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Abstract Sulfated graphene and graphene oxide were
used successfully as the heterogeneous catalysts for the
synthesis of 3,4-dihydropyrimidin-2(1H)-ones (-thiones)
through the reaction between ethyl acetoacetate, an alde-
hyde, and an urea or thiourea, at room temperature in the
environmentally friendly solvent. The catalysts could be
separated from the reaction mixture and reused at least five
times without any considerable loss of the activity. Sul-
fonated graphene proved to be a more efficient catalyst
compared with graphene oxide.
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Introduction

The chemistry of 3,4-dihydropyrimidin-2(1H)-ones(-
thiones) (DHPMs) has come a long way since the
pioneering works of Pietro Biginelli [1-4]. DHPMs and
their derivatives have exhibited antibacterial and antifungal
properties [5], antiviral activity [6], anti-inflammatory [7],
anticancer agents [8—13], and antioxidative properties [14].
In addition, being potent calcium channel modulators, they
display coronary dilation and antihypertensive effects [15—
27]. DHPMs and well-known 1,4-dihydropyridine calcium
channel modulators of the nifedipine-type reveal high
structural similarity and similar biological profiles [15].

The classic approach to the synthesis of DHPMs is Big-
inelli reaction through the condensation reaction of ethyl
acetoacetate, aromatic aldehyde, and urea under strong acidic
conditions. Different synthetic strategies have been devel-
oped for the preparation of the DHPMs derivatives [28].
However, among the various acid catalysts, the solid acid
catalysts and especially supported solid acids are attracting
more consideration in organic transformations. These cata-
lysts improve the atom efficiency of the reaction, simplify the
process and workup, increase the lifetime (through reuse), and
reduce the volume of waste. Reusability of the solid catalyst is
another important issue in the organic chemistry. In the last
decade, several nanosolid catalysts, such as graphite [29],
sulfonated carbon [30], ZrO,-nanopowder/sf/MWTI [31], sil-
ica/Fe [32], and PVP-DVBI/CeO,/H,0 [33], for this synthesis
strategy have been reported.

Graphene was experimentally isolated in 2004, and
became one of the most intriguing research prospects [34].
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Graphene represents a new class of carbon material, which
has unique two-dimensional hexagonal atomic layer nanos-
tructure and fascinating unusual properties. The application
of graphene, as an ideal support in heterogeneous catalysis,
has been grown significantly due to the integrated cost
reduction for graphene production, high specific surface area,
extraordinary thermal, and mechanical stability [35-37].
Given the importance of graphene, the large-scale use of
graphene as support can be expected. In fact, graphene
because of increasing the yield of catalysis recovery and more
efficient process has been widely used as a support material
for various catalytic applications in recent years [38—40].

There is no example on the use of sulfonated graphene
(GO-SO3H) and graphene oxide (GO) as catalyst for the
synthesis of dihydropyrimidinones and -thiones. In con-
tinuation of our efforts to introduce new efficient methods
for the synthesis of heterocyclic compounds [41-43],
especially DHPMs skeletons [44], herein, we report a facile
and straightforward method for the synthesis of 3,4-dihy-
dropyrimidin-2(1H)-(thi)ones 4 via a one-pot condensation
reaction between ethyl acetoacetate (1), (aromatic) alde-
hyde 2, and urea or thiourea (3) in the presence of
sulfonated graphene (GO-SOz;H) or graphene oxide (GO)
in water at ambient temperature (Scheme 1).

Results and discussion

The synthesis of GO-SO3;H was accomplished in the three
steps [45, 46]. The first step involved the synthesis and
prereduction of GO using NaBH,, the second step is sul-
fonation of reduced GO using the aryl diazonium salt of
sulfanilic acid, and the third step consisted of postreduction
using hydrazine.

As shown in Fig. 1, the TEM image of the GO-SO;H
sample appears transparent, and shows a single layer gra-
phene sheet. Figure 2 shows the XRD patterns of
sulfonated graphene (GO-SO3H) and graphene oxide (GO).

Scheme 1
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In the XRD pattern of GO, the strong and sharp peak at
20 = 11.6° corresponds to an interlayer distance of 7.6 A
(d002). In the XRD pattern of GO, the graphite peak at
26.5° disappeared completely and confirmed the formation
of GO. After reduction of GO by sodium borohydride and
sulfonation of reduced graphene oxide, the diffraction peak
at 11.6° associated with GO disappears, and the broad
diffraction peak ranging centered at 24.2° appears, which
suggested that GO was reduced to graphene with only a
few layers [47]. CHNS analysis indicates the presence of
sulfur in 4.83 % in GO-SOsH nanosheets.

The effect of solvents was also examined for the above
reaction, and the results indicated the solvent efficiency on
the reaction. Performing the reaction of benzaldehyde,
ethyl acetoacetate, and urea in various protic and aprotic
solvents showed the efficiency of polar solvents, and
preferentially water as the reaction solvent (Table 1). As
can be seen in Table 1, of the solvents, polar solvents,
among them water as the reaction solvent was selected
because of its better efficiency, and green chemistry is
preferred over other solvents.

