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An Efficient and Green Synthesis of Flavones Using Natural Organic Acids
as Promoter Under Solvent-free Condition
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Abstract: An cfficient and cco-friendly synthesis of flavones, promoted by naturally occurring acids, via cyclodehydra-
tion of l-(Z-hydroxyphcnyl)-f&-aryl-l.S-propancdinncs using conventional and microwave heating under solvent-free con-

dition is deseribed.
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INTRODUCTION

In recent years, demands for geo-friendly synthesis have
been inereased immensely due to the growing concerns re-
garding environmental pollution. Green chemistry is playing
an important role in minimizing environmental pollution
through elimination (or at least minimization) of waste, use
of sustainable procedures, nontoxic chemicals, renewable
materials and solvent-free reaction condition [1-4]. Chemical
synthesis under solvent-free conditions has emerged as a
powerful eco-friendly technigue in recent years hecatse il
reduces the toxic waste by avoiding solvents. Solveni-free
reactions are superior over reactions in solvents because their
gimplicity, high yields and short reaction times, Different
types of acid catalysts are used in organic synthesis which
generate toxic wasles that are harmful to the environment.
The growing demand for clean and efficient chemical syn-
thesis under solvent-free conditions, which when coupled
with naturally occurring acids as green catalyst and micro-
wave irradiation, provides a green approach required for both
economical and environmental perspectives.

Naturally oceurring organic acids can be used as green
catalyst in organic reactions as they are nontoxic, readily and
cheaply available in nature. There are few reports on the
application of natural organic acids in the organic synthesis
[5-7].

Recently, we haye reported citric acid and several other
naturally oceurring organic acids as highly efficient and eco-
friendly promoters for the Beckmann rearrangement under
solvent-free conditions [8, 9]. This result provoked us 1o
evaluate the potential of these naturally oecurring organic

acids in the synthesis of Mavones by the cvelodehydration of
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1—(2-11ydmxyphcnyi}—B-aryl-1,3-‘propancd'u)nes. For this pur-
pose, we selected seven naturally occurring organie acids viz.
citric, oxalic, tartaric, malic, succinic, malonic and fumaric
acid (Fig. 1) as green catalysts.

Flavonoids are present profusely in plants of the families
Leguminesae, Compositae, and Moraccae (Fig, 2). They
display a broad spectrum of biological activities [10] like,
antibacterial [11]. antioxidant and estrogen receplor modula-
tor [12], and anti-inflammatory activity [13]. The
thioflavanone derivatives have been used in the synthesis of
hiologically active compounds such as benzothiazepine and
(hiochroman-4-one [14], One of the most commonly used
methods for the synthesis of flavones is the cyclodehydration
of l-{?.-hydmxyphcny‘l}-B—ary1-l,3—propancdioncs. Many of
these procedures use strong acids as a catalyst such as HySO4
[15-16], HCI [17], HBr, or HI [L8].

However. all the above reported methods suffer from cer-
tain drawbacks such as the use of toxic/costly solvents, ex-
pensive reagents, and production of considerable amotnt of
byproducts, long reaction time and low yields, Herein, we
report a simple and highly efficient synthesis of flavones by
the cyclodehydration of 1-{E—hydroxyphcnyi)-i—aryl-1.3-
propanediones using citric, oxalic, tartarie, malic, suceinic,
malonic and fumaric acid as green Promoters under solvent-
free condition by thermal and microwave irradiation.

RESULTS AND DISCUSSION

Far screening ol the catalysts, cyclodehydration of 1-(2-
hydroxyplmnyi;-_?-aryl-1.3-pmpuncd]unc l1a was sclected as
a4 model reaction. Initially, 1a (0.5 g) (Table 1, entry 1) and
citric acid (1.0 eq.), were heated either in an oil bath, pre-
heated at 160 °C for 15 min or in microwave reaclor for 5
min to yield flavone 2a (92% and 94% respectively) (Table
[, entry 1). The resulls with other organic acids indicate thal
all the acids det as an effective promoter 10 deliver flavones
2ain goad toexcellent yields (Table 1, entry 2-7). Microwave
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Fig. (2). Flavone backbone.

irradiation reduces time (5 min) and improves the yields as
compared to conventional heating. In this screening study
citric (Table 1, entry 1), malonic (Table 1, entry 4), oxalic
(Table 1, entry 5) and tartaric acid (Table 1, entry 7) turned
out to be better catalysts than fumaric (Table 1, entry 2) and
succinic acid (Table 1, entry 6), whereas best results were
obtained by using malic acid (Table 1, entry 3).

