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Abstract

This procedure has developed the use of TiO, nanoparticles as an environmentally friendly and highly
efficient heterogenous nanocatalyst for the eco-safe, facile and one-pot three-component Biginelli
synthesis of biologically active corresponding 3,4-dihydropyrimidin-2-(1H)-one/thione derivatives
under solvent-free conditions. This eco-friendly protocol provides high to excellent yields, short
reaction times, clean reaction, simplicity and easy work up and mild conditions compared to the
traditional method of synthesis. Furthermore, environment-friendly, readily available, low-cost and
non-toxic nanocatalyst made this protocol economic and sustainable.

Keywords: TiO, Nanoparticles, 3,4-Dihydropyrimidin-2-(1H)-one/thione derivatives, High atom-
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1.INRODUCTION

Synthesis of heterocyclic compounds has
attracted great interests due to their wide
applicability in life and nature. The
compounds  with  Pyrimidinone  ring
systems are reported as such, as calcium
channel blockers, a-la-antagonists [1],
antihypertensive [2], anticancer [3], anti
HIV [4], antibacterial and antifungal [5],
antiviral [6], antioxidative [7] and anti-
inflammatory [8] agents. In recent decades,
a number of methodologies for preparation
of 3,4-dihydropyrimidin-2-(1H)-one/thione
derivatives via p-keto esters, aldehyde
derivatives and urea/thiourea have been
reported that is including various catalysts
such as CaF [9], Cu(NH2S0s3), [10],

bakersyeast [11], Mg-Al-CO; [12],
[Al(H20)e](BF4)s  [13], TBAB [14],
Cu(BF4), xH,0O [15], [Btto][p-TSA] [16],
TEAA [17], DBSA [18], Fe3O4-halloysite-
SOsH  [19], [EtsNH][HSO,] [20],
Dendrimer-PWA  [21],  GO-chitosan
nanocomposite [22], [Simp]HSO, [23],
NaNOs-HPAIL [24], [pyridine-SO3H]CI
[25] and Fe3sO,@PEG-SO3H [26]. Some of
these methodologies have limitations such
as difficult work-up, toxic and expensive
catalysts, low yields, the use of strongly
acidic conditions and long time reactions.
Today, nanocatalysts [27-36] are a rapidly
growing field which often employs
nanoparticles in a variety of organic and
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inorganic reactions. Due to a field of our
program aimed at developing organic
synthesis using of environmentally benign
nature catalyst [37-43] and because of the
above considerations and our interest in the
development of Biginelli [44] reaction for
the three-component synthesis of 3,4-
dihydropyrimidin - 2- (1H)-one /thione
derivatives with environmentally friendly
procedures has become the most important
aim of our researches. Finally, we have
reported TiO, NPs as a highly efficient,
readily  available and  economical
heterogenous nanocatalyst for the synthesis
of these compounds in high to excellent
yields and short reaction times under
solvent-free conditions. Environmentally
friendly, low-cost, easy to handle and non-
toxic catalyst, operational simplicity,
purification of products without the need
of column chromatography, one-pot and
solvent-free conditions are the notable
advantages of this eco-friendly procedure.

2. EXPERIMENTAL
2.1. Materials

Melting points of all compounds were
determined using an Electro thermal 9100.
'H NMR spectra were recorded on a
Bruker DRX-400 Avance instrument with
DMSO-ds as solvents. All reagents and
solvents were purchased from Merck,
Fluka and across chemical companies and
used without further purification.

2.2. General procedure for preparation
of 3,4-dihydropyrimidin — 2 - (1H) -one/
thione derivatives (4a-r)

A mixture of aldehyde derivatives (1, 1.0
mmol; la: 0/140 g, 1b: 0/140 g, 1c: 0/120
g, 1d: 0/136 g, 1e: 0/136 g, 1f: 0/149 g, 1g:
0/106 g, 1h: 0/151 g, 1i: 0/136 g, 1j: 0/151
0, 1k: 0/106 g, 1I: 0/124 g, 1m: 0/122 g,
1n: 0/124 g, 1o: 0/122 g, 1p: 0/140 g, 1q:
0/120g , 1r: 0/151 g) and urea/thiourea (2,
1.5 mmol; 2a: 0.090 g, 2b: 0.114 ),
ethyl/methyl acetoacetate (3, 1.0 mmol; 3a:
0.130 g, 3b: 0.116 g) was heated under
solvent-free conditions at 70 °C for
appropriate time in the presence of TiO,

NPs (15 mol %; 0.01 g). After completion
of the reaction (by thin layer
chromatography TLC) the mixture was
cooled to R.t and cold water was added
and precipitates was separated by filtration.
The solid residue was diluted with
chloroform (4 ml) and the catalyst was
separated. The solid which was dried
crystallized from ethanol to afford the pure
products (4a- r). The reusability of the
nano-TiO, catalyst was also examined.
After each run, the product was filtered,
the solvent (CHCI3) was evaporated and
the catalyst residue was washed with
CHCI; and reused. The -catalyst was
reusable, although a gradual decline in
activity was observed.