The catalytic activity of GO and GO-SOz;H was evalu-
ated for the synthesis of 4d. As shown in Table 2, it was
found that 0.01 g of GO or GO-SO;zH in H,O is the best
reaction condition (entry 3). It is important to note that
while organic solvents, such as EtOH, gave similar yields.
Furthermore, H,O was selected as the solvent due to its
accordance with the green chemistry principle.

The synthesis of the DHPMs involved the one-pot
reaction between ethyl acetoacetate (1), (aromatic) alde-
hyde 2, and urea or thiourea (3) in the presence of
sulfonated graphene (GO-SOz;H) or graphene oxide (GO)
in water at ambient temperature (Scheme 1). The reaction
proceeded smoothly, and the product was separated from
the reaction mixture in high yields and purity without any
further work-up. Various aromatic aldehyde and urea or
thiourea were used successfully in this reaction; the syn-
thesized products are presented in Table 3.
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Fig. 1 TEM image of synthesized GO-SO;H
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Fig. 2 X-ray diffraction (XRD) pattern of GO and GO-SOsH

Table 1 Influence of the solvent on the yield of model 3,4-DHPM 4d

Entry Solvent Time/min Yields*/%
GO G-SO;H®

1 Toluene 25 0 0
2 Dichloromethane 25 14 18
3 Chloroform 25 19 24
4 THF 25 29 35
5 Acetonitrile 25 68 73
6 Ethanol 25 76 82
7 Water 25 87 91

Reaction conditions: benzaldehyde (1.00 mmol), ethyl acetoacetate
(1.10 mmol), and urea (3.00 mmol) in solvent and 0.01 g GO or GO-
SO;H as catalyst at room tempreature

# Tsolated yield
° Graphene oxide nanosheets
¢ Sulfonated graphene nanosheets

As results show, electron-rich and electron-deficient
substrates were reacted to synthesis the corresponding
DHPMs under the optimized reaction conditions. As

indicated in Table 3, the reaction proceeds efficiently and
led to the products 4a—4m in good yields.

Many of the pharmacologically relevant substitution
patterns on the aromatic ring could be introduced with high
efficiency using this procedure (Table 3). Most importantly,
aromatic aldehydes carrying either electron-donating or
electron-withdrawing substituents reacted well under the
reaction conditions to give the corresponding dihydropy-
rimidinones in high to quantitative yields with high purity.
Acid-sensitive furfural also worked well without the for-
mation of any side products (Table 3, entry 4g). Another
important feature of this method is survival of a variety of
functional groups, such as nitro, halide, hydroxyl, and
methyl groups, under the reaction conditions. This method
is even effective with aliphatic and «,f-unsaturated alde-
hydes, which normally show extremely low conversions in
the Biginelli reaction (Table 3, entries 4g and 4h). Unlike
most of the reported methods, this procedure does not
require any additives or activators or anhydrous conditions.
Some other methods require the use of toxic reagents in
combination with Bronsted acids, such as hydrochloric acid
and acetic acid, as additives [28]. This procedure not only
preserves the simplicity of the Biginelli reaction, but also
produces excellent yield of the products with high purity.
Thiourea has been used with similar success to produce the
corresponding thio derivatives of dihydropyrimidinones,
which are also of much interest with respect to their bio-
logical activities (Table 3, entries 4j—4m) [28]. Decreased
reaction times and improved yields are realized as a result
of the increased reactivity of the substrates on the surface of
GO-SO3H or GO. In addition, water is a medium that is
fully compatible with green chemistry.

The reusability of the catalyst was also investigated with
the same model reaction again studied under the optimized
conditions. After the completion of the reaction, the catalyst
was recovered according to the procedure described in the
experimental section and reused. The catalyst could be reused
at least six times with only a slight reduction in activity.

The changes in the structure of the recovered GO-SO;H
and GO were determined by Raman, XRD, and FT-IR
methods. In addition, the XRD pattern of GO-SO3;H and
GO is the same as Fig. 2. As can be seen in Fig. 3, the
structure of the recycled catalyst does not change, and a
very slight decrease in the reaction yield is may be due to
the covering the surface of catalyst by impurities.

Experimental
All the reagent and solvents were obtained from Merck
(Germany) and were used without further purification.

