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Synthesis of 1,3-diaryl benzo[c]thiophenes

Arasambattu K. Mohanakrishnan* and P. Amaladass

Department of Organic Chemistry, University of Madras, Guindy Campus, Chennai 600 025, Tamil Nadu, India

Received 9 March 2005; revised 7 April 2005; accepted 12 April 2005

Available online 3 May 2005
Abstract—An array of 1,3-diarylbenzo[c]thiophenes has been synthesized via the ring opening of lactones followed by thionation
using Lawesson�s reagent.
� 2005 Elsevier Ltd. All rights reserved.
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The electronic properties of linear p-conjugated oligo-
mers have acquired a growing importance in many areas
of modern chemistry. In recent years, there has been tre-
mendous interest in organic molecules that can be fur-
ther elaborated into materials exhibiting promising
electrochemical, optical and electronic effects that are
desirable for the fabrication of electroluminescent
devices.1–3 Among these, the contribution of aryl-
vinylenes and heteroarylvinylenes in the fabrication of
electroluminescent devices is noteworthy.4 In particular
thiophene oligomers are frequently applied as semicon-
ducting materials in molecular electronic devices5 or
optical devices.6 The thiophene oligomers are the most
widely investigated model compounds for electrically
conducting polymers.7

The synthesis and characterization of a benzannelated
terthiophene, namely 1,3-dithienylbenzo[c]thiophene 1,
has been reported independently by four groups.8 Cava
and co-workers reported a detailed synthesis of several
1,3-dithienylbenzo[c]thiophenes and their analogs.9 A
Vilsmeier formylation of 1,3-dithienylbenzo[c]thiophene
followed by condensation with active methylene
compounds led to the synthesis of several dithienyl-
benzo[c]thiophene based vinylenes. Oxidative oligomeriz-
ation studies of 1,3-dithienylbenzo[c]thiophene have also
been carried out. Roncali et al. reported the synthesis
and electropolymerization studies of 1,3-(bis-3,4-ethy-
lenedioxythienyl)benzo[c]thiophene.10 The synthesis of
a novel nucleoside analog replacing a DNA base with
1,3-dithienylbenzo[c]thiophene has also been reported.11
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The nucleosides of this type are useful as potential
probes for understanding the structure and dynamics
of nucleic acids and can also be used as fluorescent la-
bels. Finally, the enhanced photoluminescence behavior
of a dithienylbenzo[c]thiophene derivative during a
photobleaching process has been observed.12
The intriguing photophysical properties of thienyl oligo-
mers prompted us to explore further the synthesis of
benzo[c]thiophene derivatives. Our focus was centered
on the synthesis of derivatives, which are reasonably sta-
ble and easily processable. Having targeted the synthesis
of benzo[c]thiophenes, we turned our attention to the
synthesis of the intermediate lactones.13 Since the con-
ventional Friedel–Crafts phthaloylation was successful
only with thiophene, it was decided to explore other
methods, which can deliver highly substituted lactones
in reasonable yields.

A survey of the literature revealed that the synthesis of
several phthalides could be easily achieved via a three-
component coupling reaction using Ni(dppe)Br2–Zn as
the catalyst.14 However, as a model study, the prepara-
tion of known lactone 3a using this procedure was found
to be sluggish and gave only a 20% yield, Scheme 1.
Repetition of the experiment with other aldehydes such
as anthracene-9-carboxaldehyde and veratraldehyde was
found to be futile.
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The preparation of lactones 3b, c was achieved using an
exchange reaction15 of ethyl 2-iodobenzoate with iso-
propylmagnesium bromide, Scheme 2.

Next, the magnesio protocol published by Kato and co-
workers was explored.16 Notably, the synthesis of differ-
ent types of lactone was achieved through metalation of
2-bromobenzoic acid using combinations of Bu2Mg and
n-BuLi under noncryogenic condition. By adopting
this procedure, the synthesis of several multifunctional
lactones 3a–e was realized in relatively better yields,
Scheme 3.