Next(, malic acid was used as a calalyst (o test the scope
and generality of the above methodology. While using less
than one mole equivalent of the acid, yicld of the product
was reduced considerably with maximum recovery of start-

Malonic Acid

Fumaric Acid

ing malerial, even after continuing the reaction for longer
time. This result suggests that one mole equivalent of malic
acid is essential for the completion of the reaction. Then cy-
clodehydration of various 1-(2-hydroxyphenyl)-3-aryl-1,3-
propancdiones was tested under the above reaction condi-
lion. Results showed that the cyclodehydration of various |-
(2-hydroxyphenyl)-3-aryl-1,3-propanediones proceeded
smoothly to completion within a short reaction time (o give
the corresponding flavones in good to excellent yields under
both heating conditions (Table 2, cntry 1-14),

CONCLUSION

In conclusion, we have shown thai the naturally occur-
ring acids like citric, oxalic, tartaric, malic, succinic, malonic
and fumaric acid can be used as an environment-friendly
acid promoters in the synthesis of flavones via the cyclode-
hydration of 1-(2-hydroxyphenyl)-3-aryl-1,3-propanediones
under solvent-free condition. Malic acid showed superior

Table 1. Screcning of catalysts in the synthesis of flavone 2a from 1-(2-hydroxyphenyl)-3-aryl-1,3-propanedione 1a under solvent-
free condition.”
Acid Caralyst
=
Heating, Solvent free
la
Conventional Heating Microwave Heating
Entry Acid Temp, °C)° t . =
Time (MIn) Yield* (%) | Time (Min) | Yield® (%)
1 Citrie | 160 Is 92 ; 5 ' 94
2 Fumaric 290 30 60 S 85
! L
3 Malic 140 ' ) 94 5 96
4 Malonic 140 20 8% 9 93
| I e
S Oxalic 110 10 91 B 94
[ I | -
6 Succinic 190 30 65 = 81
7 Tarlaric | 180 20 %9 5 92

‘Reagents: La (0.5g), aeid (1.0 eq.) "Heating was done in preheared oil bath or in microwave reactor “fsolated yiclds
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Table2.  Malic acid promoted the synthesis of flavones from 1-(2-hydroxyphenyl)-3-aryl-1,3-propuanedione under solvent-free con-
dition.”
(8] 0 o
Ra i S Ry,  Malicacid, 140°C Ry | S |
R, N OH Solvent free R, = o R,
| 2
Conventional Heating" Microwave Heating'
Entry R, R: | I . AP — i —_—
| [ Ya) Yield™" (%) Yield"*

| H H 'h EE 96
T 2 I H H | -__;:.NIUOL%,.I-!-J__ e~ i.j;:—_ S .9(1 1
i 3 n H H __| __p-l-'t'.-.-!-[-_-_ G 87 ; a0 -
4 H H mCFLCLH, #3 | 8K ok

5 ! OMe | H I m-CFCaHa I 1 | 91

G ] OMe - ! H S Pl 3 .‘\.’-{J . 92

= i s i OMe == e .-FI = _,';-MeOC.-.HJ_ L= w4 = = ”‘.N_
¥ ] H ' OMe _Ph 94 92 =

9 H OMe PMeQCH, 94 95
10 OMe H ) 2-FCH, 94 O N

I} H F Ph 86 95

- _1: Tt = -H [EE = Cl e IFr *h T i D6 i T - 92

|3 N H p = H I | L.'_\'\.'-[ut-ll.g- | ) h'?__ Hh =
14 CiMe H [ Cvelohexy! _HH | 84 =

“Reagents © 1 (0.5g), Malic acid (1.0 eq.) *10 min. in preheated oil bath, 5 min. in microwave reactor. “Isolated yicelds. “All the products were identified spectroscopically (IR, 'H,

PC NMR and LCMS)

reactivily under conventional as well as microwave irradia-
tion conditions. Further, results indicated that microwave
iradiation reduced reaction time and gave slightly higher
yields against conventional heating. The operational simplic-
ity, use of commercially available, biodegradable and renew-
able natural catalysts, solvent-free reaction condition, short
reaction time, simple work up and high yields make these
promoters a more convenient alternative (o the reported cata-
lysts. The application of this protocol to other synthetic reac-
tions is under investigation.

