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6,13-Bis(trimethylsilyl)pentacene was synthesized by a
coupling reaction of bicyclic dilithiobutadiene with diio-
donaphthalene followed by aromatization. Diels-Alder
reaction of 6,13-bis(trimethylsilyl)pentacene with dieno-
philes afforded the corresponding second-ring adducts.
Elimination of two silyl groups gave the second-ring
Diels-Alder adducts of parent pentacene.

Nonsubstituted pentacene easily reacts with a series of
dienophiles viaDiels-Alder addition to give the correspond-
ing central-ring adducts exclusively.1,2 Theoretical study
clearly showed that the inner rings of linear acenes are more
reactive than outer rings.3Although some exceptions have
been reported,4 the regioselectivity is very high, and the

formation of Diels-Alder adducts at the second-ring is not
observed. For example, as shown in Scheme 1, naphthoqui-
none 2a reactswith pentacene 1 to give central-ring adduct 3a
as a single product. The reaction with maleic anhydride (2b)
also proceeds similarly to afford the corresponding central-
ring adduct as a single product. The formation of second-
ring adducts 4a,b was not observed.

In this paper, we report the synthesis of the Diels-Alder
adducts of parent pentacene at the second ring by using
substituent effects of the trimethylsilyl group. It was reported
that substitution at the 6,13-position on the pentacene
skeleton significantly affects the regioselection to afford the
corresponding second-ring adducts predominantly.5 Then,we
designed 6,13-bis(trimethylsilyl)pentacene (11) and reacted it
withdienophiles toafford theexpected second-ringDiels-Alder
adducts. Desilylation of the adducts gave the desired second-
ring adduct of nonsubstituted pentacene. In another experi-
ment, Diels-Alder reaction of 5,14-dihydropentacene fol-
lowed by dehydrogenation also gave the same second-ring
adducts as mentioned below.

Bis-silylated pentacene 11was successfully synthesized via
the zirconium-mediated cyclization and the coupling reac-
tions we developed so far6,7 (Schemes 2 and 3). Cyclization of
diyne 5 with Cp2ZrBu2 gave zirconacyclopentadiene 6,
which was converted into diiodobutadiene 7 by iodination in
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the presence of CuCl.8 Diiodobutadiene was treated with 4
equiv of t-BuLi to afford dilithiobutadiene 8, which coupled
with 2,3-diiodonaphthalene to give 6,13-bis(trimethylsilyl)-
5,14-dihydropentacene (9) in 40% yield.7e

Dihydropentacene 9 was aromatized via the disilylpenta-
cene-DDQadduct 10 as shown in Scheme 3. The reaction of
9 with 2.0 equiv of DDQ gave the corresponding DDQ
adduct 10 as a mixture of the inner and outer isomers in
high yield. We recently reported that the DDQ moiety was
effectively removed from DDQ adducts of substituted pen-
tacenes by treatment with 50 equiv of γ-terpinene.7d How-
ever, the reaction of DDQ adduct 10 with 50 equiv of
γ-terpinene caused not only removal of DDQ but also
protodesilylation to give only nonsubstituted pentacene as
blue precipitate. Probably the protodesilylation proceeded
to give nonsubstituted pentacene. After several trials, we
found that Et3N effectively deactivated the eliminated DDQ
even in the absence of γ-terpinene. Then, elimination of
DDQ from 10 was performed by the reaction with Et3N in
toluene at 80 �C for 12 h. Thus, bis(trimethylsilyl)pentacene
11 was obtained in 62% isolated yield (Scheme 3).

Disilylpentacene 11 was definitely assigned by NMR and
UV-vis absorption spectra as described below. The 1H
NMR spectrum of pentacene 11 showed the peak of methyl
protons at 0.82 ppm and those of aromatic protons at 8.96,
7.88-7.91, and 7.32-7.34 ppm as singlet, multiplet, and
multiplet, respectively. The 13C NMR spectrum of 11
showed the peak of TMS carbons at 4.4 ppm, and three
peaks of CH carbons at 125.2, 127.4, and 128.3 ppm and two
peaks of quartenary carbons at 129.9 and 135.0 ppm and the
peaks of TMS-attached carbon at 139.8 ppm. The UV-vis
spectrumof11 showedabsorptionmaximaat 607, 561, 522nm.

As expected, Diels-Alder reaction of disilylpentacene 11
smoothly proceeded at the second-ring with high regioselec-
tivity (Scheme 4). Treatment of pentacene 11 with 2.5 equiv
of naphthoquinone in benzene at room temperature for 2 h
gave the corresponding second-ring adduct 12a in 86% yield
as amixture of the inner and outer isomers. The reactionwith
maleic anhydride (2b) also proceeded at the second-ring to
afford adduct 12b in 65% NMR yield. The structure of 12b
was verified by X-ray analysis as shown in Figure. 1.

