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Abstract

Benzofuran, triazole and oxadiazole spontaneously occur in natural compounds with highly Received  18/05/2023
desired bioactivities, such as antibacterial, antifungal, antiviral and anticancer. These cyclic ~ Accepted 13/06/2023
scaffolds happen in a variety of commercial medicines as well as developed drugs in late-stage  published 31/07/2023
clinical trials (eg. amiodarone, ramelteon, zibotentan, and ataluren). Benzofuran-bearing triazole
and oxadiazole can be synthesized by click reaction, requiring an alkynyl group. The formation
of the alkynyl group can be achieved by treating the precursor with sodium azide, a poisonous
chemical that needs safe conditions for manipulation. In this study, a simple and convenient
reflux-based method for the synthesis of benzofuran-involved triazole and oxadiazole was
developed. Firstly, benzofuran-2-carbohydrazide (3) was prepared by the reaction of
salicylaldehyde and ethyl chloroacetate, followed by the treatment with hydrazine hydrate. Kevwords
Subsequently, compound (3) reacted with KOH, CS2 and hydrazine hydrate to afford 4-amino- yw
1,2,4-triazole-3-thiol derivative (4), existing in a tautomeric form with its thione isomer (4b) in Benzpfuran, )
1:3 of molar ratio. Intriguingly, the reaction of (3) and 4-fluorobenzaldehyde afforded N'-(4- 4-amino-1,2,4-triazole-
fluorobenzoyl)-1-benzofuran-2-carbohydrazide (6) instead of 1,3,4-oxadiazole derivatives. 3-thiol, tautomer,
Their structures were confirmed by NMR and MS. Altogether, this study implies the potential ~ 1,3,4-oxadiazole
of using the simple and cost-effective reflux-based method for benzofuran-bearing triazole and
oxadiazole synthesis.
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1 Introduction such as triazole and oxadiazoles, that exhibit interesting
inhibition activities toward tumor cells [8], viral [9],
and bacterial growth [10]. Besides, triazoles and
oxadiazoles are core structural scaffolds for several
drugs and pharmaceutical agents. Their derivatives
possess antiparasitic, antidiabetic, anti-inflammatory,
anticancer and antiviral properties [11, 12].
Furthermore, they are classified as major metal-free
fungicides in wood protection [13, 14]. Triazoles and
oxadiazole can be synthesized via cycloaddition
methods, which require the precursors with isocyanate
or cyanide groups, metal-based catalysts and strict
conditions [15-17]. Alternatively, these heterocyclic
compounds can be solvent-free microwave-assisted
prepared but might need the addition of complicated
matrix metal-based catalysts and material (eg.
PdCly(PPh;)/Cul/EtsN/THF [18], CeCls/Nal/I,/CH;CN

Benzofuran is a core unit spontaneously occurring in
natural compounds that consist of interesting biological
properties, such as antifungal [1, 2], antibacterial [3],
anti-inflammatory, antiviral and anticancer [4].
Benzofuran also finds a wide range of applications in
drug delivery (eg. fluorescent sensors, oxidants) [5],
chemistry and agriculture [6]. Despite the possession of
potent bioactivities, benzofuran is easily cleaved by
natural oxidative and reductive conditions as well as
polymerized in the presence of mineral acids [7].
Alternatively, C2 and C3-substituted benzofurans are
much more stable and, thus, are being used as
precursors for further study.

Carbohydrazide is relatively described as a useful
building block for heterocyclic chemical syntheses,
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[19], P4Sio/Silica-gel [20]). Furthermore, benzofuran-
bearing triazole and oxadiazole synthesis mostly
replies to the Click reaction [21], which requires
substances with the alkynyl group and sodium azide as
a catalyst, which is high toxicity. Altogether, the
methods for triazole and oxadiazole preparation are
laborious and costly.

