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3-Benzilidene quinolones have been synthesized by Knoevenagel
condensation reactions starting from 1-methyl-4-hydroxyquinolinone
with substituted aromatic aldehydes. Olefination of N-methyl 4-
hydroxy quinolinone have been successfully carried out in aqueous
medium under microwave irradiation method. An expeditious reaction
was carried out under the microwave irradiation technique with good
to excellent yield (92-98 %). The proposed method is environmentally
benign, mild and simple protocol for the synthesis of chalcone of
4-hydroxy quinolondione (3a-1). The final products were charac-
terized by '"H NMR, *C NMR, Mass and elemental analysis as spectral

property.
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INTRODUCTION

Quinolone derivatives constituent is an important class
of nitrogen containing heterocycles with diverse useful bioac-
tivity. They are widely used as a key intermediate preparation
of some natural products and related structures. A broad
number of fascinating pharmacological activities have been
associated with 2-quinolinone derivatives. The quinolinone
alkaloids isolated from the Rutacease family of plants (Fig. 1)
have been shown to exhibit a variety of biological properties
corresponding compound exhibit similar properties such as
antiviral, antifungal, antibacterial [1], hydroxyquinolinone and
its arylidine analogues of hydroxyquinolinone, particularly at
3-position has excellent biological activity, Such as hepato-
protative effects in human [2]. On the basis of biological
evaluation 4-hydroxyquinolinone and its analogues has
wide spectrum of pharmacokinetic usability, it constituent an
important area of research because of their use as antioxidant,
antiangiogenic, brain antitumor in vivo, analgesic, dye-stuff,
herbicides, orally active Antagonist and anti-inflammatory,
antiallergenic, antitubercles and cardiovascular agent, herbi-
cidal [3-7] and competitive inhibitor [8]. Keeping focus on
green protocol, to our best of knowledge this is first report of
synthesis of quinolone chalcone in aqueous media.
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Fig. 1. Naturelly occuring alkaloid derivatives

Previous workers reported the synthesis of hydroxy-quino-
linone and its derivatives by non-green methods using catalyst,
reagent and organic solvent [2,9], diethylamine in benzene
and in dioxane and triethylamine in benzene [10,11]. However,
all of these methods have been some disadvantages, such as
an environmentally hazardous, cost effective, toxic, water
sensitive reagent and catalyst, unacceptable yields and difficult
product separation. To overcome all these drawbacks and the
reaction performed in water [12-14], itis a unique solvent due
to being readily available, inexpensive, non-toxic, safer and
environmentally benign. It enhanced reaction rates, higher
yields of pure products and easier workup and selectivity of
many organic reactions in addition to green solvent under the
microwave irradiation method compared to thermal reactions
[15]. A novel green protocol performs reaction in water under
microwave irradiation [ 16]. The concept of sustainable chemistry
was introduced in the early 1990 s P.T. Anastas define ‘Green
Chemistry’, as a chemistry able to promote innovative chemical
technologies that reduced or eliminate the use or generation
of hazardous substances in the design, manufactures and use of
chemical products with the twelve principle in the green chemistry
[17] (Fig. 2). The green chemistry has gradually becomes recog-
nized as both culture and methodology for achieving sustain-
ability [18]. In our earlier research work an environmentally
benign for the searching of some nitrogen and sulfur containing
heterocyclic compound [19-23]. Thus, we developed new eco-
friendly, catalyst free and more convenient route for the
synthesis of 1-methyl-4-hydroxyquinolinones.

EXPERIMENTAL

All the compounds used in synthesis were of analytical
grade, alum is easily available naturally occurring catalyst.
The melting points of the compounds were determined in open
head capillary and are uncorrected. Chemical shifts are given
in parts per million (3-scale) and the coupling constants are
given in hertz. Silica gel-G plates (Merck) were used for thin
layer chromatography analysis with a mixture of (ethyl acetate-
n-hexane) as eluent. The IR spectra of the compounds were
recorded in the region of 4000-400 cm™ by using KBr pallet
on FT-IR Perkin spectrophotometer. 'H NMR, "C NMR
spectra were recorded on a DRX-300 Bruker FT-NMR spectro-
photometer in DMSO-d; as a solvent. Satisfactory elemental
analysis was obtained on a Perkin Elmer CHN analyzer.

