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Improved Synthesis of Aryl-Substituted sensors in biological and supramolecular systérosganic
Anthracenes and Heteroacenes gellators; etc. For example, 9,10-di-2-naphthylanthracéaed
9,10-di(triisopropylsilyl)ethynylanthraceffe have been used
successfully as blue emitters with efficient electroluminescene.
Guijie Li," Shaolin Zhou, Guowei Su! Furthermore, anthracenes possess efficient photochromic prop-
Yuanhong Liu,*' and Peng George Wahg erties that can find a variety of applications in data storage or
molecular switche® Substituted anthracenes have been prepared
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synthesis of these compounds that allow selective formation of
anthracenes from readily available precursors is still highly

yhliu@mail.sioc.ac.cn attractive. In 1966, Miller reported that various substituted
anthracenes could be obtained by acids-promoted transannular
Receied August 9, 2007 cyclodehydration of 1,2-bis¢hydroxy-substituted-benzyl)ben-

zenes (prepared by reduction of 1,2-diaroylbenz&hdpwever,
the reaction generally required high reaction temperatures and
large amounts of strong Brgnsted acids, and it was noncatalytic.
. Ar . AR O AR The preparation of starting 1,2-diaroylaromatics also presented
]\/:i;om _ catTOH o Rz‘ difficulty. It was demonstrated that in the reaction, the undesired
R! I OAe room temperature 1 o R R s phthalan formation still remained a problé@i3 On the basis

of our recent work# we found that anthracenes could be
constructed selectively by a TTOH-catalyzed cyclization reaction.

A Brensted acid-catalyzed highly efficient construction of Herein, we described a highly efficient and a mild, one-pot
substituted arylanthracenes and heteroacenes is describedrocedure by a Bransted acid-catalyzed intramolecular Friedel
which is assumed to be initiated through the facile formation Crafts reaction/aromatization to s_ubstltute_d arylanthracenes and
of a benzylic cation intermediate. This method offers several heteroacenes (Scheme 1). The yield of this process ranged from

. . ) - 56% to 99% and the side product of the phthalan derivative
advantages in comparison with known aromatic cyclodehy- was below 10% in most cases
dration reactions such as high selectivities, mild reaction

diti d i bl . ial The requisite substrates of aromatic diols and its ester
conditions, and easily accessible starting materials. derivatives could be easily prepared in generally good to high

yields as a diastereomeric mixture through Grignard addition

) o ) to phthalaldehydé® In view of the highly catalytic activity in
Anthracene and its derivatives are one of the mostimportant our work on TfOH-catalyzed reactiohéwe first examined the
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SCHEME 1 room temperature in the presence of 10% TfOH to daend
Ar 4ain >99% combined yield with the ratio of 90:10 within 1
R’ CHO i) ArMgBr R! Ohc min (Table 1, entry 8). This is in contrast to the above result of
I:[ " diol 1a, in which the kinetic product of phthlan was obtained
R CHO i) Ac,0 R! Ohe

predominantly. Decreasing or increasing the catalyst loading
Ar did not improve the selectivities significantly. The use of TSOH
Ar R2 Ar g3 H20, HxSOy, or HBr could afford some conversions at room
cat. acid R! R3 R temperature, however, with lower selectivities (Table 1, entries
— OOO or OO N 11-13). According to the results in Table 1, entries 2 (method
room temperature g I i - R R s A) and 8 (method B) seem to be the best conditions. However,
R® attempts to perform the analogous reaction with method A of
TABLE 1. Optimization Studies for the Bransted or Lewis the diols bearing substituents on the aromatic ring such as 1,2-

mixture of two isomers with a combined yield of 94% (the ratio

o et o Ph of the two isomers is 1:1), one of which was confirmed to be
orR _ Ayt . @:?o the desired 2-methyl-9-aryl-substituted anthracgneand the
OR solvent other was suggested to be an alkyl-group migration prdéluct

