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Abstract MgO-MgAl2O4 nanocomposite was prepared from the co-precipitation of Mg(NO3)2
and Al(NO3)3 salts, characterized by X-ray diffraction (XRD), transmission electron microscopy

(TEM), energy-dispersive X-ray spectroscopy (EDS) and fourier transform infrared spectroscopy

(FTIR) techniques and evaluated in the synthesis of thirty five derivatives of benzo[4,5]thiazolo[3

,2-a]chromeno[4,3-d]pyrimidin-6-ones (d1-d34) via the multi-component reaction of 4-

hydroxycoumarins, aldehydes, and 2-aminobenzothiazole derivatives under solvent free condition.

The catalytic activity of MgO-MgAl2O4 nanocomposite and the synthesis of the above mentioned

compounds were investigated under thermal solvent free (times: 1.4–3 h; yields: 75–95%), ultrasonic

irradiation (US) conditions (times: 1–2.5 h; yields: 69–97%) and using high-speed ball milling

(HSBM) technique (times: 0.7–2.5 h; yields: 67–97%). In all cases, the products were obtained in

excellent yields. Nuclear Magnetic Resonance (NMR) and MASS spectroscopy were used to

characterize the structure of the desired product. The mechanism for the preparation of compounds

d1-d34 was proposed and confirmed by 1H NMR investigations.
� 2020 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open

access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

The pyrimidine rings combined with thiazol, chromene and
pyran heterocycles, known as important privileged heterocyclic

scaffolds, are found in a variety of drugs and natural products.
In particular, fused thiazolo and chromenopyrimidines have
attracted much attention in medical chemistry due to their sig-
nificant therapeutic and biological activities. Fused thiazolo

and chromenopyrimidines have shown significant activity
against a number of pathogens and diseases such as anti-
inflammatory, antiparkinsonian, anti-HIV, anti-HSV-1 and
cardiovascular agents (Selvam et al., 2012; Amr et al., 2008;

Mohamed et al., 2010; Cumming at al., 2004). The antioxidant
and antimicrobial activities of some thiazolopyrimidines have
been reported by Youssef and Amin (2012). Some fused

thiazolo[3,2-a] pyrimidine derivatives have shown significant
antibacterial activity against diverse pathogenic strains such
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as Staphylococcus aureus ATCC 6538 and Pseudomonas
aeruginosa ATCC 9027 (bacteria) (Afradi et al., 2017).

A Literature view reveals that fused thiazolo and

chromenopyrimidines have been synthesized using different
procedures e.g. a multi-step reaction of 2-
hydroxybenzaldehyde, malononitril, DMF-acetal and amines

(Rai et al., 2010), treatment of benzochromenes with acetic
anhydride under reflux conditions (Abozeid et al., 2019), and
a three-component condensation of 3,4-dihydropyrimidine-

2(1H)-thiones, aldehydes and chloroacetyl chloride catalyzed
by Fe3O4@L-arginine nanoparticles (Afradi et al., 2017).
Moreover, the catalytic preparation of a library of thiazolopy-
rimidines has been performed under thermal and microwave

conditions in the presence of different catalysts such as
SiO2–ZnBr2 (Devineni1 et al., 2019), Low melting glycerol/
proline mixture (Mohire et al., 2019), ionic liquids (Arya

et al., 2018; Khandelwal et al., 2015), and para-toluene sulfonic
acid (Roudbaraki et al., 2019).

On the other hands, fused pyrimidines containing both thi-

azol and chromene moieties were prepared via cyclization of
isatin, cyclohexane-1,3-diones, and 2-hydroxy-4H-benzo[4,5]t
hiazolo[3,2-a]pyrimidin-4-ones by Jannati and Esmaeili

(2018). Recently, a series of benzo[4,5]thiazolo[3,2-a]chro
meno[4,3-d]pyrimidin-6-ones were prepared by a the three-
component condensation of 4-hydroxycoumarins, 2-
aminobenzothiazoles, and aldehydes using an ionic liquid

(Sagar Reddy and Jeong, 2016), sodium lauryl sulfate (SLS)
micelles (Sahu, 2016a), and hydrotalcite (Sahu, 2016b) as effi-
cient catalysts. This procedure is simple and can be extended to

different substrates.
Although the synthesis of fused pyrimidines has been

widely investigated, the development of synthetic methodolo-

gies for the synthesis of fused pyrimidines is in demand due
to their wide applications as pharmacophores.

