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ABSTRACT

In this work, y-Fe2Os@KSF as a stable heterogeneous and magnetic catalyst was prepared by
the successive coating of y-Fe2Oz shell on KSF core. The prepared reagent was characterized
using different methods including FT-IR, XRD, TGA and SEM techniques and used for the
one-pot synthesis of pyrano-pyrimidinone derivatives. All reactions were performed under
mild conditions, during short reaction times in high yields. The catalyst could be easily
recovered by an external magnet and reused several times without any considerable loss of its
activity.
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1.Introduction

Performing organic reactions in the presence of heterogeneous catalysts are extraordinary
important, but in most cases, one of major problems of this group of catalysts is their down
activity. All nanoparticles (NPs) known as quasi-homogeneous catalysts are allocated
between heterogeneous and homogeneous catalysts due to their extensive surface area and
improved dispersal ability in most organic reactions [1]. Scientists in various field such
biotechnology, as biomedicine, materials science, physics, and catalysis paired their attention
to the magnetic nanoparticles. This attention can be attributed to their wide ratio of surface
area to volume, behavior of the paramagnetic and low toxicity [2]. Nanoparticles often have
the favorite specifications of both inorganic and organic catalysts [3]. Among these
nanoparticles, iron oxides, magnetite (FesOs) and maghemite (y-Fe>Os3) because of a high
saturation magnetization and their less toxicity than their metallic peers, and super
paramagnetic behavior are excellent choice due to the biocompatibility of the magnetic
nanoparticles [4, 5]. Some of unique feature of the MNPs as catalysts separated by magnetic
forces, increase product’s purity and have optimize operations [6]. Other advantage of this
kind of separation is avoiding the use of dangerous chemicals and additional filtration during
the separation process. Consequently, it is a green process. pyrano-pyrimidinones exists in a
large number of compounds with pharmaceutical activity such as antitumor [7],
antihypertensive [8], antibacterial activity [9], antileishmanial activity [10], and antipyretic,
anti-inflammatory and gastroprotective properties [11]. Different methods using various
catalysts were offered for the preparation of pyrano-pyrimidinones which of them L-proline
[12], diammonium hydrogen phosphate [13], tetrabutylammonium bromide [14],
KAI(SO4)2.12H,O (alum) [15], DABCO [16], AI-HMS-20 [17], succinimidinium
hydrogensulfate ([H. Suc]HSO4) [18] sulfonic acid nanoporous silica (SBA-Pr-SOsH) [19],

Nano-sawdust-OSOzH [20], and ZnO-supported copper oxide [21] are examples. It is
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noteworthy that, most of the proposed methods have disadvantages such as low yields, long
reaction times, monotonous work-up, rough reaction conditions, and requirement of excess
value of catalysts or reagents. As a result, it is very important to provide more suitable
methods for the preparation of pharmaceutical compounds. To our knowledge, there has been
very little report on the use of heterogeneous acid catalyst in water as environment solvent for
the synthesis of pyrano-pyrimidinones. As a result of our continuous research plans on the
preparation of pyrano-pyrimidinones, and in continuance of our previous works [22-30], we
here reported condensation reaction of aromatic aldehyde 1 barbituric acid 2 with
malononitrile 3 by using of y-Fe:Os@KSF as heterogeneous acid catalyst for quickly

prepared the pyrano[2,3-d]pyrimidinones (4a-m) in good yields (Scheme 2).

2. Experimental section

2.1. Material

All chemicals were procured from Merck and Aldrich companies. All reported yields refer to
isolated products. The product structure was confirmed by comparing their physical
characteristics, FT-IR and NMR spectroscopy with reliable samples and reported in the
literature. Monitoring the progress of the reaction and determine the purity of the compounds
were scouted by Thin-layer chromatography (TLC). Melting points were measured by Buchi
B-545 apparatus, the FT-IR spectra were recorded with Perkin-Elmer spectrum BX series
spectrophotometer. X-ray diffraction (XRD) measurements were performed by Siemens D-
4500 X-ray diffract meter (Rigaku), using Cu Ko radiation (1.5406 A°) at room temperature.
Scanning electron microphotographs (SEM) were afforded on an SEM-Germany LEO
1430VP. Thermo gravimetric analyses (TGA) were afforded by Polymer Laboratories PL-
TGA thermal analysis instrument. Catalyst was heated from 25 to 800 °C, at ramp 20 °C min’

