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A Brønsted acid-catalyzed highly efficient construction of
substituted arylanthracenes and heteroacenes is described,
which is assumed to be initiated through the facile formation
of a benzylic cation intermediate. This method offers several
advantages in comparison with known aromatic cyclodehy-
dration reactions such as high selectivities, mild reaction
conditions, and easily accessible starting materials.

Anthracene and its derivatives are one of the most important
classes of polycyclic aromatic compounds.1 Due to their unique
electronic and photonic properties, they have been proved
extremely versatile in material science such as in organic field
effect transistors (OTFT),2 organic light-emitting diodes (OLED),3

sensors in biological and supramolecular systems,4 organic
gellators,5 etc. For example, 9,10-di-2-naphthylanthracene3f and
9,10-di(triisopropylsilyl)ethynylanthracene3g have been used
successfully as blue emitters with efficient electroluminescene.
Furthermore, anthracenes possess efficient photochromic prop-
erties that can find a variety of applications in data storage or
molecular switches.6 Substituted anthracenes have been prepared
by Friedel-Crafts reaction,7 aromatic cyclodehydration,8 E1bs
reaction,9 Lewis acid-induced Bradsher-type reaction from
diarylmethanes,10 homologation mediated by metallacycles,11

and so on. Nevertheless, enhancing the efficiency of the
synthesis of these compounds that allow selective formation of
anthracenes from readily available precursors is still highly
attractive. In 1966, Miller reported that various substituted
anthracenes could be obtained by acids-promoted transannular
cyclodehydration of 1,2-bis(R-hydroxy-substituted-benzyl)ben-
zenes (prepared by reduction of 1,2-diaroylbenzene).12 However,
the reaction generally required high reaction temperatures and
large amounts of strong Brønsted acids, and it was noncatalytic.
The preparation of starting 1,2-diaroylaromatics also presented
difficulty. It was demonstrated that in the reaction, the undesired
phthalan formation still remained a problem.12,13 On the basis
of our recent work,14 we found that anthracenes could be
constructed selectively by a TfOH-catalyzed cyclization reaction.
Herein, we described a highly efficient and a mild, one-pot
procedure by a Brønsted acid-catalyzed intramolecular Friedel-
Crafts reaction/aromatization to substituted arylanthracenes and
heteroacenes (Scheme 1). The yield of this process ranged from
56% to 99% and the side product of the phthalan derivative
was below 10% in most cases.

The requisite substrates of aromatic diols and its ester
derivatives could be easily prepared in generally good to high
yields as a diastereomeric mixture through Grignard addition
to phthalaldehyde.15 In view of the highly catalytic activity in
our work on TfOH-catalyzed reactions,14 we first examined the
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cyclization of diol 1 in the presence of TfOH (Table 1).
Treatment of1awith 10% TfOH in CH2Cl2 at room temperature
for 1 min resulted in the formation of phthalan 1,3-diphenyl-
1,3-dihydroisobenzofuran4a as a sole product in>99% NMR
yield (Table 1, entry 1). Anthracene3a was not detected even
after a prolonged reaction time of 12 h. According to Miller’s
report, it was suggested that phthalan was the kinetically
controlled product, while the anthracene was the thermodynami-
cally controlled product.12 We then investigated the reaction
under higher temperatures. To our delight, the reaction occurred
smoothly at 80°C for 5 h toafford 9-phenylanthracene3a and
phthalan4a in >99% combined yield with high selectivity (3a/
4a ) 96:4) (Table 1, entry 2). Other Brønsted acids such as
TsOH‚H2O, CF3CO2H, H2SO4, or HBr were also examined, and
they either gave low selectivity or afforded phthalan as a main
product (Table 1, entries 3-6). Employment of cationic gold
complexes AuCl(PPh3)/AgOTf afforded only phthlan4a in 86%
yield (Table 1, entry 7). We next envisioned that a catalytic
cycle could be readily initiated through the formation of benzylic
cation by using diester2. Thus diacetate2a was prepared to
test the hypothesis. It turned out that2a cyclized smoothly at

