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Abstract A simple, green, and efficient method is introduced for the
synthesis of 2-aryl-2,3-dihydroquinolin-4(1H)-ones under mild reaction
conditions with improved yields by intramolecular cyclization of 0-ami-
nochalcones with zirconyl nitrate [Zn(O)(NO3),-nH,0] as a water-toler-
ant Lewis-acid catalyst.
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2-Aryl-2,3-dihydroquinolin-4(1H)-ones exhibit a vari-
ety of pharmaceutical properties, such as anticancer, anti-
biotic, and antitumor activities.!-* Several routes have been
reported for their synthesis from o-aminochalcones by us-
ing catalysts such as transition metals or metal triflates,*
thiourea, or ionic liquids.® In addition, 2-aryl-2,3-dihydro-
quinolin-4(1H)-ones have also been synthesized by reac-
tion between o-aminoacetophenone and aromatic alde-
hydes in the presence of an organocatalyst,® under micro-
wave irradiation, or on a solid support.”

However, most of these methods have drawbacks such
as the need for strongly acidic or basic reagents’ or the use
of toxic solvents,*> long reaction times, or large quantities
of catalyst.5 In the context of developing environmentally
benign reaction conditions and media for organic transfor-
mations, zirconyl nitrate [Zn(O)(NO;),-nH,0] and its salts
have been found to be effective, water-tolerant, reusable
Lewis acids.® We have been engaged in finding productive
routes for the synthesis of fused heterocyclic compounds.®
In this work, we report for the first time the use of zirconyl
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nitrate in the synthesis of 2-aryl-2,3-dihydroquinolin-4(1H)-
ones by the intramolecular cyclization of o-aminochalcones
in aqueous ethanol.

To find the best experimental conditions, we targeted
the synthesis of 2-phenyl-2,3-dihydroquinolin-4(1H)-one
from (E)-1-(2-aminophenyl)-3-phenylprop-2-en-1-one. We
also optimized such parameters as the concentration of the
catalyst and the solvents, as summarized in Table 1. Zirco-
nyl nitrate (20 mol%) was found to be best suited catalyst

Table 1 Optimization of Reaction Conditions for the Synthesis of
2-Phenyl-2,3-dihydroquinolin-4(1H)-one?
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Entry Catalyst (mol%) Solvent Time (h) Yield® (%)
1 SbCl5(20 mol%) CH,CN 3 60
2 ZnO (20 mol%) CH,CN 5 52
3 ZnO (20 mol%) EtOH 4 58
4 ZrO(NO,),-nH,0 (10 mol%)  CHyCN 3 70
5 ZrO(NOj3),-nH,0 (10 mol%) EtOH 3 79
6 ZrO(NO,),:nH,0 (20 mol%)  EtOH 3 96
7 ZrO(NO,),:nH,0 20 mol%)  1:1 EtOH-H,0 3 98
8 ZrO(NO3),-nH,0 (20 mol%) 1,4-dioxane 4 80
9 ZrO(NOj3),-nH,0 (20 mol%) toluene 4 78

3 Reaction condition: (E)-1-(2-aminophenyl)-3-phenylprop-2-en-1-one
(1 mmol), solvent (4 mL), stirring, 50 °C.
b Isolated yield.
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for the reaction and 1:1 aqueous ethanol (Table 1, entry 7)
was the best solvent, as compared with CH;CN, 1,4-dioxane,
or toluene (entries 2, 8, and 9).

By using the optimized conditions of 20 mol% of zirco-
nyl nitrate in 1:1 aqueous ethanol at 50 °C, we went on to
prepare a number of 2-aryl-2,3-dihydroquinolin-4(1H)-
ones from various substituted 2-aminochalcones (Scheme
2). The yields and reaction times are summarized in Table 2.
In these transformations, we confirmed that 20 mol% of zir-
conyl nitrate is the optimum concentration. Increasing the
concentration of the catalyst (>20 mol%) did not affect the
rate of reaction or the yield of the product. We also studied
the effect of substituents on the progress of reaction, and
we found that electron-donating substituents facilitate the
reaction compared with electron-withdrawing substitu-
ents.
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Scheme 1 Zirconyl nitrate-catalyzed synthesis of 2-aryl-2,3-dihydro-
quinolin-4(1H)-ones

Table 2 Synthesis of 2-Aryl-2,3-dihydroquinolin-4(1H)-ones?

Entry R Time (h) Yield® (%)
1 Ph 3 98
2 4-Cl 4 97
3 2-Cl 3 96
4 4-CH,4 3 98
5 4-NO, 4 88
6 2,4-(NO,), 4 86
7 2-CH, 2.5 99
8 3-NO, 3 93
9 4-N(CH,), 3 95

10 4-OCH; 2.5 99
11 4-Br 3 96
12 4-F 3 94

2 Reaction condition: 2-aminochalcone (1 mmol), ZrO(NOs),-nH,0 (46 mg,
20 mol%), 1:1 EtOH- H,0 (4 mL), stirring, 50 °C.
b Isolated yield.

We have also confirmed the structures of the synthe-
sized products from their spectroscopic (IR and 'H and '3C
NMR) and mass spectrometric data, and by comparison
with data available in the literature.

In conclusion, a simple, efficient, and greener one-pot
method has been developed for the synthesis of 2-aryl-2,3-
dihydroquinolin-4(1H)-ones by using zirconyl nitrate as a

water-tolerant Lewis acid catalyst.'® Compared with previ-
ously reported methods, this method proceeds under mild
reaction conditions.
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Off-white solid; yield: 218 mg (98%); mp 153-155 °C. IR (KBr):
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974, 861 cm'. 'H NMR (600 MHz, CDCl,): § = 7.83 (dd, J = 8.5,
1.2 Hz, 1 H), 742 (d, ] = 7.4 Hz, 2 H), 7.40-7.36 (m, 2 H), 7.35-
7.33 (m, 2 H), 6.76 (t, ] = 7.4 Hz, 1 H), 6.68 (d, ] = 8.5 Hz, 1 H),
4.70 (dd, J = 13.5, 3.6 Hz, 1 H), 4.65 (s, 1 H, NH), 2.82 (dd, J =
16.3,14.4 Hz, 1 H), 2.70 (dd, J = 15.6, 3.6 Hz, 1 H). 13C NMR (150
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2-(4-Methoxyphenyl)-2,3-dihydroquinolin-4(1H)-one (Table
2, Entry 10)3¢42.13

Brown solid; yield: 250 mg (99%); mp 145-147 °C. IR (KBr):
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MHz, CDCl;): §=7.85 (dd, J= 7.8, 1.5 Hz, 1 H), 7.53-7.48 (m, 2
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