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Abstract

The synthesis of 2,5-diamino-1,3,4-thiadiazole derivatives was performed via the reaction of dithiocarbamate derivatives
and hydrazine sulfate in presence of MgO nanoparticles as heterogeneous catalysts, which were prepared by the sol-gel
method. The pure products were produced in a simple and clean method in presence of MgO nanoparticles (5 mg) in the
refluxing water (0.5 cm®) around 10 h with good-to-excellent yields (up to 95%). The prepared metal oxide nanoparticles
were characterized by powder X-ray diffraction, scanning electron microscopy, energy dispersive X-ray, and Fourier trans-

form infrared spectroscopy.
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Introduction

Today, the development of new procedures and efficient
synthesis of biological molecules are necessary and inevi-
table in chemistry, pharmacology, and biology. Thiadiazole
derivatives which have several heteroatoms in their original
structures are known as one of the most important func-
tional groups in heterocyclic chemistry. Various drugs have
thiazole and thiadiazole moieties as the main group in own
structures which are made using these heterocyclic cores [1,
2]. The importance of these medicinal compositions can be
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indicated as anti-microbial, anti-cancer, and anti-bacterial
as well as their use to synthesize anti-tubercular drugs, anti-
genic, anti-hypertension, and anti-hypoglycaemic activity
[3-7]. On the other hand, the synthesis of these compounds
included methods with multistage reaction conditions that
somehow turned too hard [8-10].

To synthesize widely used compounds, using new and
more convenient routes has become the key technology in
chemistry and extends the functionality of synthetic reac-
tions. As a result, many new routes which are well planned
for the synthesis of commercial drug and redesign of produc-
tions protocols should be maintained. Among the modern
synthesis methods, the use of nanocatalysts as a new class
of highly effective materials to facilitate and accelerate syn-
thetic routes has attracted special attention in recent years
[11,12].

Nanocrystalline metal oxides which are stable under
harsh process conditions have several applications such as
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nanocatalysts in various organic reactions [13, 14]. Among
them, magnesium oxide nanoparticles, due to the surface
effect (surface/volume ratio) [15], high melting point [16],
and dual character of ions [17] are more reactive to use in
many fields spatially in organic reactions as a highly effec-
tive heterogeneous basic catalyst, which makes them proper
for synthesizing the desired products with high efficiency, in
a short time and mild reaction condition [18-21].

To the best of our knowledge, the synthesis of symmetric
amino thiadiazoles with aromatic substituted on the amino
groups attached to the ring is limited in the literature. Few
reports are available that they also have some problems
such as using toxic and expensive reagents, low efficiency,
long reaction time, and difficulty in the products separation
[22-25].

As the biological activity of symmetrical thiadiazoles was
known [26], earlier, Ziyaei group reported the preparation of
some thiadiazole derivatives in water using of dithiocarba-
mate derivatives, hydrazine sulfate, and pyridine as a base
in water, but the uncyclized products were obtained as the
by-products [27]. To overcome this problem, in this work
we attempted to use different nanoparticles as heterogeneous
basic catalysts to obtain the mild and green reaction condi-
tion for preparing these thiadiazole derivatives (Scheme 1).

Results and discussion

The catalytic effect of different nanoparticles
on the preparation of 2,5-diamino-1,3,4-thiadiazole
derivatives

The optimized reaction conditions were achieved by per-
forming the reaction of benzyl phenylcarbamodithioate (1a)
and hydrazine sulfate in water under reflux as a model reac-
tion by varying factors such as different nanoparticles as a
catalyst with the various loading, different amount of start-
ing materials, various bases and solvents.

First, we evaluated the effect of different bases such as
pyridine, sodium hydroxide, potassium hydroxide, and
triethylamine on the model reaction. The obtained results

Scheme 1
Ziyaei work
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showed that pyridine had better effect on the reaction rate,
but no remarkable effect on the yield of the desired product
(Table 1, compare entries 2 with 3-5). On the other hand,
using various metal oxide nanoparticles as heterogene-
ous catalysts led to good chemical yield and none of the
acyclic product was observed after 10 h. As presented in
Table 1, the rate of cyclization was considerably enhanced
in the presence of different metal oxide nanoparticles such
as TiO,, Si0,, CuO, MgO, Al,0;, and ZnO in comparison
with the uncatalyzed reaction which gave acyclic product
also (Table 1, entries 6-11). Among the investigated nano-
catalysts, MgO nanoparticles have shown better efficiency
(Table 1, entry 9). On the other hand, according to entry 12,
it is considered that the use of MgO nanoparticles and pyri-
dine as an external base simultaneously gave an insignificant
increase in the yield. It could be due to the presence of basic
sites in MgO nanoparticles [28] which enable the preforma-
tion of the reaction even in the absence of the external base.
The usage of MgO was also investigated, but the reaction
resulted in lower yields of MgO NPs (entry 13).