EXPERIMENTAL SECTION

Reactions were performed in oven-dried glassware and
were monitored by TLC silica gel plates (60 F254) which
were visualized by UV and KMnO4 solution. All solvents
and reagents were used as oblained from commercial source.
Melting points (m. p., uncorrected) were determined in open
capillary tubes using paraffin oil bath, All the microwave-
assisted reactions were performed in Discover Lab Met mi-
crowave system (CEM Corporation, USA) at the speeificd
temperature using the standard mode of operation. The 1-(2-
hydroxyphenyl)-3-aryl-1.3-propanediones were prepared by
standard methods and their purities were established before
utilization by melting point. Standard 'H NMR and C

NMR were recorded on a Varian Mercury spectromeler al
300 and 75 MHz respectively in CDCly solution and with
TMS as an internal standard. IR spectra were recorded on
Perkin Elmer Model 1600 series FTIR instrument, Mass
spectra were recorded on Agilent 1200SL-6100 LC/MS (ES-
API) instrument. All the compounds synthesized have been
previously reported, the physical and spectroscopic data are
in agreement with reported values.

General Procedure

The mixture of 1-(2-hydroxyphenyl)-3-aryl-1,3-
propanedione 1a (0.5 g) and malic acid (1.0 eq,) was heated
cither in an oil bath, prehealed at 140 °C for 10 min or in a
microwave reactor for 5 min. After the completion of reac-
tion (TLC check), the reaction mixture was allowed to cool;
al room temperature water (10 mL) and ethyl acetate (10
mL) were added. Reaction mixture was neutralized by addi-
tion of solid NaHCOs. Organic layer was separated and the
aqueous layer was exwacted in ethyl acetate (2 % 10 mL),
Combined organie extract was dried over anhydrous sodium
sulfate and concentrated in vacuo. The crude product was
purified by column chromatography on silica gel using hex-
anc-cthylacetate solvent system 1o give the corresponding
flavones in high yield.
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2-Phenyl-chromen-4-one (Table 2. entry 1); M.p. 96-
97 °C (lit. [19] m.p. 96-97 °C); IR (KBt) #: 1645, 1604.
1568, 1130, 756 em™; 'H NMR (CDCly, 300 MHz): § 821
(d, J =72 Hz, IH), 7.91-7.88 (m, 2H), 7.70-7.65 (m, 1H),
7.55-746 (m, 4H), 7.39 (1, ./ = 7.8 Hz, 1H), 6.81 (s, 1 H): °C
NMR (CDCly, 75 MHz): § 178.3, 163.3, 156.1, 133.7. 131.6.
1315, 1289, 126.1, 1255, 125.1, 1237, 1179, 107.3:
LCMS (ES-API) m/z: 223 (M+H)".

2-(4-Methoxy-phenyl)-chromen-d-one (Table 2, entry 2):
M.p. 157-158 °C (lir. [19] m.p. 157-158 °C); IR (KBr) o:
1649, 1608, 1465, 1133, 767 em™; 'H NMR (CDCly, 300
MHz):  8.21 (dd. J=8.1 & 2.1 Hz. 1H), 7.90-7.80 (m, 2H),
1.70-7.65 (m, 1H), 7.53 (d, J= 8.1 Hz. VHD, 740 (t, = 7.2
Hz, 1H), 7.03-6.99 (m. 2H), 6.80 (s, 1H), 387 (s. 3H); ""C
NMR (CDCly, 75 MHez): & 178.5, 1635, 162.4. 136.1, 133.6.
127.9, 1256, 125.1, 12319, 123.7, 117.9, 1144, 105.9. 554
LCMS (ES-API) m/z: 253 (M+H)".

2-(4-Fluoro-phenyl)~chromen-d-one (Table 2, entry 3):
M.p. 148-150 °C (lit. [20] m.p. 134-135 °C); IR (KBr) @
1663, 1608, 1574, 1467, 1234, 1134, 869, 806, 755 cm’": 'H
NMR (CDCly, 300 MHz): & 8.24 (d, /=7, 2 Hz, 1H), 7.94
(m. 2H), 7.72 (m, 1H), 7.58 (d, 7= 7.1 Hz, YHY, 7.47 {1,/ =
7. | Hz, TH), 7.23 (m, 2H), 6.79 (s, IH); “C NMR (CDCl,
75 MHz): 8 178.1, 162.6, 156.0, 134.2; 1281, 1274, 126.0,
1255, 1239, 118.5, 117.0, 1166, 107.1; LCMS (ES-API)
miz: 241 (M~+H).

