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1. Introduction

Design and preparation of solid phase supported catalysts have attracted a considerable
attention.> Among solid supports used for catalysts preparation, catalysts which are include
charcoal,4 alumina,”” and polymer,g’9 silica affords some advantages such as good mechanical and
thermal stabilities as well as ease of scalability. Many silica supported catalysts brings an aditional
benefit decreasing a reactor corrosion and increase an environmentally safety.'®"!

The chemistry of some heterocyclic compounds such as quinazoline system has received an
increasing interest because of its biological significance.'?

The most general method for the synthesis of octahydroquinazolinones/thiones involves the one-
pot Biginelli reaction of cyclic 1,3-diones with aromatic aldehydes and urea/thiourea in the presence
of different Lewis or Brensted acids. Nevertheless, most of the present procedures have
disadvantages'* ' such as the use of strongly acidic conditions or organic solvents,'>'* unsatisfactory
yields," the use of non-recyclable catalysts,'® and long reaction times.'*">

* Corresponding author. Fax: (+98) 7412242167, Tel: (+98)7412223048
E-mail address: karami@mail.yu.ac.ir (B. Karami)

© 2014 Growing Science Ltd. All rights reserved.
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2. Results and discussion

As part of our program aimed at developing novel and green solid acid catalysts, recently, we
have reported some procedures for the preparation of silica tungstic acid (STA)," silica supported
zirconium oxychloride (ZrOCly'8H,0/Si0,),% molybdate sulfuric acid (MSA),*' and tungstate
sulfuric acid (TSA).**?

Based on recently published works, suggesting the use of yttrium nitrate hexahydrate as an
efficient catalyst,***>*® we used it as a catalyst, but the reactions proceeded sluggishly. Beyond this,
we found that a low amount of the catalyst is recoverable. In order to optimize the reaction
conditions, the Y(NO3);nH,0O/Si0, was prepared and characterized by X-ray fluorescence, X-ray
diffraction, and Fourier transform infrared spectroscopy. Fig. 1 shows the X-ray diffraction patterns
(XRD) for Y(NO3);nH,O/Si0;.
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Fig. 1. XRD pattern for Y(NO3); nH,0/SiO, Fig. 2. FT-IR spectrum of SiO,, Y(NO;);6H,0,
and Y(N03)3'HH20/Si02

According to the published reports,””*® the XRD spectrum of Y(NO3);nH,0/SiO, showed that
this material is amorphous due to the amorphous nature of silica gel. Therefore, no distinct peaks are
observed in the sample except for the harrow-like pattern at 20 degree (6 is the Bragg's angle)
between 15°-30° (attributed to amorphous silica gel) and a sharp peak at 11° (26) from the smaller
inset (attributed to insertion of Y (II) into the framework of amorphous SiO,). In addition, the XRF
data of Y(NO;);nH,0O/Si0; indicate the presence of yttrium as 0.696 %W/W (Table 1).

Table 1. XRF data for Y(NO3)3'HH20/Si02.

Entry Compounds Concentration (%W/W)
1 Si0, 99.168
2 Y 0.696
3 MgO 0.070
4 SO, 0.066
5 Total 100

The FT-IR spectrum of Y(NO3);6H,0, SiO,, and Y(NO;); nH,O/Si0; are shown in Fig. 2. The
spectrum of Y(NO3); nH,0O/Si0, shows the characteristic bonds for Y(NO3);6H,0 and SiO,.

The absorptions at 3600-3300 (broad), 1650 (sharp), 1500 (sharp), and 1300 (sharp) cm™ in the
catalyst spectrum reveal both bonds in anhydrous Y(NOs); and SiO,. After preparation and
characterization, we employed the Y(NO;);nH,O/SiO, for the solvent-free synthesis of
quinazolinones/thiones 4 via the Biginelli reaction of aromatic aldehydes 1 with cyclic 1,3-diones 2
and urea/thiourea 3. The reactions were efficiently catalyzed to yield the desired product 4 in good to
excellent yields without the formation of octahydoxanthenes 5. %
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Scheme 1. Synthesis of quinazolinones/thiones using Y(NO3); nH,O/SiO,.