2.3. Spectral data of the selected
products

5-Methoxycarbonyl-6-methyl-4- (2-
chlorophenyl)  -3,4- dihydropyrimidin-
2(1H)-one (4b): Yield: 79%; M.p. 250-
252 °C; 'H NMR (400 MHz, DMSO-dg):
2.31 (3H, s, CH3), 3.46 (3H, s, OCHy),
5.62 (1H, s, Hoenzyiic), 7.28-7.34 (3H, m,
Har), 7.42 (1H, d, J=7.2 Hz, Hp), 7.72 and
9.36(2H, 2s, 2NH).

5-Ethoxycarbonyl  -6-methyl  -4-(4-
methoxyphenyl)-3,4-dihydropyrimidin-
2(1H)-one (4e): Yield: 80%; M.p.202-
204°C; 'H NMR (400 MHz, DMSO-dg):
1.11 (3H, t, J=9.6 Hz, CH3CHy,), 2.24(3H,
s, CH3), 3.73 (3H, s, OCHj3), 3.99 (2H, q,
J=9.6 Hz, CH;0), 5.09 (1H, s, Huenzyiic),
6.89 (2H, d, J= 8.4Hz, Ha/), 7.15(2H, d, J=
8.8Hz, Ha/), 7.70 and 9.18 (2H, 2s, 2NH).

5-Ethoxycarbonyl-6-methyl-4-  phenyl-
3,4-dihydropyrimidin-2(1H)-one (49):
Yield: 85%; M.p. 200-202 °C; *H NMR
(400 MHz, DMSO-dg): 1.10 (3H,t, J=7.2
Hz, CH3;CH,), 2.26 (3H, s, CH3), 3.99 (2H,
g, J=7.2 Hz, CHzo), 5.15 ( 1H, s, Hbenzylic);
7.26 (3H, d, J= 7.2 Hz, Hap), 7.33 (2H, t,
J=7.2 Hz, Hpa), 7.76 and 9.21 (2H, 2s,
2NH).
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5-Ethoxycarbonyl-6-methyl-4- (4-
nitrophenyl)-3,4-dihydropyrimidin-2(1H)-
one (4h): Yield: 86%; M.p.205-207 °C; *H
NMR (400 MHz, DMSO-dg): 1.10 (3H, t,
J= 9.6 Hz, CH3;CH,), 2.28(3H, s, CHj3),
3.99 (2H, q, J=9.2 Hz, CH,0), 5.27 (1H, s,
Hoenzylic), 7.50-7.53 (2H, m, Hay), 7.23 (2H,
d, J= 9.2Hz, Ha), 7.92and 9.38 (2H, 2s,
2NH).

5-Methoxycarbonyl-6-methyl-4- (4-
nitrophenyl)-3,4-dihydropyrimidin-2(1H)-
one (4j): Yield: 89%; M.p. 212-214 °C; H
NMR (400 MHz, DMSO-ds): 2.28(3H, s,
CHjs), 3.55 (3H, s, OCHj3), 5.28 (1H, s,
Hoenzyiic), 7.52 (2H, d, J= 8.4Hz, Ha,), 7.22
(2H, d, J= 8.8Hz, Ha), 7.93 and 9.40 (2H,
2s, 2NH).

5-Ethoxycarbonyl-6-methyl-4-  phenyl-
3,4-dihydropyrimidin-2(1H)-thione  (4k):
Yield: 83%; M.p. 207-209 °C; 'H NMR
(400 MHz, DMSO-dg): 1.11 (3H , t, J= 7.2
Hz, CH3CH;), 2.31 (3H, s, CH3), 4.02 (2H,
q, J=7.2 Hz, CH;0), 5.19 (1H, s, Hpenzyiic),
7.23 (2H, d, J=7.2 Hz, Ha,), 7.28 (1H, t,
J=7.2 Hz, Ha), 7.36 (2H, t, J=7.2 Hz,
Ha:), 9.68 and 10.36 ( 2H, 25, 2NH).

3. RESULTS AND DISCUSSION

Due to the reasonable needs to efficient,
readily and eco-safe catalyst, we explored
TiO, NPs as an environmentally friendly
and  heterogenous nanocatalyst for
synthesis of 3,4-dihydropyrimidin-2-(1H)-
one/thione derivatives by the coupling of
arylaldehyde derivatives (1, 1.0 mmol) and
urea/thiourea (2, 1.5 mmol), ethyl/methyl
acetoacetate (3, 1.0 mmol) (Scheme 1). In
an initial endeavor benzaldehyde, ethyl
acetoacetate and urea were selected as the
model substrates and reacted under