In this study, the synthesis of benzofuran-bearing 1,2,4-
triazole and 1,3,4-oxadiazole using the simple and cost-
effective  reflux ~ method  was  developed.
Salicylaldehyde (1) was first refluxed with ethyl
chloroacetate to produce ethyl benzofuran-2-
carboxylate (2), followed by hydrazination that
resulted in the formation of benzofuran-2-carboxylate
(3). Subsequently, the reaction of (3) with carbon
disulfide and hydrazine produced 4-amino-5-
(benzofuran-2-yl)-1,2,4-triazole-3-thiol ~ (4).  The
reaction of (3) with 4-fluorobenzaldehyde was
expected to afford 1-(5-(benzofuran-2-yl)-2-(4-
fluorophenyl)-1,3,4-oxadiazol-3(2H)-yl)ethan-1-one
(5), but intriguingly,  N'-(4-fluorobenzoyl)-1-
benzofuran-2-carbohydrazide (6) was obtained, which
might be contributed to the fluor substituent on benzyl
scaffold. Altogether, our work demonstrates the
possibility of synthesizing benzofuran-involved
heterocyclic chemicals by the simple method using
safer and cost-effective chemicals and can contribute as
a good reference for further studies.

2 Experimental

General procedures: all chemicals and solvents were
purchased from commercial sources and utilized
without any further purification. NMR spectra were
recorded on a spectrometer (500 MHz for 'H and 125
MHz for 3C-NMR) using DMSO-d6 as a solvent, and
HR-ESI-MS was taken on a mass spectrometer.

Benzofuran-2-carbohydrazide was prepared as the
previous description with a minor modification [22].
Briefly, 18.30 g (0.15 mole) salicylaldehyde (1) was
stirred with 62.10 g potassium carbonate (0.45 mole)
Subsequently, 18.38 g ethyl
chloroacetate (0.15 mole) was added, and the reaction
was heated to (80-90) °C for 2 hours. The reaction
solution was then poured into crushed ice, and
extracted 3 times with 100 mL ethyl acetate (EA) each
time. The organic layer was collected, and EA was
dried out using a vacuum rotary evaporator leading to

for half an hour.
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the formation of ethyl benzofuran-2-carboxylate (2) in
liquid form, which was then used without further
purification. 11.4 g (0.06 mole) compound (2) was
heated with 18.0 g (0.18 mole) hydrazine solution
under reflux for 4 hours. Subsequently, the reaction
solution was cooled down and kept at 4 °C overnight to
precipitate the product, which was recrystallized from
50 mL ethanol to form benzofuran-2-carbohydrazide
(3) as white crystals with the isolated yield of 80 %. Its
NMR and HRESIMS were as follows. "TH-NMR (500
MHz, DMSO—dg) & (ppm), J (Hz): 10.02 (s, 1H), 7.76
(dd,J=1.5,J=0.75, 1H), 7.63 (dd, J = 1.5, J = 0.75,
1H), 7.51 (d, J = 0.5, 1H), 7.44 (¢d, J= 1.5, J = 0.75,
1H), 7.32 (td, J = 8.0, J= 0.75, 1H), 4.58 (br, 2H). 1*C-
NMR (125 MHz, DMSO—ds) 6 (ppm): 157.8, 154.1,
148.4, 127.0, 126.6, 123.6, 122.6, 111.7, 108.7.
HRESIMS caled. for CoHgO:No[M+H]" 177.0664,
found 177.0722.

Preparation of 4-amino-5-(benzofuran-2-yl)-1,2,4-
triazole-3-thiol (4a): 1.76 g compound (0.01 mole) (3)
and 0.56 g (0.01 mole) KOH were dissolved in ethanol
followed by drop-by-drop addition of 0.76 g (0.01
mole) CS,. The reaction was stirred for 30 mins to form
an intermediate thiocarbohydrazide that was
subsequently washed 3 times with 50 mL diethyl ether
for each time, dried and mixed with 2.5 mL (0.02 mole)
hydrazine solution for 4-hour reflux. The complete
reaction was cooled to room temperature (RT) and pH
was adjusted to ~ 6 to 8 to precipitate the product,
followed by recrystallization from 20 mL DMF:H,O to
give compound (4a).

