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A variety of 2-arylbenzo[b]furans are readily prepared in good to excellent yields from the cyclization of
o-(1-alkynyl)anisole derivatives under mild reaction conditions using an alcoholic media, p-toluenesul-
fonic acid under microwave irradiation. Starting from the corresponding o-(1-alkynyl)thioanisole deriv-
atives, this friendly and environmentally free-metal procedure has been successfully extended to the
synthesis of benzo[b]thiophenes. Relative to the electronic nature of the substituents, the selectivity of
the cyclization reaction from differently o,o0-substituted diarylalkynes is also discussed.

� 2009 Published by Elsevier Ltd.
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Conversions of alkynes to their corresponding carbonyl com-
pounds are very important and essential in functional group trans-
formation.1 As part of a research program directed toward a
selective functionalization of a carbon–carbon triple bond,2 we
previously reported the hydration of internal alkynes, in water or
alcoholic media under a catalytic amount of p-toluenesulfonic acid
(PTSA).3 Under this environmentally friendly procedure, aliphatic
arylalkynes were regioselectively converted into their correspond-
ing carbonyl compounds according to Markovnikov’s rules. Inter-
estingly, we next demonstrated that under similar conditions,
diarylalkynes bearing in the ortho position of the aromatic nucleus
an electron-withdrawing group such as an ester, an acid, or an
amide group afforded 3-arylsubstituted isocoumarins in high
yields.4 Additionally, under microwave irradiation diarylalkynes
having an ortho electron-donating methoxy group also reacted suc-
cessfully but at higher temperatures (170 �C). However, and con-
trary to our expectations, the reaction did not afford exclusively
the carbonyl product 2 but also allowed the formation of the cy-
clized product 2-arylbenzo[b]furans 3 (Scheme 1).3b One can note
that the electronic nature of the para R substituent on alkyne 1
influences the distribution of compounds 2 and 3, since the major
product is the carbonyl compound 2a when R = H, whereas benzo-
furan 3b predominated when R = Me.
Elsevier Ltd.
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The most common route to heterocycles of type 3 is undoubt-
edly the cyclization of o-(1-alkynyl)phenol compounds through a
transition metal-catalyzed activation of the triple bond.5 In order
to develop a rapid and metal-free access to 2-arylsubstituted ben-
zo[b]furans 3, according to the green chemical philosophy,6 we set
out to carefully examine the transformation of 1 to 3, since benzo-
furans are ubiquitous structural motifs in both natural products
and synthetic pharmaceuticals.7 Additionally, in spite of efficient
procedures for the preparation of benzofurans from internal al-
kynes having an ortho phenolic-free function are well known,5 to
the best of our knowledge there is no report on their synthesis
from the corresponding anisole derivatives. We speculate that,
replacing the R substituent (H or Me) on alkyne 1 by a variety of
strong electron-donating groups would increase the reactivity of
the triple bond and, at least the yields of 3.
2 3
a:  R = H 58% 39 %

14% 63 %b:  R = Me

Scheme 1.
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Interestingly, starting from o-(1-alkynyl)thioanisoles this new
and environmentally friendly procedure could also be extended
to the synthesis of 2-aryl-substituted benzo[b]thiophene deriva-
tives8 which are prevalent in many compounds of biological inter-
est.9,7b Herein, we report the results of this study and how the
electronic nature of ortho substituents on diarylalkynes influences
the regiochemical course of this cyclization.

Initially, we studied the reaction with alkyne 1c bearing on aro-
matic rings an ortho and a para methoxy group both useful for the
cyclization and for the activation of the triple bond, respectively.
The best conditions required the use of PTSA (1.0 equiv) in EtOH
Table 1
Reaction of ortho-substituted arylalkynes 1 with PTSA in EtOH: synthesis of 2-arylbenzo[b

PTSA (1.0

Microwav
1XR

R 1

Entry Alkyne 1 T (�C) Time (h)