Synthesis of 1-methyl, 3-benzylidine, quinolin-2,4-
dione (3a-1): Mixture of 1-methyl-4-hydroxyquinolinone (1

Less hazardous Minimize waste

\ T Atom economy
4 Mlld reaction

condltlon “,
H,O
Maximize -

i
water as

.

Design energy
efficient rout

Degradable

product and@

:I byproduct

H > O . /
Safer catalyst .’I
Reusable catalyst & & solvent ,’
g

solvent

Prefe‘ar Safer chemical
multicomponent Renewable & product
over multistep

: energy source
stnthesis

s

Fig. 2. Green synthesis; twelve principles with casing of aqueous mediated

mmol) and substituted aryl aldehydes (1.1 mmol) in 15 mL
solution (water 10 mL and ethanol 5 mL) were irradiated on
microwave oven program at 100 °C and 350 watt for the appro-
priate time of reaction (Table-2), progress of reaction was
monitor by TLC (ethyl acetate-n-hexane). After completion
of reaction, hot water-ethanol (1:1) was added, filtered and
recrystallized from appropriate solvent.

(Z)-3-Benzylidene-1-methylquinoline-2,4-(1H,3H)-
dione (3a): Yield: 98 %; m.p. 188-190 °C; '"H NMR (300 MHz,
DMSO-ds) 0: 3.43 (s, 3H, CHs-N); 8.61 (s, 1H, CH=C-Ar);
8.01 (d, 1H, Ar-H); 7.86 (d, 1H, Ar-H); 7.71 (dd, 1H, Ar-H);
7.29 (dd, 1H, Ar-H); 7.60 (dd, 2H, Ar-H); 7.41 (dd, 2H, Ar-
H); 7.30 (dd, 1H, Ar-H). ®C NMR (DMSO-ds) & ppm: 162.8,
131.1,176.2,131.2, 124.8, 128.9, 134.2, 115.8, 140.4, 150.1,
131.8, 128.1, 128.2, 127.8, 128.5, 128, 30.1; MS (m/z, %):
264.29 [M*], Elem. anal. (%): C=77.55,H=4.98, N =5.32,
0 =12.15.

(Z2)-3-(2-Chlorobenzylidene)-1-methylquinoline-2,4-
(1H,3H)-dione (3b): Yield: 94 %; m.p. 196-198 °C; 'H NMR
(300 MHz, DMSO-ds) 0: 3.43 (s, 3H, CH;-N); 8.61 (s, 1H,
CH=C-Ar); 8.01 (d, 1H, Ar-H); 7.86 (d, 1H, Ar-H); 7.71 (dd,
1H, Ar-H); 7.29 (dd, 1H, Ar-H); 7.41 (d, 1H, Ar-H), 7.34 (d,
1H, Ar-H), 7.37 (dd, 1H, Ar-H), 7.29 (dd, 1H, Ar-H); *C NMR
(DMSO-ds) 6 ppm: 164.2, 130.1, 177.2, 131.7, 125.8, 130.1,
134.2, 115.6, 140.4, 30.3, 150.1, 133.2, 133.8, 129.7, 129.8,
126.3, 127.6; MS (m/z, %): 298.74 [M*]; Elem. anal. (%): C =
68.58, H=4.06, N =4.70,0=10.75,Cl = 11.91.

