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Abstract: The reaction of a mixture of equimolar quantities of 2-acetylbenzofuran and (2,4,6-trichloro-
phenyl)hydrazine in ethanol containing concentrated hydrochloric acid (0.2 mL; 37%) as a catalyst un-
der reflux for two hours yielded 1-(1-(benzofuran-2-yl)ethylidene)-2-(2,4,6-trichlorophenyl)hydrazine.
The crude product was purified by crystallization using dimethylformamide to provide the title
heterocycle in a 90% yield. The structure of the new heterocycle was confirmed through X-ray
diffraction and spectral analyses.
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1. Introduction

Benzofuran is a fundamental structure that occurs naturally in many compounds with
various biological activities. Both synthetic and natural compounds that contain benzofuran
fragments have exhibited exciting pharmaceutical and agrochemical activity [1-5]. Different
research studies have demonstrated the potent biological activity of benzofuran compounds,
including anti-tumor, antibacterial, anti-oxidative, and antiviral properties [6-10].

Hydrazones exhibit a variety of biological and pharmacological characteristics, in-
cluding antimicrobial, anti-inflammatory, analgesic, antifungal, antitubercular, antiviral,
anticancer, antiplatelet, antimalarial, anticonvulsant, cardioprotective, antihelmintic, an-
tiprotozoal, antitrypanosomal, and antischistosomiasis properties [11-13]. In addition,
hydrazones have a broad range of potential uses in the creation of sensor materials. They
have been applied in the detection of fluoride ions, cyanide ions, heavy metals, and toxic
gases [14-18].

Recently, we have explored the synthesis and structure elucidation of a range of new
heterocycles [19-21]. Hybrid molecules, which contain different moieties with biological
activities, have the potential for higher potency and lower harmful effects [22]. Based on
the properties of both benzofurans and hydrazones, it was of interest to synthesize a new
heterocycle containing both moieties for future assessment. The current study explores the
synthesis of the new heterocycle, using a simple procedure, and its structure elucidation.

2. Results and Discussion
2.1. Synthesis of 3

The title heterocycle was synthesized as shown in Scheme 1. The process involved the
reaction of equimolar amounts of 2-acetylbenzofuran (1) and 2,4,6-trichlorophenylhydrazine
(2) in boiling ethanol (EtOH) containing concentrated hydrochloric acid (HCI, 0.2 mL, 37%)
for 2 h. The resulting mixture was allowed to cool, and the solid formed was collected and
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recrystallized from dimethylformamide (DMF). The title heterocycle, 1-(1-(benzofuran-2-
yl)ethylidene)-2-(2,4,6-trichlorophenyl)hydrazine (3), was obtained in a yield of 90% as
crystals following crystallization.

Cl Me
N=

o]
3 (90%)

Scheme 1. Synthesis of title heterocycle 3.

2.2. IR and NMR Spectroscopy of 3

The IR spectrum of hydrazone 3 showed an absorption band at 3355 cm™ due to the
NH group. The absorption bands for the C=C vibration in aromatic moieties appeared
at 1613 and 1580 cm™!. The 1TH NMR spectrum showed four singlet signals at 2.33, 7.15,
7.68, and 8.47 ppm, corresponding to the methyl, furyl, 2,4,6-trichlorophenyl, and NH
protons, respectively. In addition, it showed multiple signals corresponding to the four
protons of the benzofuran moiety. The 1>C NMR spectrum showed two signals at low field
(154.2 and 154.3 ppm) due to the C7a of the benzofuran moiety and the C=N carbon. The
signal for C3 of the benzofuran moiety appeared at 104.4 ppm, and the methyl carbon was
observed at 12.6 ppm. In addition, the spectrum showed all the other expected carbons
(see Supplementary Materials for the spectra).

2.3. Crystal Structure of 3

The asymmetric unit of the crystal structure constitutes one molecule of 3 (Figure 1).
The molecule is composed of three planar fragments, namely, benzofuran (bfn, C1-C8, O1),
ethylidenehydrazine (edh, C9, C10, N1, N2), and trichlorophenyl (tcp, C11-C16, C11-CI3)
groups. In the molecule, the planes through the planar fragments are twisted relative to
each other, with twist angles bfn/edh and edh/tcp of 8.11(13)° and 37.38(7)°, respectively.
Intramolecular N-H. . .Cl contact is observed with an N2-H2B. . .CI2 angle of 112(2)° and a
N2...CI2 distance of 2.939(2)°.

Figure 1. An ortep representation of the asymmetric unit of 3 with atomic displacement parameters
displayed at the 50% probability level.