On the other hands, heterogeneous catalysis by nanomate-

rials has a major key role in chemical transformations as they
provide approaches for environmental protection. Nanocom-
posite materials are an important class of heterogeneous cata-
lysts, which has been used widely in organic synthesis and

other chemical transformations and have provided reasonable
good results in term of reaction parameters such as time and
yield (Sharma et al., 2015; Zhan et al., 2020; Wang et al.,

2019; Zhang et al., 2020; Feng et al., 2020). Therefore, new
research is needed to find high-performance catalytic systems
to increase productivity.

Recently, many researchers have considered the use of
metal-based nanocomposites due to their high specific surface
area and proper catalytic activity. Many synthetic organic
Scheme 1 Preparation of benzo[4,5]thiazolo[3,2-a]chromeno[4,3-d]p
reactions have promoted by metal oxides nanocomposites
and they can contributed significantly to the design of novel
heterocycles. Metal oxides have crystalline structures that

enhance the catalytic properties of these compounds.
Moreover, the combination of metal oxides, especially on a
nanoscale, makes it possible to modify and improve the speci-

fic surface area of materials, increase active sites, and thus
increase the catalytic capacity of these compounds. Therefore,
trying to synthesize metal nanocomposites is an interesting

topic in the field of nanocatalysts (Bhaskaruni et al., 2020;
Shafighi et al., 2018; Harikrishna et al., 2020; Hillary et al.,
2017; Fang et al., 2020; Wang et al., 2020; Asgari et al.,
2020). Therefore, in continue of our investigations on the

preparation of heterocyclic compounds (Khalaj et al., 2019,
2018a, 2018b; Varmazyar et al., 2019a, 2019b), in this work,
we aim at synthesizing a variety of benzo[4,5]thiazolo[3,2-a]

chromeno[4,3-d]pyrimidin-6-one derivatives using MgO-
MgAl2O4 composite nano powder from the three-component
reaction of 4-hydroxycoumarin, aryl aldehydes, and 2-

aminobenzothiazole derivatives (Scheme 1).

2. Experimental

2.1. Preparation of MgO-MgAl2O4 nanocomposite

To a solution of Mg(NO3)2 (20 mmol) and Al(NO3)3 (20 mmol)
in 200 mL of water, 100 mL of ammonia solution (15%) were
added dropwise under vigorous magnetic stirring until the pH

increased to 12. The resulting precipitate was dried at 80 �C
after separation and washing with water. MgO-MgAl2O4 was
obtained after calcination at 800 �C for 3 h.

2.2. General procedure

Method A: A mixture of 4-hydroxycoumarin (a, 1 mmol), ben-
zaldehyde (b, 1 mmol), 2-aminobenzothiazole (c, 1 mmol), and

MgO-MgAl2O4 (0.05 g) was heated on an oil bath at 100 �C.
The Hot ethanol was used for catalyst seperation from the
organic phase after the reaction was complete, as monitored

by TLC (eluent being n-hexane/ethyl acetate: 4/1). At last,
the pure product was obtained via recystallization from EtOH.

Method B: The oil bath was replaced by an ultrasonic bath.
All parameters were the same as those in method A, except for

the ultrasonic irradiation at 80 �C.
Method C: Similar to method A, the starting materials were

mixed and milled in a 10 mL volume stainless steel grinding

vial using stainless steel balls (diameter: 6 mm; mass: 1.04 g)
yrimidin-6-one derivatives using MgO-MgAl2O4 nanocomposite.



Fig. 2 XRD pattern of MgO-MgAl2O4 nanocomposite.
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at 25 Hz and 70 �C. The next steps were similar to those in
method A.