A brief investigation on the reaction conditions was carried out through the synthesis of model
compound 4a. A catalyst-free reaction was performed and the reaction was not completed even at a
high temperature after a long reaction time. After applying various amounts of catalyst, and a wide
range of temperatures (Table 2), it was found that the condensation reaction can be efficiently carried
out by adding 0.004%W/W of the catalyst at 80 °C under solvent-free conditions in a short time span
of 20 min. Increasing the catalyst amount did not affect the progress of the reaction markedly.

Table 2. Optimization of Y(NO3);nH,0O/SiO, in the synthesis of 4a at 100 °C under solvent-free
conditions

Entry Catalyst (% W/W)/ Temperature (°C) Time (min) Yield (%)

1 -/25 480 -

2 -/100 480 25

3 0.0013/25 480 trace

4 0.0013/100 480 95

5 0.0040/25 480 50

6 0.0040/100 20 94

7 0.0066/100 80 84

8 0.0132/100 120 85

After evaluation and screening, the scope of the reaction was examined under the optimized
conditions (Table 3). It was observed that the process can tolerate both electron-withdrawing and
electron-donating group present in benzaldehydes and quinazolinones/thions were formed in high to
exellent yields.

The recyclable catalysts improve both the environmental impact and the economic profile of the
current method. The Y(NO;);nH,O/S10, was easily separated from the reaction mixture by filtering
and drying and reused three times without significant loss of activity (Fig. 3).

Yield (%)

Cycle
Fig. 3. Recyclability of the Y(NO3);nH,0/Si0; as catalyst in the synthesis of 4a at 100 °C under
solvent-free conditions (reaction time = 20-25 min)
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Table 3. Synthesis of quinazolinones/thiones 4 via the Biginelli method in the presence of
Y(NO3);nH,0/Si10; at 100 °C under solvent-free conditions

Entry R Aromatic X Time (min) Yield” (%) M.p. (°C)
4a Me Ce¢Hs (0) 20 94 288-290
4b Me 4-MeO-C¢Hy 0] 10 88 272-274
4c Me 2-Cl-C¢Hy4 Q) 25 85 271-273
4d Me 4-Br-C¢Hy4 @) 20 85 324-326
4f Me 4-F-C¢Hy Q) 25 80 300-302
49 Me 2-MeO-C¢Hy 0] 25 85 197-199
4h Me 4-Me-C¢Hy (0) 30 90 300-302
4i Me 3-O,N-CgH,4 0] 15 90 297-299
4j H Ce¢Hs (0) 45 95 275-277
4k H 4-Cl1-3-O,N-C¢H;4 0] 15 90 209-211
4] H 4-Br-C¢H,4 (0) 20 85 275-277
4dm H 4-CI-C¢Hy4 (0] 25 90 281-282
4n H 2-MeO-C¢Hy (0) 35 85 197-199
40 Me 2,4-Cl,-C¢H, @) 20 85 263-265
4p Me 3-Br-C¢Hy Q) 25 93 265-267
4q Me 3-Cl-C¢H,4 @) 20 85 290-292
4r Me 4-Me-C¢Hy S 25 88 280-282
4s Me 4-Br-C¢H,4 S 30 80 290-292
4t Me 4-MeO-C¢Hy S 20 85 268-270
4u Me C¢Hs S 25 87 280-282

*Isolated Yields.

Table 4. Synthesis of 4a under various reaction conditions.

Entry Conditions Time (min) Yield® (%)*"
1 Conc.H,SO4/EtOH/80 540 -2

2 Conc.H,SO4/H,0/25 180 85"

3 HCIO,-SiO (0.05 g)/CH;CN/Reflux 360 54

4 Conc. HCI/EtOH/Reflux 390 b

5 Acid Alumina/Neat/Reflux 360 R

6 TMSCI/CH;CN/Reflux 300 15"

7 TMSCI/(CH;CN/DMF)/Reflux 90 95"

8 VCl3/CH;CN/Reflux 120 92

9 Si0, (0.03 g)/Solvent-Free/100 360 2.5 This work
10 Y(NO;);nH,0 (0.003 g)/ Solvent-Free /100 300 g() This work
11 Y(NO;);nH,0/Si0, (0.03 g)/ Solvent-Free /100 20 Q4 This work