The results presented in Table 2 show that the time and
yield of the reaction were also affected by the amount of
MgO nanoparticles. The best results were obtained when the
loading of MgO NPs was 5 mg (Table 2, entry 2).

Effect of various solvents was also investigated on the
model reaction. The results obtained showed that the yield
was increased with increasing polarity of the solvents. As
shown in Table 3, the effect of water and ethanol was nearly
the same (entries 5 and 6). Due to the green and environ-
mentally friendly and economic purposes, we have selected
water as the best solvent to continue the reaction.

In order to show the generality of the reaction, the scope
of this process was explored under the optimized reaction
conditions (Scheme 2). The starting material was prepared
using a range of aromatic carbamodithioate bearing electron-
donating as well as electron-withdrawing groups and benzyl
halides or acrylonitrile, which reacted quite general with
hydrazine sulfate to afford 2,5-diamino-1,3,4-thiadiazole
derivatives in good-to-high yields (Table 4, 64-95% yields).
The obtained results showed that the -CN group was not
affected in yields remarkably.
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Table 1 The effect of the various bases or nanoparticles on the model reaction

@ S

Base or Nanoparticles N—I;l

HJ\S/\O + NH,NH;HSO,

H,O (0.5 cm?), reflux : N s Ni

Entry Base Catalyst (NPs) Yield/%*
1 _ _ _

2 Pyridine - 45
3 NaOH - 30°
4 KOH - 23b
5 EtN - 51°
6 - TiO, 42
7 - Sio, 44
8 - CuO 63
9 - MgO 80
10 - AL O, 65
11 - ZnO 72
12 Pyridine MgO 85
13 MgO 55¢

Reaction conditions: benzyl phenylcarbamodithioate (0.2 mmol), hydrazine sulfate (0.1 mmol), bases (0.1 mmol), 5 mg nanoparticles, and

0.5 cm® water for 10 h under reflux
“Isolated yield

The reaction was not complete after 10 h
“MgO was used

Table 2 Effect of the amount of MgO nanoparticles on model reaction

S
@\ )J\ MgO Nanoparticles N—N

N~ s + NH,NH3HSO, - =L

H H,0 (0.5 cm?®), reflux H S H
Entry MgO nanoparticles/mg Time/h Yield/%*
1 2.5 24 45
2 5 10 80
3 7.5 16 70
4 10 20 65
Reaction conditions: benzyl phenylcarbamodithioate (0.2 mmol), hydrazine sulfate (0.1 mmol), MgO nanoparticles, and 0.5 cm® water under
reflux
“Isolated yield

Characterization of catalysts

Nanocrystalline MgO was synthesized by a sol-gel method
and characterized through Fourier transform infrared (FT-
IR), scanning electron microscopy (SEM), X-ray powder
diffraction (XRD), and energy dispersive X-ray (EDX).
The FT-IR spectrum of MgO NPs is presented in
Fig. 1. The broad absorption peaks at about 3413 cm™!

and 1618 cm™! are related to the stretching and bending of
water, respectively. The absorption peak at 1386 cm™! is
due to the bending vibration of the hydroxyl group (OH).
The peaks at around 623.5 and 481.1 cm™! correspond to
the Mg—O stretching vibrations [31, 32].