White powder; isolated yield: 73 %; HRESIMS calcd.
for C1oHgN4OS [M+H]" 233.0492, found 233.0572.
4-Amino-5-(benzofuran-2-yl)-1,2,4-triazole-3-thiol
(4a) 'TH-NMR (500 MHz, DMSO—d) & (ppm), J (Hz):
7.81 (d,J=1.75, 1H), 7.79 (s, 1H), 7.76 (d, J = 7.75,
1H), 7.53 (¢, J = 7.75, 1H), 7.40 (¢, J = 7.75, 1H) and
5.95 (s, 2H); *C-NMR (125 MHz, DMSO-ds) &
(ppm): 177.2,154.9, 153.6, 139.1, 127.5, 126.8, 124.3,
122.8,111.9 and 110.8.
4-Amino-5-(benzofuran-2-yl)-2,4-dihydro-1,2,4-
triazole-3-thione (4b) 'H-NMR (500 MHz, DMSO—ds)
S (ppm), J (Hz): 14.13 (s, 1H), 7.90 (s, 1H), 7.83 (d, J
=17.75, 1H), 7.71 (d, J = 1.75, 1H), 7.46 (t, J = 7.75,
1H), 7.35 (¢, J = 7.75, 1H) and 5.95 (s, 2H); *C-NMR
(125 MHz, DMSO—ds) & (ppm): 167.1, 154.0, 142.6,
141.4,127.1, 126.6, 123.8, 122.5, 111.5 and 109.9.
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Preparation of N'-(4-fluorobenzoyl)-1-benzofuran-2-
carbohydrazide (6): 1.76 g (0.01 mole) compound (3)
and 1.24 g (0.01 mole) 4-fluorobenzaldehyde were
dissolved completely in 10 mL acetic anhydride and
refluxed for 4 hours. The reaction solution was then
cooled down to RT and poured into a beaker with ice
cubes to precipitate the product, followed by
recrystallization from 20 mL ethanol to obtain
compound (6).

Light yellow powder, isolated yield: 67 %; '"H-NMR
(500 MHz, DMSO—ds) 6 (ppm), J (Hz): 10.54 (s, 1H),
9.95 (s, 1H), 7.80 (d,J=17.5, 1H), 7.68 (d,J=1.5, 1H),
7.65 (s, IH), 7.49 (t, J = 7.5, 1H), 7.35 (¢t,J = 7.5, 1H)
and 1.93 (s, 3H); *C-NMR (125 MHz, DMSO—d;) &
(ppm): 168.5, 157.4,154.3,147.4, 127.2, 126.8, 123.8,
122.9, 111.9, 110.4 and 20.6. HRESIMS calcd. for
C11H10N203 [1\/["‘1\121]+ 241 .0589, found 241.0608.

3 Result and discussion

Benzofuran, triazole and oxadiazole are all unique
structures occurring in natural compounds with
biological activities of cyclic
compounds with the combination of benzofuran and
triazole or oxadiazole gave a significant production to
plants, probably by strongly inhibiting protein
synthesis of bacterial and fungal pathogens [23].
Besides, these combinations were also reported to

interest. Several

suppress the tumor cell and the replication of the virus
within the human body [24]. Despite the great activity,
benzofuran-bearing triazole and oxadiazole were less
studied, which might be attributed to the difficulty of

cHO CICH,COOEt ™ e
OH KaCOs DMF, 80-80 °C o o

1) (2)

their synthesis. For these chemical syntheses, most of
the studies used Click reaction, requiring alkynyl-
involved precursors and highly poisonous chemicals,
such as sodium azide [21], which is unconventional.
Alternatively, these heterocyclic substances could be
prepared using a microwave. However, microwave-
assisted synthesis required complicated catalysts and
supplements while having a low yield, thus,
compromising the application of these methods [18-
20]. Meanwhile, carbohydrazide can be a potential
intermediate for oxadiazole and triazole preparation
with the use of cost-effective and simple methods,
including reflux and acid/base catalyst.