(Z2)-3-(3-Chlorobenzylidene)-1-methylquinoline-2,4-
(1H,3H)-dione (3¢): Yield: 94 %; m.p. 223-225 °C; '"H NMR
(300 MHz, DMSO-ds) 6: 3.43(s, 3H, CH;-N); 8.61 (s, 1H,
CH=C-Ar); 8.01 (d, 1H, Ar-H); 7.86 (d, 1H, Ar-H); 7.71 (dd,
1H, Ar-H); 7.29 (dd, 1H, Ar-H); 7.31 (s, 1H, Ar-H), 7.39 (d,
1H, Ar-H), 7.32(dd, 1H, Ar-H), 7.44(d, 1H, Ar-H); *C NMR
(DMSO-ds) é ppm: 164.2 ,130.2, 177.5, 133.1, 125.8, 129.7,
133.9, 116.2, 140.1, 30.3, 149.7, 135.9, 126.5, 134.2, 128.1,
130.3, 126.7; MS (m/z, %): 298.74 [M*]; Elem. anal. (%): C =
68.58, H=4.06, N =4.70,0=10.75,Cl = 11.91.
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(Z))-3-(4-Chlorobenzylidene)-1-methylquinoline-2,4-
(1H,3H)-dione (3d): Yield: 95 %; m.p. 228-230 °C; '"H NMR
(300 MHz, DMSO-ds) 6: 3.43 (s, 3H, CHs-N); 8.61 (s, 1H,
CH=C-Ar); 8.01 (d, 1H, Ar-H); 7.86 (d, 1H, Ar-H); 7.71 (dd,
1H, Ar-H); 7.29 (dd, 1H, Ar-H), 7.69 (d, 2H, Ar-H), 7.44 (d,
2H, Ar-H); *C NMR (DMSO-ds) 6 ppm: 164.1, 130.7, 177 .4,
132.2, 126.1, 129.7, 134.5, 116.1, 140.1, 30.4, 150.1, 131.2,
134.7, 128.6, 133.7, 128.7, 134.6; MS (m/z %): 298.74 [M*],
Elem. anal. (%): C=68.58, H=4.06, N=4.70,0=10.75,Cl =
11.91.

(Z)-1-Methyl-3-(2-nitrobenzylidene)quinoline-2,4-
(1H,3H)-dione (3e): Yield: 98 %; m.p. 210-212 °C; '"H NMR
(300 MHz, DMSO-ds) 6: 3.43 (s, 3H, CHs-N); 8.91 (s, 1H,
CH=C-Ar); 8.01 (d, 1H, Ar-H); 7.86 (d, 1H, Ar-H); 7.71 (dd,
1H, Ar-H); 7.29 (dd, 1H, Ar-H); 8.19 (d, 1H, Ar-H), 8.01 (d,
1H, Ar-H), 7.78 (dd, 1H, Ar-H), 7.89 (dd, 1H, Ar-H); “C NMR
(DMSO-ds) 6 ppm: 164.1, 130.8, 177.3, 132.2, 125.6, 129.2,
134.2, 116.3, 140.1, 30.2, 150.1, 130.2, 148.1, 123.3, 128.9,
134.3, 130.3; MS (m/z %): 309.29 [M*]; Elem. anal. (%): C =
66.23, H=3.92, N =9.09, O = 20.76.

(Z)-1-Methyl-3-(3-nitrobenzylidene)quinoline-2,4-
(1H,3H)-dione (3f): Yield: 92 %; m.p. 198-200 °C; '"H NMR
(300 MHz, DMSO-ds) 6: 3.43 (s, 3H, CHs-N); 8.61 (s, 1H,
CH=C-Ar); 8.01 (d, 1H, Ar-H); 7.86 (d, 1H, Ar-H); 7.71 (dd,
1H, Ar-H); 7.29 (dd, 1H, Ar-H); 8.21 (s, 1H, Ar-H), 8.12 (d,
1H, Ar-H), 7.62 (dd, 1H, Ar-H), 7.93 (d, 1H, Ar-H); “C NMR
(DMSO-dg) 6 ppm: 164.2 , 130.7, 177, 133.1, 125.2, 129.8,
134.6, 116.3, 140.3, 30.3, 150.1, 131.9, 125.7, 148.1, 123.3,
128.9, 124.1; MS (m/z %): 309.29 [M*]; Elem. anal. (%): C =
66.23, H=3.92, N =9.09, O = 20.76.