TiO, NPs (15 mol %)

different experimental variants. To obtain
the optimized reaction conditions, we
changed temperature and the amount of
catalyst. To establish the catalytic role of
TiO, NPs, endeavor benzaldehyde, ethyl
acetoacetate and urea in the absence of a
catalyst. It is important to note that in the
absence of a catalyst, no product was
observed (Table 1, entry 1). Good yields
were obtained in the presence of a catalyst.
The best amount of catalyst was 15 mol %
(Table 1, entry 4). The higher amount of
catalyst did not increase product yields
(Table 1, entry 10). Also, the effect of
temperature on the reaction has been
investigated. No product could be detected
in room temperature conditions (Table 1,
entry 5). The reaction was investigated by
changing temperature from 40-80°C and
the high yield of product is obtained in 70
°C temperature (Table 1, entry 4).
Consequently,  among  the  tested
temperature and the amount of catalyst, the
condensation of endeavor benzaldehyde,
ethyl acetoacetate and urea was best
catalyzed by 15 mol % TiO, nanoparticles
at 70 °C as the reaction was completed
within high to excellent yield (Table 1,
entry 4). To ascertain the scope and
limitation of the present reaction, with
optimized conditions in hand, variety of
coupling of arylaldehyde derivatives (1,
1.0 mmol) and urea/thiourea (2, 1.5 mmol),
ethyl/methyl acetoacetate (3, 1.0 mmol)
under  solvent-free  conditions  was
examined and these results were
summarized in Table 2. We were pleased
to find that all substrates were converted to
the corresponding products in high to
excellent yields (72-90%).

Ar
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o
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1 (@)
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+
NH, CH,
é\ O
X NH, 3
2

Solvent free, 70 °C

X N~ “CHs
H

4 a-r

Scheme 1. Synthesis of 3, 4-dihydropyrimidin-2-(1H)-one/thione derivatives.
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Table 1. Optimization of the reaction condition on the synthesis of 4g°.

0 Ph
NH,
OFEt HN CO,Et
Ph - CHO + O NH2 + _— %\ |
CHs 07 "N” “CH,
0) H
Entry TiO, NPs (mol %) Temperature ( C) Time (min) Isolated Yields (%)
1 Catalyst free 70 420 No product
2 5 70 75 34
3 10 70 40 67
4 15 70 25 85
5 15 rt 420 No product
6 15 40 90 30
7 15 50 65 46
8 15 60 40 68
9 15 80 25 85
10 20 70 25 87

% Reaction conditions: benzaldehyde (1.0 mmol; 0.106 g), ethyl acetoacetate (1.0 mmol; 0.130 g), urea (1.5

mmol; 0.090 g) and TiO, NPs were heated under various temperatures for the appropriate time.

Table 2. TiO, NPs catalyzed synthesis of 3,4-dihydropyrimidin-2-(1H)-one/thione derivatives.

Ar—CHO Ar
1 Q L _co,r
OR . HN
+ TiO, NPs (15 mol %) ¢|\ Ji
NH, g CHs Solvent free, 70 °C x H CH3
X 5 NH; 3 4 a-r
Entry Ar R X | Product | Time (min) | Yield %* Mp.C | Lit. M.p.C
1 2-Cl-CgH,4 C,Hs 0 4a 40 76 221-223 | 220-223%
2 2-Cl-CgH,4 CH,4 0 4b 35 79 250-252 | 248-252%°
3 4-Me-CgH, C,Hs 0 4c 25 88 203-205 204-205"
4 3-MeO-CgH, C,Hs 0 4d 30 83 151-153 | 150-151™
5 4-MeO-CgH, C,Hs 0 4e 30 80 202-204 | 202-203"
6 4-(Me),N-CgH, C,Hs 0 4f 30 84 256-258 | 255-257%
7 CeHs C,Hs o) 4g 25 85 200-202 | 200-202"
8 4-O,N-CgH, C,Hs 0 4h 25 86 205-207 | 207-209%
9 4-MeO-CgH,4 C,Hs S 4i 35 82 151-153 | 150-152"°
10 4-O,N-CgH, CHs 0 4j 20 89 212-214 | 214-216"
1 CeHs C,Hs S 4k 25 83 207-209 | 208-210%
12 4-F-CgH,4 CHs S 4l 20 85 209-211 | 208-210™
13 4-HO-CgH, C,Hs 0 am 40 72 231-233 230-232"
14 4-F-CgH,4 C,Hs 0 4n 20 89 176-178 174-176"
15 3-HO-CgH, C,Hs 0 40 40 75 166-168 | 163-166"
16 3-Cl-CgH,4 C,Hs 0 4p 40 73 192-194 | 191-193"
17 4-Me-CgH, CH; o) 4q 20 85 202-204 | 200-203"
18 2-O,N-CgH,4 CH, 0 4r 20 90 274-276 | 274-277°

# Isolated yield.
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Although different mechanistic pathways
have been previously proposed [45, 46],
we believe that the reaction may proceed
through an initial N-acylimine B formed
from aldehyde 3 and urea 2 (Scheme 2).
The coordination of the lone-pair of the
nitrogen atom in the N-acylimine B with
the TiO, NPs could lead to the in situ

X

H,N NH,

N

-H,0 B§ TiO, NPs

formation of an N-carbamoyliminium ion
C, which is sufficiently electrophilic to
react with the enol form of ethyl
acetoacetate A affording the open chain
intermediate D. Further intramolecular
cyclization, with lost of H,O, produce the
3,4-dihydropyrimidin-2-(1H)-ones/thiones
4,

X
® _Tio, NP
NXN iO, NPs

-H,0

O Ar

| NH
N/&X
H

RO

4

H
S
Ar
c
4+
i
o \\O 0O O
chMOR H3CMOR
A 1

Scheme 2. Proposed mechanistic route for the synthesis of 3,4-dihydropyrimidin-2-(1H)-

ones/thiones.