Melting points were measured on an Electro Thermal 9100
apparatus.
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Table 2 Effects of catalyst amount for the synthesis of 3,4-DHPM 4d

Entry Catalyst amount/g Solvent Time/min Yields*/%
GO G-SO;H®

1 0.005 Water 25 53 60
2 0.005 Ethanol 25 43 48
3 0.01 Water 25 87 91
4 0.01 Ethanol 25 76 82
5 0.02 Water 25 89 92
6 0.02 Ethanol 25 78 83
7 0.03 Water 25 90 92
8 0.03 Ethanol 25 78 84

Reaction conditions: benzaldehyde (1.00 mmol), ethyl acetoacetate (1.10 mmol), and urea (3.00 mmol) in solvent and GO or GO-SOsH as

catalyst at room tempreature
 Isolated yield
® Graphene oxide nanosheets

¢ Sulfonated graphene nanosheets

Table 3 One-pot synthesis of DHPMs derivatives in the presence of graphene oxide (GO) and sulfonated graphene (GO-SOzH) in H,O

Product Ar R X Time/ Yields®/% M.p./°C
i GO® GO- Found Reported [44]
SO;H®

4a 4-HO-CgH, Et (0] 20 87 93 226-228 226-228
4b 4-CH5-C¢H,4 Et (0] 20 81 92 215-217 215-217
4c 4-Cl1-C¢Hy Et (0] 25 79 90 210-213 209-211
4d CeHs Et (0] 25 85 91 199-201 200-203
4e C¢HsCH=CH Et (0] 30 77 89 234-236 237-239
4f 4-NO,-CgH, Et (0] 35 80 88 206-208 207-209
4g 2-Furyl Et (0] 30 83 89 206-208 208-209
4h Cyclohexyl Et (0] 35 79 83 237-239 236-238
4i CeHs CH; (0] 25 86 90 221-223 222-224
4j 4-HO-C¢H, Et S 20 84 92 199-201 198-200
4k 3-NO,-CeH, Et S 35 80 85 203-205 201-203
41 4-NO,-CeH, Et S 35 78 86 108-110 107-109
4m 2-Furyl Et S 30 79 86 183 (dec.) 184 (dec.)

Reaction conditions: aldehyde, ethyl acetoacetate, urea or thiourea, 0.01 g GO or GO-SOsH, room temperature

# Isolated yield
" Graphene oxide nanosheets

¢ Sulfonated graphene nanosheets

Preparation of graphene oxide [47]

GO was prepared using a modified Hummer’s method.
Graphite powder (1.00 g, 325 mesh) and 23 cm® concen-
trated H,SO, were added to a 250 cm? conical flask and the
mixture stirred. Sodium nitrate (0.50 g) was added, and the
resulting mixture was cooled to 0 °C. Under vigorous
agitation, 3.00-g KMnO, was added slowly, and the

@ Springer

mixture was stirred for 1 h, while the temperature was kept
below 35 °C. Then, 45 cm?® H,O was added slowly to the
reaction mixture, and the solution was stirred for 30 min at
90 °C. Next, 10.0 cm® H,0, (30 % solution) and 140 cm?
deionized water were added to the mixture. Then, resulting
precipitate was centrifuged and washed repeatedly with
5% HCl (3 x 15 cm®) and EtOH, and vacuum dried at
60 °C. The GO was obtained as a brown powder.
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Fig. 3 FT-IR and Raman
scattering spectra of GO and
GO-SO;H
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Graphene oxide (GO) was reduced using 0.60-g NaBH,.
The pH of the reaction mixture was adjusted to 9-10, and
the temperature was kept constant at 80 °C. After 1 h, the
partially reduced GO was centrifuged and washed with
H,O (5 x 15 cm?). The reduced GO was dispersed in 75.0-
g H,0 by sonication for 20 min. The aryl diazonium salt,
which was prepared from the reaction of 0.02-g sodium
nitrite and 0.5-g HC1 (1 M) in 10.0-g H,O in an ice bath,
was added to the dispersed GO. After stirring in the ice
bath for 2 h, the product was separated from the reaction
media by centrifugation and washed with H,0
(3 x 10 cm®). The resulting sulfated graphene oxide was
dispersed in 75.0-g water and reduced using 2.00-g
hydrazine in 5 cm® of H,O at 100 °C for 2 h. The final
product was obtained after rinsing with 50 cm® H,O.

General procedure for the preparation of 3,4-
dihydropyrimidin-2(1H)-(thi)ones 4a—4m

To a solution of ethyl acetoacetate (1.10 mmol), aldehyde
(1.00 mmol), and urea or thiourea (3.00 mmol) was added,
0.01-g GO or GO-SOH dispersed in 3.00 cm® H,O. The
mixture was stirred at room temperature for 20-35 min.
After completion of the reaction, which resulted in pre-
cipitation of the desired 3,4-dihydropyrimidin-2(1H)-
(thi)ones 4a—4m. The precipitated solid was filtered, dried,
washed with petroleum ether to remove any residual
starting material, and then recrystallized from ethanol to
afford the pure product. The catalyst could be recovered
after evaporation of the aqueous layer. After washing with
EtOH and H,0O (2 x 4 cm®) and drying at 300 °C, GO or
GO-SO;zH separated as a black solid, and reused consec-
utive times in Biginelli reactions. Products were
characterized by 'H NMR, B¢ NMR, and CHN analysis
data.

Branch, Islamic Azad University, Marand, Iran for the financial
support of this research.
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