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Abstract—Polyarylated benzene derivatives are useful molecular entities in chemical and material sciences owing to their unique 
photophysical properties associated with them. In this letter, we report that 2-acetyl-benzofuran in the presence of Amberlyst 15 at reflux 
temperature furnished a mixture of dimer, trimer and tetramer with interesting conformational properties. The protocol was generalized to 
prepare diverse arylated benzene scaffolds in good yields under similar reaction conditions.  
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Polyarylated benzene propellers have attracted a great 
deal of enthusiasm towards leading edge carbon 
nanotechnology for developing new efficient 
molecular rotors and new electroluminescent 
materials for flat-panel displays.1 Owing to their 
unique chemical, photophysical and optical 
properties, these aromatic scaffolds are not only 
useful as building blocks for material1 and biological 
sciences,2 but also important for understanding the 
concept of aromaticity, chemical reactivity and 
reaction kinetics.3 Recently polyaromatic 
hydrocarbons such as π-conjugated polyaromatics, 
dendrimers4 and their derivatives find several 
applications in liquid crystals,5 laser dyes,6 electronic 
and opto-electronic devices,7 and molecular wires.1c,8 
1,2-Terphenyl and 1,3-terphenyls have been used 
industrially as heat storage and transfer agents and as 
textile dye carriers whilst the 1,4-terphenyls have 
found application as a laser dye.9 In addition, biaryls 
and teraryls are often present as subunits in numerous 
biologically active natural products and 
pharmaceuticals.2,10 Recently we have demonstrated 
that 1,2,3-triarylbenzenes are potential compounds for 
fabricating thermally stable blue organic light 
emitting diodes.11  

Numerous synthetic methodologies to highly 
functionalized aromatic π-systems have been reported 
in the literature. A variety of acid catalyst such as 
hydrochloric acid,12 sodium or potassium pyrosulfate 
in H2SO4,13 aniline hydrochloride,14 titanium 
tetrachloride15 (TiCl4), SiCl4,16 SmCl3,17 CuCl2,18 and 
Cp2ZrCl2

19 and metal oxides20 of Al, Ti, Cr, and Mn at 

elevated temperature have been employed to prepare 
arylated benzenes in moderate to good yields. 
Recently an interesting article reported21 the use of 
cation rhodium complex [Cp*Rh(η6-C6H6)](BF4)2 in 
neutral condition as catalyst for the conversion of 
cyclic ketones to polysubstituted benzenes. Other 
common approaches for the preparation of 
polyaromatic compounds include cyclotrimerization 
of alkynes in the presence of organometallic 
reagents,22 palladium- and nickel-catalyzed multifold 
sequential Suzuki-Miyaura reaction between 
oligohaloarenes with organometallic partners.23 

However, except few, most of these procedures are 
often complicated by harsh reaction conditions,20 the 
lack of regioselectivity, formation of undesirable 
1,2,4-trisubstituted byproducts and the requirement of 
expensive or specialized organometal catalysts.21 
Herein, we report highly simple, economical, and 
environmentally benign reusable Amberlyst 15-
catalyzed new protocol for the synthesis of arylated 
benzenes in good yields. 

 
Scheme 1. 

Amberlyst 15 plays an important role in the synthesis 
of various aliphatic and aromatic compounds.24 
Recently Shen et al reported A-15 catalyzed 
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unexpected synthesis of bis benzofuran from 1-(4-
methoxyphenoxy)acetone in good yield.24a During the 
studies on the chemistry of natural occurring 
benzofuran derivatives, we found that benzofuran 
functionalized on benzenoid ring with an adjacent 
hydroxy and acetyl group undergo 
pseudodimerization to corresponding bibenzofurans 
in the presence of Amberlyst 15 in toluene at reflux 
temperature (Scheme 1).25 Some of these 
bibenzofurans showed good protein tyrosine 
phosphatase 1B (PTP-1B) inhibitory activity for the 
treatment of diabetes.25b 