A plausible mechanism for the Y(NO3);nH,0/SiO,-catalyzed synthesis of 4 has been proposed
as shown in Scheme 2. Y (III) acts as a Lewis acid and activates the carbonyls, thus, will decreases
the energy of the transition state and increases the rate of the nucleophilic displacement.
Y (NO3)3nH,0/Si0; also plays an important role in dehydration steps.
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Scheme 2. Proposed mechanism for the synthesis of 4 using Y(NO3);nH,0/SiO;
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3. Conclusions

In summary, the silica-supported yttrium (III) was judiciously used as a catalyst for the solvent-
free synthesis of quinazolinones/thions via the Biginelli reaction. The Y(NO;);nH,O/SiO; is
recyclable, safe, and thermally stable. This method may have some advantages over the previously
reported ones, there are the use of a safe and recyclable catalyst, avoidance of toxic solvents, high
product yields, short reaction times, and an easy work-up procedure.

4. Experimental
4.1. Materials and Methods

The chemicals were purchased from Merck and Aldrich chemical companies. The reactions were
monitored by TLC (silica-gel 60 F,s4, hexane: EtOAc). IR spectra (in KBr discs) were recorded on a
FTIR Shimadzu-470 spectrometer. Melting points were determined on a KRUSS model instrument.
'H NMR spectra were recorded on a Bruker Avance II 400 NMR spectrometer at 400 MHz, in which
CDCI; was used as solvent and TMS as the internal standard. X-ray diffraction (XRD) pattern was
obtained by Philips X Pert Pro X diffractometer operated with a Ni-filtered Cu Ko radiation source.
X-ray fluorescence (XRF) spectroscopy was recorded by X-Ray Fluorescence Analyzer, Bruker, S4
Pioneer, Germany.

4.2. Preparation of catalyst

The grafted silica gel (4 g) was stirred with yttrium nitrate hexahydrate (0.766 g, 0.2 mmol) in
CHCI; (10 mL) under reflux condition for 2 h. The mixture was then filtered, washed thoroughly with
chloroform (3%10 ml), and dried.

4.3. Preparation of quinazolinones/thiones 4

A mixture of urea/thiourea (1.2 mmol), aromatic aldehyde (1 mmol), cyclic 1,3-dione (I mmol),
and Y(NO3);nH,0/SiO; (0.03 g) was stirred with small Teflon sickle blades and heated at 100 °C in
a preheated oil bath for an appropriate time. After completion of the reaction as indicated by TLC,
the reaction mixture was cooled to room temperature and dichloromethane (10 mL) was added. Then
the resulting mixture was stirred for 3 min. The catalyst was separated by filtration, then washed with
diethyl ether and dried at 120 °C. The solvent was removed by distillation and the residue was
washed with cold water. The pure product was obtained after recrystallization from MeOH.

4.5. Spectral data of the representative samples

Compound 4b: IR (KBr) v max / cm™: 3285 (s), 3200 (s), 1640 (s), 1605 (s); 'H NMR (DMSO-ds,
400 MHz ) 6 / ppm : 0.91 (3H, s, CHz), 1.04 (3H, s, CH3), 1.97-2.01 (1H, d, J = 16 Hz, CH,), 2.17-
2.19 (1H, d, J = 8 Hz, CH,), 2.30-2.34 (1H, d, J = 16 Hz, CH,), 2.47-2.51 (1H, d, J = 16 Hz, CH,),
3.66 (3H, s, OCH3 ), 4.76 (1H, s, CH), 7.07-6.86 (m, 4H, Arom), 7.76 (1H, s, NH), 9.27 (1H, s,
NH)ppm; *C NMR (DMSO-ds, 100 MHz) 6 / ppm : 27.34 (CHs), 29.16 (CHs), 31.56 (C), 32.75
(CH,), 50.52 (CH,), 51.84 (CH), 55.29 (OCH3), 107.84 (C), 113.39 (CH), 128.99 (CH), 135.15 (C),
149.52 (C), 153.61 (C), 157.55 (CO), 194.86 (CO) ppm; Anal. Calcd. for C;7H0N,Os: C, 67.98; H,
6.71; N, 9.33 %. Found: C, 68.228; H, 6.41; N, 9.25 %.

