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Dilithiobutadienes prepared from diiodobutadienes reacted with diiodobenzene or diiodonaphthalene to
afford substituted naphthalene, anthracene, dihydronaphthacene, and dihydropentacene derivatives in
the presence of CuCl and DMPU. Dihydronaphthacene and dihydropentacene derivatives were converted
into the corresponding naphthacene and pentacene derivatives.

� 2009 Elsevier Ltd. All rights reserved.
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Linearly fused polycyclic aromatic compounds have been
attractive as organic materials, since Jackson reported that penta-
cene showed comparable or higher charge-carrier mobility than
amorphous silicon in 1997.1 Since then the area of pentacene has
been rapidly developing. Unfortunately pentacene is not soluble
in organic solvent at ambient conditions. Therefore, we proposed
that soluble substituted pentacenes were important.2a

Before our proposal, there were only two reports for the forma-
tion of substituted pentacenes.3,4 After that substituted acenes
have been reported,5 however the preparative method of substi-
tuted acenes is still limited.

We developed two methods for the preparation of substituted
acene derivatives. One is a homologation method using diynes or
tetraynes with transition metals stoichiometrically or catalyti-
cally.2 The other is a coupling method.6 The coupling method
involves reactions of zirconacyclopentadienes, which can be con-
veniently prepared from diynes, with diiodobenzene derivatives.

The coupling method provides a direct ring extension reaction
from diiodoaromatic compounds such as diiodobenzene and diiod-
onaphthalene. This reaction proceeded in the presence of CuCl and
DMPU. However, unfortunately trimethylsilyl-substituted zircona-
cyclopentadienes did not show any coupling reaction as shown in
Scheme 1. This prompted us to develop more general method for
the ring extension reaction from diiodobenzenes.

It has been believed that treatment of zirconacyclopentadienes
with CuCl afforded the corresponding dicopper dienes as an active
species, although the structure of such species has not been deter-
mined yet. Probably, the efficiency of the transmetalation would be
affected by substituents on the 2,5-positions of zirconacyclopent-
adienes. We carried out the stepwise preparation of such dicopper
diene species via diiodobutadiene and dilithiobutadiene deriva-
ll rights reserved.
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tives as shown in Scheme 2. Diiodobutadiene derivatives were iso-
lated and purified in high yields.7 Dilithiobutadiene derivatives
were prepared in situ and they were used for the coupling with
diiodobenzene in the presence of CuCl.

Surprisingly, the corresponding naphthalene derivative 2d was
obtained in 86% GC yield. The coupling method was improved by
this method via diiodobutadiene derivatives.

Similarly, a t-butyl-substituted zirconacyclopentadiene did not
afford the coupling product at all with diiodobenzene in the pres-
ence of CuCl and DMPU. This reaction can also be circumvented via
isolation of diiodobutadiene and dilithiobutadiene derivatives as
shown in Scheme 3. In the presence of CuCl and DMPU, the desired
product 2g was obtained in 51% yield.

As shown above, stepwise preparation improved the situation
of trimethylsilyl- or t-Bu-substituted zirconacyclopentadienes. In
order to investigate the scope and limitation of this method, we
carried out the coupling reactions using usual alkyl- or aryl-substi-
tuted diiodobutadienes (Scheme 4). Table 1 shows the result of
various substituted diiodobutadienes including trimethylsilyl and
t-butyl cases for the reaction with 1,2-diiodobenzene.

Alkyl-substituted diiodobutadienes (entries 1–3, and 5) gave
the corresponding naphthalenes in yields that are comparable
to those obtained from the direct coupling of zirconacyclopent-
adienes. Alkyl-substituted diiodobutadienes with bicyclic system
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gave the products in relatively higher yields (entries 8 and 9).
Phenyl-substituted diiodobutadienes also showed the similar
reactivity (entries 6 and 10). Trimethylsilyl-substituted diiodo-
butadiene 1k afforded the coupling product, dihydronaphthacene
2k but during the work-up trimethylsilyl groups were eliminated
(entry 11).



Table 2
Formation of substituted acenes from diiodobutadienes and 1,2,4,5-tetraiodo-
benezenea

Entry Diiodobutadiene 1 Product 3 Isolated yield (%)

1
I
I

Et
Et

Et
Et

1a

Et
Et

Et
Et

I

I

3a 48

2
I
I

Pr
Pr

Pr
Pr

1b

Pr
Pr

Pr
Pr

I

I

3b 52

3
I
I

Bu
Bu

Bu
Bu

1c

Bu
Bu

Bu
Bu

I

I

3c 53

4
I
I

TMS
Me

Me
TMS

1l

TMS
Me

Me
TMS

I

I

3d 43

5
I
I

Et

Et

1e

Et

Et

I

I

3e 55

6
I
I

Ph

Ph

1f

Ph

Ph

I

I

3f 55

7
I
I

TMS

TMS

1m

TMS

TMS

I

I

3g 47

8
I
I

Bu

Bu

1i

Bu

Bu

I

I

3h 48

a Ratio and conditions; diiododiene 1:t-BuLi:CuCl:tetraiodoben-
zene:DMPU = 1.0:4.0:2.2:2.0:3.0. The coupling was carried out at 50 �C for 3–12 h.