! under N atmosphere.
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2.2. Synthesis of nanoparticles y-Fe2Os3

The nanoparticles y-Fe,Os was prepared by reported chemical technique [31]. FeClz.6H20
(4.89 g) and FeCl..4H>O (3 g) were dissolved in deionized water (50 mL) at room
temperature and under Argon atmosphere. At the same temperature, NH4OH solution (0.6 M,
330 ml) was added drop wise to the stirring mixture to reach the reaction pH to 11. The black
suspension was stirred for 1 hour at room temperature, and then it was stirred for 1 hour
under reflux conditions to produce brown dispersion. Finally, the magnetic nanoparticles y-
Fe>Os were separated by an external magnet and washed with deionized water for several
times. The collected sediment was heated for 5 hours at 250 °C to produce reddish-brown

powder.
2.3. Synthesis of NPS y-Fe203@KSF

NPS y-Fe20O3@KSF was prepared using the reported method [31] with a few modifications.
The synthesized vy-Fe>Os (3.5g) was added to glacial acetic acid (30 mL), then
montmorillonite (1.5g) in deionized water (100 mL) was added slowly under ultrasonic
irradiation during 20 min and the mixture was kept at 100 °C for 1 hour under vigorous
stirring. The nanoparticles of y-Fe.O3@KSF were collected by an external magnet. Then, the
precipitate was washed with deionized water and dried at 50 °C in vacuum for 12 h

(Schemel).

NH,OH, N, e

<D, 082

Montmorillonite

e > y-Fey03

100°C, 1 h
M)

Scheme 1. Preparation of NPS y-Fe2Os@KSF
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2.4. General method for the synthesis of pyrano[2,3-d]pyrimidines

v-Fe2Oz@KSF (5 mg) was added to a mixture of aromatic aldehyde (1 mmol), malononitrile
(1.2 mmol), barbituric acid (1 mmol) and water (5 mL) in a 10 mL round-bottomed flask. The
reaction mixture was stirred at 80 °C for an appropriate time (Table 2). The progress of the
reaction was characterized using TLC [n-hexane:ethyl acetate (4:1)]. After completion of the
reaction, the nano-catalyst was removed in the presence of an external magnet, water was

evaporated and the desired product was purified by recrystallization in hot EtOH (Scheme 2).

Ar

O CN
)J\ . . N J-Fe,0,@KSF (5 mg)
Ar H < > |
CN Water, 80°C

NH,

1 3
2 4a-m

Scheme 2. Synthesis of pyrano[2,3-d]pyrimidinones by y-Fe.O:@KSF

2.5. Catalyst characterization

2.5.1. FT-IR analysis

Figure 1 displays the FT-IR spectra of y-Fe.O3 and y-Fe.O3@KSF. Significant change in the
wide band ranging from 480 cm™ to 1600 cm™ is detected in the FT-IR spectra of the y-
Fe-O3@KSF, which can be allocated to the overlapping peak between the KSF bridging
stretching modes and Fe-O vibrations. The O-H bending bond modes observed peaks at about
1432 and 1520 cm™. The broad peak at around 3400 cm™ and 1630 cm™ corresponds to the
bending H-O-H bond vibration of water molecules that adsorb on the surface of y-

Fe,0s@KSF [32].
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b) y-Fe,0; @KSF

Figure 1. FT-IR spectra of nano y-Fe>Oz3 (a); y-Fe20:@KSF (b)

2.5.2. Powder X-ray diffraction

XRD chart of the y-Fe;O3s@KSF is shown in Figure 2. In this chart diffraction peaks from the
y-Fe203 can be clearly seen (20 = 30.1°, 35.5°, 43.1°, 53.5°, 57.0° and 62.6°), marked by
their indices (220),(311),(400),(422),(511)and (44 0) are observed. Moreover, five
diffraction peaks are appeared at around (260 = 9.3°, 16.8°, 18.6°, 20.1° and 27.3°, which can
be attributed to diffraction peaks of KSF. These results indicate that y-Fe,Oz nanoparticles are
successfully installed on the surface of KSF [33].
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Figure 2. XRD patterns of y-Fe,Oz@KSF catalyst

2.5.3. SEM Analysis
Figure 3 show the SEM images of y-Fe.Oz@KSF which prepared by montmorillonite

precursor at 100 °C. An image shows that the newly formed y-Fe.O3 magneticlayers are
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uniformly and porous coated onto the KSF core. As shown in Figure 4a, the external surface
of y-Fe;O3@KSF is rough. Moreover, from Figure 4b, it was found that the size of the y-

Fe2O3@KSF catalyst were around 38—44 nm.