Also a comparison of catalytic ability of
some of catalysts reported in the literature
for synthesis of 3,4-dihydropyrimidin-2-
(1H)-one/thione derivatives are shown in
Table 3. This study reveals that TiO;
nanoparticles have shown its potential to
be an alternative eco-safe, readily available
and potent heterogenous nanocatalyst for
the Biginelli reaction. In addition, the use
of solvent-free conditions with high to
excellent yields and short reaction times in
the reaction with both urea and thiourea
are the notable advantages of this present
methodology.

4. CONCLUSION

In summary, a facile and environment-
friendly methodology for the synthesis of
3,4-dihydropyrimidin-2-(1H)-ones/thiones
using TiO, nanoparticles as a potent
heterogenous nanocatalyst is described.
The present protocol provides economical
and efficient methodology for the synthesis
of these compounds. And offers several
notable advantages over the exiting
methods, including low-cost, easy to
handle, readily available and non-toxic
nanocatalyst, environmentally friendly,
short reaction times, operational simplicity,
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high to excellent vyields, purification of chromatography, one-pot and solvent-free
products without the need of column conditions.

Table 3. Comparison of catalytic ability some of catalysts reported in the literature for
synthesis of 4g°.

Entry Catalyst Conditions Time/Yield (%) References
1 bakers' yeast Room temperature 24h/84 [11]

2 Hydrotalcite Solvent-free, 80 °C 35 min/84 [12]

3 [Al(H,0)s](BF4)3 MeCN, Reflux 20 h/81 [13]

4 Cu(BF,),.xH,0 Room temperature 30 min/90 [15]

5 [Btto][p-TSA] Solvent-free, 90 °C 30 min/96 [16]

6 triethylammonium acetate Solvent-free, 70 °C 45min/90 [17]

7 p-dodecylbenzenesulfonic Solvent-free, 80 °C 3h/94 [18]

acid
8 TiO, NPs Solvent-free, 70 °C 25 min/85 This work

®Based on reaction of benzaldehyde, ethyl acetoacetate and urea.

ACKNOWLEDGEMENT Young Researchers and Elite Club of
We gratefully acknowledge financial Islamic Azad University of Shiraz.
support from the Research Council of the

REFERENCES

1.

2.

10.
11.

12.

13.

142

Prakash, O., Kumar, R., Parkash, V., (2008). “Synthesis and antifungal activity of some new 3-hydroxy-2-
(1-phenyl-3-aryl-4-pyrazolyl)chromones”, Eur. J. Med. Chem., 43: 435-440.

Sujatha, K., Shanmugam, P., Perumal, P. T., Muralidharan, D., Rajendran, M., (2006). “Synthesis and
cardiac effects of 3,4-dihydropyrimidin-2(1H)-one-5 carboxylates”, Bioorg. Med. Chem. Lett., 16: 4893-
4897.

Wisen S., Androsavich, J., Evans, C. G., Chang, L., Gestwi cki, J. E., (2008). “Chemical modulators of heat
shock protein 70 (Hsp70) by sequential, microwave-accelerated reactions on solid phase”, Bioorg. Med.
Chem. Lett., 18: 60-65.

Heys, L., Moore, C. G., Murphy, P., (2000). “The guanidine metabolites of Ptilocaulis spiculifer and related
compounds; isolation and synthesis”, Chem. Soc. Rev., 29: 57-67.

Ashok, M., Holla, B. S., Kumara, N. S., (2007). “Convenient one pot synthesis of some novel derivatives of
thiazolo[2,3-b]dihydropyrimidinone possessing 4-methylthiophenyl moiety and evaluation of their
antibacterial and antifungal activities”, Eur. J. Med. Chem., 42: 380-385.

Hurst, E. W., Hull, R., (1960). “Two new synthetic substances active against viruses of the psittacosis-
lymphogranuloma-trachoma group”, J. Med. Pharm. Chem., 3: 215-219.

Magerramow, A. M., Kurbanova, M. M., Abdinbekova, R. T., Rzaeva, I. A., Farzaliev, V. M., Allokhverdiev,
M. A., (2006). “Synthesis and antioxidative properties of some 3, 4-dihydropyrimidin-2 (1H) ones (-thiones)
”, Russ. J. Appl. Chem., 79: 787-790.

Bahekar, S. S., Shinde, D. B., (2004). “Synthesis and anti-inflammatory activity of some [4, 6-(4-substituted
aryl)-2-thioxo-1, 2, 3, 4-tetrahydro-pyrimidin-5-yl]-acetic acid derivatives”, Bioorg. Med. Chem. Lett., 14:
1733-1736.

Chitra, S., Pandiarajan, K., (2009). “Calcium fluoride: an efficient and reusable catalyst for the synthesis of
3, 4-dihydropyrimidin-2(1H)-ones and their corresponding 2(1H) thione: an improved high yielding
protocol for the Biginelli reaction”, Tetrahedron Lett., 50: 2222-2224.

Liu, C. J., Wang, J. D., (2009). “Copper(Il) Sulfamate: An Efficient Catalyst for the One-Pot Synthesis of
3,4-Dihydropyrimidine-2(1H)-ones and thiones”, Molecules., 14: 763-770.