3. Results and discussion

3.1. Catalyst characterization

Fig. 1 shows the TG and DTG analyses of crude precursors of
MgO-MgAl2O4 nanocomposite. The weight of the sample

decreased with increasing temperature. About 44% of mass
loss occurred in the temperature range of 100–350 �C due to
the evaporation of physisorbed water and the transformation

of Mg(OH)2 to MgO and Al(OH)3 to Al2O3 oxides (Ewais
et al., 2017). DTA analysis shows two exothermic peaks below
400 �C, indicating the precursor decomposition. The endother-

mic peak above 650 �C is due to the conversion of MgO and
Al2O3 to MgAl2O4 spinel (Zhang et al., 2004). Thus, 800 �C
was selected as the calcination temperature of the crude pre-
cursor to assure the formation of MgO-MgAl2O4

nanocomposite.
The X-ray diffraction (XRD) pattern of MgO-MgAl2O4

nanocomposite is shown in Fig. 2. The XRD pattern consists

of pronounced peaks centered at 36.9, 42.8, 62.2, 74.6, and
78.5 [2h�], corresponding to the cubic phase of MgO (JCPDS:
01–087-0651) and those located at 31.3, 36.9, 44.9, 49.1, 55.7,

59.4, 65.3, 77.4, and 82.7 [2h�] are related to the cubic phase
of MgAl2O4 spinel structure (JCPDS: 01-073-0559). No impu-
rity peaks were detected (Rahmani Vahid and Haghighi, 2016).

The surface morphology of MgO-MgAl2O4 nanocomposite
was investigated by TEM analysis (Fig. 3) and the results show
that the nanocomposite consists of small spherically shaped
particles with a little agglomeration. The average size is less

than 100 nm. The EDS analysis of MgO-MgAl2O4 nanocom-
posite confirms that the molar ratio of Mg:Al:O is about 1:1:2.

The FT-IR spectrum of MgO-MgAl2O4 nanocomposite

shows a broad band at about 3200–3500 cm�1, which is due
to the H-O stretching vibration from the absorbed water.
The two peaks present below 700 cm�1 correspond to the

vibrations of Al-O-Mg, Mg-O, and Al-O bonds (Ewais et al.,
2017; Tripathy and Bhattacharya, 2013), indicating the forma-
tion of MgO and MgAl2O4 spinel (Fig. 4).
Fig. 1 TGA and DTA analysis of crude materials.
3.2. Catalytic evaluation

At first, the three-component reaction of 4-hydroxycoumarin,
benzaldehyde, and 2-aminobenzothiazole was selected for
investigation under different conditions. The reactions were

carried out using different solvents, temperatures and catalyst
dosages and 0.05 g of MgO-MgAl2O4 nanocomposite
(Table 1). As observed in Table 1, acceptable product yields

were not obtained using any of the solvents screened, while
excellent product yields were achieved under solvent free con-
ditions at lower reaction times. Next, the same model reaction

was investigated for the effect of different temperatures in the
25–120 �C range on the product formation. According to the
results, no products form when the temperature is below
80 �C. Clearly, the productivity of the reaction significantly

increased by raising the temperature from 80 to 100 �C within
short reaction times. However, higher temperatures do not
improve the rate and efficiency of the reaction. Afterwards,

the effect of catalyst dosages on the reaction process was inves-
tigated. As shown in Table 1, the reaction proceeds faster by
increasing the catalyst dosage up to 0.05 g, while there are

no significant changes in the reaction progress using higher
catalyst dosages.

Finally, 0.05 g of the catalyst, temperature of 100 �C and

solvent free conditions were determined as optimized reaction
conditions. In comparison with some other catalysts including
MgO, Al2O3 and MgAl2O4, MgO-MgAl2O4 nanocomposite
shows better results in terms of reaction parameters such as

time and product yield (Table 1).
Consequently, under the optimal conditions, the generality

of this method was studied in the transformation of a series of

substituted aldehydes into the corresponding 7-aryl-6H,7H-b
enzo[4,5]thiazolo[3,2-a]chromeno[4,3-d]pyrimidin-6-ones in
good to excellent yields (Table 2). As shown in Table 2, the

reaction of 2-aminobenzothiazoles, different aldehydes, and
4-hydroxycoumarins proceeded efficiently to form products
in high yields mostly.

Generally, aromatic aldehydes containing electron donat-

ing groups have shown to be more reactive than those with
electron withdrawing groups. In addition, ortho-substituted
aldehydes react slowly compared to the para isomers. These

results indicate that the electronic nature of the substituents



Table 1 Optimization of the reaction condition.