The morphology of the MgO nanoparticles is deter-
mined using scanning electron microscopy (SEM). As
shown in Fig. 2, the spherical particles are agglomerated
and their size is around 15-60 nm.
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Table 3 Effect of different solvents on the model reaction

S
MgO Nanoparticles (5 mg) ©\ N—N
©\NJ\S + NH,NH3HSO, =L
H Solvent (0.5 cm®), reflux H S ﬁ
Entry Solvent Yield/%*
1 Dimethyl sulfide 65
2 Acetone 60
3 Dichloromethane 70
4 Chloroform 50
5 Water 80
6 Ethanol 78

Reaction conditions: benzyl phenylcarbamodithioate (0.2 mmol), hydrazine sulfate (0.1 mmol), 5 mg MgO nanoparticles for 10 h under reflux

“Isolated yield
Scheme 2
2 +2 2
NH2NH3+HSO4_ """ Mg"O“'
NH,NH
Hzol 2NH2 H\N N,H
Ar—NH HN—Ar Ar—NH/ HN—Ar ( o
\ i | / \_ H
C=s s=C NH,NH, (2) s s /H—MP_N\
R_S -2 \\\ // 2 S_R R_é/ \'\\\ //‘/\g_R Ar S\ /S</ Ar
_____ &2 A% 2 bo 2 2 N, 2
O--Mg*=-0 --“0--Mg?-0--- ---0--Mg2-0---
1 A
B
2 42 4
_____ Mg_o-_.
N—N VH
-2 +1 Arg /« \ JAr HY
SO Mg-0r- ¢ NN NN
SH H N AT
3 \N/QS%N
| H H
C

-2 +2 2
---0--Mg-0--- + H,S

EDX analysis demonstrated the presence of Mg and O
in the synthesized sample. According to the EDX spectrum
(Fig. 3), the elemental percentages of Mg and O are 58.6
and 41.4 wt%, respectively.

The XRD pattern of MgO NPs (Fig. 4) reveals diffrac-
tion peaks at 20 =36.72°, 42.83°, 62.10°, 74.43°, and
78.33° are assigned to (111), (200), (220), (311), and (222)
planes, respectively, which confirm the formation of MgO
nanoparticles. No other peaks are observed in the XRD
pattern that establishes the purity of the produced nano-
particles. The average size of magnesium oxides nano-
particles is estimated at about 65 nm using the Scherrer
equation [33].

@ Springer

Proposed mechanism

Proposed mechanism for the catalytic formation of substi-
tuted 2,5-diamino-1,3,4-thiadiazole derivatives is presented
in Scheme 2. As indicated, hydrazine sulfate salt is converted
to hydrazine in presence of water. Both nitrogen atoms of
hydrazine attack thiocarbonyl groups of dithiocarbamates
which were coordinated to MgO nanoparticles. Intermediate
B is obtained leaving —SR groups from intermediate A. Then
cyclization of intermediate B via nucleophilic attack of sulfur
on the thiocarbonyl group converts it to cyclic intermediate
C. In continues, basic oxygen site of nanoparticles abstract
the N-H proton that led the coordinated -SH group release
and product 3 produces after aromatization.
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Table 4 The scope of the reaction

S N—N
MgO NPs (5 mg)
A MU _R + NH,NH;HSO, > AF\N/( )\N,Ar
H S H,0, (0.5 cm®), reflux H S H
Entry Ar R Yield/%* M.p./°C Reported M.p./°C
1 Ph —CH,Ph 80 234-237 239-242°
2 4-CIC¢H, —CH,Ph 85 252-256 256-258°¢
3 4-BrCH, ~CH,Ph 91 231-236 234-236"
4 4-MeC4H, —CH,Ph 84 231-236 251-256"
5 4-MeOCH, —CH,Ph 84 251-254 235-238"
6 Ph —CH,CH,CN 72 237-242 239-242°
7 4-CIC¢H, —-CH,CH,CN 90 256-258 256-258°¢
8 4-BrC¢H, —CH,CH,CN 95 231-233 234-236"
9 4-MeCH, —CH,CH,CN 86 251-258 251-256"
10 4-MeOC4H, —CH,CH,CN 64 234-237 235-238"

Reaction conditions: benzyl phenylcarbamodithioate (0.2 mmol), hydrazine sulfate (0.1 mmol), 5 mg MgO nanoparticles for 10 h under reflux
Tsolated yield

PRef. [29]

“Ref. [30]

