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ABSTRACT

Two simple protocols for the synthesis of three-component condensation reaction of an aldehyde, B-ketoester and urea or thiourea to obtain
the 3, 4-dihydropyrimidin-2(1H)-ones (thiones) using nano silica phosphoric acid are reported. Short reaction times, high yields, reusability
of catalyst and easy workup are some advantages of these protocols.
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catalyst, Multi-component reactions, Nano silica phosphoric acid, Sonication condition.

1. Introduction 1). The acidic capacity of nano-SPA is 10.32 mmol.g-1 and

was determined via titration of 0.2 g of catalyst with
During the last decade, multi-component reactions have standard solution of NaOH. The FT-IR (ATR) spectra of
increasingly become important in organic and medicinal silica chloride, nano-SPA, and H3P0,.SiO, were shown in
chemistry as efficient and low-cost tools for combinatorial Fig. 2. In all ATR spectrums, the Si-O-H and Si-O-Si
synthesis. Biginelli has reported a multi-component reaction stretching bonds are appeared in 900 until 1100 cm™. In
of ethyl acetoacetate, benzaldehyde and urea to obtain silica chloride spectrum, the Si-Cl stretching bond is

dihydropyrimidinone (DHPM). The DHPM derivatives have appeared in 700 cm™. In ATR spectra of nano-SPA and
attracted considerable interest in recent years due to H3PO,4.Si0,, the P-O-H, P=0, P-O stretching bonds are
promising activities as calcium channel blockers, appeared 910-1040, 1637 and 2400-2800 cm™ respectively.
antihypertensive, antibacterial, antitumor and anti- According to above data, we suggested one structure for
inflammatory agents [1]. The Biginelli reaction could be nano-SPA with PO3H, on silica gel (Scheme 1).

catalyzed by acids such as H3PMo0:,04 [2], 12-
tungstophosphoric acid [3], chloroacetic acid [4], Cul [5],
Fe(CF;CO,);3 [6], CaF, [7], trichloroisocyanuric acid [8], 2.1. General.
ZrCly [9], NH,SOsH [10], Y(NO3)3.6H,0 [11] and nano-
BF;.Si0O, [12].

Silica phosphoric acid (SPA) [13] is an efficient and
reusable catalyst. It was prepared by reaction of silica
chloride [14] with dry phosphoric acid. It is noted that, silica

2. Experimental

The materials were purchased from Merck company and
were used without any additional purification. Products
were characterized by FT-IR, *H-NMR and comparison of
their physical properties with those reported in the literature.

chloride was prepared via reaction of silica gel and thionyl o
chloride. By using nano silica gel instead of silica gel, I
according to above pathway, nano silica phosphoric acid P
(nano-SPA) was prepared. The particle size of nano-silica (‘) \OHOH
gel and nano-SPA was measured by SEM photography (Fig. /Si\

/ "
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Scheme 1.
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Fig. 2. ATR of (a) silica chloride, (b) nano-SPA and (c) H3P0,.SiO,

FT-IR (ATR) spectra were run on a Bruker, Eqinox 55
spectrometer. A Bruker (DRX-400 Avanes) NMR was used
to record the '"H NMR spectra.The SEM of nano particles
determined with VEGA/TESCAN scanning electron
microscope.A BANDELIN Sonopulse HD 3200 ultrasonic
apparatus was used for sonication.

2.2. Typical Procedures for the Preparation of 3, 4-
dihydropyrimidinones/thiones in the presence of nano-SPA

A mixture of aldehyde (1 mmol), ethyl acetoacetate (1
mmol), urea or thiourea (1.25 mmol) and nano-SPA (0.01 g)
was heated with stirring at 80 °C. The progress of the
reaction was monitored by TLC. After completion of
reaction, the product was dissolved in hot ethanol and

X 0O O

RICHO + HZNJ\NHZ * A
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Fig. 1. The SEM photograph of (a) nano silica-gel and (b) nano-SPA.

filtered to recover the catalyst. The filtrate was concentrated
to obtain the product. The crude product recrystallized from
ethanol.

3. Results and Discussion

In continuation of our investigation on application of solid
acids in organic synthesis [15-20], we have used nano-SPA
in Bigenelli multi-component reaction. Initially, we studied
the synthesis of 5-ethoxycarbonyl-6-methyl-4-phenyl-3-4-
dihydropyrimidin-2(1H)-one using benzaldehyde, ethyl
acetoacetate, urea and SPA as a catalyst under various
conditions (Table 1). The best conditions were obtained by
using 0.04 g of SPA for 1 mmol of each substrate under
solvent-free conditions at 80 °C (Table 1, entry 2). We
repeated the above mentioned reaction with 0.01 g of nano-
SPA and we found that the activity of nano-SPA was four
times as much as SPA (Table 1, entry 3). To examine the
reusability of nano-SPA in solvent free condition, after each
run, the product was dissolved in CHCI; and filtered. Then,
the catalyst residue was washed with acetone and reused.
Treatment with acetone removes the tar from the catalyst
surface more efficiently (Table 1, entries 14 and 15). The
catalyst was reusable although a gradual decline was
observed in its activity.

The leeching of the catalyst was low and studied by stop the
present reaction in 50% progress, isolation the catalyst and
continuation of the reaction in ethyl acetate as solvent.
After, 120 minutes, the progress of the reaction was 65%.
The ultrasonic assisted synthesis of the present reaction was
studied by using SPA or nano-SPA in ethyl acetate under
reflux conditions (Table 1, entries 11 and 12). It was found

o R
Nano SPA
- R3 NH
Solvent-free 80°C (A) /&X
or R2" °N
H

Sonication (B)

Scheme 2.
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Table 1. Synthesis of 5-ethoxycarbonyl-6-methyl-4-phenyl-3,4-dihydropyrimidin-2(1H)-one under various conditions?