Kumar, A., Maurya, R. A. (2007). “An efficient bakers' yeast catalyzed synthesis of 3, 4-dihydropyrimidin-
2-(1H)-ones”, Tetrahedron Lett., 48: 4569-4571.

Lal, J., Sharma, M., Gupta, S., Parashar, P., Sahu, P., Agarwal, D. D., (2012). “Hydrotalcite: A novel and
reusable solid catalyst for one-pot synthesis of 3, 4-dihydropyrimidinones and mechanistic study under
solvent free conditions”, J. Mol. Catal. A. Chem., 352: 31-37.

Litvic, M., Vecani, I, Ladisic, Z. M., Lovric, M., Voncovic, V., Filipan-Litvic, M., (2010). “First
application of hexaaquaaluminium(lll) tetrafluoroborate as a mild, recyclable, non-hygroscopic acid catalyst
in organic synthesis: a simple and efficient protocol for the multi gram scale synthesis of 3,4-
dihydropyrimidinones by Biginelli reaction”, Tetrahedron., 66: 3463-3471.

Mohamadpour



file:///C:/Users/user/AppData/Local/Temp/Eur.%20J.%20Med.%20Chem
http://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&sqi=2&ved=0ahUKEwiH-IPGla_NAhXDLsAKHZyPCXgQFggcMAA&url=http%3A%2F%2Fwww.sciencedirect.com%2Fscience%2Fjournal%2F0960894X&usg=AFQjCNHRWY9LszPOAwDlUuHT4V3m6pb3ZQ&bvm=bv.124272578,d.bGs
http://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwjxh_eclq_NAhUJuhoKHT6ODlAQFggcMAA&url=http%3A%2F%2Fwww.sciencedirect.com%2Fscience%2Fjournal%2F0960894X&usg=AFQjCNHRWY9LszPOAwDlUuHT4V3m6pb3ZQ&bvm=bv.124272578,bs.1,d.bGs
http://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwjxh_eclq_NAhUJuhoKHT6ODlAQFggcMAA&url=http%3A%2F%2Fwww.sciencedirect.com%2Fscience%2Fjournal%2F0960894X&usg=AFQjCNHRWY9LszPOAwDlUuHT4V3m6pb3ZQ&bvm=bv.124272578,bs.1,d.bGs
http://pubs.rsc.org/en/content/articlehtml/2000/cs/a903712h
http://pubs.rsc.org/en/content/articlehtml/2000/cs/a903712h
http://pubs.acs.org/doi/abs/10.1021/jm50015a002
http://pubs.acs.org/doi/abs/10.1021/jm50015a002
http://www.springerlink.com/index/F5L211R5T4263033.pdf
http://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwiLofy-mK_NAhWB1RQKHVPqBgIQFggfMAA&url=http%3A%2F%2Fwww.springer.com%2Fchemistry%2Fjournal%2F11167&usg=AFQjCNG8zcit12fE-zyWIbjb15OKpSNSiQ&bvm=bv.124272578,d.d24
http://www.sciencedirect.com/science/article/pii/S0960894X04001180
http://www.sciencedirect.com/science/article/pii/S0960894X04001180
http://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwi6od2Pma_NAhXIWRQKHSdTChIQFggcMAA&url=http%3A%2F%2Fwww.sciencedirect.com%2Fscience%2Fjournal%2F0960894X&usg=AFQjCNHRWY9LszPOAwDlUuHT4V3m6pb3ZQ&bvm=bv.124272578,d.d24
http://www.sciencedirect.com/science/article/pii/S0040403909004274
http://www.sciencedirect.com/science/article/pii/S0040403909004274
http://www.sciencedirect.com/science/article/pii/S0040403909004274
http://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwiFl63xmq_NAhWIcRQKHZXVAE0QFggfMAA&url=http%3A%2F%2Fwww.sciencedirect.com%2Fscience%2Fjournal%2F00404039&usg=AFQjCNHsmrQYdxpDxXiioJE_NJt2RkPG4w&bvm=bv.124272578,d.d24
http://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwjBqeqAna_NAhWM7xQKHe8nDZgQFggcMAA&url=http%3A%2F%2Fwww.sciencedirect.com%2Fscience%2Fjournal%2F13811169&usg=AFQjCNEZwOUMWe8iJkU5ag6rWUqBjzjvbw&bvm=bv.124272578,d.d24
http://www.sciencedirect.com/science/article/pii/S0040402010003911
http://www.sciencedirect.com/science/article/pii/S0040402010003911
http://www.sciencedirect.com/science/article/pii/S0040402010003911
http://www.sciencedirect.com/science/article/pii/S0040402010003911

14.

15.

16.

17.

18.

19.

20.

21,

22,

23.

24,

25,

26.

27.

28.

29.

30.

31.

32.

33.

34.

Ahmad, B., Khan, R. A., Habibullah, A., Keshai, M., (2009). “An improved synthesis of biginelli-type
compounds via phase-transfer catalysis”, Tetrahydron Lett., 50: 2889-2892.

Kamal, A., Krishnaji, T., Azhar, M. A., (2007). “Copper (Il) tetrafluoroborate as a mild and efficient
catalyst for the one-pot synthesis of 3, 4-dihydropyrimidin-2(1H)-ones under solvent-free conditions”,
Catal. Commun., 8: 1929-1993.