In order to prepare diverse bibenzofuran derivatives 
for biological screening, recently we attempted a 
similar reaction with 2-acetyl-benzofuran (3) in the 
presence of Amberlyst 15 at reflux temperature. 
Surprisingly, instead of obtaining bibenzofuran (4), 
we isolated a mixture of dimer (5), trimer (6) and a 
tetramer (7) of benzofuran as shown in Scheme 2. The 
structures of these compounds were determined by 
spectroscopic analysis and unambiguously by a single 
crystal X-ray analysis (Scheme 2).26 The 
conformation of 6 and 7 along with the atom-
numbering scheme is shown in Scheme 2. The trimer 
6 and tetramer 7 crystallized in space group C2/c and 
P 4(2)/nbc respectively. The structural analysis 
showed the presence of intermolecular π…π 
interaction and weak intra C-H...O interactions in 
both the compounds. To the best of our knowledge, it 
is the first report on such a highly hindered, 
symmetrical and uniquely formed cyclobutane ring 
bearing four benzofuran moieties in a juxtaposed 
manner. In order to optimize the reaction condition, 
reactions of 2-acetyl-benzofuran (3) and A-15 were 

carried out in the presence of various solvents at 
refluxing temperature for 10 h (Table 1). 

Table 1: Reaction of 2-acetyl-benzofuran (3) with A-15 in 
the presence of various solvents 

 Solvent     5(%) 6(%) 7(%) 

a Toluene 58 23 3 

b Fluorobenzene 35 10 0 

c Benzene 30 5 0 

d Dichloromethane 20 0 0 

e Tetrahydrofuran 0 0 0 

f Acetonitrile 0 0 0 

 

With the demonstration of the utility of this protocol 
in general, we attempted a reaction with simple 
acetophenone (8a) in the presence of Amberlyst 15 in 
toluene under reflux temperature for 10 h. To our 
surprise, after cooling we obtained nice colorless 
crystals from the reaction mixture. The crystals were 
filtered, washed with hexane and dried. The isolated 
compound was characterized by spectroscopic 
analysis as 1,3,5-triphenylbenzene (9a) (Scheme 3).   
Fortunately, in this case we only obtained trimerized 
product and no dimer and tetramer were formed. The 
cyclotrimerizations of 8a and 8b were carried out in 
grams scale and the yields were found satisfactory. 
The procedure was tested using a variety of aryl/alkyl 
methyl ketones to furnish useful aromatic scaffolds 
(9a-k) and results are presented in Table 2. It is 
evident from Table 2 that the reaction with 
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unsubstituted or halogen substituted acetophenones 
(8a-i) in the presence of A-15 in reflux toluene 
afforded 1,3,5-triarylbenzenes (9a-i) exclusively, 
where as the reaction with 4-methyl- and 4-
methoxyacetophenone (8j,k) under similar reaction 
conditions furnished low yields of aromatic 
carboxylic acids (9j,k) together with more than 70 % 
unreacted starting material. The confirmation of 
isolated 4-methyl- and 4-methoxybenzoic acid (9j,k) 
was done by comparing with the data of authentic 
samples. All the synthesized compounds were 
characterized by spectroscopic analysis26 and known 
compounds were matched with the data of the 
authentic samples.  

 
Scheme 3. Synthesis of 1,3,5-triphenylbenzene 

Table 2: Amberlyst 15 catalyzed synthesis of arylated 
benzenes (9a-i) and aromatic carboxylic acids (9j-k) 

Reactant 
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A plausible mechanism for the formation of 
cyclotrimerized products in the presence of Amberlyst 
15 is depicted in Scheme 4. The reaction may proceed 
through the protonation of acetophenone to form 
intermediate (a) and (b), followed by sequential 
reactions between the intermediates formed in situ, 
and further internalization and 6π-electrocyclization 
in the presence of Amberlyst 15.  