The twist angles between the benzofuran and ethylidenehydrazine groups (bfn/edh) in
the structure of 3 are similar to those observed in N’-[(1E)-1-(1-benzofuran-2-yl)ethylidene]
pyridine-4-carbohydrazide [22], N'-[(1E)-1-(1-benzofuran-2-yl)ethylidene]pyridine-3-carboh-
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ydrazide [23], and N’-[1-(1-benzofuran-2-yl)ethylidene]-2-cyanoacetohydrazide [24], in
which the angles are 23.44°, 15.28° and 13.52°, respectively. The angle between the planes
through ethylidenehydrazine and trichlorophenyl groups (edh/tcp) is also comparable to
that between ethylidenehydrazine and trichloro-3,5-difluorophenyl groups in (E)-2,3,5,6-
tetrafluoro-4-{1-[2-(2,4,6-trichloro-3,5-difluorophenyl)hydrazinylidenelethyl}aniline [25], in
which the angle is 21.72°.

In the crystal structure of 3 (Figure 2a), 7. . .7 interactions occur between the benzofu-
ran and trichlorophenyl groups of neighboring molecules, which are essentially parallel
with a separation distance of ca. 3.4A. The centroid-to-centroid distance of the two groups
involved is 3.496A. These interactions form chains of molecules aligned parallel to the [101]
direction (Figure 2b).

Figure 2. (a) Crystal packing in the structure of 3 viewed down the c-axis and (b) a segment of
the crystal structure showing a chain of molecules formed through 7. . .7 interactions. The 7.. .7
interactions are shown as green dotted lines.
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3. Materials and Methods
3.1. General

Merck supplied the chemicals, reagents, and solvents. The Bruker Vertex 80 ATR-FTIR
spectrometer (Bruker; Tokyo, Japan) was utilized to record the IR spectrum (400-4000 cm™!)
of heterocycle 3. The NMR spectra were obtained in deuterated dimethyl sulfoxide (DMSO-
dg) using a Varian Mercury 300 VX spectrometer (Varian, Palo Alto, CA, US) at 300 MHz
for the protons and 75 MHz for the carbons. The chemical shift(6) was reported in ppm,
and the coupling constant (J) was measured in Hz. The preparation of 1 was based on a
reported procedure [26].

3.2. Synthesis of 3

A mixture of 1 (0.32 g, 2.0 mmol) and 2 (0.42 g, 2.0 mmol) in EtOH (15 mL), containing
HCI (0.2 mL; 37%), was refluxed for 2 h. After cooling down to 20 °C, the yellow solid
obtained was filtered out. The product was washed with EtOH, dried, and finally recrystal-
lized from DMEF to yield 3 in a 90% yield as crystals. Mp 168-170 °C. IR (KBr): 3355, 2899,
1613, 1580 cm™. 'H NMR: 2.33 (s, 3H, Me), 7.15 (s, 1H, furyl), 7.19-7.63 (m, 4H, Ar), 7.68 (s,
2H, 2,4,6-trichlorophenyl), 8.47 (s, 1H, NH). 1*C NMR: 12.6, 104.4, 111.0, 121.2, 123.0, 124.8,
128.2,128.8,129.2,130.7, 136.8, 138.3, 154.2, 154.3. Anal. Calcd. for C14H13CLl3N,O (351.99):
C,54.34; H, 3.14; N, 7.92. Found: C, 54.63; H, 3.29; N, 8.04%.

3.3. Crystal Structure Determination

An Agilent SuperNova Dual Atlas diffractometer (Rigaku, Tokyo, Japan) using mirror
mono-chromated MoK« radiation was employed for data collection. The structure was
solved with direct methods using SHELXT [27] and refined with SHELXL [28] using full-
matrix least-squares methods on F2. MF = C14H;;CI3N,O, FW = 353.62, T = 293 (2) K,
A = 0.71073 A, monoclinic, P2;/n, a = 7.4396(5) A, b = 22.2073(10) A, ¢ = 9.5228(5) A,
3 =100.766(6)°, V = 1545.60(15) A3, 7 =4, calculated density = 1.520 Mg/ m3, absorption
coefficient = 0.594 mm~!, F (000) = 720, crystal size = 0.380 x 0.150 x 0.070 mm?, reflections
collected = 14,110, independent reflections = 3873, R (int) = 0.0305, parameters = 204,
goodness-of-fit on F2 = 1.021, R1 = 0.0428, wR2 = 0.0874 for (I > 20 (I)), R1 = 0.0725,
wR2 = 0.1030 for all data, and the largest difference peak and hole = 0.227 and —0.257 e.A =3,
The X-ray crystallographic data for heterocycle 3 have been deposited in the Cambridge
Crystallographic Data Center with CCDC reference number 2334694.

4. Conclusions

The synthesis of a novel hydrazone with a benzofuran moiety has been carried out
using a simple, convenient, and high-yielding procedure. The structure of the newly syn-
thesized heterocycle has been established using nuclear magnetic resonance spectroscopy
and X-ray diffraction techniques.

Supplementary Materials: The following are available online: IR, 1H, and 3C NMR spectra, CIFs,
and CheckCIF reports for the title heterocycle 3.
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