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ABSTRACT
In this study, we present the synthesis of novel derivatives of 3-furan-2-yl
acrylohydrazide using a meticulous three-step reaction sequence. The synthesis ends
up in the condensation of (E)-3-(furan-2-yl) acrylohydrazide (3) with diverse
benzaldehyde and acetophenone derivatives. Comprehensive characterization of the
synthesized compounds was achieved through 1D nuclear magnetic resonance
spectroscopic analyses (1H and 13C NMR), 2D nuclear magnetic resonance
spectroscopy (HSQC, NOESY), and high-resolution mass spectrometry (HRMS).
The investigation of 1H NMR data at room temperature in deuterated dimethyl
sulfoxide (DMSO-d6 ) unveiled the existence of (E)-3-(furan-2-yl) acrylohydrazide
derivatives (4a–h) in a conformational equilibrium, manifesting as a mixture of
synperiplanar E (sp E) and antiperiplanar E (ap E), Notably, compounds 4a and 4b
predominantly adopted the sp E conformer (Ec=c sp EC=N), while the remaining
compounds (4c–h), favored the antiperiplanar conformation (Ec=c ap EC=N) even if
for the 4g compound it was challenging to determine the EC=N conformer. These
findings contribute valuable insights into the conformational dynamics of this class
of compounds, holding significance for applications in diverse scientific domains.

Subjects Spectroscopy, Synthetic Organic Chemistry
Keywords (E)-3-(furan-2-yl)acrylohydrazide, Acylhydrazone, Conformational analysis, NMR
spectroscopy

INTRODUCTION
N-acylhydrazones (NAH) are distinguished by the presence of an azomethine fragment
(CO-NH-N=CH), which, when integrated or connected into a heterocyclic scaffold,
frequently yields compounds exhibiting noteworthy biological activities, (Popiołek et al.,
2020; Coulibaly et al., 2023; Popiołek, 2021) including anticancer, (Zheng et al., 2009;
Terzioglu & Gürsoy, 2003) antibacterial, (Cardoso et al., 2014) and antidepressant
properties (Salgin-Goksen et al., 2021). Acrylohydrazides, a distinct class within these
organic compounds, have recently garnered attention due to their multifunctional
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properties (Yan & Mihail, 2016). Among them, (E)-3-(furan-2-yl) acrylohydrazides stand
out, featuring the conjugated furan-2-yl scaffold linked to a hydrazide function. This
unique combination of structures holds considerable potential for diverse applications,
encompassing bioactive functionalities (Ge et al., 2014).

Building upon our prior studies, (Achi et al., 2022; Ablo et al., 2022) which consistently
established the stable (E) conformation of N-acylhydrazones in various solvents,
particularly the prevalence of the syn conformation in solvents like DMSO-d6, we
identified conditions favoring the anti conformation, including less polar solvents (e.g.,
CDCl3), intramolecular hydrogen bonding, or steric hindrance. The persistent dominance
of the syn conformation, where crucial substituents adopt specific spatial orientations,
suggests a structural regularity with promising implications for the design of novel
molecules tailored for specific purposes.

Aligned with our previous investigations characterizing benzimidazoles
N-acylhydrazones and acylhydrazones derived from nitroimidazo[1,2-a]pyridine,
intimately linked to (E)-3-(furan-2-yl) acrylohydrazides by their fundamental structure,
this study endeavors to comprehensively explore the preferential conformation of these
newly synthesized molecular entities. Employing a rigorous synthetic approach coupled
with structural analyses, encompassing NMR, and HRMS, our objective is to delve into the
conformational properties of (E)-3-(furan-2-yl) acrylohydrazides. Ultimately, this research
aspires to make a significant contribution to the understanding of molecular conformation,
thereby laying the foundation for potential applications in the field of materials science.

MATERIALS AND METHODS
Material
Portions of this text were previously published as part of a preprint in ChemRxiv. 2024;
doi:10.26434/chemrxiv-2024-f8gtf. Unless otherwise stated, 1H et 13C NMR spectra were
recorded at 500 and 126 MHz, at 400 MHz for 1H and 101 MHz for 13C, respectively, in
CDCl3, Methanol-d4, and DMSO-d6 solutions provided by Eurisotop, using TMS as an
internal reference. Chemical shifts are reported in ppm on the δ scale. Multiplicities are
denoted as s (singlet), d (doublet), dd (doublet of doublet), t (triplet), q (quartet), m
(multiplet), and coupling constants (J) are reported in Hz. High-resolution mass spectra
(HRMS) were acquired in electrospray ionization (ESI) mode using an LC-MSD TOFmass
analyzer. The infrared analyses were conducted using a SHIMADZU FTIR spectrometer
equipped with an ATR stage featuring a diamond crystal. Data acquisition involved
performing 20 scans in the range of 4000 to 400 cm−1. Reaction monitoring and compound
purity were assessed by thin-layer chromatography (TLC) on silica gel plates (Merck
Kisselgel 60F254 nm, silica thickness 0.2 mm) revealed under UV-Vis light (λ = 254 and 365
nm). Product purification was carried out using silica gel column chromatography
(Kisselgel SI60, 40–63).

Solid compound melting points were determined using a Köpfler melting point
apparatus with a temperature range of 44–266 �C.

The required reagents for the synthesis protocols were procured from suppliers.
Triphenylphosphine, 3-fluoroacetophenone, 4-fluoroacetophenone, furan-2-
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carbaldehyde, thiophene-2-carbaldehyde, and pyridine-2-carbaldehyde were sourced from
Sigma Aldrich. Hydrazine monohydrate and pyrrole carboxaldehyde were obtained from
Thermo Scientific Chemicals. Additionally, sodium hydrogenocarbonate was sourced
from Chem Lab. All solvents utilized in the experiments were provided by Polychimie Côte
d’Ivoire, ensuring high quality and consistency throughout the experimental procedures.

Methods
Synthesis procedure for (E)-ethyl 3-(furan-2-yl) acrylate (2)
In a 100 mL round-bottom flask (rbf) fitted with a magnetic stirrer, a reaction mixture
comprising triphenylphosphine (PPh3, 1.5 eq., 36.46 mmol, 9,48 g), a saturated solution
of sodium bicarbonate (NaHCO3) (50 mL), ethyl 2-chloroacetate (1.8 eq, 43.40 mmol,
4.80 mL), and furan-2-carbaldehyde (1 eq, 24.10 mmol) was stirred at ambient temperature
for a duration of 24 h. The reaction was monitored using thin-layer chromatography (TLC),
and the completion of the reaction is indicated by TLC analysis. At the end of the reaction,
the reaction mixture was extracted with dichloromethane (DCM), and the resulting organic
layer was dried using magnesium sulfate (MgSO4) before undergoing concentration under
reduced pressure. Subsequently, diethyl ether (Et2O) was introduced to induce the
precipitation of triphenylphosphine oxide (O=PPh3), which was subsequently separated via
filtration. The obtained crude product undergoes purification via column chromatography
on silica gel, using cyclohexane or hexane as the eluent, resulting in the isolation of a brown
oil with a purity of 77% (3.07 g).