Ph P

h derived from3b since the migration of alkyl groups under
R=H 1a;R=Ac, 2a 3a 4a Friedel-Crafts conditions has been observed previodisiye
entry substrate catalyst solvent temp / time yield (%)""b:;:tllo,‘:i tthepr(]-}I’(i:rrT]lZ?]?SmethOd B with milder conditions for SUbsequem
T f1a 10%TiOH CH.Cl, it/ 1 min >09  <1:99 The cyclization reaction was successfully extended to various
2 1a 10%TiOH CICH,CH,Cl  80°C/5h  >99 964 diacetates and good to high yields were realized for all cases
8 fa  20%TsOHH,0 CICH,CHCl 80°C/30h 79  <1:99 (Table 2). The functionalities of Me, MeO, afBu groups on
4 fa 20%CFCOOH  CICH,CH,Cl  80°C/30h 50 <1:99 the aromatic ring were well tolerated during the reaction,
5 fa 20%HSO,  CICHCHCl  80°C/24h 94 5248 furnishing the corresponding produ@s—g in 74—99% yields
6 1a 100% HBr CICH,CH, 01 80%C/24h 52 1050 with high selectivities §/4 > 93:7, Table 2, entries-16). No
7o Ta i:fo ﬁ;gﬁ?Phs) CICH,CH,Cl  80°C/24h 86 <1:99 side reaction of alkyl group migrations was observed. It should
8 2a  10% TfOH CH,Cl, rt/ 1 min >99  90:10 be noted that the selectivity & vs 4 was influenced by the
9 2a 5%TOH CH,Cl, rt/1 min >09 8317 electronic nature of the aryl substituent of the starting diacetate
10  2a  20% TfOH CH,Cl, rt/ 1 min >99  94:6 2. The biphenyl-substitute@h afforded 9-(biphenyl-4-yl)-2-
11 2a  20%TsOHH0 CH,C /24 h 58 69:31 phenylanthracen8h in 86% yield with the lower selectivity
12 2a  20% H,S0, CH,Cl, t/0.5h 80 63:37 (3h/4h = 89:11) (Table 2, entry 7). The use of multialkyl-
13 2a  100% HBr CH,Cl, t/6h 78 74:26 substituted acetat® generated a mixture &fi and4i in a ratio
14 2a  50% AcOH CH,Cl, /24 h NRE of 76:24. Interestingly, employment &j—p bearing more
15 2a  20% CF,COOH CH,Cl, /24 h NR® reactive substituents such as 1-naphthyl, 2-naphthyl, and
aReactions were conducted with 0.1 M substrate inCll or 9.-phen§1nth.ryl resu“ed- !n the formation of t-he cprresponding
’ 3j—p with high selectivities /4 > 99:1) and high yields (83

CI(CHy)2Cl. » Combined yield, which was determined Hy NMR of the .
crude reaction mixture’. Determined by NMRY 4a was isolated in 73% 99%)_ (Table 2, entries ‘915_)-_ In th(‘?‘ cases of 2-naphthy|-
yield. eNR = no reaction. substituted?k and2o, two regioisomeric products are possible;

however, only one anthracene isomer was obtained as a sole
product, which indicated that the reaction occurred always
at the a-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 materidlnterestingly, we found
that our method could be readily extended to heteroacenes.
Treatment of bis(thienyl)-substituted acetatpwith 10% TfOH
resulted in the formation of 4-thien-2-ylnaphtho[2)Briophene
5a immediately (1 min) in 83% yield (Table 3, entry 1). The

hthalandain >99% combined yield with high selectivit Substrates bearing a 3-benzothiophene unit cyclized smoothly
Za = 96:4) (Table 1, entry 2).yOther Brrangsted acids )szlf{:h as © afford 50_'” 79% yield (Table 3, entry 3). Similarly, the
TsOHH,0, CRCOH, H,SO, or HBr were also examined, and diesters derived from naphthalene-2,3-d|.carbaldet)1yd<.a afforded
they either gave low selectivity or afforded phthalan as a main heterotetracenesg 5f) or -pentacene3(g) in 56-87% yields

product (Table 1, entries-3). Employment of cationic gold (Table 3, entries 57). _In addition, we did not observe any
complexes AuCI(PRVAGOT afforded only phthladain 86% detectable byproducts in these reactions exégpilhe struc-
yield (Table 1, entry 7). We next envisioned that a catalytic

i initi ; ; (16) The exact structure of this isomer could not be defined.
cycle could be readily initiated through the formation of benzylic (17) Balaban, A. T.. Nenitzescu, C. [Friedel-Crafts and Related

cation by using d_ieStez- Thus diacetat@a was prepared 0 Reaction Olah, G. A., Ed.; Wiley & Sons: New York, 1964; Vol. 2, pp
test the hypothesis. It turned out tH2d cyclized smoothly at 979-1047.