1

1cOMe

OMe 130 1
2 130 1

3

1cOMe

OMe
130 1

4

1dOCH2Ph

OMe
130 1

5

1eOH

OMe
130 1

6

1fSMe

OMe
130 1

7

1gOMe

MeO

160 2

8
1hOMe

160 2

9
1iSMe

160 2

10

1j
OMe 160 2

11

1kOMe

CO2Et
160 2

a Isolated yield.
b Ethylbenzylether was also observed in the crude reaction mixture.
c A 32% of hydration product was isolated where the carbonyl function is proximal to
d A 47% of hydration product was isolated where the carbonyl function is proximal to
or MeOH under microwave irradiation at 130 �C within 1 h.
Accordingly, the expected benzofuran 3c was obtained in satisfac-
tory yields and no trace of the hydration product was detected
(Table 1, entries 1 and 2). Carrying out the reaction in CD3OD
formed 3d with no signal at 6.88 ppm in 1H NMR spectrum, clearly
indicating a deuteration on the 3-position of the benzofuran ring
(entry 3).

The formation of 3d is believed to proceed initially through a
deuterium exchange between CD3OD and PTSA followed by acidic
deuterium activation of the triple bond (Scheme 2). Subsequent
regioselective 5-endo-dig-cyclization with the ortho methoxy sub-
]furans and 2-arylbenzo[b]thiophenes
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O
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the o-methoxyphenyl ring.
the o-methoxyphenyl ring. No starting material was left.
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Scheme 2. A plausible mechanistic formation of 3d.
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stituent would lead to an oxonium species. The latter would be
cleaved by the nucleophilic solvent to form the C3 deuterated ben-
zofuran 3d.
Table 2
Selectivity in heterocycle formation from o,o0-disubstituted diarylalkynes 1a

Entry Alkyne 1 T (�C)

1

1lOMe

HO

160

2

1mOMe

TBDMSO

160

3

1nSMe

HO

160

4

1oSMe

TBDMSO

160

5

1p

MeO

SMe

130

6

1qOMe

OMe

MeO

160

7

1rOMe

MeO2C

130
To support this hypothesis, an attempt was achieved with
alkyne 1d having an ortho benzyloxy substituent. As expected, in
EtOH the reaction provided the benzofuran 3c together with ethyl-
benzylether resulting from the oxonium cleavage (entry 4).10 It
should be noted that 1e with an ortho hydroxyl-free substituent
also underwent the cyclization reaction to afford 3c in a similar
yield as it was observed from 1c (entry 5).

Keeping in mind our initial goal to extend this reaction to the
synthesis of benzothiophene derivatives, we next examined the
cyclization of thioanisole 1f. We were pleased to observe the for-
mation of the corresponding benzothiophene 3e in excellent yield
(94%, entry 6). By utilizing these experimental conditions, we car-
ried out the cyclization with the symmetrical substrate 1g having
two ortho methoxy groups on aromatic rings. At 130 �C within
1 h, the reaction took place smoothly to provide the desired com-
pound 3f together with starting material 1g. Increasing the tem-
perature to 160 �C, the reaction went to completion and 3f was
isolated in a 83% isolated yield (entry 7). The scope of this reaction
was successfully demonstrated when switching the 2-methoxy-
phenyl by the 1-naphthyl group. In both examples depicted in
Product (yield (%))b Ratio

O
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HO

OMe
3k (60%) 3f (36%)

62:38
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—
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Table 2 (continued)

Entry Alkyne 1 T (�C) Product (yield (%))b Ratio

8

1sOMe

i-PrO2C

160

3p (88%)

O

O

OMe

—

9

1tSMe

EtO2C

160

3r (42%)

O

O

SMe
S

EtO2C

3q (21%)

33:67

10

1uOMe

OMe

CO2Me

160

3t (25%)

O

3s (57%)

CO2Me

OMe

OMe

O

O

OMe

70:30e

a All reactions were performed according to general procedure; see: Ref. 11.
b Isolated yield.
c Obtained as an inseparable mixture.
d A 26% of hydration product was isolated where the carbonyl function is proximal to the o,p-dimethoxyphenyl ring.
e The reaction was performed in MeOH.
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entries 8 and 9, benzofuran 3g and benzothiophene 3h were
obtained in 92% and 93% isolated yield, respectively. However,
with substrate 1j containing a 2-naphthyl substituent, the reaction
proceeded to give 3i in 44% yield (entry 10) together with a notable
amount of the hydration product (32%) where the carbonyl func-
tion is proximal to the ortho methoxyphenyl ring. These results
clearly suggest that the 1-naphthyl substituent acts as a better
electron-donating group than its 2-isomer for the activation of
the triple bond. Finally, introducing a para ethoxycarbonyl group
on the aromatic nucleus totally deactivates the carbon�carbon
triple bond and, as expected no cyclization occurred. In this case,
the reaction provided exclusively in a moderate yield (47%, entry
11) the hydration product where the carbonyl function is proximal
to the ortho methoxyphenyl ring.