(E)-Ethyl-3-(furan -2-yl) acrylate (2); brown oil, yield = 77% (3.07 g) (E/Z-ratio:88/
12)

1H NMR (500 MHz, CDCl3) δ: E (major): 7.42 (d, J = 1.9 Hz, 1H, HAr), 7.38 (d,
J = 15.8 Hz, 1H, HC=), 6.55 (d, J = 3.4 Hz, 1H, HAr), 6.41 (dd, J = 3.4, 1.9 Hz, 1H, HAr),
6.27 (d, J = 15.8 Hz, 1H, =CH), 4.18 (q, J = 7.1 Hz, 2H, -CH2-), 1.26 (t, J = 7.1, Hz, 3H,
-CH3).

13C NMR (126 MHz, CDCl3) δ 167.00, 150.95, 144.69, 130.95, 115.94, 114.62, 112.24,
60.40, 14.28.

1H NMR (500 MHz, CDCl3) δ: Z (minor): 7.64 (d, J = 3.6 Hz, 1H, HAr), 6.73 (d,
J = 13.0 Hz, 1H), 7.47 (d, J = 1.9 Hz, 1H, HAr), 6.45 (ddd, J = 3.6, 1.9, 0.8 Hz, 1H, HAr),
5.69 (d, J = 13.0 Hz, 1H), 4.18 (q, J = 7.1 Hz, 2H), 1.26 (t, J = 7.1 Hz, 3H).

13C NMR (126 MHz, CDCl3) δ 165.96, 150.83, 143.89, 130.35, 117.01, 114.39, 112.58,
60.11, 14.25.

Synthesis procedure for (E)-3-(furan-2-yl) acrylohydrazide (3)
In a 50 mL round bottom flask equipped with a magnetic stirrer, 1 g (1 eq, 6.00 mmol) of
(E)-ethyl-3-( furan-2-yl) acrylate was dissolved in 2 mL of ethanol, followed by the
addition of 1.5 mL (5 eq, 30.00 mmol) of hydrazine monohydrate (H2N-NH2.H2O).
The mixture was stirred for 3 h at room temperature. TLC, indicative of reaction
completion, was performed. Upon cessation of the reaction, the reaction medium was
extracted using DCM. The organic layer was washed multiple times with water (H2O),
then dried with MgSO4 and concentrated under reduced pressure. The crude product was
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purified by column chromatography on silica gel, using cyclohexane/ethyl acetate 80/20 as
the eluent, yielding a beige powder (0.48 g, 52%).

(E)-3-(furan-2-yl) acrylohydrazide (3), beige powder, yield = 52% (480 mg), m.
p = 72–74 �C

1H NMR (500 MHz, CDCl3) δ 7.45 (d, J = 15.5 Hz, 1H, HC=), 7.43 (d, J = 1.9 Hz, 1H,
HAr), 7.19 (s, 1H, NH), 6.55 (d, J = 3.6 Hz, 1H, HAr), 6.44 (dd, J = 3.6, 1.9 Hz, 1H, HAr),
6.27 (d, J = 15.5 Hz, 1H, =CH), 4.05 (s, 2H, NH2).

13C NMR (126 MHz, CDCl3) δ 167.16, 151.23, 144.31, 128.60, 115.69, 114.33, 112.33.

General procedure for the synthesis of hydrazide-hydrazone derivatives
(4a–h)
In a 10 mL Schlenk equipped with a magnetic stirrer, a mixture was prepared by
combining 0.21 mmol (1 eq) of 3-(furan-2-yl) acrylohydrazide, 0.23 mmol (1.1 eq) of
acetophenone or aldehyde derivatives, 1.5 mL of ethanol, and two drops of concentrated
hydrochloric acid (HCl). The resulting mixture was stirred at room temperature (r.t) for
3 h. Subsequently, the reaction medium was concentrated under reduced pressure and
subjected to purification via silica gel chromatography, using a DCM/MeOH mixture
(95/5) as eluent. The isolated product was obtained from this process.

(2E, N’E)-N′-(1-(3-fluorophenyl) ethylidene)-3-(furan-2-yl) acrylohydrazide (4a),
gold yellow powder, yield = 54% (23.90 mg), m.p = 172-174 �C

3-(furan-2-yl) acrylohydrazide (1 eq, 31.80 mg), 3-fluoroacetophenone (1.1 eq, 28 mL)
were used in the procedure.

1H NMR (500 MHz, Methanol-d4) δ 7.74 (dt, J = 10.8, 1.9 Hz, 1H, HAr), 7.69sp, 7.65ap
(dd, J = 7.9, 1.9 Hz, 1H, HAr), 7.67ap, 7.63sp (d, J = 1.9 Hz, 1H, HAr), 7.56sp, 7.55ap (d,
J = 15.4 Hz, 1H, HC=), 7.40 (td, J = 7.9, 5.9 Hz, 1H, HAr), 7.13 (td, J = 7.9, 2.6 Hz, 1H,
HAr), 6.78 (d, J = 15.4 Hz, 1H, =CH), 6.77ap, 6.75sp (d, J = 3.5 Hz, 1H, HAr), 6.56 (dd,
J = 3.5, 1.9 Hz, 1H, HAr), 2.36sp, 2.30ap (s, 3H, -CH3).

13C NMR (126 MHz, Methanol-d4) δ 168.38ap, 164.43sp (C=O), 162.94ap, 162.90sp (d,
J = 243.9 Hz, =C-F), 152.47 (d, J = 3.1 Hz, C), 151.62ap, 151.44sp (CAr), 145.01ap, 144.78sp
(CH), 140.53 (d, J = 7.7 Hz, CAr), 129.87ap, 129.69sp (d, J = 8.4 Hz, CH Ar), 129.63ap,
129.04sp (CH), 122.43sp, 121.83ap (d, J = 3.0 Hz, CH Ar), 115.92sp, 115.58ap (d, J = 21.8 Hz,
CH Ar), 115.94sp, 114.86ap (CH), 114.50sp, 113.84ap (CH), 113.12sp, 112.40ap (d, J = 23.4
Hz, CH Ar), 112.08 (CH), 12.90sp, 12.08ap (s, CH3).

1H NMR (400 MHz, DMSO-d6) δ 10.74ap, 10.69sp (s, 1H, NH), 7.86ap, 7.83sp (s, 1H,
HAr), 7.61 (m, 2H, HAr), 7.50 (m, 1H, HAr), 7.43sp, 7.35ap (d, J = 15.7 Hz, 1H, HAr),
7.24(sp+ap) (t, J = 8.5 Hz, 1H, HAr), 6.93ap, 6.86sp (d, J = 3.5 Hz, 1H, HAr), 6.83 (d, J = 15.7
Hz, 1H, =CH), 6.62(sp+ap) (d, J = 2.0 Hz, 1H), 2.31sp, 2.29ap (s, 3H, N=C(CH3)).

FT-IR (ATR) cm−1: 3,186.40 (NH), 2,978.09 (N=CH), 2,885.51 (CH), 1,651.07 (C=O),
1,620.21 (C=N), 1,325.10 (C-O-C), 1,014.56 (N-N), 966.34 (HC=CH).

