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Abstract: Expeditious multicomponent single stage reaction (EMCSSRs) for the synthesis of
4-(3H)-Quinazolinones using Zirconium nanoparticles (ZrO, NPs) with combination of water-ethanol as
green solvent. ZrO, NPs gave good catalytic activity for the first five cycles of reactions. The expected re-
sults revels the catalytic activity, reaction time and the reusability of catalyst achieving by the cyclisation of
2-amino benzoic acid (Anthranilic acid), triethyl orthoformate or tri-ethoxy methane (TEM) and aliphatic
and aromatic primary amines in presence of reported ZrO, NPs as a catalyst. This protocol offers several
advantages such as a very short reaction time, reusability of catalyst and excellent yield of product. The
final products were confirmed by spectral characterization data and comparing with its reported method.
The synthesized ZrO, NPs were characterized by XRD, FTIR and UV-Visible spectra.

Keywords: Green Chemistry; ZrO, NPs; 2-amino benzoic acid; 4-(3H)-Quinazolinones; Multi-component
single stage reaction.

Introduction best catalyst solvent combination for the some
elementary organic transformations [2,3].

ZrO, NPs is more effective due to their reactivity
and large surface area, being a dielectric

material, ZrO, has a stable tetragonal phase

Nitrogen containing six members fused
heterocyclic compound particularly

structure and conductivity of this pure ZrO,
material is only 1077 s/cm at 1000 °C, which is
close to the conductivity of insulating material
[1]. ZrO, NPs and water-ethanol found that

Chemistry & Biology Interface

397

Quinazolinones are biologically active with
potential medicinal use as anticancer [4],
antitubercular agent [5], anti-inflammatory
and antioxidant [6], anticonvulsant agent [7],
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antimicrobial [8], antitumor [9], ACHE inhibitor
[10], antiviral [11] and catalytic activities
[12,13].

Multicomponent ~ single  stage reactions
(MCSSRs) are known tool for the synthesis
of various products and intermediates in
medicinal and combinatorial chemistry [14, 15]
avoiding time consuming and multistep process
[16, 17], have been proven to be smooth and
shows advantage of an atom economy and high
selectivity [18]. To owing these broad variety of
Pharmacological importance and new catalytic
method for preparation of Quinazolinones
derivative starting from anthranilic acid, triethyl
orthoformate and variety of primary amines.
Previously reported of 4 (3H)-quinazolinones
using catalysts reagents such as NH,CI [19],
P-TSA [20], Iodine, [21], Ce(CH,SO,).2H,0
[22], CAN [23], SrCL.6H,O [24], Zn(CIO,)
[25], NH,(NO,).9H,0 [26], heteropoly acids by
MWI method [27] and Vitamin B1[28]. All these
protocols suffer from some more disadvantages
like longer reaction time, poor yield, tedious
work-up protocol, toxic catalysts and solvents.
Thus, we wish to developed a new methods for
targeted 4-(3H)-quinazolinones by expeditious
multicomponent single stage (MCSSRs) by
using ZrO, NPs as reusable and heterogeneous
catalyst in combination of water-ethanol as
solvent, temperature at 55-60° C (Scheme 1).
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Scheme 1. Multicomponent synthesis of 4-(3 H)-
quinazolinone derivatives at room temperature
to 55-60° C in combination of ethanol-water as
solvent.
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Scheme 2. Plausible mechanistic path for the
synthesis of 4-(3H)-quinazolinone derivatives.

Results and discussion:
Catalysts characterization:

UV-Visible spectroscopy: The UV-Visible
spectra of pure ZrO, NPs and ZrO, NPs after
&M cycle were recorded on Scinco UV-vis
scanning spectrometer (ModelS-4100) with the
wavelength A= ~260 nm. UV near-band edge
(NBE) emission of ZrO, was observed at range
between 454 nm ~ 465 nm which was equivalent
to band gap of 4.74 eV. The electronic band
structure of ZrO, is strongly influenced by the
hybridization of Zr-4d orbital and O-2p orbital
[31]. Wavelength of pure ZrO, NPs before and
after used in the reaction was same as 260 nm
(Figure 1). The interaction of quinazolinones
with ZrO, NPs has noticeable effect in its band
structure as revealed by UV—Vis spectroscopy.