room temperature in the presence of 10% TfOH to give3a and
4a in >99% combined yield with the ratio of 90:10 within 1
min (Table 1, entry 8). This is in contrast to the above result of
diol 1a, in which the kinetic product of phthlan was obtained
predominantly. Decreasing or increasing the catalyst loading
did not improve the selectivities significantly. The use of TsOH‚
H2O, H2SO4, or HBr could afford some conversions at room
temperature, however, with lower selectivities (Table 1, entries
11-13). According to the results in Table 1, entries 2 (method
A) and 8 (method B) seem to be the best conditions. However,
attempts to perform the analogous reaction with method A of
the diols bearing substituents on the aromatic ring such as 1,2-
phenylenebis(p-tolylmethanol) 1b resulted in an inseparable
mixture of two isomers with a combined yield of 94% (the ratio
of the two isomers is 1:1), one of which was confirmed to be
the desired 2-methyl-9-aryl-substituted anthracene3b, and the
other was suggested to be an alkyl-group migration product16

derived from3b since the migration of alkyl groups under
Friedel-Crafts conditions has been observed previously.17 We
then chose method B with milder conditions for subsequent
experiments.

The cyclization reaction was successfully extended to various
diacetates and good to high yields were realized for all cases
(Table 2). The functionalities of Me, MeO, andtBu groups on
the aromatic ring were well tolerated during the reaction,
furnishing the corresponding products3b-g in 74-99% yields
with high selectivities (3/4 g 93:7, Table 2, entries 1-6). No
side reaction of alkyl group migrations was observed. It should
be noted that the selectivity of3 vs 4 was influenced by the
electronic nature of the aryl substituent of the starting diacetate
2. The biphenyl-substituted2h afforded 9-(biphenyl-4-yl)-2-
phenylanthracene3h in 86% yield with the lower selectivity
(3h/4h ) 89:11) (Table 2, entry 7). The use of multialkyl-
substituted acetate2i generated a mixture of3i and4i in a ratio
of 76:24. Interestingly, employment of2j-p bearing more
reactive substituents such as 1-naphthyl, 2-naphthyl, and
9-phenanthryl resulted in the formation of the corresponding
3j-p with high selectivities (3/4 > 99:1) and high yields (83-
99%) (Table 2, entries 9-15). In the cases of 2-naphthyl-
substituted2k and2o, two regioisomeric products are possible;
however, only one anthracene isomer was obtained as a sole
product, which indicated that the F-C reaction occurred always
at theR-position of naphthyl substituent (Table 2, entries 10
and 14). It was pointed out that this reaction provided a useful
tool in the introduction of polycyclic aromatic rings into the
anthracene nucleus.

Heteroacenes constitute one of the most common classes of
small-molecular electronic materials.2a Interestingly, we found
that our method could be readily extended to heteroacenes.
Treatment of bis(thienyl)-substituted acetate2q with 10% TfOH
resulted in the formation of 4-thien-2-ylnaphtho[2,3-b]thiophene
5a immediately (1 min) in 83% yield (Table 3, entry 1). The
substrates bearing a 3-benzothiophene unit cyclized smoothly
to afford 5c in 79% yield (Table 3, entry 3). Similarly, the
diesters derived from naphthalene-2,3-dicarbaldehyde afforded
heterotetracene (5e, 5f) or -pentacene (5g) in 56-87% yields
(Table 3, entries 5-7). In addition, we did not observe any
detectable byproducts in these reactions except5g. The struc-
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SCHEME 1

TABLE 1. Optimization Studies for the Brønsted or Lewis
Acid-catalyzed Cyclization Reactions

a Reactions were conducted with 0.1 M substrate in CH2Cl2 or
Cl(CH2)2Cl. b Combined yield, which was determined by1H NMR of the
crude reaction mixture.c Determined by NMR.d 4a was isolated in 73%
yield. e NR ) no reaction.
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TABLE 2. Formation of 9-Arylanthracene Derivatives

a Reactions were conducted with 0.05 M substrate in CH2Cl2. b Isolated yields after chromatography.c The ratio of3/4 is given in parentheses. Unless
noted, all the ratios were determined by1H NMR of the isolated material after chromatography.d Determined by1H NMR of the reaction crude.
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tures of3 and5 were unambiguously confirmed by X-ray single-
crystal analyses of3c and5c.15

In summary, we have developed a convenient and catalytic
protocol for the synthesis of arylanthracenes or heteroacenes
including benzanthracenes, dibenzo[a,c]naphthacene, naphtho-
[2,3-b]thiophene, benzo[b]naphtho[2,3-d]thiophene, etc. This
method offers several advantages in comparison with known
aromatic cyclodehydration reactions such as high selectivities,
mild reaction conditions, and easily accessible starting materials.
We are currently exploring the synthetic potential of this new
cyclization reaction for the construction of polycyclic aromatic
compounds.