Fig. 1 The FT-IR absorption 1
spectrum of MgO NPs
- 873.66em-1
1.57cm-1
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—
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Conclusion afforded in good-to-excellent yield and no acyclic product

was observed. It should be maintained the hazardous organic
In this work, we have introduced a simple and green route for solvents and toxic bases or catalysts were not used in this
the synthesis of thiadiazoles derivatives using magnesium protocol. Besides, the heterogeneous nanocatalysts could be
oxide nanoparticles as heterogeneous basic catalysts. The ~ recycled and reused in four reactions.
symmetrical 2,5-diamino-1,3,4-thiadiazoles derivatives were
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Fig.2 SEM images of MgO NPs

Experimental

Nearly all of the chemical materials were purchased from
Merck and Aldrich and used as received. Dithiocarbamates
derivatives were synthesized according to the literature [34].
The metal oxide nanoparticles were prepared according to
the reported procedures [35].

Melting points were measured by an Electrothermal 9100
apparatus. Fourier transform infrared (FT-IR) spectrum was
recorded on a Bruker Vector 22 spectrometer using pressed
KBr pellets. The 'H and '3C NMR spectra were recorded
on a Bruker 300 MHz spectrometer. Chemical shifts are
reported in ppm relative to tetramethylsilane (TMS) or
CDCl; as an internal reference. The SEM image was taken
using VEGAWTESCAN. X-ray diffraction patterns were
obtained on an STOE diffractometer with Cu Ka radiation.

Column chromatography was performed using silica gel 60
(230 +£400 mesh) eluting with ethyl acetate and n-hexane.

Synthesis of MgO NPs

MgO NPs were prepared using magnesium methoxide as the
precursor by the sol-gel method according to the literature
[29]. In order to prepare magnesium methoxide, initially,
10 g magnesium ribbon and 100 cm? dried methanol were
reacted in the presence of a small amount of iodine under
reflux condition in an inert atmosphere. After completion
of the reaction, the solution was filtered to remove unre-
acted magnesium. The magnesium methoxide was crystal-
lized from filtrated at —20 °C and collected by filtration
in an inert atmosphere using a frit-filter. After drying the
filtrated crystals under reduced pressure, white magnesium
methoxide powder was obtained. The prepared magnesium
methoxide was exposed to air at room temperature for 24 h,
and the afforded gel was calcined at 400 °C for 3 h.

General procedure for preparation of substituted
2,5-diamino-1,3,4-thiadiazoles

In a Schlenk tube, carbamodithioate derivative (0.2 mmol),
13 mg hydrazine sulfate salt (0.1 mmol), and 5 mg MgO
nanoparticles were added to 0.5 cm® water. The mixture was
heated under reflux condition while stirring for 10 h. After
the completion of the reaction, the nanoparticles were fil-
tered, and the filtrate was extracted with diethyl ether and
washed with water (two times). Subsequently, the organic
phase was evaporated, and then the obtained crude product
was purified by column chromatography (ethyl acetate/n-
hexane, 3:1) to afford the substituted 2,5-diamino-1,3,4-
thiadiazoles as white solid.

Fig.3 The EDS spectrum of

MgO NPs :
15—
> -
< 10—
Q B
v

. Spectrum 13
Wt% o

Mg 586 05

(o] 414 05

4 6 8 keV

@ Springer



Preparation of 2,5-diamino-1,3,4-thiadiazole derivatives using MgO nanoparticles as...

Fig.4 XRD pattern of MgO T ‘ T {
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Fig.5 The effect of catalyst recycling on the yield of the product 3a

The recycling of MgO nanocatalysts

In this work, the recycling of MgO nanocatalysts was
accomplished and the recycled catalyst was used in another
reaction run. As presented in Fig. 5, the catalytic activity
continuity has been reached for four sequences with very
little decrease. After the reaction, MgO NPs were simply
filtered, washed with methanol, dried under reduced pres-
sure, and reused. The FT-IR spectra were confirmed the
preservation of the structure of MgO nanocatalysts after
third-time recycling.

Acknowledgements We are grateful to the University of Kurdistan
Research Councils (Proposal No: 4/68201) for the support of this work.

—

®

10.
11.
12.
13.

14.
15.

16.

17.

19.