FT-IR: Fourier transform infra-red spectra
were recorded on a Perkin-Elmer FT
Spectrophotometer in KBr disc. The FT-IR
analysis of ZrO, NPs the stretching vibrations
can be studied in terms of transmittance %
against wave numbers. The distinctive band
around 3300-3375 cm™! can be seen which
indicated the transmittance due to O-H
absorptions. 935-948 c¢cm™ and a broad band
near 1640-1649 cm! which are associated with
the O-H modes of chemisorbed water and/
or terminated hydroxides at the surface. The
intense absorbance band in FT-IR spectrum
were observed in range between 490-498 cm!
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and 440-458 cm™ which were attribute to the
Zr-O stretching vibrations (Figure 2).

X-ray diffraction: The X-ray diffraction (XRD)
patterns was characterized by Philips X’Pert
Pro monochromatized diffractometer Cu-Ka
radiation (A = 1.54056 A). By X-ray diffraction
pattern (Figure 3), we observed high intensity
peak (103) assigned at 20 = 30.5° (112) and
(101) reflections are present at 20 = 51.02°
and 59.31° respectively. All the reflections are
indexed to the characteristic planes of a major
tetragonal phase in ZrO, crystal system (t-ZrO,,
space group P21/a, JCPDS card No. 37-1484
and 88-1007). Elsewhere, no extra peak was
observed corresponding to monoclinic plane.
A clear broad peak in powder X-ray diffraction
confirmed the formation of nano-sized particles
of ZrO, (Figure 4). The crystallite sizes was
estimgt%d from the Debye—Scherrer equation

D = £e25%: where ) is the wavelength of Cu-Ka
radiation (1.54056 A) and B is the full width of
the (h k 1) peak at the diffracting angle 20. The
mean crystallite size was estimated between
~20 and ~30 nm from XRD data (Figure 3, 4).

Discussion: Previously literature survey tells
that there is no any report for the synthesis of
4 (3H)-quinazolinone derivatives under the
catalyst of zirconium oxide nano particle (NPs)
selected as model reaction of 2-amino benzoic
acid (I mmol) 1, triethyl orthoformate (1.2
mmol) 2, primary amine (aniline) (1 mmol)

increase the yield of product (Table 1, entry 13)
due to the surface area of the NPs being more
active in polar-protic solvents and presence of
oxygen vacancies, which are responsible for
stability and higher surface activity [32]. The
important feature for these catalysts is; surface
of catalyst contains active hydroxyl, oxide
groups and Zr™ act as Lewis acids and or base
which are well reported [33].

Thus, all examples were tested practicallygood
to the excellent yields in ethanol water (4:1)
at 10 mol % of catalyst (Table 2, Scheme 1).
The catalytic activity of catalyst was explored
by checking its reusability, after each cycle, the
ZrO, NPs were recovered by centrifugation,
washed with methanol, dried and reused for
successive reactions. First four cycles gave
better yield and then gradually decreases (Table
3, Figure 5).

The possible mechanism for the synthesis of
4 (3H)-quinazolinones derivativeshas been
described the reactionbetween anthranilic
acid 1, triethyl orthoformate 2, primary
amine 3, theelimination and cyclization has
been successfully carried out by using active
hydroxyl and Zirconium ion of ZrO, NPs as
catalyst (Scheme 2).

Table 1.Screening of catalyst with solvents,
reaction time, and yield for the synthesis 4
(3H)-quinazolinone.

3 (Table 1) stirred condition at r. t. to 60“’C Entry |Catalyst |Solvent Time (min))| Yield* (%)
temperature. At first, we carry out the reaction

without catalyst and solvent, reaction did not |! Without | Solvent free| 60 0
detected even after 60 min (Table 1 entry 1). 7rO. NPs

The same reaction was carried out in 10 mol % |2 (10 mol  |Solvent free 10,15,30 |00,30,30
of ZrO, NPs, again solvent free condition there %)

is very negligible effect on the yield of product ZrO, NPs

(Table 1 entry 2,3). If we used polar protic |3 (I5mol  |Solvent free|15,30 35,35
solvent in the same reaction yield of the product %)

were increases drastically with reduced the time ZrO, NPs

of reaction(Table 1 entry 7-9), certainly yield of |7 (10mol  [H,0 3,5,7 20,53,53
the product were increased by the combination %)

of ethanol-water in the set of model reaction in 3 7rO. NPs

min (Table 1 entry 12). If we increase the mole |8 (10 mol  |MeOH 3,5,7 42,58,58
% of catalyst more than 10 mol % there is no %)
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ZrO, NPs 105
9  |(10mol |EtOH 3,57 50,63,63 08— reao, - B
%) T Reused Zr0,
ZrO, NPs 1001
10 [(10 mol %??Hzo 5.7 68,68
%) : 05
ZrO, NPs . =
11 [(10 mol at%{'HzO 5.7 7373 ey
%) :
ZrO, NPs . 854
12 [(10 mol atgl){'HzO 23 82,98
%) 3000 2750 2500 2250 2000 1750 1500 1250
ZrO, NPs . 1
13 |(15mol |POHHO 155 98,98 cm
) (4:1)

i . . i Figure 2: FT-IR spectra of fresh (black line)
Reaction conditions: anthranilic acid 1 and reused (red line) ZrO, NPs