A=CB30 Cuate 23 Dec 2015

EMT=15005y  WD= Sem Proto No. = 8538 Time 164428

Figure 3. SEM images of y-Fe2O3@KSF catalyst

2.5.4. TGA Analysis
Figure 4 shows the TGA of the y-Fe2O3@ KSF sample, which in it the loss of about 5% of
weight at 130°C can be related to the loss of surface absorbed water and the reduction of

about 12% of weight up to 430°C is ascribed to the decomposition of part from the surface

bond.

5%

8a%

Figure 4. TGA curve of y-Fe;O3@ KSF
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3. Results and discussion
In the last decade, introduction of new nano catalysts for the advancement of chemical
reactions became an important of our ongoing research program [28]. In continuation of these
studies we were interested to investigate the preparation of a new magnetic nanocomposite
Fe.Os@KSFand its applicability in the development of chemical reactions. So, here in we
report the results obtained from the acceleration of the synthesis of pyrano[2,3-
d]pyrimidinone derivatives using this reagent as the catalyst.
In a preliminary experiment the reaction of 4-chlorobenzaldehyde (1 mmol) with barbituric
acid (1 mmol) and malononitrile (1.2 mmol) was studied in the presence of the prepared
nano-catalyst y-Fe,O3@KSF, as a model reaction. In this study different conditions, including
use of various amounts of the catalyst, temperature and various solvents such as EtOH, H-0O,
MeOH, CH3CN and solvent-free conditions were examined and the results are summarized in
(Table 1). On the basic of these studies it can cluded that the best results can be obtained
using 5 mg of the catalyst at 80 °C in water as the solvent (Table 1, entry 6). Using higher
amounts of MNPs y-Fe>Os@KSF did not affect the reaction yields.

Table 1. The effect of solvent, amount of the catalyst and temperature on

the synthesis of pyrano[2,3-d]pyrimidinone derivatives in the presence of
v-Fe,Oz:@KSF

Entry Catalyst (mg) Temp (°C) Solvent Time (min) Yield (%)?

1 5 Reflux CHsCN 60

2 5 Reflux MeOH 60 50
3 5 Reflux EtOH 60 75
4 5 50 EtOH 60 60
5 5 Reflux H20 4 94
6 5 80 H20 6 94
7 5 80 - 30 80
8 10 80 H20 4 90
9 15 80 H20 4 94

2 |solated yields
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After optimization of reaction conditions and in order to explore the scope of this procedure,
the y-Fe:Os@KSF catalyst was used for the preparation of pyrano[2,3-d]pyrimidinone
derivatives from various aldehydes, barbituric acid and malononitrile under the optimal
reaction conditions. The obtained results showed that this conversion can also be occurred

with high yields in short times (Table 2).

Table 2. Preparation of pyrano[2,3-d]pyrimidinone derivatives using Fe2Os@KSF

catalyst.
. _ Mp (°C)
Entry  products Aldehyde z—nlwm(; \((OI/?);(aj Found Rep. [ref.]
1 4a CeHsCHO 6 93 213-215 215-217[36]
2 4b 2-CICsH4CHO 10 90 208-210 211-212[36]
3 4c 3-CICsH4CHO 11 88 238-240 240-241[34]
4 4d 4-CICsH4CHO 8 % 241-242 237-240[35]
5 4e 2-NO2CsH4CHO 8 90 253-255 253-255[35]
6 4f 3-NO2CsH4CHO 8 86 268-270 267-269[34]
7 4g 4-NO2CsHsCHO 8 89 234-235 236-238[37]
4h 4-MeOCeHsCHO 8 84 280-281 266-268[35]
9 4i 2-OHCsH4CHO 11 92 161-163 160-162[36]
10 4 4-OHCsHsCHO 10 87 204-207 204-206[34]
11 4k 4-NMe2CsHsCHO 8 92 229-231 231-233[36]
12 4 4-BrCsH4CHO 8 90 230-232 228-230[37]
13 4m 4-CH3sCeH4CHO 10 86 226-228 225-227[36]