Loscher W (1998) Eur J Pharm Sci 342:1

Sharma B, Verma A, Prajapati S, Sharma UK (2013) Int ] Med
Chem 2013:1

Farghaly TA, Abdallah MA, Aziz MRA (2012) Molecules
17:14625

Gomhal SM, Kheder NA, Abdelaziz MR, Mabkhot YN, Alhajoj
AM (2017) Chem Cent J 11:25

Patel HM, Noolvi MN, Sethi NS, Gadad AK, Cameotra SS (2017)
Arab J Chem 10:996

Aswathanarayanappa C, Bheemappa E, Bodke YD, Biradar S,
Sindhe A, Peethambar SK, Ningegowda R (2014) Synthesis
6:1245

Oke JM, Olowookorun MO (1989) Jpn J Pharmacol 49:135
Kilburn JP, Lau J, Jones RC (2003) Tetrahedron Lett 44:7825
Pate KN, Jadhav NC, Jagadhane PB, Telvekar VN (2012) Synlett
23:1970

Tandon SS, Chen L, Thompson LK, Bridson JN (1994) Inorg
Chem 33:490

Varma RS (2013) Pure Appl Chem 85:1703

Forster SP, Olveira S, Seeger S (2014) J Nanotechnol 2014:1
Sutradhar N, Sinhamahapatra A, Pahari SK, Pal P, Bajaj HC,
Mukhopadhyay I, Panda AB (2011) J Phys Chem C 115:12308
Masayoshi I, Hideshi H, Kozo T (1974) J Catal 35:225

Heidari H, Abedini M, Nemati A, Amini MM (2009) Catal Lett
130:266

Rao LS, Rao TV, Naheed S, Rao PV (2018) Mater Chem Phys
203:133

Slitka AJ, Filla BJ, Phelps JM (1998) J Res Natl Inst Stand Tech-
nol 103:357

. Purwajanti S, Zhou L, Ahmad Nor Y, Zhang J, Zhang H, Huang

X, Yu C (2015) ACS Appl Mater Interfaces 7:21278
Hattori H (1995) Chem Rev 95:537

@ Springer



A. Ashouri, S. Samadi

20.
21.

22.
23.
24.

25.
26.

27.

28.

29.

Sun LB, Liua XQ, Zhou HC (2015) Chem Soc Rev 44:5092
Camtakan Z, Erenturk S, Yusan S (2012) Environ Prog Sustain
Energy 31:536

Talath S, Gadad A (2006) Eur J Med Chem 41:918

Tang Z-X, Lv B-F (2014) Braz J Chem Eng 31:591

Okuma K, Nagakura K, Nakamija Y, Kubo K, Shioji K (2004)
Synthesis 12:1929

Samadi S, Ashouri A, Ghambarian M (2017) RSC Adv 7:19330
Hassan A, Mourad A, El-Shaieb K, Abou-Zied A (2005) Mol-
ecules 10:822

Halimehjani AZ, Ashouri A, Marjani K (2012) J Heterocycl Chem
49:939

Chaudhari PS, Pathare SP, Akamanchi KG (2012) J Org Chem
77:3716

Guin S, Rout SK, Gogoi A, Nandi S, Ghara KK, Patel BK (2012)
Adv Synth Catal 354:2757

@ Springer

30.
31.

32.

33.
34.

35.

Severinsen R, Kilburn JP, Lau JF (2005) Tetrahedron 61:5565
Moorthy SK, Ashok CH, Rao KV, Viswanathan C (2015) Mater
Today Proc 2:4360

Sutapa WI, Wahab AW, Taba P, Taba Nafie NL (2018) Orient J
Chem 34:1016

Hall B, Zanchet D, Ugarte D (2000) J Appl Crystallogr 33:1335
Halimehjani AZ, Marjani K, Ashouri A (2010) Green Chem
12:1306

Dubey R, Rajesh Y, More M (2015) Mater Today Proc 2:3575

Publisher’s Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.



	Preparation of 2,5-diamino-1,3,4-thiadiazole derivatives using MgO nanoparticles as heterogeneous basic catalysts
	Abstract
	Graphical abstract
	Introduction
	Results and discussion
	The catalytic effect of different nanoparticles on the preparation of 2,5-diamino-1,3,4-thiadiazole derivatives
	Characterization of catalysts
	Proposed mechanism

	Conclusion
	Experimental
	Synthesis of MgO NPs
	General procedure for preparation of substituted 2,5-diamino-1,3,4-thiadiazoles
	The recycling of MgO nanocatalysts

	Acknowledgements 
	References