cyclization of diol 1 in the presence of TfOH (Table 1).
Treatment ofLawith 10% TfOH in CHCI, at room temperature

for 1 min resulted in the formation of phthalan 1,3-diphenyl-
1,3-dihydroisobenzofurasa as a sole product ir99% NMR
yield (Table 1, entry 1). Anthracera 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? We then investigated the reaction
under higher temperatures. To our delight, the reaction occurred
smoothly at 80C for 5 h toafford 9-phenylanthracerga and
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TABLE 2. Formation of 9-Arylanthracene Derivatives

Ar Ar R? Ar

1 1 3 1
R OAc 10% TfOH R OOO R R .

+

R OAc CH,Cly, rt, 1min R! R4 R!

Ar RS Ar
2 3 4
entry  substrate product yield (%)20¢ entry substrate product yield (%)*°

_ 9 Ar =1-naphthyl OOO 99
1 Ar =p-MeCgH, OOO 83 ) - . (>99:1)
RT=H, (2b) (96:4) R'=H, (2j)
) 3b 3j
OMe
OMe O
2 Ar=p-MeOCH, OOO 74 10 Ar=2-naphthyl ‘ %
o . (>99:1)
R'=H, (2¢) (99:1) R'=H, (2k)
3c
t
Bu 3k
Y LI
3 Ar =p-'BuCH 83
4 prEutella (94:6) 1 Ar =9-phenanthryl ‘ 96
R'=H, (2d) ad R1=H, I O (>99:1)

w

4 Ar =0-MeCgH,4

99
R'=H, (2e) ©59)

w
@

12 Ar =1-naphthyl OO 93
PRy (>99:1)

R' = Me, (2m)

3

§ 4
v,
§ s

b3

5 Ar =3 5-diMeCgHs

R'=H, (2f) (>99:1)

w
=

R'= Me, (2i)

® o e CTUL s
(>99:1)
Lot S
6  Ar=p-MeCeH, OOO o el an
R'= Me, (20) (637)
5 g
Ph O
O 14 Ar =2-naphthyl ‘ 83
- oy ™
Ph R1 = le 20
7 Ar =p-phenylCgH, OOO 86
89:11)
R'=H, (2h) ( 30
3h
O
15 Ar=9-phenanthryl ‘ 97
'Bu (>99:1)
8 Ar =p-BuCgH,4 OOO 87 R = = 2
(76:24) x ‘

@«
w
°

aReactions were conducted with 0.05 M substrate in@H P Isolated yields after chromatograpt®yThe ratio of3/4 is given in parentheses. Unless
noted, all the ratios were determined ¥y NMR of the isolated material after chromatographipetermined by'H NMR of the reaction crude.
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TABLE 3. Formation of Heteroacenes 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-

entry substrate product yield (%)? entry substrate product yield (%)

5 ~ tography on silica gel (petroleum ether/ethyl acetatel0:1) to
afford the desired product in 96% yield as a yellow solid. Mp-276
1w OO ® s w=<) OOO 70 278°C; IH NMR (CDCls, Me;Si) 6 6.61-6.66 (m, 1H), 7.1%
Ri=H, (200 oy 7.32 (m, 5H), 7.39-7.44 (m, 1H), 7.487.78 (m, 7H), 7.76 (ddJ
_ o RQ; (20 = 8.4, 0.6 Hz, 1H), 7.06 (d] = 8.1 Hz, 1H), 8.35 (dJ = 7.5 Hz,
a 1H), 8.43 (d,J = 8.4 Hz, 1H), 8.748.84 (m, 3H), 9.21 (s, 1H);