(2E, N’E)-N′-(1-(4-fluorophenyl) ethylidene)-3-(furan-2-yl) acrylohydrazide (4b),
gold yellow powder, yield = 41% (21.70 mg), m.p = 178–180 �C

3-(furan-2-yl) acrylohydrazide (1 eq, 30.00 mg), 4-fluoroacetophenone (1.1 eq, 26 mL)
were used in the procedure.
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1H NMR (500 MHz, Methanol-d4) δ 7.95sp, 7.86ap (dd, J = 9.0, 5.4 Hz, 2H, HAr),
7.65ap, 7.62sp (d, J = 2.1 Hz, 1H, HAr), 7.54sp, 7.49ap (d, J = 15.9 Hz, 1H, =CH), 7.15ap,
7.11sp (t, J = 9.0 Hz, 2H, HAr), 6.76sp (d, J = 15.9 Hz, 1H, HC=), 6.76ap, 6.74sp (d, J = 3.3 Hz,
HAr), 6.55 (dd, J = 3.3, 2.1 Hz, 1H, HAr), 2.36sp, 2.30ap (s, 3H, -CH3).

13C NMR (126 MHz, Methanol-d4) δ 169.73ap, 165.76sp (C=O), 165.44ap, 165.18sp (d,
J = 248.7 Hz, =C-F), 154.48sp, 153.05ap ( C Ar), 152.85ap, 149.38sp (C Ar), 146.31ap 146.13sp
(CH Ar), 135.94ap, 135.77sp (d, J = 3.4 Hz, C Ar), 130.89ap, 130.27sp (HC=), 130.16sp,
129.42ap (d, J = 8.4 Hz, 2CH Ar), 117.42ap, 116.16ap (=CH), 116.19sp, 115.38ap (CH Ar),
116.16ap, 113.46sp (CH Ar), 115.90 (d, J = 28.1 Hz, 2 CH Ar), 14.36sp, 13.51ap (CH3).

FT-IR (ATR) cm−1: 3,161.33 (NH), 3,020 (N=CH), 2,960 (CH), 1,658.78 (C=O), 1,625
(C=N), 1,384.99 (C-O-C), 1,016.49 (N-N), 972.12 (HC=CH)

HRMS (ESI): Calc. C15H14N2O2F [M+H] = 273.1039 found = 273.1033.
Calc. C15H13N2O2F [M-H] = 271.0883 found = 271.0895.
1H NMR (500 MHz, DMSO-d6) δ 10.67ap, 10.63sp (s, 1H, NH), 7.85 (m, 3H), 7.50ap,

7.42sp (d, J = 15.8 Hz, =CH), 7.34ap, 6.83sp (d, J = 15.8 Hz, HC=), 7.27 (m, 2H), 6.93ap,
6.85sp (d, J = 3.6 Hz, 1H, HAr), 6.64ap, 6.62sp (dd, J = 3.6, 1.7 Hz, 1H), 2.31sp, 2.28ap (s, 3H,
-CH3).

13C NMR (126 MHz, DMSO-d6) δ 165.25sp, 162.73ap (d, J = 363.8 Hz, =C-F), 161.88sp,
161.85ap (C=O), 151.16 (C Ar), 150.55sp, 147.02ap (C Ar), 145.53ap, 145.17sp (CH Ar),
134.78 (C Ar), 129.06ap, 127.49sp (HC=), 128.58sp, 128.21ap (d, J = 8.6 Hz, 2 CH Ar),
117.92ap, 117.87sp (=CH), 115.44ap, 115.24sp (d, J = 21.3 Hz, 2CH Ar), 114.66sp, 114.46ap
(CH Ar), 112.70ap, 112.62sp (CH Ar), 14.16sp, 13.87ap (CH3).

(2E, N’E)′-3-(furan-2-yl)-N’-(thiophen-2-ylmethylene) acrylohydrazide (4c), Brown
solid, yield = 23% (11.47 mg), m.p = 216–218 �C

3-(furan-2-yl) acrylohydrazide (1 eq, 31.10 mg), thiophene-2-carbaldehyde (1.1 eq, 21
mL) were used in the procedure.

1H NMR (500 MHz, DMSO-d6) δ 11.60ap, 11.47sp (s, 1H, NH), 8.45ap, 8.23sp (s, 1H,
N=CH), 7.87sp, 7.82ap (d, J = 1.9 Hz, 1H, HAr), 7.66ap, 7.63sp (d, J = 5.0 Hz, 1H, HAr),
7.47ap, 7.41sp (m, 1H), 7.43sp, 7.41ap (d, J = 15.7 Hz, 1H, =CH), 7.21sp, 6.46ap (d, J = 15.7
Hz, 1H, HC=), 7.13(sp + ap) (m, 1H, HAr), 6.91sp, 6.86ap (d, J = 3.5 Hz, 1H, HAr), 6.64sp,
6.62ap (dd, J = 3.5, 1.9 Hz, 1H, HAr).

13C NMR (126 MHz, DMSO-d6) δ 165.49sp, 161.18ap (C=O), 151.02sp, 150.85ap (C-O),
145.49sp, 145.19ap (CH Ar), 141.79sp, 138.17ap (N=CH), 139.10ap, 138.92sp (C -S), 130.87ap,
130.19sp (CH Ar), 128.89ap, 128.21sp (CHAr), 128.85sp, 127.59ap (HC=), 127.90sp, 127.82ap
(CH Ar), 117.21ap, 113.79sp (=CH), 115.39sp, 114.74ap (CH Ar), 112.60sp, 112.55ap (CH
Ar).

FT-IR (ATR) cm−1: 3,200 (NH), 2,989 (N=CH), 1,670 (C=O), 1,610 (C=N), 1,328.95
(C-O-C), 1,016.49 (N-N), 961 (HC=CH).

(2E, N’E)′-N’-((1H pyrrol-2-yl) methylene)-3-(furan-2-yl) acrylohydrazide (4d),
green powder, yield = 48% (36.00 mg), m.p = 236–238 �C

3-(furan-2-yl) acrylohydrazide (1 eq, 50.00 mg), pyrrole-2-carbaldehyde (1.1 eq, 34.39
mg) were used in the procedure.
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1H NMR (500MHz, DMSO-d6) δ 11.50ap, 11.44sp (s, 1H, NH pyrrole), 11.32ap, 11.16sp (s,
1H, NH), 8.07ap, 7.88sp (s, 1H, N=CH), 7.84sp, 7.80ap (d, J = 1.9 Hz, 1H, HAr), 7.42 (d,
J = 1.9 Hz, 1H, HAr) 7.37 (d, J = 15.5 Hz, 1H, =CH), 6.93sp, 6.90ap (m 1H), 6.90ap, 6.82sp (d,
J = 3.5 Hz, 1H, HAr), 6.64sp, 6.61ap (dd, J = 3.5, 1.9 Hz, 1H, HAr), 6.47 (d, J = 15.5 Hz, 1H,
HC=), 6.42sp, 6.13ap (m, 1H).

13C NMR (126 MHz, DMSO-d6) δ 165.36sp, 160.75ap (C=O), 151.40sp, 150.99ap (C-O),
145.11sp, 144.99ap (CH Ar), 139.72ap, 136.09sp (N=CH), 128.35ap, 115.11sp (CH Ar),
127.11sp, 127.02ap (C-N, C Ar), 126.94ap, 127.03sp (=CH), 122.52ap, 121.86sp (CH Ar),
117.74, 113.30 (HC=), 114.56sp, 114.26ap (CH Ar), 112.58, 112.50sp, 112.48ap (CH Ar),
109.25ap, 109.14sp (CH Ar).