(Z)-1-Methyl-3-(4-nitrobenzylidene)quinoline-2,4-
(1H,3H)-dione (3g): Yield: 96 %; m.p. 233-235 °C; '"H NMR
(300 MHz, DMSO-ds) &: 3.43 (s, 3H, CHs-N); 8.61 (s, 1H,
CH=C-Ar); 8.01 (d, 1H, Ar-H); 7.86 (d, 1H, Ar-H); 7.71 (dd,
1H, Ar-H); 7.29 (dd, 1H, Ar-H), 8.17 (d, 2H, Ar-H), 8.04 (d,
2H, Ar-H); *C NMR (DMSO-ds) & ppm: 164.2, 130.7, 177.2,
133.2, 125.6, 129.8, 134.6, 116.3, 40.3, 30.1, 149.9, 139.2,
132.2, 123.7, 147.2, 123.7, 133.1; MS (m/z %): 309.29 [M*];
Elem. anal. (%): C =66.23, H=13.92, N =9.09, O = 20.76.

(Z)-3-(3-Hydroxybenzylidene)-1-methylquinoline-2,4-
(1H,3H)-dione (3h): Yield: 92 %; m.p. 179-181 °C; '"H NMR
(300 MHz, DMSO-ds) 6: 3.43 (s, 3H, CHs-N); 8.61 (s, 1H,
CH=C-Ar); 8.01 (d, 1H, Ar-H); 7.86 (d, 1H, Ar-H); 7.71 (dd,
1H, Ar-H); 7.29 (dd, 1H, Ar-H); 6.70 (s, 1H, Ar-H), 6.86 (d,
1H, Ar-H), 5.34 (s, 1H, Ar-OH), 7.17 (d, 1H, Ar-H), 7.54 (dd,
1H, Ar-H); *C NMR (DMSO-ds) & ppm: 164.3,130.7, 177.6,
133.1, 126.1, 129.3, 134.7, 116.4, 140.9, 30.2,149.3, 136.3,
112.5,159.2, 115.1, 129.9, 121.3; MS (m/z %): 280.29 [M*];
Elem. anal. (%): C=73.11, H=4.69, N=5.02, O = 17.19.

(Z)-3-(4-Hydroxybenzylidene)-1-methylquinoline-2,4-
(1H,3H)-dione (3i): Yield: 92 %; m.p. 202-204 °C; '"H NMR
(300 MHz, DMSO-ds) 6: 3.43 (s, 3H, CHs-N); 8.61 (s, 1H,
CH=C-Ar); 5.34 (s, 1H, Ar-OH); 8.01 (d, 1H, Ar-H); 7.86 (d,
1H, Ar-H); 7.71 (dd, 1H, Ar-H); 7.29 (dd, 1H, Ar-H), 6.67 (d,
2H, Ar-H), 7.57 (d, 2H, Ar-H); *C NMR (DMSO-ds) 6 ppm:
164.3,130.7,177.2,133.2,126.3,129.7,134.7, 116.3, 140.6, 30.1,
150.1,125.8,130.3,116.2,158.3,116.2, 130.2; MS (m/z %): 280.29
[M*], Elem. anal. (%): C=73.11,H=4.69,N=5.02,0=17.19.