In summary, we synthesized and characterized new 
molecular propeller systems of benzofuran through 
unique polymerization reaction of 2-acetylbenzofuran 
in the presence of Amberlyst 15. The structural 
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analysis of a trimer and tetramer of benzofuran 
revealed the presence of intermolecular π…π 
interaction and weak intra C-H...O interactions. The 
tetramer 7 crystallized in space group P 4(2)/nbc, 
which rarely occurs in an organic molecule. The new 
protocol is successfully applied to prepare different 
aromatic scaffolds in good yields. This is a unique 
methodology for C-C bond forming reactions and 
may be applicable to the synthesis of functionally 
congested aromatic propeller systems for their 
potential applications in biological and material 
sciences. In addition, our simple protocol and 
reusability of the catalyst has obvious advantages over 
the known literature reports from both environmental 
and industrial viewpoints.  
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acetophenone (1 mmol) in toluene (7 mL) was added 
25-30 mol % of Amberlyst 15 and the reaction mixture 
was refluxed for 10-32 hours. The reaction mixture 
was allowed to cool and catalyst was filtered off, and 
washed several times with hot toluene. The filtrate was 
concentrated under reduced pressure to afford the 
desired product in good yield.  
1,3-di(benzofuran-2-yl)but-2-en-1-one (5): White 
solid; mp 162-164 oC; 1H NMR (300 MHz, CDCl3) δ 
2.69 (s, 3H, CH3), 7.15 (s, 1H, CH),7.21-7.52 (m, 4H, 
ArH), 7.56 (d, J = 7.9 Hz, 1H, ArH), 7.58-7.67 (m, 3H, 
ArH), 7.73 (d, J = 8.8 Hz, 2H, ArH); 13C NMR (75.5 
MHz, CDCl3) δ 15.8, 109.47, 111.47, 112.48, 112.56, 
117.79, 121.84, 123.22, 123.38, 123.87, 126.61, 
127.44, 128.04, 128.60, 143.13, 154.74, 155.37, 
155.71, 156.12, 180.76; IR (KBr) 1649 cm-1 (CO); MS 
(ESI) 303 (M++1). 
1,3,5-Tri(benzofuran-2yl)benzene (6): White solid; 
mp > 250 oC; 1H NMR (300 MHz, CDCl3) δ 7.21-7.38 
(m, 9H, ArH), 7.59-7.67 (m, 6H, ArH), 8.31 (s, 3H, 
ArH); MS (FAB) 427 (M++1). X-ray analysis: The 
structural analysis shows the presence of 
intermolecular π…π interaction (centroid separation 
X1A…X1D = 3.6472, X1A… X1E =3.7985 Å) 
[symmetry codes: x, 1+y, z; x, -1+y, z]. The crystal 
packing further reveals the formation of intra C-H...O 
interactions [H2...O2 = 2.53Å, <C2-H2-O2 = 100°, 
C2-O2 = 2.8366 Å; H4...O1 = 2.44 Å, <C4-H4-O1 = 
101°, C4-O1 = 2.6967Å; H6...O3 = 2.44 Å, <C6-H6-
O3 = 101°, C6-O3 = 2.7939Å]. 
(3,4-di(benzofuran-2-yl)-3,4-dimethylcyclobutane-
1,2-diyl)bis(benzofuran-2-ylmethanone) (7): yellow 
solid; 1H NMR (200 MHz, CDCl3) δ 1.37 (s, 6H, CH3), 
5.58 (s, 2H, CH), 6.67 (s, 2H, CH), 7.14-7.39 (m, 10H, 