FT-IR (ATR) cm−1: 3,415.93 (NH), 3,211.48 (NH), 2,987.74 (N=CH), 2,889.37 (CH),
1,656.85 (C=O), 1,600.92 (C=N), 1,328.95 (C-O-C), 1,016.49 (N-N), 968.27 (HC=CH).

(2E, N’E)′-3-(furan-2-yl)-N’-(furan-2-ylmethylene) acrylohydrazide (4e), beige
powder, yield = 56% (44.00 mg), m.p = 224–226 �C

3-(furan-2-yl) acrylohydrazide (1 eq, 50.00 mg), furane-2-carbaldehyde (1.1 eq, 30 mL)
were used in the procedure.

1H NMR (500 MHz, DMSO-d6) δ 11.59ap, 11.44sp (s, 1H, NH), 8.13ap, 7.94sp (s, 1H,
N=CH), 7.84(ap + sp) (td, J = 8.35, 2.1 Hz, 2H, HAr), 7.45sp, 7.43ap (d, J = 15.8 Hz, 1H,
=CH), 7.24sp, 6.45ap (d, J = 15.8 Hz, 1H, HC=), 6.92sp, 6.62ap (m, 3H) 6.89sp, 6.86ap (d,
J = 3.5 Hz, 1H, HAr).

13C NMR (126 MHz, DMSO-d6) δ 165.68sp, 161.27ap (C=O), 151.05sp, 150.85ap (C-O),
149.41ap, 149.16sp (C-O), 145.44ap, 144.90sp (CH Ar), 145.21ap, 145.14sp (CH Ar), 136.41ap,
133.14sp (N=CH), 128.80sp, 127.65ap (HC=), 117.17ap, 113.95sp (=CH), 115.32sp, 114.74ap
(CH Ar), 113.51ap, 113.36ap (CH Ar), 112.60sp, 112.55ap (CH Ar), 112.17ap, 112.05sp (CH
Ar).

FT-IR (ATR) cm−1: 3,126.61 (NH), 2,989.66 (N=CH), 2,887.44 (CH), 1,651.07 (C=O),
1,606.70 (C=N), 1,338.60 (C-O-C), 1,014.56 (N-N), 968.27 (HC=CH).

(2E, N’E)′-3-(furan-2-yl)-N’-(pyridin-2-ylmethylene) acrylohydrazide (4f), yellow
powder, yield = 96% (47.17 mg), m.p = 104–106 �C

3-(furan-2-yl) acrylohydrazide (1 eq, 31.00 mg), pyridine-2-carbaldehyde (1.1 eq, 21
mL) were used in the procedure.

1H NMR (500 MHz, Methanol-d4) δ 8.56 (m, 1H), 8.27ap, 8.05sp (d, J = 7.8 Hz, 1H,
HAr), 8.19ap, 8.05sp (s, 1H, N=CH), 7.90sp, 7.88ap (t, J = 7.8 Hz, 1H, HAr), 7.67sp, 7.63ap (d,
J = 1.8 Hz, 1H, HAr), 7.58ap, 7.52sp (d, J = 15.4 Hz, 1H, HC=), 7.42 (dd, J = 7.4, 4.8 Hz, 1H,
HAr), 6.81sp, 6.77ap (d, J = 3.3 Hz, 1H, HAr), 6.56ap, 6.39sp (dd, J = 3.3, 1.8 Hz, 1H, HAr),
6.52 (d, J = 15.4 Hz, 1H, =CH).

13C NMR (126 MHz, Methanol-d4) δ 169.37sp, 165.46ap (C=O), 154.47ap, 154.39sp (C-
N), 153.02sp, 152.59ap (C-O), 150.26sp, 150.15ap (CH), 148.29ap, 143.96sp (CH), 146.39ap,
144.62sp (N=CH), 138.89sp, 138.60ap (CH), 131.32sp, 130.93ap (CH), 125.97ap, 125.71sp
(CH), 122.30ap, 121.92sp (CH), 116.68sp, 116.31ap (CH), 114.77sp, 113.53ap (CH).

HRMS (ESI): Calc. C13H12N3O2 [M+H] = 242.0929 found = 242.0924.
Calc. C13H10N3O2 [M-H] =240.0773 found = 240.0781.
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1H NMR (400 MHz, DMSO-d6) δ 11.89ap, 11.72sp (s, 1H, NH), 8.61(sp + ap) (d, J = 4.9
Hz, 1H, HAr), 8.23ap, 8.10sp (s, 1H, N=CH), 7.96sp, 7.94ap (d, J = 3.5 Hz, 1H, HAr), 7.89 (sp

+ ap) (td, J = 7.5, 1.9 Hz, 1H, HAr), 7.88ap, 7.84sp (d, J = 1.9 Hz, 1H, HAr), 7.51sp, 7.47ap (d,
J = 15.5 Hz, =CH), 7.42(sp + ap) (dd, J = 7.5, 4.9 Hz, 1H, HAr), 7.31sp, 6.50ap (d, J = 15.5 Hz,
1H, HC=), 6.98sp, 6.89ap (d, J = 3.5 Hz, 1H, HAr), 6.65sp, 6.64ap (dd, J = 3.5, 1.9 Hz, 1H,
HAr).

13C NMR (101 MHz, DMSO-d6) δ 166.01sp, 161.55ap (C=O), 153.17ap, 152.97sp (C-N),
151.05sp, 150.79ap (C-O), 149.51ap, 146.82sp (CHAr), 145.57ap, 145.40sp (CH), 143.68sp,
136.91ap (CH), 129.30sp, 128.19ap (CH), 124.35ap, 124.19sp (CH), 119.93ap, 119.61sp (CH),
116.90ap, 115.51sp (CH), 115.13ap, 113.73sp (CH), 112.68ap, 112.65sp (CH).

FT-IR (ATR) cm−1: 3,180.62 (NH), 2,990 (N=CH), 2,866.22 (CH), 1,660.71 (C=O),
1,624.09 (C=N), 1,556.55 (C=N), 1,323.17 (C-O-C), 1,014.56 (N-N), 968.27 (HC=CH).

(2E, N’E)-N′-(1-(4chloro-3-nitrobenzylidene)-3-(furan-2-yl) acrylohydrazide (4g),
yellow powder, yield = 70% (44.80 mg), m.p = 98–100 �C

3-(furan-2-yl) acrylohydrazide (1 eq, 30.60 mg), 4-chloro-3-nitrobenzaldehyde (1.1 eq,
41.00 mg) were used in the procedure.

1H NMR (500 MHz, Methanol-d4) δ 8.43ap, 8.23sp (d, J = 2.0 Hz, 1H, HAr), 8.17ap,
8.03sp (s, 1H, N=CH), 8.03ap, 8.00sp (dd, J = 8.4, 2.0 Hz, 1H, HAr), 7.74sp, 7.71ap (d, J = 8.4
Hz, 1H, HAr), 7.69sp, 7.65ap (d, J = 2.0 Hz, 1H, HAr), 7.57ap, 7.53sp (d, J = 15.5 Hz, =CH),
6.82sp, 6.78ap (d, J = 3.5 Hz, 1H, HAr), 6.59sp, 6.58ap (dd, J = 3.5, 2.0 Hz, 1 H, HAr), 6.50 (d,
J = 15.5 Hz, HC=).