The synthesis of other lactones 3f–j was achieved
through the reaction of freshly prepared aryl Grignard
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reagents with 2-carboxybenzaldehyde,17 Scheme 4. It is
noteworthy that these lactones 3f–j could not be pre-
pared with the lithiation procedure mentioned above.

Having prepared lactones 3a–j in reasonable yields,
conversion of these lactones into the respective 1,3-diaryl-
benzo[c]thiophenes was undertaken. The ring opening of
lactones 3a–j with aryl Grignard reagents followed by
thionation with 0.5 equiv of Lawesson�s reagent and col-
umn chromatographic purification afforded several
benzo[c]thiophene analogs, Scheme 5. Ring opening of
the lactones followed by workup using aq NH4Cl led
to the intermediate keto-alcohols,9 which on thionation
followed by cyclization afforded respective products
4a–l.

Details such as the nature of the lactones, Grignard
reagents and the products along with their yields are
summarized in Table 1. The reaction of various lactones
with freshly prepared Grignard reagents and a subse-
quent thionation reaction led to the synthesis of 1,3-bis-
aryl benzo[c]thiophenes 4a–l in 40–65% overall yields
(entries 1–14). The structure of 4i was confirmed by
X-ray analysis18 (Fig. 1).

Most of these benzo[c]thiophenes have at least one
position which can be used for further electrophilic
substitution. Benzo[c]thiophene 4h containing the elec-
tron-withdrawing NO2 function was synthesized in
42% yield. The UV spectrum of benzo[c]thiophenes
4a–l exhibited kmax values between 412 and 470 nm,
Table 2.

Finally, the attempted ring opening of lactone 3a with
commercially available ethynyl or propynyl Grignard
reagents followed by thionation did not afford the ex-
pected products, only starting material was recovered,
Scheme 6. The failure of the lactone ring opening in
3a may be due to the basic character of acetylenic
Grignards.
CHO
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3f  Ar = 4-methoxyphenyl (55%)
3g Ar = 1-naphthyl (58%)
3h Ar = 4-methylphenyl (60%)
3i Ar = 2,4,6-trimethylphenyl (57%)
3j Ar = 3-hexyl-2-thienyl (30%)



Table 1. Synthesis of benzo[c]thiophene analogs

Entry Lactones Ar1MgBr19 Products20 Yield (%)a mp

1 3a

OMe

MgBr

4a
SH3CO

S

40 (170 �C)

2 3a

MgBr

4b
S S

43 (Semi-solid)

3 3b
S MgBr

4c
S S

45 (170 �C)

4 3c
S MgBr

4d
SH3CO S

H3CO

55 (85 �C)

5 3c

MgBr

4e
SH3CO

H3CO

51 (88 �C)

6 3c

Me

MgBr

4f
SH3CO

H3CO

CH3
58 (138 �C)

7 3d
S MgBr

4g
S SC6H13O

65 (80 �C)

8 3e
S MgBr

4h
S SO2N

42 (116 �C)

9 3f

OMe

MgBr

4i

SMeO OMe
66 (122 �C)

10 3f
S MgBr 4a 62 (107 �C)

11 3g
S MgBr 4b 53 (Semi-solid)

(continued on next page)
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Table 1 (continued)

Entry Lactones Ar1MgBr19 Products20 Yield (%)a mp

12 3h

MgBr

CH3

S CH3H3C

4j

62 (118 �C)

13 3h
S MgBr

4k

SH3C
S

60 (106 �C)

14 3i
S MgBr

4l

SH3C
S

CH3

CH3

57 (Thick liquid)

a Isolated yield after column chromatography.

Figure 1. ORTEP style plot of compound 4i in Thermal ellipsoids are

drawn at the 50% probability level.
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In summary, syntheses of several lactones have been
achieved involving two methods. All the lactones were
smoothly converted into benzo[c]thiophene analogs in
two steps. The UV spectra of benzo[c]thiophene deriva-
tives are presented. The highly fluorescent nature of
these heterocycles may be suitable for the fabrication
of LED devices. Further synthetic studies in this area
are currently in progress.
Table 2. UV spectral data for 4a–l

4a 4b 4c 4d 4e

kmax (nm) (DCM) 412 414 423 445 422
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