Overall, this new process offered an efficient method for the
preparation of benzofuran and benzothiophene derivatives11 from
easily accessible ortho methoxy and thiomethoxy diarylalkynes.12

We continued to demonstrate the high potency of this friendly
methodology, this time in terms of regioselectivity of the cycliza-
tion reaction, when using differently o,o0-disubstituted diarylalky-
nes and the results are summarized in Table 2. Initially, we
examined the reaction with substrates having two o,o0-electron-
donating substituents (Table 2, entries 1–6). Depending on the
nature of substituents on the aromatic rings, a regioisomeric
heterocyclic mixture to a single product, resulting from ortho
and/or ortho0 substituent attack was observed. Alkyne 1l with an
ortho methoxy and ortho0-hydroxyl substituent can undergo cycli-
zation at both the OMe and OH oxygen atoms to give 3k and 3f in
60% and 36% yield, respectively, (3k:3f 62:38, entry 1). However a
total selectivity was observed when replacing the ortho hydroxyl
group with a tert-butyldimethylsilyloxy substituent. Under these
conditions, the cyclization was followed by a deprotection reaction
leading to benzofuran 3k in 61% isolated yield (entry 2). A similar
trend in selectivity was also observed with alkynes 1n and 1o hav-
ing an ortho methylthio substituent as 1o gives exclusively benzo-
thiophene 3l (entry 4) whereas, 1n leads to a mixture of easily
separable 3l (71%) and 3m (13%) (entry 3). This selectivity
(3n:3m 82:18, entry 5) was also observed with alkyne 1p clearly
indicating that the methylthio substituent is a better nucleophile
than the methoxy or the hydroxy one. Interestingly, starting from
o,o0,p-trimethoxyalkyne 1q, a single cyclization product 3o13 (65%,
entry 6) was formed together with a small amount of the hydration
compound (26%) where the carbonyl function is proximal to the
o,p-dimethoxyphenyl nucleus.

Once the selective cyclization with alkynes having two o,o0-
electron-donating substituents was studied, we sought to examine
the reaction with substrates 1r–u bearing both an ortho electron-
donating and an electron-withdrawing substituents (Table 2,
entries 7–10). Using our protocol with alkyne 1r, the 6-endo cycli-
zation proceeded exclusively with the ortho ethoxycarbonyl func-
tion rather than OMe group and provides isocoumarin 3p in an
excellent yield (95%, entry 7). This selectivity for the isocoumarin
3p could not be reversed in favor of the benzofuran skeleton upon
cyclization of substrate 1s containing a bulkier ortho isopropyloxy-
carbonyl substituent (entry 8). When replacing in 1r the ortho
methoxy substituent by a more nucleophilic methylthio one, the
cyclization from 1t was less selective, producing predominantly
the six-membered-ring lactone 3r together with a notable amount
(21%) of the benzothiophene 3q (entry 9). Finally, an attempt was
made with alkyne 1u containing both an ortho electron-donating
and electron-withdrawing substituents on the same nucleus. In
this case the cyclization occurred preferentially at the oxygen atom
of the methoxy rather than the methoxycarbonyl substituent to
give the benzofuran 3s and the isocoumarin 3t in 57% and 25%
yield, respectively, (entry 10).