2-(3-Trifluoromethyl-phenyl)-chromen-4-one (Table 2,
entry 4): Mp. 146-147 °C (lit. [21] m.p. 146-147 °C); IR
(KBr) o: 1664, 1610, 1582, 1571, 1439, 376, 1293, 879, K02,
697 em’'; 'H NMR (CDCly, 300 MHz): § 8.22 (2H, m), 8,09
(d, /=78 Hz, 1H). 7.82-7.60 (m, 4H). 7.45 (1. /=7, 5 Hz.
IH). 6.87 (5. 1H): "€ NMR (CDClLy, 75 MHz): & 178.1,
161.5, 156,1,134.0, 132.5, 131.8, 129.6, 129.3, 128.0. 125.6.
125.4, 123.7, 123.0, 118.1, 108.2: LCMS (ES-API) m/z: 29]
(M+H)",

7-Methoxy-2-(3-trifluorometh yl-phenyl)-chromen-4-

one (Table 2, entry 5): M.p. 166-167 °C (lit, [21] m.p, 142-
143 °C); IR (KBr) 0: 1737, 1639, 1577, 1487, 1367, 1163,
1133, 835 em”; 'H NMR (CDCly, 300 MHz): 8 8.17 (s, 1H),
8.07(d, J=7.5Hz IH), 7.79(d, J= 7.5 Hz. 1H), 7.66 (1. 4=
8.1 Hz IH), 7.55 (m. 2H), 7.30 (m, 1H), 6.84 (s. 1H), 391
(s. 3H): C NMR (CDCly. 75 MHz): 5 1779, 161.2, [57.2.
1509, 1327, 1296, 129.2, 127.9, 127.8. 1245, 124.1. 123.0.
1225, 119.5, 107.5, 104.8, 55.9; LCMS (ES-API) m/z: 321
(M+H)".

Z-Methoxy-2-phenyl-chromen-d-one (Tuble 2. entry 6):
M.p. 109-110 °C (lit. [22] m.p. 105-106 °C): IR (KBr) n:
1647, 1626, 1606, 1450, 1163, 908, 767 cm', 'H NMR
(CDCly, 300 MHz): 8 8.11 (d, /= 8.7 Hz, 1H), 7.8 {m, 2H),
7.51 (m, 3H), 6.95 (m, 2H), 6.77 (s, IH), 3.91 (s, 3H); “C
NMR (CDCly, 75 MHz) 6: 177.7, 164.1, 162.9. 1578, 131.6,
131.4, 1289, 126.9, 126.0, 117.6, 114.9, 107.3. 100.3, 55.8:
LCMS (ES-API) m/z: 253 (M+H)".

7-Methaoxy-2-(4-methoxy-phenyl)-chromen-4-one (Ta-
ble 2, entry 7): M.p. 194-195 °C (I [20] mip. 180.5 °C): [R
(KBr) 0: 1629, 1593, 1516, 1379. 1260, 1186, 977, 862 cm’ '«
'H NMR (CDCls, 300 MHz): §8.05 (d, /=84 Hz IH). 7.77
(d, J= 8.4 Hz, 2H), 6.95-6.86 (m, 4H), 6.60 (s, 1H), 3,86 (s,
3H). 3.82 (s, 3H); “C NMR (CDCL, 75 MHz): 8 177.6,
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163.9,162.8, 162.1, 157.7, 127.6, 126.7, 123.8, 117.6, 114.2.
114.0, 105.9, 100.2, 55.7, 55.3; LCMS (ES-APL) m/z: 283
(M+H)".

6-Methoxy-2-phenyl-chromen-4-one (Table 2, entry 8):
M.p. 160-161 °C (lit. [22] m.p, 165-167 °C); IR (KBr) -
1641, 1618, 1488, 1361, 1255, 1030, 846, 658 cm™'; 'H
NMR (CDCly, 300 MHz): 8 7.91-7.88 (m. 2H), 7.57 (d. J =
2.7 He, 1H), 7.51-7.46 (m, 4H), 7.28 (dd. /= 6.7 & J = 3.5
Hz, 1H), 6.79 (s, 1H), 3.89 (s, 3H); “C NMR (CDCl, 75
MHz): 5 1782, 163.0, 156.9, 150.8, 131.7, 131.4, 12R.8.
126.1, 124.4, 123.6, 119.4, 106.7, 104.7. 33.8; LCMS (ES-
API) m/z: 253 (M+H)".