13C NMR (126 MHz, Methanol-d4) δ 169.20sp, 165.40ap (C=O), 152.93sp, 152.56ap (C-
O), 149.99ap (C-NO2), 146.45sp, 146.39ap (CH), 145.60ap, 142.08sp (CH), 136.28 (C Ar),
133.35sp, 133.19ap (CH), 132.71ap, 131.87sp (CH), 131.35sp, 130.90ap (CH), 128.26ap,
127.99sp (C-Cl), 124.86ap, 124.52sp (CH), 116.59ap, 116.44sp (CH), 116.34ap, 114.55sp (CH),
113.53 (CH).

HRMS (ESI) Calc. C14H11ClN3O4 [M+H] = 320.0438 found = 320.0427
Calc. C14H9ClN3O4 [M-H] = 318.0281 found = 318.0284
1H NMR (500 MHz, DMSO-d6) δ 11.93ap, 11.75sp (s, 1H, NH), 8.38ap, 8.37sp (d, J = 2.1

Hz, HAr), 8.29ap, 8.11sp (s, 1H, N=CH), 8.03(ap + sp) (m, 1H), 7.88sp, 7.83ap (s, 1H, HAr),
7.86ap, 7.84sp (s, 1H, HAr), 7.50sp, 7.46ap (d, J = 15.5 Hz, 1H, =CH), 7.31sp, 6.51ap (d,
J = 15.5 Hz, HC=), 6.97sp, 6.89ap (d, J = 3.5 Hz, 1H, HAr), 6.65sp, 6.64ap (dd, J = 3.5, 2.1 Hz,
HAr).

13C NMR (126 MHz, DMSO-d6) δ 166.09sp, 161.63ap (C=O), 151.03sp, 150.80ap (C-O),
148.05sp, 147.86ap (C-NO2), 145.61sp, 145.41ap (CH Ar), 143.16ap, 140.00sp (N=CH),
135.04ap, 134.82sp (C Ar), 132.15ap, 131.46sp (CH Ar), 130.98 (CH Ar), 129.44sp, 128.24ap
(HC=), 125.66ap, 125.29sp (C-Cl), 123.58ap, 123.37sp (CH Ar), 116.85ap, 113.63sp (=CH),
115.56sp, 115.17ap (CH Ar), 112.74sp, 112.65ap (CH Ar).

FT-IR (ATR) cm−1: 3,429.43 (NH), 3,000 (N=CH), 2,889.37 (CH), 1,658.78 (C=O),
1,606.70 (C=N), 1,531.48 (NO2), 1,328.95 (C-O-C), 1,016.49 (N-N), 968.27 (HC=CH).

(2E, N’E)-N′-(3-(benzyloxy) benzylidene)-3-(furan-2-yl) acrylohydrazide (4h), yellow
powder, yield = 40% (28.10 mg), m.p = 116–118 �C
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3-(furan-2-yl) acrylohydrazide (1 eq, 30.06 mg), 3-benzyloxybenzaldehyde (1.1 eq,
47.00 mg) were used in the procedure.

1H NMR (500 MHz, CDCl3) δ 9.33 (s, NH), 7.78 (s, 1 H, N=CH), 7.62 (d, J = 15.8 Hz,
1H, =CH), 7.51 (d, J = 15.8 Hz, 1H, HC=), 7.46 (d, J = 7.3 Hz, 2H, HAr), 7.40 (t, J = 7.3 Hz,
4H, HAr), 7.34 (t, J = 7.7 Hz, 2H, HAr), 7.28 (d, J = 1.4 Hz, 1H, HAr), 7.03 (dd, J = 7.5, 1.9
Hz, 1H, HAr), 6.67 (d, J = 3.5 Hz, 1H, HAr), 6.50ap, 6.47sp (dd, J = 3.5, 1.9 Hz, 1H, HAr),
5.15 (s, 2H, -CH2-).

13C NMR (126 MHz, CDCl3) δ 167.88 (C=O), 159.21 (C-O), 151.93 (C-O), 144.71 (CH
Ar), 143.77 (N=CH), 136.93 (C Ar), 135.42 (C Ar), 130.28 (HC=), 129.94 (=CH), 128.81
(2C, CH Ar), 128.26 (CH Ar), 127.77 (2C, CH Ar), 120.75 (CH Ar), 117.11 (CH Ar),
115.00 (CH Ar), 114.35 (CH Ar), 112.87 (CH Ar), 112.47 (CH Ar), 70.30 (CH2).

HRMS (ESI) Calc. C21H19N2O [M+H] = 347, 13,957 found = 347, 13,864
Calc. C21H17N2O [M-H] = 345.12391 found = 345.12466
1H NMR (400 MHz, DMSO-d6) δ 11.70ap, 11.53sp (s, 1H, NH), 8.19ap, 8.01sp (s, 1H,

N=CH), 7.85 (d, J = 15.4 Hz, 1H, =CH), 7.48 (m, 3H), 7.37 (m, 6H), 7.27ap, 7.08sp (d, J = 7.7
Hz, 1H, HAr), 6.95sp, 6.85ap (d, J = 3.5 Hz, 1H, HAr), 6.65sp, 6.63ap (dd, J = 3.5, 1.9, 1H,
HAr), 6.50 (d, J = 15.4 Hz, 1H, HC=), 5.18sp, 5.15ap (s, 2H, -CH2-).

13C NMR (101 MHz, DMSO-d6) δ 165.84sp, 161.34ap (C=O), 158.64ap, 158.61sp (C-O),
151.10sp, 150.87ap (C-O), 146.45ap, 145.48sp (CH Ar), 145.24ap, 142.98sp (N=CH), 136.96sp,
136.90ap (CAr), 135.77ap, 135.57sp (CAr), 130.02sp, 129.93ap (CH), 128.97 (CH), 128.45sp,
128.42ap (CH Ar, 2C), 127.85 (CH), 127.73sp, 127.68ap (CH Ar, 2C), 120.02ap, 119.50sp
(CH), 117.27ap, 116.81sp (CH), 116.48sp, 115.27ap (CH), 114.81ap, 114.06sp (CH), 112.64sp,
112.59ap (CH), 112.47 (CH), 69.27 (CH2).

FT-IR (ATR) cm−1: 3,200 (NH), 2,947.23 (N=CH), 2,931.80 (CH), 1,660.71 (C=O),
1,620.21 (C=N), 1,328.49 (C-O-C), 1,016.49 (N-N), 972.12 (HC=CH).

RESULTS AND DISCUSSION
Chemical synthesis
The N-acylhydrazone derivatives (4a–h) were obtained through a three-step synthetic
pathway starting from furan-2-carbaldehyde (1). The initial step involved the addition of
ethyl chloroacetate to aldehyde (1) in the presence of triphenylphosphine (PPh3) under
basic conditions, employing the Wittig reaction (El-Batta et al., 2007). Consequently, the
ester (2) was obtained with a yield of 77%. Subsequently, the ester (2) reacted with
hydrazine monohydrate (H2N-NH2.H2O) in ethanol at room temperature to yield the
corresponding hydrazide (3) with a yield of 52%. Finally, a series of acrylohydrazide
derivatives (4a–h) was synthesized with yields ranging from 23% to 96% (Table 1). This
was achieved by condensing hydrazide (3) with various derivatives of benzaldehyde and
acetophenone in ethanol at room temperature for 3 h, in the presence of a catalytic amount
of concentrated hydrochloric acid (HCl) (Scheme 1).