In conclusion, a useful synthesis of 2-arylbenzo[b]furans and
2-arylbenzo[b]thiophenes has been achieved using in alcoholic med-
ia p-toluenesulfonic acid under microwave irradiation. This metal-
free procedure which proceeds under environmentally friendly
conditions utilizes readily available o-(1-alkynyl)anisole and
o-(1-alkynyl)-thioanisole derivatives. From o,o0-substituted diary-
lalkyne substrates we demonstrated that the cyclization selectivity
is strongly dependent on the electronic nature of the ortho substit-
uents and in some cases it may allow a selective synthesis of the
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above heterocycles or isocoumarins. Further application of this
process to generate benzofuran or benzothiophene-based chemical
libraries of potential pharmacological interest is currently
underway.
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2H), 7.84 (d, J = 7,7 Hz, 1H). 13C NMR (CDCl3, 100 MHz): d 13.9, 61.4, 122.2,
123.1, 123.7, 124.4, 124.6, 128.5, 129.7, 131.1, 131.5, 132.5, 134.4, 140.2, 140.5,
142.6, 168.6. IR (m cm�1): 2982, 1720, 1289, 1257, 1127, 1084, 726. MS (APCI-)
m/z 209.0 (M�CO2Et)�. Compound 3r (42%). Rf 0.12 (cyclohexane:CH2Cl2, 6:4).
1H NMR (CDCl3, 300 MHz): d 2.48 (s, 3H, SCH3), 6.85 (s, 1H), 7.20–7.26 (m, 1H),
7.32 (dd, J = 8.0 Hz, J = 1.1 Hz, 1H), 7.37–7.43 (m, 1H), 7.48–7.60 (m, 3H), 7.73
(td, J = 7.6 Hz, J = 1.3 Hz, 1H), 8.30 (dt, J = 7.9 Hz, J = 0.6 Hz, 1H). 13C NMR
(CDCl3, 100 MHz): d 16.5, 107.2, 120.7, 124.9, 126.1, 126.2, 128.5, 129.7, 129.8,
130.2, 131.9, 134.9, 137.3, 138.2, 153.1, 162.6. IR (m cm�1): 2939, 1669, 1596,
1510, 1485, 1251, 1168, 1025, 841, 749. MS (APCI+) m/z 269.0 (M+H)+.
Entry 10. Compound 3s (57%). Rf 0.51 (cyclohexane:CH2Cl2, 6:4). 1H NMR
(CDCl3, 400 MHz): d 3.87 (s, 3H), 4.00 (s, 3H), 7.00 (d, J = 8.7 Hz, 2H), 7.28 (t,
J = 8.1 Hz, 1H), 7.51 (s, 1H), 7.66 (d, J = 8.1 Hz, 1H), 7.86 (d, J = 8.7 Hz, 2H), 7.95
(d, J = 7.7 Hz, 1H). 13C NMR (CDCl3, 100 MHz): d 52.1, 55.5, 101.0, 114.5 (2C),
115.4, 122.1, 123.0, 123.1, 125.6, 127.0 (2C), 130.5, 155.3, 158.1, 160.6, 167.3.
IR (m cm�1): 2952, 1712, 1503, 1247, 1175, 1137, 1042, 751. MS (APCI+) m/z
283.0 (M+H)+. Compound 3t (25%). Rf 0.22 (cyclohexane:CH2Cl2, 6:4). 1H NMR
(CDCl3, 400 MHz): d 3.96 (s, 3H), 7.00 (d, J = 8.3 Hz, 2H), 7.07 (t, J = 8.0 Hz, 1H),
7.36–7.40 (m, 2H), 7.45–7.51 (m, 2H), 7.70 (t, J = 8.3 Hz, 1H), 7.97 (dd,
J = 7.9 Hz, J = 1.7 Hz, 1H), 8.30 (d, J = 7.9 Hz, 1H). 13C NMR (CDCl3, 100 MHz): d
55.8, 107.1, 111.5, 120.8, 120.9, 121.0, 126.4, 128.1, 129.0, 129.5, 130.9, 134.8,
138.2, 150.6, 157.4, 162.8. IR (m cm�1): 1724, 1625, 1493, 1225, 1021, 754. MS
(APCI+) m/z 253.0 (M+H)+. Benzofurans and benzothiophenes 3c–i described in
Table 1 are known compounds.

12. (a) Sonogashira, K.; Tokai, Y.; Hagihara, N. Tetrahedron Lett. 1975, 16,
4467–4470; (b) Alami, M.; Ferri, F.; Linstrumelle, G. Tetrahedron Lett. 1993,
34, 1433–1436; (c) Alami, M.; Ferri, F.; Gaslain, Y. Tetrahedron Lett. 1996,
37, 57–58.

13. The structure of benzofuran 3o was assigned based on NOE experiments.
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