.53-7.726 (m, 3H), 7.51
(d, J 16.0 Hz, 1H), 6.35 (d, J 16.0 Hz, 1H); “C NMR
(25 MHz, DMSO-d; and CDCl,) 6 172.72, 147.52,
140.35, 138.09, 134.23, 133.90, 124.82; HRMS (ESI) m/z,
[M - HJ: 181.1; CAS: 940-62-5.

(E)-3-(2-Fluorophenyl)acrylic acid (2i)

Fine white opaque solid; yield 35 (CM) and
50% (MW); 'H NMR (100 MHz, CDCl;) 6 7.68
(d, J 16 Hz, 1H), 7.55-6.93 (m, 4H), 6.41 (d, J 16 Hz,
1H); 3C NMR (25 MHz, DMSO-d, and CDCl,)
0 165.53, 158.91 (d, 'J.p 242 Hz, C-F), 134.09, 133.07
(d, %J.r8 Hz, Ar-CH), 130.31, 129.97, 127.37, 123.09
(d,*Jcr3 Hz, Ar-CH), 122.98, 120.52 (d, *J.- 8 Hz, Ar-CH),
120.25, 120.04, 114.20 (d, *Jc; 21 Hz, Ar-CH);
HRMS (ESI) m/z, [M — H]: 165.1, [2M — H]: 331.1;
CAS: 18944-77-9.
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(E)-3-(4-(Trifluoromethyl)phenyl)acrylic acid (2j)

Fine white opaque solid; yield 80 (CM) and 86% (MW);
'H NMR (100 MHz, DMSO-d,) 6 7.85-7.50 (m, 6H),
6.47 (d, J 16.0 Hz, 1H); *C NMR (25 MHz, DMSO-d;)
0 167.58, 142.44, 138.79, 129.80, 129.18, 126.15,
126.02, 122.66; HRMS (ESI) m/z, [M — H]™: 215.1;
[2M — H]™: 431.2; CAS: 2062-26-2.

(E)-3-(2,4-Difluorophenyl)acrylic acid (2k)

Fine white opaque solid; yield 50 (CM) and 70% (MW);
'HNMR (100 MHz, CDCl,) § 7.73-7.46 (m, 2H), 6.98-6.79
(m,2H),6.38 (d,J 15 Hz, 1H); B*CNMR (25 MHz, DMSO-d;)
0 167.68, 152.72, 135.31, 131.39-131.02 (m), 122.14
(d, Jor SHz), 119.16, 112.9 (dd, 2J; 21 Hz, *J ., 3 Hz),
105.06 (t, 2J-x 25 Hz); HRMS (ESI) m/z, [M — H]~: 183.0;
CAS: 94977-52-3.

(2E,2’E)-3,3’-(1,3-Phenylene)diacrylic acid (2I)

Fine white opaque solid; yield 85 (CM) and 96%
(MW); '"H NMR (100 MHz, DMSO-d, and CDCl,)
0 12.42 (s, 2H), 7.93-7.73 (m, 4H), 7.62 (d, J 16 Hz, 2H),
6.60 (d, J 16.0 Hz, 2H); *C NMR (25 MHz, DMSO-d,
and CDCL,) 0 167.93, 143.49, 136.40, 129.16, 120.76;
HRMS (ESI) m/z, [M — H]: 217.1, [2M — H]J: 435.2;
CAS: 37710-81-9.

(E)-3-(4-(Hexyloxy)-3-methoxyphenyl)acrylic acid (2m)

Fine white opaque solid; yield 85 (CM) and 90% (MW);
'H NMR (100 MHz, DMSO-ds, and CDCl,)
0 9.89 (s, 1H), 7.77 (d, J 16.0 Hz, 1H), 7.52-6.87
(m, 3H), 6.36 (d, J 16 Hz, 1H), 4.22-4.09 (m, 2H),
4.04-3.95 (m, 3H), 1.93-1.87(m, 2H), 1.44 (m, 7H),
1.02-0.96 (m, 2H); '3C NMR (25 MHz, DMSO-d, and
CDCL,) 0 191.66, 154.23, 149.85, 144.57, 130.06, 126.44,
123.03, 112.62, 110.40, 69.03, 56.15, 31.46, 29.01,
25.63, 22.55, 14.33; HRMS (ESI) m/z, [M — H]: 177.2,
[2M — H]: 555.4; CAS: 79669-12-8.
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