To evaluate the possibility of benzofuran-involved
triazole and oxadiazole synthesis using carbohydrazide
as the precursor, benzofuran-2-carbohydrazide (3) was
first salicylaldehyde (1), ethyl
chloroacetate and hydrazine hydrate. The reaction of
compound (3) with CS,, KOH and hydrazine hydrate
successfully yielded 4-amino-5-(benzofuran-2-yl)-
1,2,4-triazole-3-thiol ~ (4a) (Scheme 1). Very
interestingly, its 'H and >*C-NMR spectra showed pairs
of signals with the integrated intensity of 1:3,
suggesting the existence of 4a with its isomer 4-amino-
5-(benzofuran-2-yl)-2,4-dihydro-1,2,4-triazole-3-
thione (4b) (Scheme 2). The synthesis of other 4-
aminol-1,2,4-triazole-5-thiol mostly
existed in thiol form, due to higher stability. However,
in this case, thione (4b) occupied 75 % of the molar
ratio, indicating its higher stability than its counterpart,
thiol (4a).

prepared from

derivatives
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Fig. 1 Proposal pathway for preparation of benzofuran-bearing triazole and oxadiazole
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Fig. 2 Tautomeric transformation of 4-Amino-5-(benzofuran-2-yl)-1,2,4-triazole-3-thiol
(4a) and 4-Amino-5-(benzofuran-2-yl)-2,4-dihydro-1,2,4-triazole-3-thione (4b)

Alternatively, the reaction of carbohydrazide with
benzaldehyde derivatives in acetic anhydride gave N'-
acetyl-1,3,4-oxadiazole derivatives [25]. Following the
description from the literature, compound (3) was
refluxed with 4-fluorobenzaldehyde, and the product
was purified for further NMR analysis. Besides 'H and
13C signals of benzofuran, interestingly, 2 singlet signals
on 'H-NMR (&4 9.95 and 10.54) and 2 signals on "*C-
NMR (oc 168.5 and 157.4) were obtained, that could be
attributed to hydrogen in carbohydrazide group
—NH-NH- and carbon in two carbonyl groups,
suggesting the formation of N'-(4-fluorobenzoyl)-1-
benzofuran-2-carbohydrazide (6) instead of 1-(5-
(benzofuran-2-yl)-2-(4-fluorophenyl)-1,3,4-oxadiazol-

3(2H)-yl)ethan-1-one (5) (Scheme 3). This interesting
phenomenon might be attributed to the fluoro group.

(o] [s] Acy0, Reflux
3)

According to the literature, the formation of 1,3,4-
oxadiazole from carbohydrazide and benzaldehyde
derivatives occurs via 2 steps, including the
condensation of —NH, and —CHO to form —N=CH—, and
cyclization of 1,3,4-oxadiazole, probably by the
interaction of =CH— and —CO— supported by acetic
anhydride [26]. In the case of 4-fluorobenzaldehyde,
fluoro substituent with extremely high electronegativity
raised a negative effect on the latter step of 1,3,4-
oxadiazole cyclization, apparently due to the
interference of =CH— and —CO- interaction, leading to
the break of -N=CH— during the cyclic arrangement and
thus, forming compound (5) instead. This observation
highlights the importance of the substituent group and
maybe position on 1,3,4-oxadiazole formation in the
reaction of carbohydrazide and benzaldehyde.

e
*- C0~<X -
(5) E

ro

-

Q" ZI

0
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Scheme 3 Formation of N’-acetybenzofuran-2-carbohydrazide (6) instead of 1,3,4-oxadiazole derivative (5)

Nowadays, more and more studies on the discovery of
new natural and synthetic benzofuran, triazole, and
oxadiazole with extremely biological properties. Some
of them have been utilized as drug and pharmaceutical
agents, while others have been on clinical trial for
human use. Their combination can be a new class for
organic synthesis and drug development. This study
established a simple and convenient reflux-based
method for preparation of benzofuran-bearing triazole
and oxadiazole, that can be used for subsequent tests of
biological activity. Furthermore, the synthesized
triazole (4a) with two active groups, amino and thiol,
could be used as the precursor for further heterocyclic
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syntheses, such as thiadiazepines, thiazines, tetrazines
and thiol-carbonyl derivatives. This study, generally,
can be a good reference for further study and analysis.