The newly synthesized compounds (4a–h) were fully characterized using various
analytical methods, notably NMR, which revealed the presence of a dynamic equilibrium
between two isomers for each compound in the N-acrylohydrazone series (4a–h).
The results of this stereochemical study will be discussed in the following section.
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Spectral analysis
The examination of the 1H NMR spectrum for compound (2) reveals the presence of two
distinct E and Z isomers, with an approximate ratio of 88/12 (E/Z). Each isomer exhibits
characteristic doublet signals. In the predominant E isomer, a doublet is observed at
6.27 ppm, corresponding to the alpha (a) proton adjacent to the carbonyl CO, while
another doublet is detected at 7.38 ppm, indicative of the beta (β) proton. Conversely, in
the minor Z isomer, the alpha (a) proton resonates at 5.69 ppm, while the beta (β) proton
is discerned at 7.73 ppm.

The pronounced mesomeric attractive effect between the alkene and the carbonyl bonds
results in notable deshielding of the beta (β) proton in the vicinity of the carbonyl.
Furthermore, a quadruplet, integrating for two protons around 4.18 ppm, and a triplet,
integrating for three protons at 1.26 ppm, are evident, corroborating the presence of the
methyl group of the ester function. In the 13C NMR spectrum, discernible peaks at
167 ppm (E isomer) and 165.96 ppm (Z isomer) confirm the presence of the carbonyl
carbon in both forms.

The scrutiny of the 1H NMR spectrum for compound (3) reveals the disappearance of
signals attributed to the ethoxy group (OCH2CH3) and the emergence of broad singlets at
4.05 and 7.19 ppm. These singlets correspond to the NH protons of the NH2 and C(O)-NH
groups, respectively. Even if compound (2) was initially utilized, consisting of a mixture of
E and Z isomers in an 88/12 ratio, only the E isomer was successfully isolated for
compound (3).

The 1H NMR spectra of the ultimate compounds (4a–h), acquired in DMSO-d6, exhibit
a marked duplication of signals pertaining to three neighboring atom groups within the
amide fragment: NH, N=CH or N=C(CH3), and CH=CH(CO) (Figs. 1–4). Table 2
provides the chemical shift data for the duplicated proton signals of the amide function, as

Scheme 1 Synthesis of acrylohydrazide derivatives. i. PPh3, ethyl chloroacetate, NaHCO3, ii. H2NNH2,
EtOH, iii. EtOH, HCl, acetophenone derivatives, iv. EtOH, HCl, aldehydes.

Full-size DOI: 10.7717/peerj-ochem.11/scheme-1
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well as the azomethine (N=CH) and azoethylidine (N=C(CH3)) fragments. Additionally, a
systematic duplication of signals is discernible in the 13C NMR spectra for all compounds
(4a–h). Table 3 compiles the chemical shift values for the duplicated carbons of the amide
carbonyl function, and the N=CH and N=C(CH3) fragments.

Scheme 2 The various possible conformers of the acrylohydrazides derivatives.
Full-size DOI: 10.7717/peerj-ochem.11/scheme-2

Table 1 Acrylohydrazide derivatives obtained.

Compounds Structure Ar Yield (%)

4a O H

H

O

N
H

N

Ar

F 54

4b

F

41

4c O H

H

O

N
H

N

Ar
H

S 23

4d

N
H 48

4e O 56

4f

N

96

4g

NO2
Cl

70

4h

O

40
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Comparison of the 1H NMR spectra (Fig. 3) for compound (4h) recorded in deuterated
chloroform (CDCl3) and deuterated dimethyl sulfoxide (DMSO-d6) reveals the presence of
two conformers characterized by the splitting of the NH function signal, one at 11.70 ppm
and the other at 11.53 ppm in the DMSO-d6 spectrum. In contrast, the CDCl3 spectrum
indicates a singular conformer with the NH function signal appearing at 9.33 ppm.
Notably, the chemical shift of NH is reduced in the CDCl3 spectrum compared to the
DMSO-d6 spectrum. This observation aligns with the findings reported by Palla et al.
(1986), suggesting that the marginal chemical shifts observed in the CDCl3 spectra may be
attributed to intramolecular hydrogen bonding.

Comparative analysis of the 1H NMR spectra for compounds 4b and 4g, recorded in
deuterated methanol (Methanol-d4) and DMSO-d6 (Figs. 2 and 4) indicates signal
duplication for various protons. However, the NH signal is absent in the spectrum
recorded in Methanol-d4, and the duplicated signals exhibit lower intensity compared to
the 1H NMR spectrum recorded in DMSO-d6. The duplicated NH signals manifest at
11.75 ppm and 11.93 ppm for compound (4g) and 10.63 ppm and 10.67 ppm for
compound (4b). The absence of the NH signal in the spectra recorded in Methanol-d4 may
be ascribed to proton exchange with deuterium from the solvent.

Stereochemical analysis of Acrylohydrazide derivatives (4a–h)
The duplication of characteristic signals for NH and N=CH groups observed in both 1H and
13C NMR spectra (Tables 2 and 4) of the acrylohydrazides (compounds 4a–h) indicates the
presence of two distinct isomers. Considering the structure of acrylohydrazide, this signal
duplication could be attributed to the geometric stereoisomerism (Z or E) of the azomethine
(N=CH) or azoethylidine (N=C(CH3)) fragment, or the ethylenic (CH=CH) group, or to a
slow rotation around the N-N or N-C=O bond (Scheme 2).

Concerning the geometric stereoisomerism of the ethylenic fragment in
acrylohydrazides, they all exhibit the Ec=c configuration confirmed by the coupling

Figure 1 1H NMR spectra of compounds 4a–h. Full-size DOI: 10.7717/peerj-ochem.11/fig-1
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Figure 2 1H NMR spectrum of compound 4g: (A) in Methanol-d4 and (B) in DMSO-d6.
Full-size DOI: 10.7717/peerj-ochem.11/fig-2

Figure 3 1H NMR spectrum of compound 4h: (A) in CDCl3 and (B) in DMSO-d6.
Full-size DOI: 10.7717/peerj-ochem.11/fig-3

Figure 4 1H NMR spectrum of compound 4b: (A) in methanol-d3 et (B) in DMSO-d6.
Full-size DOI: 10.7717/peerj-ochem.11/fig-4
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Table 2 Chemical shift of protons in compounds 4a–h.

Chemical shift δ (ppm)

C(O)-NH N=C(CH3) or N=CH Ar Ratio (%)

Compounds Anti Syn Anti Syn Anti Syn

4a 10.74 10.69 2.29 2.31 3-F-C6H4 38 62

4b 10.67 10.63 2.28 2.30 4-F- C6H4 38 62

4c 11.60 11.47 8.46 8.23 C4H3S 62 38

4d 11.33 11.16 8.07 7.88 C4H4N 62 38

4e 11.59 11.43 8.12 7.93 C4H3O 53 47

4f 11.89 11.72 8.22 8.10 C5H4N 53 47

4g 11.93 11.74 8.29 8.10 3-Cl-4-NO2- C6H3 56 44

4h 11.70 11.53 8.19 8.01 3-O-CH2-C6H5 56 44

Table 3 Proportion of ratios relative to C(O)-NH in compounds 4a–h.