o \ = 13C NMR (CDCh, Me,Si) 6 122.7, 122.8, 123.1, 123.17, 123.22,
2 weT OO o e . 123.9, 125.86, 125.91, 126.1, 126.8, 126.81, 126.89, 126.9, 127.28,
1=, 20 o w1 C Do o 127.3,127.5,127.6,127.7, 128.2, 128.4, 128.6, 128.9, 129.4, 129.7,

s 130.2, 130.3, 130.4, 130.5, 130.6, 131.4, 131.7, 132.2, 132.6, 133.0,

R@ @) * 135.0, 139.0; IR (neat) 3068, 2958, 2925, 2854, 1712, 1601, 1528,
E 1495, 1449, 1360, 1250, 1220, 1040, 999, 950, 886, 750, 725 cm

©

: e 5 HRMS (MALDI/DHB) for C3gHooNa [M]* caled 477.1614, found
477.1627.
R'=H,(25) =3 OO 569 A Typical Procedure for the Synthesis of 2-Chloro-4-(5-
chlorothien-2-yl)naphtho[2,3-b]thiophene (5b) (Table 3, entry
4 U o 2). Acetic acid{2-[acetoxy-(5-chlorothien-2-yl)-methyl]phenyl
R = e, 20 §, @wy (5-chlorothien-2-ylymethyl este2r (0.2 mmol, 91 mg) was added

to a 25-mL round-bottomed flask containing a stirring bar, and then
4 mL of dry CHCI, was added under Natmosphere. To the
2lIsolated yields after chromatograptiPivalate was used.2w was mixture was added TfOH (0.02 mmol, 1.78). The resulting

contaminated with small amounts of impuritiédsolated yields after  go|tion was stirred at room temperature for 1 min. An appropriate
recrystallization. amount of silica gel was added to the mixture and the solvent was

evaporated in vacuo at room temperature. The residue was purified
tures 0f3 and5 were unamblguously Confirmed by X_ray Single_ by flash Chromatogl’aphy_ on silica gel_(petl’0|el,_lm e’[hel’/ethy| acetate
crystal analyses o8c and5c.15 = 10:1) to afford the desired product in 99% yield as a light yellow

| h developed ient and catalvti solid. Mp 90-92 °C; *H NMR (CDCl;, Me,Si) 6 6.91 (d,J = 3.9
n summary, we have developed a convenient and catalytic \\, *111)"7 04" (4 3 = 3.9 Hz, 1H), 7.14 (s, 1H), 7.467.49 (m,

protocol for the synthesis of arylanthracenes or heteroacenesZH) 7.82-7.85 (m, 1H), 7.957.98 (m, 1H), 8.16 (s, 1H)=C
including benzanthracenes, dibereolnaphthacene, naphtho- NMR (CDCls, Me,Si) 6 121.3, 122.1, 124.4, 125.6, 125.7, 126.1,
[2,3-b]thiophene, benzd|naphtho[2,3d]thiophene, etc. This  126.4, 127.5, 128.2, 130.5, 130.8, 134.1, 136.6, 137.1, 138.4; IR
method offers several advantages in comparison with known (neat) 3096, 3054, 2924, 2853, 1700, 1517, 1487, 1452, 1444, 1408,
aromatic cyclodehydration reactions such as high selectivities, 1377, 1338, 1248, 1205, 1166, 1062, 1024, 994, 874, 845, 826,
mild reaction conditions, and easily accessible starting materials.799, 745 cm*; HRMS (EI) for CigHsCl,S; calcd 333.9444, found

We are currently exploring the synthetic potential of this new 333.9445.

cyclization reaction for the construction of polycyclic aromatic
compounds.
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9-yl-benzop]triphenylene (3I) (Table 2, entry 11). Acetic acid
[2-(acetoxyphenanthren-9-ylmethyl)phenyl]phenanthren-9-ylmeth-
yl ester2l (0.2 mmol, 115 mg) was added to a 25-mL round-
bottomed flask containing a stirring bar, and then 4 mL of dry
CH,Cl, was added underNatmosphere. To the mixture was added
TfOH (0.02 mmol, 1.78:L). The resulting solution was stirred at  JO7017334
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