Entry Catalyst (0.05 g) Condition Time (h)/

Yield (%)*

1 MgO-MgAl2O4

nanocomposite

EtOH,

Reflux

3/25

2 MgO-MgAl2O4

nanocomposite

Et2O, Reflux 3/-

3 MgO-MgAl2O4

nanocomposite

CH3CN,

Reflux

3/15

4 MgO-MgAl2O4

nanocomposite

Toluene,

Reflux

3/30

5 MgO-MgAl2O4

nanocomposite

H2O, Reflux 3/-

6 MgO-MgAl2O4

nanocomposite

Hexane,

Reflux

3/-

7 MgO-MgAl2O4

nanocomposite

EtOAc,

Reflux

3/-

8 MgO-MgAl2O4

nanocomposite

solvent-free,

100 �C
1.5/75

9 MgO-MgAl2O4

nanocomposite

solvent-free,

25 �C
3/-

Fig. 3 TEM photograph and EDS analysis of MgO-MgAl2O4 nanocomposite.
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considerably affects the reaction rates (Table 2, Entries 1–17).

Heterocyclic aldehydes such as thiophene-2-carbaldehyde
could also achieve good results in a short time (Table 3, Entries
4,5). Cyclohexane carbaldehyde, an aliphatic aldehyde, gave

high yields in this reaction (Table 2, Entry 12).
Next, the reactions were undertaken using some substituted

4-hydroxycoumarin (6,7-dichloro-4-hydroxy-2H-chromen-2-o

ne; 4-hydroxy-6,7-dimethoxy-2H-chromen-2-one), and 2-
aminobenzothiazoles (6-methylbenzo[d]thiazol-2-amine; 6-
nitrobenzo[d]thiazol-2-amine; 7-chloro-4-methylbenzo[d]thia

zol-2-amine) and the results are summarized in Table 3
(Table 3, Entries 1–19). As observed, all compounds were suc-
cessfully employed in the reaction and the products were
formed in high yields.

The role of MgO-MgAl2O4 on the catalytic preparation of
7-aryl-6H,7H-benzo[4,5]thiazolo[3,2-a]chromeno[4,3-d]pyrimi
din-6-one derivatives can be explained by drawing a plausible

mechanism. Scheme 2 shows the proposed mechanism for the
synthesis of compounds d1-d34. The reaction begins with an
acid-base reaction of the aluminate anion (from MgAl2O4)

and the acidic proton of the hydroxyl group of coumarin.
Simultaneously the carbonyl group of aldehyde can be acti-
vated by magnesium oxide. Next, intermediate A is formed

by an attack of the negative carbon of coumarin to the car-
Fig. 4 FT-IR spectra of MgO-MgAl2O4 nanocomposite.
bonyl group following by the removal of water. According

to Reddy and Jeong (2016), the next step is the aza-Michael
10 MgO-MgAl2O4

nanocomposite

solvent-free,

80 �C
3/45

11 MgO-MgAl2O4

nanocomposite

solvent-free,

120 �C
1.4/70

12 MgO solvent-free,

100 �C
2/60

13 MgAl2O4 solvent-free,

100 �C
3/63

14 Al2O3 solvent-free,

100 �C
3/-

15 MgO-MgAl2O4

nanocomposite (0.01 g)

solvent-free,

100 �C
3/35

16 MgO-MgAl2O4

nanocomposite (0.025 g)

solvent-free,

100 �C
2/65

17 MgO-MgAl2O4

nanocomposite (0.1 g)

solvent-free,

100 �C
1.5/70

* Isolated Yield; based on the preparation of 7-phenyl-6H,7H-

benzo[4,5]thiazolo[3,2-a]chromeno[4,3-d]pyrimidin-6-one.



Table 2 Preparation of benzo[4,5]thiazolo[3,2-a]chromeno[4,3-d]pyrimidin-6-one derivatives using MgO-MgAl2O4 nanocomposite

(Scheme 1).