(Immol), triethyl orthoformate 2 (1.2mmol),
primary amine 3 (Immol) and ZrO, NPs in 3500

6 ml of solvent (4-1) was stirred at 50-60°C T b Z1O. NPs after
temperature; “Isolated yield. 008 R f Y pm
. 25001 ~ ] f ’
Finally the structures of the compounds 4a were o e L
confirmed by spectral data. For example, in the =~ 2 20004 B L s
The 'HNMR spectrum of compound gave § 1500 o R
singlet at § = 8.39 (s, 1H, -CH=CN), § = 7.40 5 Pl
(d, 2H, Ar-CH), & = 7.40 (t, 2H, Ar-CH), § = 1000 s |18 -~ 8§
7.20 (t, 1H, Ar-CH), and 9 at 7.62-7.70 (3H, m, 5004 = S8 § §7 22 8§
Ar-CH), 8.05 (d, 1H, Ar-CH) and 7.30-7.62 (m, I J M l I‘L u Y ”ﬂ I
5H, Ar-H). PCNMRS at 160.2, 148.3, 147.1, B e
137.2, 133.6, 128.9, 128.7, 128.3, 128.0, 127.9, 15 2% 22 2 33 40 iR O 9 Gl B
127.4,126.7,126.2, 120.2.; Mass spectrometry: 26
MS (m/z, %): 223.07 [M+H]. Figure 3: Powder XRD pattern of monoclinic
o ZrO, NPs and ZrO NP, after 8" cycle
o =2 — Purs ZxO:.\'Ps — e
. —ZrO, NPsand after 8% cyle run 254 =ﬁauss of B
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Figure 1: UV-Visible spectra of pure ZrO, NPs Size of particles

and after 8" cycle
Y Figure 4: Size distribution of ZrO, nanoparticles
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Table 2. ZrO, nano particle catalyzed synthesis of 4-(3H)-Quinazolinones derivatives

0 o
Ethanol-Water
OH Lo + @ Zro, NPs e N/@
¥ -600 o - -

1 2 3ap 4 (a-p)
R(2) m.p. (°C)
Entry paL Product Tn?le ‘?eld Ref.
@/ELH (min) (%) Reported  Found
1 @E" 4a 3 98 139-141 140 [29]

2 /@H‘L 4b 3 94 145-148 146 [30]
3 /@Eﬁ 4c 3 92 133-135 132 [30]
~0

4 /@aﬁ 4d 3 90 122-124 120 [30]
Cl
e
5 @ 4e 3 92 150-153 152 [30]
O/

i
6 @ 4f 3 90 117-118 118 [30]
cl
7 @ 4g 3 92 157-159 158 [30]
S
8 4h 3 90 230-234 229 [29]
Cl Cl

9 4 3 93 138-140 140 [30]

o .
10 4j 3 94 165-166 164 [30]
O,N
11 © 4k 3 92 154-156 155 [30]

Chemistry & Biology Interface 401 Vol. 6 (6), November — December 2016



12

5 @3

14 ~h

LS

: )\”1;

Chemistry & Biology Interface, 2016, 6, 6, 397-404

41

4m

4n

40

4p

90

93

160-164 162

147-149 148

[29]

[30]

[28]

*Reaction conditions: anthranilic acid 1 (1mmol), triethyl orthoformate 2 (1.2mmol), variety of primary
amine 3 (Immol) and (10 mol %) of ZrO, NPs of ethanol-water (4-1) 6 ml was stirred at 50-60°C temperature;

[solated yield,

Table 3. Recyclability of ZrO, NPs for the synthesis of 4-(3H)-quinazolinone (4)

No. of Cycle Time (min) Yield (%)