(Z)-3-(3-Methoxybenzylidene)-1-methylquinoline-2,4-
(1H,3H)-dione (3j): Yield: 96 %; m.p. 245-247 °C; 3.43 (s,
3H, CH;-N); 6 8.61(s, 1H, CH=C-Ar); 6 8.01 (d, 1H, Ar-H);
7.86 (d, 1H, Ar-H); 7.71 (dd, 1H, Ar-H); 7.29 (dd, 1H, Ar-H);
6.70 (s, 1H, Ar-H), 6.86 (d, 1H, Ar-H), 2.34 (s, 1H, Ar-CHs),
7.17 (d, 1H, Ar-H), 7.54 (dd, 1H, Ar-H); “C NMR (DMSO-
ds) & ppm: 164.8 , 131.3, 177.2, 131.1, 124.7, 128.8, 134.1
(C7), 115.5(C8), 140.1 (C9), 30.2 (C10), 149.9 (C11), 137.3,
114.1, 161.2, 114.3, 129.7, 121.6, 56.1; MS (m/z %): 294.32
[M*]; Elem. anal. (%): C =73.71, H=5.15,N=4.78, O =
16.36.

(Z))-3-(4-Methoxybenzylidene)-1-methylquinoline-2,4-
(1H,3H)-dione (3k): Yield: 98 %; m.p. 257-259 °C; '"H NMR
(300 MHz, DMSO-ds) &: 3.43 (s, 3H, CH;-N); 8.61 (s, 1H,
CH=C-Ar); 8.01 (d, 1H, Ar-H); 7.86 (d, 1H, Ar-H); 7.71 (dd,
1H, Ar-H); 7.29 (dd, 1H, Ar-H), 3.84 (s, 3H, Ar-H), 6.97 (d,
2H, Ar-H), 8.23 (d, 2H, Ar-H); *C NMR (DMSO-ds) 6 ppm:
164.3, 130.9, 177.2, 131.2, 124.6, 128.7), 134.4 (C7), 115.6
(C8), 140.7 (C9), 30.1, 150.1, 125.7, 130.7, 115.3, 160.1,
114.5,131.1,56.2; MS (m/z %): 294.32 [M"]; Elem. anal. (%):
C=73.70,H=5.14,N=4.78, O = 16.36.

(Z2)-3-(3-Bromobenzylidene)-1-methylquinoline-2,4-
(1H,3H)-dione (31): Yield: 95 %; m.p. 241-243 °C; 3.43 (s,
3H, CH3-N); 8 8.61 (s, 1H, CH=C-Ar); 6 8.01 (d, 1H, Ar-H);
7.86 (d, 1H, Ar-H); 7.71 (dd, 1H, Ar-H); 7.29 (dd, 1H, Ar-H);
6.70 (s, 1H, Ar-H), 6.86 (d, 1H, Ar-H), 7.17 (d, 1H, Ar-H),
7.54 (dd, 1H, Ar-H); *C NMR (DMSO-ds) 6 ppm: 164.6,
131.2, 176.4, 131.5, 124.9, 128.8, 134.3, 115.6, 140.7, 30.3,
150.2, 137.8, 130.1, 122.9, 130.8, 127.1, 128.3; MS (m/z %):
343.19 [M*]; Elem. anal. (%): C =59.67, H=3.53, N=4.09,
0 =9.35, Br = 23.35.

RESULTS AND DISCUSSION

Initially, we screened various catalysts and solvent and
solvent free condition for the set of reaction starting from
1-methyl-4-hydroxy quinolinone (1 mmol), substituted aryl
aldehydes (1.1 mmol), solvent (15 mL) and 15 mol % of catalyst.
The different solvents were examined such as H,O, EtOH and
solvent free with catalyst as Na,SO., MgSOy, boric acid, oxalic
acid, KAI(SO.),-12H,0 (alum) and catalyst free condition
under the conventional and microwave irradiation method
(Table-1). We observed that an excellent yield was obtained
in water under the catalyst free under microwave irradiation
method (Table-1 entry 2).