Zhang, Y., Wang, B., Zhang, X., Huang, J., Liu, C., (2015). “An Efficient Synthesis of 3,4-
Dihydropyrimidin-2(1H)-Ones and Thiones Catalyzed by a Novel Brgnsted Acidic lonic Liquid under
Solvent-Free Conditions”, Molecules., 20: 3811-3820.

Attri, P., Bhatia, R., Gaur, J., Arora, B., Gupta, A., Kumar, N., C hoi, E. H., (2017). “Triethylammonium
acetate ionic liquid assisted one-pot synthesis of dihydropyrimidinones and evaluation of their antioxidant
and antibacterial activities”, Arab. J. Chem., 10: 206-214.

Aswin, K., Mansoor, S. S., Logaiya, K., Sudhan, P. N., Ahmed, R. N., (2014). “Facile synthesis of 3, 4-
dihydropyrimidin-2 (1H)-ones and-thiones and indeno [1, 2-d] pyrimidines catalyzed by p-
dodecylbenzenesulfonic acid”, J. Taib. Uni. Sci. (JTUSCI)., 8: 236-247.

Maleki, A., Hajizadeh, Z., Firouzi-Haji, R., (2018). “Eco-friendly functionalization of magnetic halloysite
nanotube with SO;H for synthesis of dihydropyrimidinones”, Micropor. Mesopor. Mater., 259: 46-53.
Pouramiri, B., Fayazi, R., Tavakolinejad Kermani, E., (2018). “Facile and Rapid Synthesis of 3,4-
Dihydropyrimidin-2(1H)-one Derivatives Using [EtsNH][HSO,] as Environmentally Benign and Green
Catalyst”, Iran. J. Chem. Chem. Eng., 37: 159-167.

Safaei-Ghomi, J., Tavazo, M., Mahdavini, G. H., (2018). “Ultrasound promoted one-pot synthesis of 3,4-
dihydropyrimidin-2(1H)-ones/thiones using dendrimer-attached phosphotungstic acid nanoparticles
immobilized on nanosilica”, Ultrason. Sonochem., 40: 230-237.

Maleki, A., Paydar, R., (2016). “Bionanostructure-catalyzed one-pot three-component synthesis of 3,4-
dihydropyrimidin-2(1H)-one derivatives under solvent-free conditions”, React. Funct. Polym., 109: 120-
124,

Bakherad, M., Javanmardi, M., Doosti, R., Tayebee, R., (2017). “A Highly Efficient and Green Catalytic
Synthesis of 3,4-dihydro-pyrimidin-2-(1H)-ones (Thiones) Using 3-sulfonic Acid-1-imidazolopyridinium
Hydrogen Sulfate under Solvent-free Conditions”, Croat. Chem. Acta., 90: 53-58.

Fu, R, Yang, Y., Ma, X,, Sun, Y., Li, J., Gao, H., Hu, H., Zeng, X., Yi, J., (2017). “An Efficient, Eco-
friendly and Sustainable One-Pot Synthesis of 3,4-Dihydropyrimidin-2(1H)-ones Directly from Alcohols
Catalyzed by Heteropolyanion-Based Ionic Liquids”, Molecules., 22: 1531-1543.

Ghazavi, N., Mosslemin, M., Mohebat, R., (2018). “Sulfonic acid functionalized pyridinium chloride
[pyridine-SOsH]CI: novel homogeneous catalyst for solvent-free synthesis of dihydropyrimidinone
derivatives”, Bulg. Chem. Commun., 49: 249-255.

Maleki, A., Zand, P., Mohseni, Z., (2016). “Fe;0,@PEG-SOsH rod-like morphology along with the
spherical nanoparticles: novel green nanocomposite design, preparation, characterization and catalytic
application”, RSC. Adv., 6: 110928-110934.

Nami, N., Lale Mohammadi, S., (2017). “One-Pot Facile Synthesis of New 1, 2, 4-Triazolidine Derivatives
Using Sodium Borohydride and Fe;O4 Magnetic Nanoparticles (MNPs)”, Int. J. Nanosci. Nanotechnol., 13:
347-357.

Maleki, A., Kari, T., (2018). “Novel Leaking-Free, Green, Double Core/Shell, Palladium-Loaded Magnetic
Heterogeneous Nanocatalyst for Selective Aerobic Oxidation”, Catal. Lett., 148: 2929-2934.

Keshipour, S., Kalam Khalteh, N., (2017). “Pd and FesO, Nanoparticles Supported on N-(2-
Aminoethyl)Acetamide Functionalized Cellulose as an Efficient Catalyst for Epoxidation of Styrene”, Int. J.
Nanosci. Nanotechnol., 13: 219-226.

Maleki, A. Aghaei, M., Ghamari, N., Kamalzare, M., (2016). “Efficient Synthesis of 2, 3-
Dihydroquinazolin-4(1H)-ones in the Presence of Ferrite/Chitosan as a Green and Reusable Nanocatalyst”,
Int. J. Nanosci. Nanotechnol., 12: 215-222.