Entry a: R1/R2 b: Ar-CHO c: R3/R4/R5/R6 d Method A Method B Method C

Time (h)/Yield (%) Time (h)/Yield (%) Time (h)/Yield (%)

1 H/H PhCHO H/H/H/H d1 1.5/75 1.3/85 1/82

2 H/H 4-MePhCHO H/H/H/H d2 1.4/77 1.2/83 0.8/88

3 H/H 4-MeOPhCHO H/H/H/H d3 1.2/80 1/90 0.7/85

4 H/H 3,4,5-triMeOPhCHO H/H/H/H d4 1.2/91 1/93 0.75/90

5 H/H 2-MePhCHO H/H/H/H d5 1.6/79 1.5/83 1.3/77

6 H/H 2-MeOPhCHO H/H/H/H d6 1.6/80 1.5/83 1.3/85

7 H/H 3-MeOPhCHO H/H/H/H d7 1.4/87 1.2/86 1/90

8 H/H 4-HOPhCHO H/H/H/H d8 1.5/70 1.4/73 1/74

9 H/H 4-ClPhCHO H/H/H/H d9 2/90 1.5/95 1.2/88

10 H/H 3-ClPhCHO H/H/H/H d10 2/78 1.5/96 1.2/90

11 H/H 2-ClPhCHO H/H/H/H d11 2.5/77 2/86 1.5/83

12 H/H C6H11CHO H/H/H/H d12 2/86 1.5/88 1.5/85

13 H/H 2-BrPhCHO H/H/H/H d13 2.5/93 2/90 2/91

14 H/H 3-BrPhCHO H/H/H/H d14 2.5/93 1.5/96 1.5/93

15 H/H 4-BrPhCHO H/H/H/H d15 2.5/90 1.5/96 1.4/93

16 H/H 4-NO2PhCHO H/H/H/H d16 3/88 2.5/86 2/82

17 H/H 3-NO2PhCHO H/H/H/H d17 3/80 2.5/83 2/84

Method A: solvent-free, 100 �C; Method B: ultrasonic irradiation, solvent-free, 80 �C; Method C: HSBM technique, solvent-free, 70 �C.

Table 3 Preparation of benzo[4,5]thiazolo[3,2-a]chromeno[4,3-d]pyrimidin-6-one derivatives using MgO-MgAl2O4 nanocomposite

(Scheme 1).

Entry a: R1/R2
b: Ar-CHO c: R3/R4/R5/R6

d Method A Method B Method C

Time (h)/Yield (%) Time (h)/Yield (%) Time (h)/Yield (%)

1 H/H 4-Me2NPhCHO H/H/CH3/H d19 2/85 1.2/90 1/96

2 H/H 4-ClPhCHO H/H/CH3/H d18 2/87 1.2/89 1/88

3 H/H PhCHO H/H/NO2/H d20 3/77 2.5/73 2/70

4 H/H CH3/H/H/Cl d21 2/68 1.5/71 1/67

5 H/H CH3/H/Cl/H d22 2.5/65 2/74 1.5/73

6 H/H 4-MeOPhCHO CH3/H/Br/H d23 1.5/87 1.2/90 1/93

7 H/H 4-ClPhCHO CH3/H/Br/H d24 2/88 1.5/89 1.3/93

8 Cl/Cl PhCHO H/H/NO2/H d25 1.5/71 1.2/69 1/78

9 Cl/Cl 4-MePhCHO H/H/NO2/H d26 1.5/87 1/89 1/93

10 Cl/Cl 4-MeOPhCHO H/H/NO2/H d27 1.5/95 1/90 1/97

11 Cl/Cl 3,4-diMeOPhCHO H/H/NO2/H d28 1.4/88 1/96 0.9/89

12 Cl/Cl 4,5-diMeOPhCHO H/H/NO2/H d29 1.5/82 1/97 1/95

13 Cl/Cl 3,4,5-triMeOPhCHO H/H/NO2/H d30 1.5/85 1/87 1/84

14 Cl/Cl 3,4-diClPhCHO H/H/NO2/H d31 3/82 2.5/85 2.5/87

15 Cl/Cl 4-NO2PhCHO H/H/NO2/H d32 3/85 2.5/86 2.5/87

16 Cl/Cl 4-BrPhCHO H/H/NO2/H d33 3/80 2.5/89 2.5/83

17 MeO/MeO PhCHO H/H/NO2/H d34 1.5/89 1/95 1/93

18 MeO/MeO Butyraldehyde H/H/NO2/H d35 2/- 2/- 2/-

19 MeO/MeO Hexanal H/H/NO2/H d36 2/- 2/- 2/-

Method A: solvent-free, 100�C; Method B: ultrasonic irradiation, solvent-free, 80�C; Method C: HSBM technique, solvent-free, 70�C.
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addition to form intermediate B, which undergoes the cycliza-