In order to show the suitability of this procedure the efficiency of nano catalyst y-
Fe-Oz:@KSF with the other catalysts in the preparation of 7-amino-6-cyano-5-(4-
chlorophenyl)-5H-pyrano[2,3-d]pyrimidinone 4d is compared in Table 3. As shown in this
Table, the newly developed procedure avoids some of the disadvantages associated with the
other methods such as high temperature, harsh reaction conditions, use of toxic or moisture
sensitive catalyst, use of higher amounts of the catalysts and recoverability of the catalyst. On
the basis of the included results we can say that y-Fe,O3@KSF is efficient than the other

referenced procedures.
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Table 3. Comparison of the results obtained from the synthesis of 7-amino-6-cyano-5-(4-
chlorophenyl)-5H-pyrano[2,3-d]pyrimidinone 4d in the presence of KSF@y-Fe2O3 with other
catalysts.

Entry Catalyst [ref.] Conditions ;rl;]?:s \({0'/2;?
1 L-proline (17 mol%) [12] H20: EtOH, r.t. 45 73
2 Tetrabutylammonium bromide (TBAB) (10 mol%) [14] H20, reflux 35 80
3 DABCO (10 mol%) [16] H20: EtOH, rt. 120 92
4 Sulfonic acid nanoporous silica (SBA-Pr-SOsH) (0.02 g) [19]  Solvent-free, 140 °C 15 90
5 Nano-Sawdust-OSOsH (0.02 g) [20] EtOH/reflux 15 92
6 Cu0/Zn0O nanocatalyst (0.03 g) [21] H20, reflux 10 92
7 Al-HMS-20 (0.03 g) [17] EtOH, r.t 12 (h) 95
8 ([SuSA-H]HSO4) (0.05 mmol) [34] H20, 80 °C 8 92
9 [DABCO](SO3H)2Cl2 [35] H20, reflux 25 83
10 v-Fe203@KSF (5 mg)® Water, 80 °C 8 94

2lsolated yield.
®This work.

Recycling of the catalysts are a key process in environmental concerns. Hence, after the
completion of the reaction, to check the reusability of y-Fe,O3@KSF, the nano particles were
recovered by an external magnet, washed with ethanol several times and dried at 80 °C for 1
hour. The recovered nano catalyst successfully catalyzed the reaction between 4-
chlorobenzaldehyde, barbituric acid and malononitrile under the optimized reaction
conditions. This procedure was used at least for 6 runs without considerable change in the

reaction time and yield (Figure 5).

100 T a7 o — pa ‘8;

80
60
40

20 8 8 8 9 10 10

=0 Ly L L L L6
0

1 2 3 4 5 6

Yield (%) Time (min)

Figure 5. Reusability of the y-Fe,O3@ KSF catalyst in the synthesis of

pyrano[2,3-d]pyrimidinones derivative
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Scheme 3. Proposed mechanism for the formation of pyrano[2,3-d]pyrimidinones using y-

Fe,Os@KSF

A purposed mechanism for the formation of pyrano[2,3-d]pyrimidinones can be seen in
Scheme 3. As claimed by this mechanism and in the first step, the aldehyde 1 is activated by
the y-FeoO3@ KSF catalyst. Then, the carbonyl carbon is attacked by the nucleophilic
compound to produce the intermediate I. On the other way, the Micheal addition
tautomerizes 2 in the presence of the nano catalyst y-Fe2O3@KSF to generate intermediate 11.
Afterward, it cyclizes to give intermediate 111 which is tautomerizes to prepare the fully

aromatized compound 4a-m (Scheme 3).

4. Conclusion
In summary, in this study, we have introduced y-Fe:Os@KSF nanocomposite as a stable
magnetic catalyst that it was synthesis by the successive coating of y-Fe2O3 shell on KSF core

using a mixed solvent method. It was applied as a magnetically recyclable heterogeneous
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nano catalyst for the preparation of pyrano[2,3-d] pyrimidinones derivatives from reaction of
various aldehydes, barbituric acid and malononitrile in water. The practical procedure show
some advantages including high yields, operational simplicity, no by-products, and easy work
up due to no need to column chromatography for isolation, product separation and catalyst

recycling are easy and simple with the assistance of an external magnet.
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