Maleki, A., Rahimi, J., Demchuk, O. M. Wilczewska, A. Z., Jasinski, R., (2018). “Green in water
sonochemical synthesis of tetrazolopyrimidine derivatives by a novel core-shell magnetic nanostructure
catalyst”, Ultrason. Sonochem., 43: 262-271.

Khorshidi, A. R., Shariati, Sh., (2016). “OSO3H Functionalized Mesoporous MCM-41 Coated on Fe;0O,4
Nanoparticles: an Efficient and Recyclable Nano-Catalyst for Preparation of 3,2'-Bisindoles”, Int. J.
Nanosci. Nanotechnol., 12: 139-147.

Mirzaei, M., Ahadi, H., Shariaty-Niassar, M., Akbari, M., (2015). “Fabrication and Characterization of
Visible Light active Fe-TiO, Nanocomposites as Nanophotocatalyst”, Int. J. Nanosci. Nanotechnol., 11:
289-293.

Maleki, A., Jafari, A. A., Yousefi, S., (2017). “Green cellulose-based nanocomposite catalyst: Design and
facile performance in aqueous synthesis of pyranopyrimidines and pyrazolopyranopyrimidines”, Carbohydr.
Polym., 175: 409-416.

International Journal of Nanoscience and Nanotechnology 143


http://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwiYp8Xsna_NAhWDuhQKHbOMBT0QFggcMAA&url=http%3A%2F%2Fwww.sciencedirect.com%2Fscience%2Fjournal%2F15667367&usg=AFQjCNFLYvwrikAG6BrawpTyI2xwvMabkg&bvm=bv.124272578,d.d24
http://www.sciencedirect.com/science/article/pii/S165836551400034X
http://www.sciencedirect.com/science/article/pii/S165836551400034X
http://www.sciencedirect.com/science/article/pii/S165836551400034X
https://www.sciencedirect.com/science/article/pii/S1387181117306467#!
https://www.sciencedirect.com/science/article/pii/S1387181117306467#!
https://www.sciencedirect.com/science/article/pii/S1387181117306467#!
http://www.ijcce.ac.ir/?_action=article&au=117309&_au=Behjat++Pouramiri
http://www.ijcce.ac.ir/?_action=article&au=117310&_au=Raziye++Fayazi
http://www.ijcce.ac.ir/?_action=article&au=76079&_au=Esmat++Tavakolinejad+Kermani
https://www.sciencedirect.com/science/article/abs/pii/S1381514816302073#!
https://www.sciencedirect.com/science/article/abs/pii/S1381514816302073#!
http://www.google.com/url?url=http://www.bcc.bas.bg/BCC_Volumes/Volume_49_Special_J_2017/BCC-49-J-2017-249-255-Ghazavi-32.pdf&rct=j&frm=1&q=&esrc=s&sa=U&ved=0ahUKEwih46PDotXdAhXCZFAKHU4LCd0QFggSMAA&usg=AOvVaw0Basbo5NZUQ3MUFGAE5p7s
http://www.google.com/url?url=http://www.bcc.bas.bg/BCC_Volumes/Volume_49_Special_J_2017/BCC-49-J-2017-249-255-Ghazavi-32.pdf&rct=j&frm=1&q=&esrc=s&sa=U&ved=0ahUKEwih46PDotXdAhXCZFAKHU4LCd0QFggSMAA&usg=AOvVaw0Basbo5NZUQ3MUFGAE5p7s
http://pubs.rsc.org/en/results?searchtext=Author%3AAli%20Maleki
http://pubs.rsc.org/en/results?searchtext=Author%3APedram%20Zand
http://pubs.rsc.org/en/results?searchtext=Author%3AZahra%20Mohseni
https://www.sciencedirect.com/science/article/pii/S1350417717306314#!
https://www.sciencedirect.com/science/article/pii/S1350417717306314#!
https://www.sciencedirect.com/science/article/pii/S1350417717306314#!
https://www.sciencedirect.com/science/article/pii/S014486171730886X#!
https://www.sciencedirect.com/science/article/pii/S014486171730886X#!
https://www.sciencedirect.com/science/article/pii/S014486171730886X#!

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

Ayoman, H., Hossini, G., Haghighi, N., (2015). “Synthesis of CuO Nanoparticles and Study on their
Catalytic Properties”, Int. J. Nanosci. Nanotechnol., 11: 63-70.

Bamoniri, A., Pourali, A.R., Nazifi, S. M. R., (2014). “Nano Silica/ HIO, as a Green and Reusable Catalyst
for Synthesis of 2-Naphthol Azo Dyes under Grinding Conditions”, Int. J. Nanosci. Nanotechnol., 10: 197-
203.

Mohamadpour, F., Maghsoodlou, M. T., Heydari, R., Lashkari, M., (2016). “Saccharin: a green, economical
and efficient catalyst for the one-pot, multi-component synthesis of 3,4-dihydropyrimidin-2-(1H)-one
derivatives and 1H-pyrazolo [1,2-b] phthalazine-5,10-dione  derivatives and  substituted
dihydro-2-oxypyrrole”, J. Iran. Chem. Soc., 13: 1549-1560.