Compound 4c: TR (KBr) v max / cm™: 3443 (s), 3192 (s), 1681 (s), 1665 (s), 1624 (s); '"H NMR
(DMSO-ds, 400 MHz) 6 / ppm : 0.74 (3H, s, CH;), 0.81 (3H, s, CH3), 1.75-1.93 (2H, m,CH,), 2.09-
2.24 (2H, m,CH,), 5.34 (1H, s, CH), 7.05-7.18 (4H, m, Arom), 7.50 (1H, s, NH), 9.33 (1H, s, NH)
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ppm; BC NMR (DMSO-dg, 100 MHz) 6 / ppm : 28.64 (CH3), 30.33 (C), 33.85 (CH,), 51.38 (CH),
107.41 (C), 128.99 (CH), 130.55 (CH), 131.01 (CH), 133.46 (CH), 142.79 (CH), 154.66 (C), 161.84
(CO), 194.24 (CO) ppm; Anal. Calcd. for C;sH7CIN,O,: C, 63.05; H, 5.62; N, 9.19 %. Found: C,
63.26; H, 5.37; N, 9.12 %.

Compound 4h: IR (KBr1) v max / em’: 3285 (s), 3190 (s), 1646 (s), 1605 (s); 'H NMR (DMSO-dq,
400 MHz) ¢ / ppm : 0.79 (3H, s, CH3), 0.879 (3H, s, CH3), 1.93-1.97 (2H, d, J = 16 Hz, CH), 2.00-
2.04 (2H, d, J = 16 Hz, CH,), 2.26 (3H, s, CHs), 4.50 (1H, s, CH), 6.80-6.98 (4H, m, Arom), 7.06
(2H, br, NH) ppm; Anal. Calcd. for C;7H0N,0,: C, 71.81; H, 7.09; N, 9.85 %. Found: C, 72.03; H,
6.90; N, 9.72 %.

Compound 4j: IR (KBr) v max / cm™: 3228 (s), 2962 (s), 1649 (s), 1620 (s); '"H NMR (DMSO-d,
400 MHz) 5 / ppm : 1.890-1.833 (2H, m,CH,) ,1.94 -2.00 (2H, m,CH,) » 2.306 -2.347 (2H, m, CH,),
4.594 (1H, s, CH), 7.096-7.241 (5H, m, Arom),7.516 (1H, s, NH), 9.347 (1H, s, NH) ppm; °C NMR
(DMSO-ds, 100 MHz) 6 / ppm : 21.00 (CH,), 27.77 (CH,), 36.75 (CH,), 50.94 (CH), 107.69 (C),
113.39 (CH), 129.03 (CH), 136.07 (C), 149.51 (C), 154.81 (C), 158.74 (CO), 191.82 (CO) ppm;
Anal. Calcd. for C14H14N,O,: C, 69.41; H, 5.82; N, 11.56 %. Found: C, 69.22; H, 5.92; N, 11.41 %.

Compound 4n: IR (KBI) v max / cm™: 3302 (s), 3190 (s), 1688 (s), 1667 (s), 1636 (s); 'H NMR
(DMSO-de, 400 MHz ) 6 / ppm : 1.35-1.61 (2H, m, CH,), 1.74-1.91(2H, m, CH,), 1.96-2.18 (2H, m,
CH,), 3.50 (3H, s, OCH3), 4.39 (1H, s, CH), 6.56-6.65 (4H, m, Arom), 6.96 (1H, s, NH), 8.11 (1H, s,
NH) ppm; *C NMR (DMSO-ds, 100 MHz) 6 / ppm : 20.99 (CH,), 29.00 (CH,), 37.27 (CH2),
55.02(CH), 101.62 (C), 110.42 (CH), 111.48 (CH), 119.84 (CH), 126.56 (CH), 129.25 (CH), 131.70
(CH), 156.55 (C), 169.11 (CO), 196.02 (CO) ppm; Anal. Calcd. for CsH¢N2Os: C, 66.16; H, 5.92;
N, 10.29 %. Found: C, 66.40; H, 5.752; N, 10.11 %.