I 3 98

I 3 97

I 3 97

v 3 96

\% 3 93

VI 3 89

A1 5 86
VIII 5 79

“Reaction conditions: anthranilic acid 1 (1mmol), triethyl orthoformate 2 (1.2mmol), primary amine
(aniline)3 (Immol) and (10 mol %) of ZrO, NPs of ethanol-water (4-1) 6 ml was stirred at 50-60°C
temperature; *Isolated yield,
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I Time (min)
1054 I Yield (%)
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m v v VI VII Vi

Catalyst recycle

Figure 5: Recyclability of ZrO, NPs for the
synthesis of 4-(3H)-quinazolinone (4)

Experimental
General

Allchemicals with high purity and catalyst
ZrO,NPs were purchased from Sigma-Aldrich
and an appropriate molar proportion of
starting reactants was taken and the protocols
of standard techniques were followed for the
multi-component single path synthesis of
functionalized quinazolinonesusing zirconium
nanoparticles. The ZrO, NPs catalyst was
characterized by UV-Visible (Figure 1.), FT-
IR (Figure 2.) and X-ray diffraction (Figure
3&4).Melting points of synthesized product
were recorded on OptiMELT digital melting
point apparatus and were uncorrected. IR
spectra were recorded on a FT-IR (Bruker).
"H NMR spectra were recorded on a 400 MHz
Bruker spectrometer in solvent DMSO as
part per million (ppm) downfield from a tetra
methylsilane TMS internal standard. Mass
spectra were recorded on water UPLC TQD
Mass spectrometer, showing M* peak. Spectral
data for the entire synthesized product (4a-4p)
as depicted in Table 2 (Ref.) and in discussion
part.

General procedure for synthesis of 4 (3H)-
quinazolinones derivatives

General procedure for the synthesis of
compounds (4a-p):
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A mixture of 2-amino benzoic acid (1 mmol),
triethyl orthoformate (1.2 mmol), variety of
amine (1 mmol) in and ZrO, NPs (10 mol %) in 6
ml ethanol water (4:1) was stirred at double at of
room temperature for 4-5 min until the reaction
mixture solidified. The progress of the reaction
was monitored by TLC. After completion
of reaction, the solvent was removed under
reduced pressure; crude product was stirred with
4-5 ml methanol at 60 °C for 4-5 min followed
by the simple centrifugation to expel catalyst
out from reaction. Then methanol was removed
under reduced pressure and the solid product
was extracted by dichloromethane and filtered
compound was purified by recrystallization
from absolute ethanol to give product with an
excellent yield (90-98 %). The products were
confirmed by spectral characterization data
and melting point and compared with reported
method [29, 30] (Table 2).

Method for the preparation of tetragonal
ZrO, NPs:

ZrO, nanoparticles (NPs) have been synthesized
by dissociation of ZrO,Cl,.8H,0O in a basic
medium (pH ~9to 11) atlow temperature without
adding any stabilizer. For the synthesisof ZrO,
NPs, 40 ml of 0.05M NaOH solution in distilled
water was slowly added in 100 ml 0.01M
solution of ZrO,CL.8H,O in methanol-water
(1:1) at ~0 to ~5 °C with continuous stirring.
After completion of the reaction (~50-60 min)
the sol solution was refluxed at 100°C for over
a day with vigorous stirring. Sequentially, the
solid and solution phases were separated by
centrifugation and the solids were washed
with dilute solution of NH,NO, until negative
test for chloride ion followed by washed with
de-ionized water (2x20 ml) and ethanol (2x5
ml). Prepared solids were dried well and then
calcinated at 500°C for 5 hours. The formation
of Nano-sized particles was confirmed by
powder XRD studies.

Reusability of the catalyst: Procedure: The
recovered catalyst from the reaction mixture
during the synthesis of quinazolinones
derivatives was then washed with methanol (8-9
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ml) followed by ethanol (6 ml) and finally dried 9

well and reused for subsequent runs.The better

catalytic activity of ZrO, NPs for first 5*cycles,

further cycle of reaction the yield of products 10.

were decreases even after increasing the time of

reaction (Table 3, Figure 5). 1

Conclusions 12.

In conclusion we developed anexpeditious

multicomponent single stage for the synthesis 13-

of 4-(3H)-quinazolinones in catalyzed by

ZrO,NPs as with combination of ethanol-water 14.

(4:1) at the stirringconditiontemperature at .

50-60°C,starting from easily available reactants. |,

Benefit of this methodology over other existing

one is excellent yield within very short time of 17,

reaction and simple reaction procedure. This 1s.

protocol provides extensive choice of access

to compounds that are useful in medicinal and 19

heterocyclic intermediate. i
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