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Highly Efficient and Novel Method for Synthesis
of 1,3,5-Triarylbenzenes from Acetophenones

Kiran Phatangare,1 Vikas Padalkar,1 Devidas Mhatre,1 Ketan Patil,1

and Atul Chaskar1,2

1C. K. Thakur Research Centre, Navi Mumbai, India
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‘‘Giulio Natta’’ Politecnico di Milano, Milan, Italy

Abstract: Heteropolyacid–phosphomolybdic acid has been found to be an
efficient and recyclable catalyst for cyclotrimerization of acetophenones into
1,3,5-triarylbenzenes in good yields.
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1,3,5-Triarylbenzenes gained importance because of their uses in
electrode and electroluminescent devices, such as photocopiers and laser
printers,[1–3] resist materials,[4] and conducting polymers.[5] Triarylben-
zenes have been made by condensation of aryl acetones in various acidic
media, such as HCl, H2SO4, TiCl4, SiCl4, AlCl3, SnCl4, para toluene
sulfonic acid (PTSA), Bi(OTf)3 � 4H2O, BiCl3, FeCl3, and Amberlyst-15,
which are widely used for this transformation.[6–16] However, in spite of
their potential utility, these methods typically suffer from one or more
disadvantages, such as high cost, use of a stoichiometric amount of cat-
alyst, moisture sensitivity, specialized handling, tedious workup, and
nonrecyclability of the catalyst.

In recent decades, heteropolyacids (HPAs) as catalysts have become
important in pharmaceutical and fine chemical industries.[17] HPAs are
more active catalysts than conventional inorganic and organic acids for
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various reactions in solution.[18] Solid HPAs have gained importance
because of easy workup procedures, minimization of waste, mild reaction
conditions, cleaner products, enhancement in selectivity, and improved
reaction rates. They are noncorrosive and environmentally benign,
because they can be recycled and reused.[19]

Thus, considering the advantage and applications of HPAs and as
part of our ongoing project to explore the catalytic activities of HPAs
in organic transformations,[20,21] we attempted the convenient and prac-
tical synthesis of 1,3,5-triarylbenzenes using phosphomolybdic acid
(Scheme 1).

To compare catalytic efficiency of phosphomolybdic acid with
different acid catalysts, the cyclotrimerization of acetophenone with
5–10mol% of acid catalyst in ethanol at reflux temperature was investi-
gated. Results are shown in Table 1.

The results mentioned in Table 1 demonstrate the effective use
of phosphomolybdic acid for the cyclotrimerization reaction. The

Scheme 1. Cyclotrimerization of acetophenone.

Table 1. Effect of different acid catalysts on percentage yield of
cyclotrimerization of acetophenone

Entry Acid catalyst Mole (%) Time (h) Yield (%)b

1 HCl 10 11 45
2 H2SO4 10 9 52
3 TiCl4 10 24 50
4 SiCl4 10 24 60
5 AlCl3 10 15 69
6 SnCl4 10 24 55
7 p-TSA 10 17 40
8 Bi(OTf)3 10 8 62
9 BiCl3 10 24 20
10 FeCl3 10 15 65
11 Amberlyst-15 10 15 52
12 Phosphomolybdic acid 5 5 87

aReaction conditions: ArCOMe (5mmol), HPA (0.1mmol), ethanol (4ml),
reflux.

bIsolated yield.
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cyclotrimerization of different acetophenones was carried out by
refluxing the acetophenone with 5mol% HPA in ethanol at reflux
temperature to obtained product in good yield (Table 2).

CONCLUSION

In conclusion, phosphomolybdic acid as a HPA catalyst has proved to be
a useful, efficient, and recyclable catalyst for cyclotrimerization of aceto-
phenones. The present protocol has several advantages over reported
literature methods from economical and environmental points of view,
such as operational simplicity, short reaction time, mild reaction
condition, good yield of the product, and recyclability of catalyst.

EXPERIMENTAL

All commercial reagents were used as received without purification, and
all solvents were of reagent grade. The reaction was monitored by
thin-layer chromatography (TLC) using 0.25-mm Merck silica-gel

Table 2. Cyclotrimerization of different acetophenones into 1,3,5-triarylbenzenes
using phosphomolybdic acid as a solid acid catalysta

Entry Ar Time (h) Yield (%)b

1 Ph 5 87
2 2-Me-C6H4 7 68
3 2-MeO-C6H4 6.5 70
4 3-Me-C6H4 6.2 72
5 3-MeO-C6H4 6 75
6 3-F-C6H4 7 78
7 3-Cl-C6H 8 73
8 4-Me-C6H4 6 88
9 4-Ph-C6H4 4 92
10 4-Cl-C6H4 5.5 76
11 4-F-C6H4 9 80
12 4-Br-C6H4 8 72
13 4-I-C6H4 4.2 78
14 4-MeO-C6H4 4.6 90
15 4-NO2-C6H4 12 30

aReaction conditions: ArCOMe (5mmol), HPA (0.1mmol), ethanol (4ml),
reflux.

bIsolated yield.
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60F254 precoated plates, which were visualized with ultraviolet (UV)
light. Melting points were observed using open capillaries. 1H NMR
and 13C NMR spectra were recorded on a VXR 300-MHz instrument,
using tetramethylsilane (TMS) as an internal standard.

General Procedure for Conversion of Acetophenone into

1,3,5-Triphenylbenzene

Acetophenone (5mmol) and phosphomolybdic acid (0.1mmol) were
added to ethanol (4ml), and the reaction mixture was stirred for 5 h at
reflux temperature. After completion of reaction, as indicated by TLC,
the solvent was removed under pressure. The solid product was washed
with water and recrystallized using a mixture of ethanol and dichloro-
methane (1:1). The aqueous part was concentrated to isolate the
phosphomolybdic acid. Yield 87%, mp 172–174�C.

Data

1H NMR (CDCl3): d 7.18 (3H, s); 7.72 (6H, m); 7.50 (6H, m); 7.42
(3H, m) ppm. 13CNMR (CDCl3): d 142, 141, 129, 127.5, 127.3,
125 ppm. MS (EI, 70 eV) 306 (Mþ), 289, 232, 154, 136.
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