Mohamadpour, F., Maghsoodlou, M. T., Heydari, R., Lashkari, M., (2017). “Tartaric acid: A naturally green
and efficient di-functional Brensted acid catalyst for the one-pot four-component synthesis of
polysubstituted dihydropyrrol-2-ones at ambient temperature”, Iran. J. Sci. Technol. Trans. Sci., 41: 843-
849.

Maghsoodlou, M. T., Heydari, R., Mohamadpour, F., Lashkari, M., (2017). “Fe,O3 as an Environmentally
Benign Natural Catalyst for One-Pot and Solvent-Free Synthesis of Spiro-4H-Pyran Derivatives”, lran. J.
Chem. Chem. Eng., 36: 31-38.

Mohamadpour, F., Maghsoodlou, M. T., Heydari, R. Lashkari, M., (2016). “Copper (II) acetate
monohydrate: an efficient and ecofriendly catalyst for the one-pot multi-component synthesis of biologically
active spiropyrans and 1H-pyrazolo[1,2-b]phthalazine-5,10-dione derivatives under solvent-free
conditions”, Res. Chem. Intermed., 42: 7841-7853.

Maghsoodlou, M. T. Heydari, R. Lashkari, M. Mohamadpour, F., (2017). “Clean and one-pot synthesis of 3,
4-dihydropyrimidin-2-(1H)-ones/tiones derivatives using maleic acid as an efficient and environmentally
benign nature di-functional Brgnsted acid catalyst under solvent-free conditions”, Indian. J. Chem., 56 B:
160-164.

Lashkari, M., Heydari, R., Mohamadpour, F., (2018). “A Facile Approach for One-Pot Synthesis of 1H-
pyrazolo [1,2-b]phthalazine-5,10-dione Derivatives Catalyzed by ZrCl, as an Efficient Catalyst Under
Solvent-Free Conditions”, Iran. J. Sci. Technol. Trans. Sci., 42: 1191-1197.

Mohamadpour, F., Lashkari, M., (2018). “Three-component reaction of s-keto esters, aromatic aldehydes
and urea/thiourea promoted by caffeine: A green and natural, biodegradable catalyst for eco-safe Biginelli
synthesis of 3,4-dihydropyrimidin-2-(1H)-ones/tiones derivatives under solvent-free conditions”, J. Serb.
Chem. Soc., 83: 673-684.

Biginelli, P., (1893). “Aldehyde-urea derivatives of aceto- and oxaloacetic acids”, Gazz. Chim. Ital., 23:
360-413.

Russowsky, D., Lopesa, F. A., da Silvaa, V. S. S., Cantoa, K. F. S., Montes D’Oca, M. G., Godoi, M. N.,
(2004). “Multicomponent Biginelli's synthesis of 3,4-dihydropyrimidin-2(1H)-ones promoted by
SnCl,.2H,0”, J. Braz. Chem. Soc., 15: 165-169.

Lu, J., Bai, Y. J,, Guo, Y. H.,, Wang, Z. J., Ma, H. R., (2002). “CoCl,-6H,0 or LaClz-7H,O Catalyzed
Biginelli Reaction. One-Pot Synthesis of 3,4-Dihydropyrimidin-2(1H)-ones”, Chin. J. Chem., 20: 681-687.

144 Mohamadpour


http://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwi6wPm77a_NAhXDOBQKHfnyCWYQFggcMAA&url=http%3A%2F%2Fwww.springer.com%2Fchemistry%2Fanalytical%2Bchemistry%2Fjournal%2F13738&usg=AFQjCNHOjZv4bltZcCIsqhqrePPK4O0_vg&bvm=bv.124817099,d.d24
http://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&sqi=2&ved=0ahUKEwjA5bWD76_NAhWJaRQKHR8vCvwQFggcMAA&url=http%3A%2F%2Flink.springer.com%2Fjournal%2F11164&usg=AFQjCNHIV_Qd7Uw43_o9DcENPbTCzSsu4A&bvm=bv.124817099,d.d24
https://link.springer.com/journal/11164
http://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&sqi=2&ved=0ahUKEwjA5bWD76_NAhWJaRQKHR8vCvwQFggcMAA&url=http%3A%2F%2Flink.springer.com%2Fjournal%2F11164&usg=AFQjCNHIV_Qd7Uw43_o9DcENPbTCzSsu4A&bvm=bv.124817099,d.d24
http://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&sqi=2&ved=0ahUKEwjA5bWD76_NAhWJaRQKHR8vCvwQFggcMAA&url=http%3A%2F%2Flink.springer.com%2Fjournal%2F11164&usg=AFQjCNHIV_Qd7Uw43_o9DcENPbTCzSsu4A&bvm=bv.124817099,d.d24
http://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&sqi=2&ved=0ahUKEwjA5bWD76_NAhWJaRQKHR8vCvwQFggcMAA&url=http%3A%2F%2Flink.springer.com%2Fjournal%2F11164&usg=AFQjCNHIV_Qd7Uw43_o9DcENPbTCzSsu4A&bvm=bv.124817099,d.d24
http://chemistry.journals.semnan.ac.ir/search.php?slc_lang=fa&sid=1&auth=Mohamadpour
http://chemistry.journals.semnan.ac.ir/search.php?slc_lang=fa&sid=1&auth=Lashkari