Compounds Ratio (%) relative to C(O)-NH Proportion

Anti Syn

4a 38 62 1:1.6

4b 38 62 1:1.6

4c 62 38 1.6:1

4d 62 38 1.6:1

4e 53 47 1.1:1

4f 53 47 1.1:1

4g 56 44 1.3:1

4h 56 44 1.3:1

Table 4 Chemical shift of carbon in compounds 4a–h.

Chemical shift δ ppm (13C)

C(O)-NH N=C(CH3) or N=CH Ar

Compounds Anti Syn Anti Syn

4a 164.43 168.38 13.62 14.45 3-F-C6H4

4b 165.77 169.74 13.66 14.51 4-F- C6H4

4c 161.18 165.49 141.79 138.92 C4H3S

4d 160.75 165.36 139.72 136.09 C4H4N

4e 161.27 165.68 136.41 133.14 C4H3O

4f 165.42 169.30 – – C5H4N

4g 161.63 166.09 143.16 140.00 3-Cl-4-NO2- C6H3

4h 161.39 165.84 – – 3-O-CH2-C6H5
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Figure 5 NOESY spectra in DMSO-d6 of compounds 4a–f, 4h. Full-size DOI: 10.7717/peerj-ochem.11/fig-5
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constant (J = 15.40–15.90 Hz) of the ethylenic proton signals ranging between 6.46 ppm
and 7.62 ppm.

Due to the assembly of amide and imine functionalities, acrylohydrazides can exist as
stereoisomers with a C=N double bond (geometric configurations Z or E) and as syn/
antiperiplanar conformers around the amide (C(O)-NH) bond (Scheme 2). In the 1H
NMR spectra, the maximum intensity difference for compounds (4a–h) confirms that both
conformers were obtained with different ratios (Table 2).

Analysis of the various ratios among all possible conformers reveals that the
synperiplanar (sp) conformer is predominant for compounds 4a–b, while the
antiperiplanar (ap) conformer is favored for compounds 4c–d. For compounds 4e–h, the
syn/anti-periplanar conformers are nearly in equal proportions.

Palla et al.’s (1986) previous work has demonstrated that the Z isomer of
acrylohydrazides is characterized by a singlet around 14 ppm corresponding to the NH
proton. The absence of a duplicated singlet around this chemical shift in the proton spectra
(Fig. 1) suggests the absence of the Z(C=N) isomer. However, the correlation between the
NH proton and the azomethine fragment in the NOESY spectrum of compounds 4h and
4f (Fig. 5) confirms the presence of the E(C=N) isomer, according to the findings of Palla
et al. (1986). Regarding compounds 4a–f and 4h, the emergence of a weak correlation
between the NH proton and azomethine (N=CH) and azoethylidine (N=C(CH3))
fragments in the NOESY spectrum (Fig. 2) confirms also the presence of the E(C=N)
isomer. Table 3 summarizes the calculated ratios relative to the duplicated NH signal.
These results indicate that the syn conformer is predominant for compounds 4a–b (thus,
the stereochemistry Ec=c sp EC=N), while for compounds 4c–h, the anti conformer is
favored (Table 5). It is noteworthy that the proportion of the anti conformer decreases in
favor of the syn conformer when transitioning from compounds 4c–d to 4g–h and from
4g–h to 4e–f.

Comparing the ratios of different conformers between compounds 4c–h and 4a–b
reveals a reversal of the anti conformer in favor of the syn conformer when transitioning
from compounds 4c–h to 4a–b. This inversion of conformers could be explained by the

Table 5 Stereoisomerism of the obtained compounds (4a–h).

Compounds Stereoisomerism

4a Ec=c sp EC=N

4b Ec=c sp EC=N

4c Ec=c ap EC=N

4d Ec=c ap EC=N

4e Ec=c ap EC=N

4f Ec=c ap EC=N

4g Ec=c ap EC=N

4h Ec=c ap EC=N
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bulkier nature of the azoethylidine fragment (N=C(CH3)) compared to the azomethine
fragment (N=CH).

CONCLUSION
This study successfully synthesized eight new derivatives of (E)3-furan-2-yl
acrylohydrazide. The obtained compounds were comprehensively characterized through
spectroscopic analyses, including 1D and 2D NMR, as well as high-resolution mass
spectrometry.

The analysis of 1H NMR data unveiled significant conformational diversity among the
synthesized compounds. Compounds 4a–b demonstrated an Ec=c sp EC=N configuration,
while all other compounds exhibited an Ec=c ap EC=N configuration. Notably, compounds
4g displayed an Ec=c ap configuration and likely EC=N, although confirmation of the latter
was challenging.

Ultimately, this research contributes to the continum of prior investigations on N-
acylhydrazones, emphasizing the stability of (E)-3-(furan-2-yl) acrylohydrazides. This
understanding of their conformation properties opens promising avenues for future
applications in diverse fields, such as the design of new materials.

In our research, we have developed N-acylhydrazones featuring diverse passivation
groups. The incorporation of these groups has the potential to significantly influence their
utility in solar energy applications, and also could exhibit promising bioactive properties.
Our preliminary studies with our synthesis compounds have demonstrated their efficacy in
inhibiting the growth of S. aureus, motivating further investigation into their potential as
treatments for methicillin-resistant S. aureus infections.

ACKNOWLEDGEMENTS
We extend our sincere gratitude to the University of Paris Cité (France) for providing
access to NMR and HRMS spectroscopies.

In addition, we dedicate this work to Professor Adjou Ané, who unfortunately passed
away without having seen the outcome of this work. The untimely occurrence of this
departure saddens us all at the time of submitting this article. He provided invaluable
guidance throughout the entirety of this research, and his influence will forever resonate in
our work.

ADDITIONAL INFORMATION AND DECLARATIONS

Funding
This work was supported by the Strategic Support Program for Scientific Research
(PASRES, grant number 235, 1st session, 2020) and the Ministry of Higher Education of
Côte d’Ivoire. The funders had no role in study design, data collection and analysis,
decision to publish, or preparation of the manuscript.

Coulibaly et al. (2024), PeerJ Organic Chemistry, DOI 10.7717/peerj-ochem.11 16/18

http://dx.doi.org/10.7717/peerj-ochem.11
https://peerj.com/organic-chemistry


Grant Disclosures
The following grant information was disclosed by the authors:
Strategic Support Program for Scientific Research (PASRES, grant number 235, 1st session,
2020).
Ministry of Higher Education of Côte d’Ivoire.

Competing Interests
The authors declare that they have no competing interests.

Author Contributions
. Penayori Marie-Aimée Coulibaly conceived and designed the experiments, performed
the experiments, analyzed the data, performed the computation work, prepared figures
and/or tables, authored or reviewed drafts of the article, and approved the final draft.

. Souleymane Coulibaly conceived and designed the experiments, performed the
experiments, analyzed the data, performed the computation work, prepared figures and/
or tables, authored or reviewed drafts of the article, and approved the final draft.