Compound 4q: IR(KBI) v max / cm™': 3437 (s), 3305 (s), 1664 (s), 1613 (s), 1589 (s); 'H NMR
(DMSO-ds, 400 MHz) 6 / ppm : 0.679 (3H, s, CH;), 0.803 (3H, s, CH3), 1.82-2.01 (2H, m, CH,),
2.06-2.22 (2H, m, CH,), 4.94 (1H, s, CH), 7.06-7.16 (4H, m, Arom), 7.61 (1H, s, NH), 9.35 (1H, s,
NH) ppm; *C NMR (DMSO-ds, 100 MHz) 6 / ppm : 27.28 (CHs), 29.12 (C), 32.78 (CH,), 50.21
(CHp), 52.08 (CH), 107.25 (C),125.32 (CH), 126.25 (CH), 127.35 (CH), 130.48 (CH), 133.26 (CH),
145.90 (CH), 147.42 (C), 158.11 (CO), 193.03 (CO) ppm; Anal. Calcd. for C;¢H;7CIN,O,: C, 63.05;
H, 5.62; N, 9.19 %. Found: C, 63.22; H, 5.55; N, 9.08 %.

Compound 4r: IR (KBr) v max / cm™: 3278 (s), 3162 (s), 1642 (s), 1572 (s); "H NMR (DMSO-ds,
400 MHz) 6 / ppm : 0.903 (3H, s, CH3), 1.041 (3H, s, CH3), 2.053-2.093 (2H, m, CH,), 2.212 (2H,
s,CH,), 2.247 3H , s, CH3), 5.137 (1H, s, CH), 7.091-7.154 (m, 4H, Arom), 9.657 (1H, s, NH),
10.559(1H, s, NH) ppm; *C NMR (DMSO-dg, 100 MHz) d / ppm : 20.33 (CH3), 27.34 (CH3), 29.60
(CH3), 32.75 (C), 37.84 (CH2), 50.75 (CH2), 51.51 (CH), 105.84 (C), 123.29 (CH), 129.00 (CH),
137.37 (C), 140.00 (C), 149.47 (C), 174.61 (CS) , 195.06 (CO) ppm; Anal. Calcd. for Ci7HxN,0S:
C,67.97; H, 6.71; N, 9.32; S, 10.67 %. Found: C, 68.18; H, 6.50; N, 9.21; S, 10.45 %.

Compound 4t: TR (KBr) v ma / cm™: 3262 (s), 3165 (s), 1666 (s), 1641 (s), 1584 (s); 'H NMR
(DMSO-ds, 400 MHz) 6 / ppm : 0.909 (3H, s, CH3), 1.033 (3H, s, CH3), 2.086-2.219 (2H, m, CH,),
2.399-2.431 (2H, m, CH>), 3.729 (3H, s, OCH3 ), 5.122 (1H, s, CH), 6.888-6.910 (2H, m, Arom),
7.146-7.124 (2H, m, Arom), 9.640 (1H, s, NH), 10.546 (1H, s, NH) ppm; *C NMR (DMSO-ds, 100
MHz) § / ppm : 27.25 (CH3), 29.29 (CH3), 32.73 (C), 38.93 (CH,), 50.31 (CH,), 52.09 (CH), 55.56
(OCH3), 108.75 (C), 114.27 (CH), 128.09 (CH), 136.06 (C), 148.92 (C), 159.09 (C), 174.82 (CS) -
194.11 (CO) ppm; Anal. Calcd. for C17H20N20,S: C, 64.53; H, 6.37; N, 8.85; S, 10.13 %. Found: C,
64.61; H, 6.39; N, 8.72; S, 9.90 %.

Compound 4u: IR (KBE) v max / cm: 3262 (s), 3173 (s), 1698 (s), 1620 (s), 1567 (s); '"H NMR
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(DMSO-ds, 400 MHz ) § / ppm : 0.897 (3H, s, CH3),1.035 (3H, s, CHs), 2.059-2.229 (2H, m, CH,),
2.364-2.484 (2H, m, CH,), 5.193 (1H, s, CH), 7.223-7.280 (m, 3H, Arom), 7.328-7.365 (2H, m,
Arom), 9.696 (1H, s, NH), 10.594 (1H, s, NH) ppm; '*C NMR (DMSO-d,, 100 MHz) 6 / ppm : 27.24
(CHs), 29.28 (C), 32.73 (CHa), 50.31 (CH,), 52.69 (CH), 108.61 (C), 126.89 (CH), 128.02 (CH),
128.96 (CH), 143.83 (CH), 149.16 (C), 175.08 (CS), 194.12 (CO) ppm; Anal. Calcd. for
C1sH1sN,0S: C, 67.10; H, 6.33; N, 9.78; S, 11.20 %. Found: C, 67.22; H, 6.40; N, 9.65; S, 11.35 %.
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