Table 1
Formation of substituted acenes from diiodobutadienes and 1,2-diiodobenzenea

Entry Diiodobutadiene 1 Product 2 Yieldb (%)

1
I
I

Et
Et

Et
Et

1a

Et
Et

Et
Et

2a 56 (48)

2
I
I

Pr
Pr

Pr
Pr

1b

Pr
Pr

Pr
Pr

2b 78 (59)

3
I
I

Bu
Bu

Bu
Bu

1c

Bu
Bu

Bu
Bu

2c 74 (57)

4
I
I

TMS
Bu

Bu
TMS

1d

TMS
Bu

Bu
TMS

2d 86 (41)

5
I
I

Et

Et

1e

Et

Et

2e (57)

6
I
I

Ph

Ph

1f

Ph

Ph

2f (63)

7
I
I

t-Bu

t-Bu

1g

t-Bu

t-Bu

2g (51)

8
I
I

Pr

Pr

1h

Pr

Pr

2h 82 (57)

9
I
I

Bu

Bu

1i

Bu

Bu

2i 89 (61)

10
I
I

Ph

Ph

1j

Ph

Ph

2j (47)

11
I
I

TMS

TMS

1k

H

H

2k (54)

a Ratio and conditions; diiododiene 1:t-BuLi:CuCl:diiodobenzene:DMPU =
1.0:4.0:2.2:2.0:3.0. The coupling was carried out at 50 �C for 3–12 h.

b GC yields. Isolated yields are shown in parentheses.
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The reaction of various dilithiobutadienes prepared from
diiodobutadienes was also applicable for the coupling with
1,2,4,5-tetraiodobenzene as shown in Scheme 5. The results are
summarized in Table 2.

Alkyl-substituted diiodobutadienes afforded the corresponding
diiodoarene derivatives in moderate yields (entries 1–3, 5, and
8). Trimethylsilyl-substituted diiodobutadienes also gave the prod-
ucts in yields comparable to those of alkyl substituted cases (en-
tries 4 and 7).

Recently we have reported positive effects of phenyl substitu-
tion for the coupling reaction of zirconacyclopentadienes with



Table 3
Formation of substituted acenes from diiodobutadienes and 2,3-diiodonaphthalenesa

Entry Diiodobutadiene 1 Product 3 Product 4 Isolated yield (%)

1
I
I

Et
Et

Et
Et

1a
I

I
Et

Et

Et
Et

3a

Et
Et

Et
Et Et

Et

Et
Et

4a (51)

2 1a
I

I
Pr

Pr

Pr
Pr

3b

Et
Et

Et
Et Pr

Pr

Pr
Pr

4b (56)

3 1a
I

I
Bu

Bu

Bu
Bu

3c

Et
Et

Et
Et Bu

Bu

Bu
Bu

4c (53)

4
I
I

Pr
Pr

Pr
Pr

1b 3b

Pr
Pr

Pr
Pr Pr

Pr

Pr
Pr

4d (57)

5
I
I

Bu
Bu

Bu
Bu

1c 3c

Bu
Bu

Bu
Bu Bu

Bu

Bu
Bu

4e (54)

6
I
I

TMS
Me

Me
TMS

1l
I

I

3i

TMS
Me

Me
TMS

4f (35)

7
I
I

TMS

TMS

1m 3a

TMS

TMS Et
Et

Et
Et

4g (32)

8 1m 3i

TMS

TMS

4h (37)

9
I
I

Ph

Ph

1f 3a

Ph

Ph Et
Et

Et
Et

4i (53)

a Ratio and conditions; diiododiene 1:t-BuLi:CuCl:diiodonaphthalene 3:DMPU = 1.0:4.0:2.2:2.0:3.0. The coupling was carried out at 50 �C for 3–12 h.
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tetraiodobenzene.6e In the present method, however, such phenyl
effects were not observed (entry 6).

Coupling reaction with 2,3-diiodonaphthalene derivatives is
very useful since two rings can be extended at once. Scheme 6
shows the coupling of diiodonaphthalenes and the results are sum-
marized in Table 3. Alkyl-substituted diiodobutadienes gave the
corresponding anthracene derivatives (entries 1–5). Trimethyl-
silyl-substituted diiodobutadienes reacted with 2,3-diiodonaph-



Figure 1. Structure of diphenylnaphthacene 5j.
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thalene or substituted diiodonaphthalenes to give anthracene
derivatives with trimethylsilyl groups in moderate yields (entries
6–8). Phenyl-substituted one also showed the similar reactivity
(entry 9).

Compounds 2i and 2j were aromatized with DDQ at 100 �C
in toluene to afford the corresponding naphthacenes 5i and
5j, respectively (Scheme 7). The structure of naphthacene 5j
was determined by X-ray analysis. The structure is shown in
Figure 1.

Furthermore, the present method was applied for synthesis of
6,13-dipropylpentacene as shown in Scheme 8. Bicyclic diiodobut-
adiene 1h was subjected to the coupling reaction with 2,3-diiodo-
naphthalene to afford the corresponding dihydropentacene 6h,
which can be converted to 6,13-dipropylpentacene via the DDQ ad-
duct as we reported recently.6d

In summary, we have developed a general reaction for the
construction of polycyclic aromatic compounds. The 1,4-
dilithiobutadiene species were demonstrated to be more reactive
substrates for the coupling reaction. The present method
extended the scope of polyacenes compared with the known
method.
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