Entry Catalyst (g) Solvent Condition Time (min) Yield (%) Ref.
1 SPA (0.03) - 80 °C 120 52 -
2 SPA (0.04) - 80 °C 120 94 -
3 Nano-SPA (0.01) - 80 °C 120 95 -
4 SPA (0.04) CHCI, 40 °C 120 48 -
5 SPA (0.04) H,O 60 °C 120 63 -
6 SPA (0.04) n-Hexane 40°C 120 88 -
7 SPA (0.04) EtOH 40 °C 120 85 -
8 SPA (0.04) HOAc 40 °C 120 75 -
9 SPA (0.04) MeOH 40 °C 120 86 -
10 SPA (0.04) Acetone 40 °C 120 87 -
11 SPA (0.04) - Ball mill 30 65 -
12 SPA (0.04) Ethyl acetate Ultrasound 30 96 -
13 Nano-SPA (0.01) Ethyl acetate Ultrasound 30 95 -
14 Nano-SPA (0.01), 2™ run - 80 °C 120 65 -
15 Nano-SPA (0.01), 3" run - 80 °C 120 50 -
16 Silica chloride (0.02) - 90 °C 70 80 -
17 37% nano-BF3.Si0, (0.3) - 80 °C 15 85 12
18 H3PMo01,049 (2 mol %) HOAc Reflux 240 75 2
19 12-Tungstophosphoric acid (2 mol %) HOAc Reflux 360 70 3
20 Chloroacetic acid (10 mol %) - 90 °C 180 86 4
21 Cul (15 mol %) - 90 °C 25 87 5
22 Fe(CF3CO,)3 (5 mol %) - 70 °C 20 95 6
23 CaF,(10 mol %) EtOH Reflux 120 98 7
24 Trichloroisocyanuric acid (15 mol %) EtOH Reflux 720 92 8
25 ZrCl, (10 mol %) EtOH Reflux 240 88 9
26 NH,SOsH (75 mol %) EtOH Ultrasound 40 87 10

Benzaldehyde (1 mmol), ethyl acetoacetate (1 mmol), urea (1.25 mmol) were applied.

that under sonication conditions, the reaction time decreased
to 30 minutes. Then, the synthesis of various 3,4-
dihydropyrimidin-2(1H)-ones (thiones) were done (scheme
2) and the obtained results summarized in Table 2. All
products were known and characterized through comparison
of their FT-IR, 1H-NMR and physical properties with those
reported in the literature. The obtained results have shown
that the electron withdrawing groups on aldehyde caused the
high yields of products in short reaction times (Table 2,
entries 1 and 2 ). Ethyl acetoacetate is more reactive than
ethyl benzoyl acetate in Biginelli reaction (Table 2, entries 8,
9 and 10).

4. Conclusion

In summary, we have presented the nano-SPA is an efficient,
eco-friendly and reusable catalyst for synthesis of Biginelli-
type compounds under solvent-free condition or sonication in
ethylacetate. Short reaction times, high yields, simplicity of
operation, and easy work-up are some advantages of this
method.
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Table 2. Synthesis of dihydropyrimidinones/thiones in the presence of nano- SPA under solvent free condition at 80 °C.

Yield® (%) . o
Entry R* R’ R X Normal = ication” nllzu(ng) l’erggfgeglef
heating®

1 2-NO,-CgH, CH, OCH,CH, o) 92 90 218-220 220°

2 4-NO,-CgH, CHs OCH,CH, o) 93 89 209-211 2112

3 4-Cl-CgH,4 CHs, OCH,CH, o) 91 88 214-215 216°

4 4-MeO-CgH,4 CH, OCH,CH, o) 89 87 203-205 203-205*

5 3-MeO-CgH, CH, OCH,CH, o) 87 86 219-222 220-221%

6 4-Me-CgH, CH, OCH,CH, o) 89 88 215-216 214%

7 CeHs CHs, OCH,CH, o) 91 89 204-205 2042

8 2,6-(Cl),-CgHs Ph OCH,CH; o 89 87 275-276 274-276%

9 4-Cl-CgH,4 Ph OCH,CH, o) 87 85 267-268 267-269%

10 Ph Ph OCH,CHs 0 88 87 154-158 155-157%

12 4-Cl-CgH,4 CHs, OCH,CH, S 90 90 184-185 184-185*

13 2-Cl-CgH, CHj OCH,CHs S 89 88 168-170 168-169%

14 4-MeO-CgH, CHs, OCH,CH, S 86 85 152-153 153°

15 4-Me-CgH, CHs, OCH,CH, S 87 86 190-192 191-193%

16 Ph CHs, OCH,CH, S 92 90 205-206 206°

17 2-Cl-CgH, CHj CHj S 91 92 171-173 173-174%

18 4-MeO-CgH, CHj CHj S 88 87 162-164 161-163%

19 Ph Ph OCH,CHs S 88 87 184-185 183-185%

20 4-MeO-CgH,4 Ph OCH,CH; S 87 85 152-154 151-152%

A mixture of aldehyde (mmol): p-keto ester (mmol): urea or thiourea (mmol): nano-SPA (g) equal to 1:1:1.25:0.01 was heated in 80 °C for

120 minutes.

PA mixture of aldehyde (mmol): s-keto ester (mmol): urea or thiourea (mmol): nano-SPA(g) equal to 1:1:1.25:0.01 in ethyl acetate was

sonicated under power 100 for 30 minutes.
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