ArH), 7.40-7.71 (m, 8H, ArH); IR (KBr) 1629 cm-1; 
MS (FAB) 605 (M++1). X-ray analysis: The structural 
analysis shows the presence of intermolecular π…π 
(centroid separation X1B…X1B = 3.5859) (centroid 
separation X1B… X1C = 3.7095) [symmetry code: 
1/2-x, y, -z], C-H... π interaction [C13-H13…X1C, 
centroid distance 2.99Å], (symmetry codes: -x, 1-y, -
z). The crystal packing further reveals the formation of 
intra- & intermolecular C-H...O interactions [H1-O2 = 
2.48Å, <C1-H1-O2 = 108°, C1-O2 = 2.9344Å). 
1,3,5-Triphenylbenzene (9a): White solid; mp 170-
172 oC (lit.15b 170-171 oC); 1H NMR (200 MHz, 
CDCl3) δ 7.34-7.53 (m, 9H, ArH), 7.71 (d, J = 8.2 Hz, 
6H, ArH), 7.79 (s, 3H, ArH); IR (KBr) 3057, 2928, 
1593 cm-1; MS (FAB) 307 (M++1), (EI+) 306 (M+).  
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1,3,5-Tris(4’-chlorophenyl)benzene (9b): White 
solid; mp 248-249 oC (lit.15b 257-259 oC); 1H NMR 
(200 MHz, CDCl3) δ 7.45 (d, J = 8.4 Hz, 6H, ArH), 
7.60 (d, J = 8.4 Hz, 6H, ArH), 7.69 (s, 3H, ArH); IR 
(KBr) 3020, 2920, 1593 cm-1; MS (FAB) 410 (M++1). 
1,3,5-Tris(4’-bromophenyl)benzene (9c): White 
solid; mp 260-261 oC (lit.12b 261-262 oC); 1H NMR 
(200 MHz, CDCl3) δ 7.49 (d, J = 8.6 Hz, 6H, ArH), 
7.58 (d, J = 8.6 Hz 6H, ArH), 7.62 (s, 3H, ArH); IR 
(KBr) 3019, 2926, 1592 cm-1; MS (FAB) 541 (M++1). 
1,3,5-Tris(4’-florophenyl)benzene (9d): White solid; 
mp 238-240 oC (lit.12b 244-246 oC); 1H NMR (200 
MHz, CDCl3) δ 7.03-7.12 (m, 6H, ArH), 7.51-7.58 (m, 
9H, ArH); IR (KBr) 3060, 2928, 1603 cm-1; MS 
(FAB), 360 (M++1). 
1,3,5-Tri(biphenyl)benzene (9e): White solid; mp 
238-240 oC (lit.15b 239-241 oC); 1H NMR (200 MHz, 
CDCl3) δ 7.36-7.52 (m, 10H, ArH), 7.57-7.85 (m, 17H, 
ArH), 7.90 (s, 3H, ArH); IR (KBr) 3050, 2930, 1594 
cm-1; MS (FAB) 534 (M+). 
1,3,5-Tris(biphenylmethyl)benzene (9f): White solid; 
mp 112-114 oC (lit.15c 113-114 oC); 1H NMR (200 
MHz, CDCl3) δ 5.27 (s, 3H, CH), 6.61-7.06 (m, 33H, 
ArH); MS (FAB) 576 (M+). 
1,3,5-Tris(2’-chlorophenyl)benzene (9g): White 
solid; mp 162-164 oC (lit.15d 165 oC); 1H NMR (200 
MHz, CDCl3) δ 7.29-7.40 (m, 6H, ArH), 7.44-7.55 (m, 
6H, ArH), 7.61 (s, 3H, ArH); IR (KBr) 3021, 2920, 
1636 cm-1; MS (FAB) 410 (M++1).  
1,3,5-Tris(3’-chlorophenyl)benzene (9h): White 
solid; mp 168-170 oC (lit.12b 171 oC); 1H NMR (200 
MHz, CDCl3) δ 7.33-7.49 (m, 6H, ArH), 7.52-7.61 (m, 
3H, ArH), 7.67 (s, 3H, ArH) , 7.73 (s, 3H, ArH); IR 
(KBr) 3022, 2926, 1635 cm-1;  MS (FAB) 410 (M++1). 
1,3,5-Tri(4’-bromobiphenyl)benzene (9i): White 
solid; mp >250 oC (lit.15e 280 oC); 1H NMR (200 MHz, 
CDCl3) δ 7.53 (d, J = 8.4 Hz, 6H, ArH), 7.61 (d, J = 
8.4 Hz, 6H, ArH), 7.70 (d, J = 8.4 Hz, 6H, ArH), 7.81 
(d, J = 8.4 Hz, 6H, ArH), 7.88 (s, 3H, ArH); IR (KBr) 
3022, 2926, 1599 cm-1;  MS (FAB) 769 (M++1). 
 
 
 