4 Conclusion

In this study, a simple and efficient reflux method was
developed for the synthesis of benzofuran-involved
1,3,4-triazole, which was found to be in a tautomeric
form of thiol and thione with the molar ratio of 1:3. The
reaction of benzofuran-2-carbohydrazide and 4-
fluorobenzaldehyde was discovered not to form
oxadiazole, but intriguingly afford N-(4-
fluorobenzoyl)-1-benzofuran-2-carbohydrazide, which
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can be attributed to the fluor substituent. All the  literature for further research in synthesizing
synthesized chemical structures were confirmed by  benzofuran-involved triazole and oxadiazole.

NMR and MS. Altogether, the study establishes a  For further study, the mixture of (4a) and (4b) can be
convenient synthetic method for benzofuran-bearing  used as the precursor for the preparation of
oxadiazole and triazole with highly applicable in the  thiadiazepine and thiadiazine, as well as their
laboratory and no use of toxic chemicals such as  anticancer and antiviral activities to be evaluated.
sodium azide. Moreover, the study can be a good
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Di¢u ché benzofuran-2-carbohydrazide dé tong hop benzofuran mang 1,2,4-triazole
va 1,3,4-oxadiazole

Ng6 Thi Chau

Khoa Dugc, Pai hoc Nguyén Tét Thanh
ntchau@ntt.edu.vn

Tém tat Cac di vong benzofuran, triazole and oxadiazole thuong duoc tim thay trong cac hop chat tu nhién voi
nhiing hoat tinh sinh hoc quy bau nhu khang khuan, khang nam, khang vi rut va khang ung thu. Nhimng di vong
nay ciing thudng xuat hién rong rai trong cac loai thudc dang duoc sir dung hing ngay hodc nhitng loai thude quy
dang dugc thir nghi¢m lam sang giai doan cudi (thi du nhu amiodarone, ramelton, zibotentan, va ataluren). Cac dan
Xuét triazole va oxadiazole chira di vong benzofuran thuong duge tong hop théng qua phan tng “Click” dya trén
nén chit c6 nhém chire alkynyl. Tuy nhién, tong hop chit nén véi nhém chirc alkynyl thuong dua trén tac chat
sodium azide, mot hgp chét kha doc véi con nguoi va vi vay doi hoi dé an toan va diéu kién thi nghiém khic khe.
Dé giai quyét van dé nay, phuong phép téng hop dan xuét triazole va oxadiazole chira di vong benzofuran sir dung
dung cy don gian, tiét kiém va hiéu qua dwoc nghién ctru va danh gia. Hop chit benzofuran-2-carbohydrazide (3)
dugc tong hop bang phéan tng ciia salicylaldehyde, ethyl chloroacetate va hydrazine. Sau dé, hop chit (3) phan ting
v6i KOH, CS; va hydrazine tao thanh dan xuét 4-amino-1,2,4-triazole-3-thiol 4), tdn tai trong hop hai isomers
(thiol va thione) véi ti 1& mole 1a 1:3. Phan tmg giita hop chat (3) va 4-fluorobenzaldehyde tao thanh dan xut N'-
(4-fluorobenzoyl)-1-benzofuran-2-carbohydrazide (6), thay vi 1,3,4-oxadiazole nhu mong dgi. Cu triic hoa hoc
clia cac dan xuat tong hop trong bai duoc xac dinh bang cac phuong phap pho hién dai nhu NMR va MS. Cong
trinh nghién ciru nay phat trién phuwong phap téng hop dan xuét triazole and oxadiazole chira di vong benzofuran
mot cach hiéu qua va tiét kiém.
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