. Evrard Ablo analyzed the data, prepared figures and/or tables, authored or reviewed
drafts of the article, and approved the final draft.

. Seiny Roger N’Dri performed the computation work, authored or reviewed drafts of the
article, and approved the final draft.

. Kassi Amian Brise Benjamin conceived and designed the experiments, prepared figures
and/or tables, supervision, and approved the final draft.

. Drissa Sissouma analyzed the data, prepared figures and/or tables, supervision, and
approved the final draft.

. Adjou Ané conceived and designed the experiments, performed the computation work,
prepared figures and/or tables, and approved the final draft.

Data Availability
The following information was supplied regarding data availability:

The data is available at Zenodo: Coulibaly, S. (2024). Acrylohydrazides derivatives NMR
for PeerJ [Data set]. Zenodo. https://doi.org/10.5281/zenodo.11199900.

Supplemental Information
Supplemental information for this article can be found online at http://dx.doi.org/10.7717/
peerj-ochem.11#supplemental-information.

REFERENCES
Ablo E, Coulibaly S, Coulibali S, Signo K, Achi PA, Giraud N, Bertho G. 2022. Synthesis and

characterization of novel conformers of (E)-2-(3-nitro-H-imidazo[1,2-a]pyridin-2-ylthio)-
N′-benzylideneacetohydrazide derivatives. Magnetic Resonance in Chemistry 60(12):1157–1170
DOI 10.1002/mrc.5308.

Achi PA, Coulibali S, Molou KYG, Coulibaly S, Kouassi S, Sissouma D, Ouattara L, Ané A.
2022. Stereochemical design and conformation determinations of new benzimidazole-N-
acylhydrazone derivatives. Synthetic Communications 52(9–10):1306–1317
DOI 10.1080/00397911.2022.2084417.

Coulibaly et al. (2024), PeerJ Organic Chemistry, DOI 10.7717/peerj-ochem.11 17/18

https://doi.org/10.5281/zenodo.11199900
http://dx.doi.org/10.7717/peerj-ochem.11#supplemental-information
http://dx.doi.org/10.7717/peerj-ochem.11#supplemental-information
http://dx.doi.org/10.1002/mrc.5308
http://dx.doi.org/10.1080/00397911.2022.2084417
http://dx.doi.org/10.7717/peerj-ochem.11
https://peerj.com/organic-chemistry


Cardoso LN, Bispo ML, Kaiser CR, Wardell JL, Wardell SM, Lourenço MC, de Souza MV. 2014.
Anti-tuberculosis evaluation and conformational study of N-Acylhydrazones containing the
thiophene nucleus. Archiv der Pharmazie 347(6):432–448 DOI 10.1002/ardp.201300417.

Coulibaly S, Evrard A, Kumar A, Sissouma D. 2023. Benzimidazoles and Imidazo[1,2-a]
pyridines: biological activities, method of synthesis and perspectives on combination of deuce
pharmacophore. ChemRxiv DOI 10.26434/chemrxiv-2023-trm05-v3.

El-Batta A, Jiang C, Zhao W, Anness R, Cooksy AL, Bergdahl M. 2007.Wittig reactions in water
media employing stabilized ylides with aldehydes. Synthesis of a, β-unsaturated esters from
mixing aldehydes, a-bromoesters, and Ph3P in aqueous NaHCO3. The Journal of Organic
Chemistry 14(14):5244–5259 DOI 10.1021/jo070665k.

Ge YQ, Li FR, Zhang YJ, Bi YS, Cao XQ, Duan GY, Wang JW, Liu ZL. 2014. Synthesis, crystal
structure, optical properties and antibacterial evaluation of novel imidazo[1, 5-a]pyridine
derivatives bearing a hydrazone moiety. Luminescence 29(3):293–300 DOI 10.1002/bio.2547.

Palla G, Predieri G, Domiano P, Vignali C, Turner W. 1986. Conformational behaviour and/
isomerization of -acyl and -aroylhydrazones. Tetrahedron 42(13):3649–3654
DOI 10.1016/S0040-4020(01)87332-4.

Popiołek Ł. 2021. Updated information on antimicrobial activity of hydrazide–hydrazones.
International Journal of Molecular Sciences 22(17):9389 DOI 10.3390/ijms22179389.

Popiołek Ł, Patrejko Pł, Gawro�nska-Grzywacz M, Biernasiuk A, Berecka-Rycerz A, Natorska-
Chomicka D, Piątkowska-Chmiel I, Gumieniczek A, Dudka J, Wujec M. 2020. Synthesis and
in vitro bioactivity study of new hydrazide-hydrazones of 5-bromo-2-iodobenzoic acid.
Biomedicine & Pharmacotherapy 130(6):110526 DOI 10.1016/j.biopha.2020.110526.

Salgin-Goksen U, Telli G, Erikci A, Dedecengiz E, Tel BC, Kaynak FB, Yelekci K, Ucar G,
Gokhan-Kelekci N. 2021. New 2-Pyrazoline and hydrazone derivatives as potent and selective
monoamine oxidase a inhibitors. Journal of Medicinal Chemistry 64(4):1989–2009
DOI 10.1021/acs.jmedchem.0c01504.

Terzioglu N, Gürsoy A. 2003. Synthesis and anticancer evaluation of some new hydrazone
derivatives of 2,6-dimethylimidazo[2,1-b][1,3,4]thiadiazole-5-carbohydrazide. European
Journal of Medicinal Chemistry 38(7–8):781–786 DOI 10.1016/S0223-5234(03)00138-7.

Yan Z, Mihail B. 2016. Constitutional dynamic materials—toward natural selection of function.
Chemical Reviews 116(3):809–834 DOI 10.1021/acs.chemrev.5b00168.

Zheng LW, Wu LL, Zhao BX, Dong WL, Miao JY. 2009. Synthesis of novel substituted pyrazole-
5-carbohydrazide hydrazone derivatives and discovery of a potent apoptosis inducer in A549
lung cancer cells. Bioorganic & Medicinal Chemistry 17(5):1957–1962
DOI 10.1016/j.bmc.2009.01.037.

Coulibaly et al. (2024), PeerJ Organic Chemistry, DOI 10.7717/peerj-ochem.11 18/18

http://dx.doi.org/10.1002/ardp.201300417
http://dx.doi.org/10.26434/chemrxiv-2023-trm05-v3
http://dx.doi.org/10.1021/jo070665k
http://dx.doi.org/10.1002/bio.2547
http://dx.doi.org/10.1016/S0040-4020(01)87332-4
http://dx.doi.org/10.3390/ijms22179389
http://dx.doi.org/10.1016/j.biopha.2020.110526
http://dx.doi.org/10.1021/acs.jmedchem.0c01504
http://dx.doi.org/10.1016/S0223-5234(03)00138-7
http://dx.doi.org/10.1021/acs.chemrev.5b00168
http://dx.doi.org/10.1016/j.bmc.2009.01.037
http://dx.doi.org/10.7717/peerj-ochem.11
https://peerj.com/organic-chemistry

	Unveiling the synthesis and spectral characterizations of novel (E)-furan-2-yl acrylohydrazides: an exploration in molecular design ...
	Introduction
	Materials and Methods
	Results and discussion
	Conclusion
	flink5
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