Experimental Section

A Typical Procedure for the Synthesis of 14-Phenanthren-
9-yl-benzo[b]triphenylene (3l) (Table 2, entry 11).Acetic acid
[2-(acetoxyphenanthren-9-ylmethyl)phenyl]phenanthren-9-ylmeth-
yl ester 2l (0.2 mmol, 115 mg) was added to a 25-mL round-
bottomed flask containing a stirring bar, and then 4 mL of dry
CH2Cl2 was added under N2 atmosphere. To the mixture was added
TfOH (0.02 mmol, 1.78µL). The resulting solution was stirred at

room temperature for 1 min. An appropriate amount of silica gel
was added to the mixture and the solvent was evaporated in vacuo
at room temperature. The residue was purified by flash chroma-
tography on silica gel (petroleum ether/ethyl acetate) 10:1) to
afford the desired product in 96% yield as a yellow solid. Mp 276-
278 °C; 1H NMR (CDCl3, Me4Si) δ 6.61-6.66 (m, 1H), 7.11-
7.32 (m, 5H), 7.39-7.44 (m, 1H), 7.48-7.78 (m, 7H), 7.76 (dd,J
) 8.4, 0.6 Hz, 1H), 7.06 (d,J ) 8.1 Hz, 1H), 8.35 (d,J ) 7.5 Hz,
1H), 8.43 (d,J ) 8.4 Hz, 1H), 8.74-8.84 (m, 3H), 9.21 (s, 1H);
13C NMR (CDCl3, Me4Si) δ 122.7, 122.8, 123.1, 123.17, 123.22,
123.9, 125.86, 125.91, 126.1, 126.8, 126.81, 126.89, 126.9, 127.28,
127.3, 127.5, 127.6, 127.7, 128.2, 128.4, 128.6, 128.9, 129.4, 129.7,
130.2, 130.3, 130.4, 130.5, 130.6, 131.4, 131.7, 132.2, 132.6, 133.0,
135.0, 139.0; IR (neat) 3068, 2958, 2925, 2854, 1712, 1601, 1528,
1495, 1449, 1360, 1250, 1220, 1040, 999, 950, 886, 750, 725 cm-1;
HRMS (MALDI/DHB) for C36H22Na [M]+ calcd 477.1614, found
477.1627.

A Typical Procedure for the Synthesis of 2-Chloro-4-(5-
chlorothien-2-yl)naphtho[2,3-b]thiophene (5b) (Table 3, entry
2). Acetic acid {2-[acetoxy-(5-chlorothien-2-yl)-methyl]phenyl}-
(5-chlorothien-2-yl)methyl ester2r (0.2 mmol, 91 mg) was added
to a 25-mL round-bottomed flask containing a stirring bar, and then
4 mL of dry CH2Cl2 was added under N2 atmosphere. To the
mixture was added TfOH (0.02 mmol, 1.78µL). The resulting
solution was stirred at room temperature for 1 min. An appropriate
amount of silica gel was added to the mixture and the solvent was
evaporated in vacuo at room temperature. The residue was purified
by flash chromatography on silica gel (petroleum ether/ethyl acetate
) 10:1) to afford the desired product in 99% yield as a light yellow
solid. Mp 90-92 °C; 1H NMR (CDCl3, Me4Si) δ 6.91 (d,J ) 3.9
Hz, 1H), 7.04 (d,J ) 3.9 Hz, 1H), 7.14 (s, 1H), 7.40-7.49 (m,
2H), 7.82-7.85 (m, 1H), 7.95-7.98 (m, 1H), 8.16 (s, 1H);13C
NMR (CDCl3, Me4Si) δ 121.3, 122.1, 124.4, 125.6, 125.7, 126.1,
126.4, 127.5, 128.2, 130.5, 130.8, 134.1, 136.6, 137.1, 138.4; IR
(neat) 3096, 3054, 2924, 2853, 1700, 1517, 1487, 1452, 1444, 1408,
1377, 1338, 1248, 1205, 1166, 1062, 1024, 994, 874, 845, 826,
799, 745 cm-1; HRMS (EI) for C16H8Cl2S2 calcd 333.9444, found
333.9445.
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TABLE 3. Formation of Heteroacenes

a Isolated yields after chromatography.b Pivalate was used.c 2w was
contaminated with small amounts of impurities.d Isolated yields after
recrystallization.
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