An excellent yield of productin aqueous medium under
the microwave irradiation technique (Table-1, entry 2), due to
the role of water act as acid catalyst and the reaction more
imitate using more energetic condition as microwave irra-
diation technique. If we tried catalyst such as Na,SO., MgSOs,
boric acid, oxalic acid, KAI(SO4),-12H,0, here better yield
was obtained in alum,water under the same reaction condition
(Table-1, entry 7). Whereas under thesolvent free condition
the poor yield was obtained (Table-1, entry 8). The reaction
performed in different time interval (Table-1, entry 1-9). If
we increase the time of reaction more than three minutes there
is no significant effect was observed on the yield of product
(Table-1, entry 2). Thus we decided that all the examples were
tested reasonably good to excellent yield in water and catalyst
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TABLE-1
SCREENING OF VARIOUS SOLVENTS AND CATALYSTS FOR THE SYNTHESIS OF COMPOUND 3a

Time (min) / Yield (%)"

Entry Catalyst Solvent - -
Conventional method Microwave method
1 Without Without 40/00 60/00 02/00 04/00 06/00
2 Without H,0 40/82 60/86 01/38 03/90 04/98
3 Na,SO, H,0 40/20 60/35 01/20 03/48 04/48
4 MgSO, H,0 40/40 60/48 01/25 03/53 04/53
5 Boric acid H,0 40/50 60/58 01/28 03/67 04/67
6 Oxalic acid H,0 40/43 60/53 01/30 03/68 04/68
7 KAI(SO,),-12H,0 H,0 40/72 60/80 01/32 03/82 04/89
8 KAI(SO,),-12H,0 Without 40/43 60/49 01/20 03/58 04/58
9 KAI(SO,),-12H,0 C,H,OH 40/56 60/62 01/34 03/78 04/78
*Reaction condition: 1 (1 mmol, 175.18 g); 2 (1.1 mmol); solvent 15 mL and catalyst (15 mol %); "Isolated yield.
TABLE-2
SYNTHESIS OF 1-METHYL, 3-BENZYLIDINE, QUINOLIN-2,4-DIONE DERIVATIVES IN WATER

Entry Compound (3a-1) Substituent (R) m.f. Yield (%)/Time (min) m.p. (°C)

1 3a H C,;H;;NO, 98/04 188-190

2 3b 2-Cl C;H;,NO,Cl1 94/04 196-198

3 3c 3-Cl C,;H,,NO,C1 94/04 223-225

4 3d 4-Cl C;H;,NO,Cl1 95/04 228-230

5 3e 2-NO, C;H;,N,0, 98/04 210-212

6 3f 3-NO, C;H,N,O, 92/04 198-200

7 3g 4-NO, C;H,N,0, 96/04 233-235

8 3h 3-OH C,;H;3sNO; 92/04 179-181

9 3i 4-OH C,;H;NO; 92/04 202-204

10 3j 3-OMe CsHsNO; 96/04 245-247

11 3k 4-OMe CsH;sNO; 98/04 257-259

12 31 3-Br C,;H,,NO,Br 95/04 241-243

*Reaction condition: 1 (1 mmol, 175.18 g); 2 (1.1 mmol); solvent 15 mL and catalyst (15 mol %); "Isolated yield.

o) H
oH AN 0 H
X + Water =
R MWI, 350 watt
T o) N o) R
2
1 CH, 3

Scheme-I: Synthesis of 3-arylidine,N-methyl quinolon-2,4-dione (3)

free condition under the microwave irradiation technique
(Table-2) yield 92-98 %. The electron donating substituent
reacts well under the reaction condition, un-substituted arylal-
dehyde do reacts and gives good yield as compare to electron
withdrawing substituted group (Table 2). Finally, the structures

of the products were substantiated by IR, '"H NMR, "*C NMR, 2.
mass spectrometry and elementalanalysis.
Conclusion
3.

We have demonstrated that totally eco-friendly method
for the synthesis of 1-methyl-3-benzylidine quinolin-2,4-dione 4.
derivatives. The results illustrated that considerable potential
of an in aqueous medium synthesis, thus methodhas the advan-
tages of straightforward workup, avoidedhazardous catalyst .
and solvent and to avoid chromatographic separation method,
to obtained pure products, and further studies are progress in 6.

our laboratory to expand the synthetic utility of an eco-friendly
catalyst or catalyst and solvent free condition.
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