6-;h'ee‘lm.\y-2-{J-mem‘_;-'-phen_;-'f)_-u:hmmen-tf—ane (Ta-
ble 2, entry 9): M.p. 195-196 (lit. [19] m.p. 194-195 =C): IR
(KBr) o: 1647, 1607, 1584, 1454, 1268, 1196, 1014, 817,
358 em™; 'H NMR (CDCly, 300 MHz): 8 7.86 (d.J = 9.0 Hz,
2H), 7.60 (d, J=9.0 Hz, 1H), 7.58 (d, / = 3.0 Hz, 1H), 7.27
(m, 1H), 7.01 (d, /= 9.0 Hz, 2H), 6.73 (s, IH), 3.90 (5. 3H).
3.88 (s, 3H), "'C NMR (CDCly, 75 MHz): & 178.2, 163.1.
1623, 156.8, 150.9, 127.8, 1244, 124.1, 123.5, 119.3, 114.4,
105.4, 104.8. 559, 55.4; LCMS (ES-API) m/z: 283 (M+H)".

7-Methoxy-2-(4-fluora-phenyl)-chromen-4-one  (Table
2, entry 10): Mip. 172-173 °C (lit, [20] mup. 172-173°C); IR
(KBr) 0: 1660, 1631, 1608, 1577, 1456, 1419, 1514, 1294,
1163, 1022, 923, 841, 78] em'; 'H NMR (CDCl, 300
MHZ): 8 7.90 (m, 2H), 7.89 (m. LH), 705 (1, 7 = 8.7 Hz, 2H),
6.64 (s, 1H), 6.48-6.4] (m, 2H), 3.84 (s, 3H): "°C NMR
(CDCly, 75 MHz): & 1748, 165.9, 165.3, 130.1, 129.9,
1289, 1289, 116.0, 115.7, 1124, 110,0, 108.0, 1013, 55.6;
Ci6H11FO5; LCMS (ES-API) m/z: 271 (M+H)",

b-Fluora-2-phenyl-chromen-d4-one (lit. [23]) (Table 2,
entry 11): M.p. 128-129 °C; IR (KBr) o: 1660, 1624, 1570,
1359, 1176, 835, 767 ¢m™: 'H NMR (CDCly, 300 MHz): 8
1.93-T85 (m. 3H), 7.61-7.50 (m. 4H), 7.46-7.39 (m. LH),
6.82 (s, 1H): "'C NMR (CDCly, 75 MHz): 5 177.5, 163.1.
I52:3, 131.7, 131.3, 129.0, 1262, 122.0, 121.7, 1202, 120.0,
LIDCT, 106.7; LCMS (ES-API) m/z: 24] (M+H)".

6-Chloro-2-phenyl-chromen-d-nne (Table 2, entry 12):
Mp. 183-184 °C (lit, [24] m.p. 185-186 °C): IR (KBr) »:
1651, 1601, 1567, 1457, 1438, 1307, 1132, 908, 682 cm
'H NMR (CDCls, 300 MHZ): § 8.17 (dy /= 2.3 Hz, 1H),
7.90-7.88 (m, 2H), 7.65-7.61 (m, 1H), 7.56-7.50 (m, 4H),
6.82 (s. 1H): "C NMR (CDCl,. 75 MH2): & 177.1. 163.7.
1544, 133.0, 131.8, 131.2, 131.1, 129.1, 126.3, 125.1, 124.7,
119.7.107.3; LCMS (ES-API) m/z: 257 (M+HY".

2-Cyclohexyl-chromen-4-one (Table 2, enlry 13): M.p.
127-129 °C (lit, [22] colorless oil); IR (KBr) 1: 1736, 1676,
1606, 1580, 1469, 1024, 844, 758, 617 em”: 'H NMR
(CDCls, 300 MHz): § 8.18 (m, 1H), 7.64 (m, 1H), 7.39 (m,
2H), 6.17 (s, 1H), 2.52 (m, 1H), 2.11-120 (m, 10H): *C
NMR (CDCl, 75 MHz): 8 178,6, 173.4, 156.4. 133.3, 125.5,
1247, 123., 117.7, 107.8, 42.7, 30.3, 25.7, 256; LCMS
(ES-APL) m/z: 229 (M+H)’',

7-methoxy-2-Cyclohexyl-chromen-4-one (lit, [25]) (Ta-
ble 2, entry [4): M.p. 152-154 °C: IR (KBr) 0: 1641, 1606,
1372, 1502, 1442, 1384, 1238, 1026, 923. 83] e’ 'H
NMR (CDCly, 300 MH2): § 8.06 (d. J= 8.7 Hz. IH), 6.95-
6.83 (m; 2H), 6.09 (s, 1H), 3.88 (s, 3H), 247 (m. [H), 1.86
(m, §H), 1.45 (m, SH); "C NMR (CDCly, 75 MHz): § 177.9.
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1727, 163.7, 158.0, 126.7, 117.5, 113.9, 107.5, 99.9, 55.6,
42.5,30.3,25.7,25.6; LCMS (ES-API) m/z: 259 (M+H)",
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