tion and dehydration to afford the desired product (Scheme 2).
Another route that can be suggested is comprised from the
condensation of 2-aminobenzothiazol with aldehyde (Interme-

diate X). Consequently, intermediate X will be convert to
intermediate A via coumarin anion attack.
The formation of intermediates X and A was confirmed by

the H-NMR investigation. Fig. 5 shows the H-NMR of reac-
tion mixture (6,7-dichloro-4-hydroxy-2H-chromen-2-one, ben-
zaldehyde, and 6-nitrobenzo[d]thiazol-2-amine) at the

beginning of the reaction, after 30, 45, and 60 min for the
preparation of product (d25). As revealed, after 30 min ben-



Scheme 2 Proposed mechanism.
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zaldehyde is completely consumed and the intermediates A
and X are formed. A few of 6,7-dichloro-4-hydroxy-2H-chro

men-2-one is still remain in the reaction mixture after
30 min. The intermediate A is showed a singlet peak related
to the hydrogen of alkene double bond in chemical shift
5.13 ppm, while intermediate X has an imine bond

(CH=N-) which appeared as a singlet at d= 8.78 ppm. After
45 min, intermediate B was appeared and the peaks of final
products are recorded after 60 min. In comparison, in purified

product none of these peaks are shown (Figure S7, Supplemen-
tary data).
Furthermore, the catalytic activity of MgO-MgAl2O4

nanocomposite and the synthesis of 7-aryl-6H,7H-benzo[4,5]t

hiazolo[3,2-a]chromeno[4,3-d]pyrimidin-6-one derivatives
were studied under solvent free and ultrasonic irradiation
(US) conditions as well as using HSBM technique. The prod-
ucts in both methods were obtained in excellent yields. Gener-

ally, the reaction times are decreased in US and HSBM
techniques (Tables 2, 3). When aliphatic aldehydes were used,
the progress of the reaction was unsuccessful and did not

found to be productive in any of the worked methods (Table 3,
Entries 18, 19).



Fig. 5
1H NMR of reaction mixture at the beginning of the reaction (1), after 30 min (2) 45 (3), and 60 min (4) for the preparation of

product (d25).

Fig. 6 reusability of MgO-MgAl2O4 nanocomposite.

Preparation of benzo[4,5]thiazolo[3,2-a]chromeno[4,3-d]pyrimidin-6-one 6409
Finally, in the recycling procedure, the preparation of d1
was chosen as the model of the reaction. After completion of

the reaction, the organic matter is dissolved in hot ethanol
and subsequently, the catalyst was recovered by simple filtra-
tion, washed with ethanol, and dried at 100 �C to be re-used

in the next cycles. MgO-MgAl2O4 nanocomposite was reused
sequentially for five times without significant loss of catalytic
activity (Fig. 6).

4. Conclusion

In summary, the co-precipitation synthesis and characteriza-

tion of MgO-MgAl2O4 nanocomposite was reported. The sam-
ple has two cubic phase of MgO and MgAl2O4 and small
spherically shaped particles without impurity. The nanocom-
posite is found to act as an efficient catalyst for the synthesis

of some benzo[4,5]thiazolo[3,2-a]chromeno[4,3-d]pyrimidin-6-
one derivatives (d1-d34) in excellent yields. The effect of sol-
vent, temperature and catalyst dosage on the productivity of

the reaction were investigated. The catalyst is more productive
under solvent-free condition and has better results compared
to MgO, Al2O3 and an spinel structure of MgAl2O4. In addi-
tion the nano-composite was found to have acceptable cat-
alytic activity towards the synthesis of d1-d34 under

ultrasonic irradiation conditions and using HSBM technique.
The simplicity of the preparation of ultra-fine catalyst particles
as well as heterocycles is the main advantage of this procedure.

Moreover, the methods described here suffer the advantages of
high catalytic activity, easy catalyst separation and recycling.
In addition, it can be used for a wide range of derivatives.
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