As shown in Scheme 5, two silyl groups of theDiels-Alder
adducts 12 were removed by treatment with CF3CO2H
effectively. When naphthoquinone adduct 12a was treated
with CF3CO2H in toluene at 0 �C, the desired second-ring
adduct of nonsubstituted pentacene 4awas obtained in 42%
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FIGURE 1. Structure of second-ring adduct 12b (inner isomer).
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isolated yield. If the reaction was carried out at 65 �C,
dehydrogenation of the naphthoquinone moiety was also
occurred to give 13a in 44% yield. In the case of maleic
anhydride adduct 12b, even at 65 �C no dehydrogenation
occurred to give the desired second-ring adduct of pentacene
4b in 82% NMR yield and 62% isolated yield.

The structures of 4a (inner isomer) and 4b (outer isomer)
were verified by X-ray analysis, and the results are shown in
Figures 2 and 3, respectively.

The structures of 4a and 4b were also characterized by
NMR and UV-vis absorption spectra as described below.
1H NMR spectrum of second-ring adduct 4a showed the
peakof bridgehead protons at 5.17ppmandaliphatic protons
at 3.48 ppm. Aromatic ring protons of 1,4-naphthoquinone
moiety appeared at 7.24-7.26 ppm and 7.36-7.38 ppm. A
singlet signal at 7.72 ppm assigned to two protons of the
central aromatic ring. Two protons of the second aromatic
ring appeared at 8.16 ppm. Signals of eight protons of two
side rings appeared at 7.40-7.42, 7.50-7.51, 7.82-7.83, and
7.88-7.90 ppm as multiplet. 13C NMR showed two bridge
head carbons at 49.9 ppm

Instead of disilylpentacene 11, bis(trimethylsilyl)-5,14-di-
hyropentacene 9 was also used for the formation of second-
ring adduct of pentacene as shown in Scheme 6.Diels-Alder
reaction of 9 with naphthoquinone 2a gave the correspond-
ing second-ring adduct 14a in 53% yield. Aromatization of
14a with DDQ gave 12a in 80% yield. The reaction with
maleic anhydride 2b also gave the corresponding second-ring

adduct 14b in 67% yield. After aromatization, pentacene-
maleic anhydride adduct 12b was obtained in 70% yield.

Similarly, desilylated dihydropentacene was also appli-
cable for the alternative synthesis of the second-ring adducts
of nonsubstituted pentacene as shown in Scheme 7. Bis-
(trimethylsilyl)dihyropentacene 9was treated with CF3CO2H
to remove two silyl groups, and dihydropentacene 15 was
obtained in 85% isolated yield.9 Next, dihydropentacene 15
was treated with naphthoquinone under heating. However,
the desired second-ring adduct 16a was obtained in 21%
yield along with byproduct. This is probably due to the
higher reaction temperature than that of disilylated dihy-
dropentacene 9, and such forced conditions would cause the
undesired side reaction.

In a similar way, the maleic anhydride adduct 16b was
formed fromdihydropentacene 15 andmaleic anhydride (2b)
in 71%NMR yield and 60% isolated yield. The second-ring
adduct4bwasobtainedbyaromatization in62%isolatedyield.

As mentioned above, the central ring of pentacene is more
reactive than others. Usually, Diels-Alder reaction oc-
curred at the central ring. If a bulky and good leaving group
substituent, such as trimethylsilyl, was introduced to the
central ring of pentacene, the steric hindrance effect on the
reaction position led to the Diels-Alder reaction occurring
at the second ring. In the case of dihydropentacene, first
dienophiles react with anthrancene moiety. Actually, the
central ring of anthrancene 15 is the second ring of pentacene.

FIGURE 2. Structure of second-ring adduct of pentacene 4a (inner
isomer).

FIGURE 3. Structure of second-ring adduct of pentacene 4b (outer
isomer).
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The second-ring adduct of pentacene was synthesized suc-
cessfully via these two methods.

In summary, the present methods could produce the
second-ring Diels-Alder adducts of nonsubstituted penta-
cene. The regiochemistry is in contrast to a direct reaction of
pentacenewithdienophiles affording the central-ring adducts.
Such a regiocontrolled reaction was achieved by introduc-
tion of trimethylsilyl groups on the pentacene skeleton.

Experimental Section

General Procedure for Synthesis of the Second-Ring Diels-
Alder Adduct of Pentacene. 6,13-Bis(trimethylsilyl)pentacene
(96 mg, 0.23 mmol) and degassed benzene (2 mL) were added
into a 20 mL dried Schlenk-tube under N2. The above blue
solution was degassed again by the freeze-pump method.
Dienophile (92 mg, 0.58 mmol) was added. The blue color
disappeared gradually. After 2 h, the blue color disappeared
completely, the solvent was removed in vacuo, and the residue
was purified by a silica gel chromatography (hexane/AcOEt =
5:1) to afford the title compound.

Bis(trimethylsilyl)pentacene-maleic anhydride adduct (12b):
65% NMR yield, 55% isolated yield; mixture of two isomers
(ratio= 78:22). Major isomer: 1HNMR (CDCl3, Me4Si) δ 0.74
(s, 18H), 3.50 (s, 2H), 5.54 (s, 2H), 7.29-7.31 (m, 2H), 7.46-7.51
(m, 4H), 7.93-7.96 (m, 2H), 8.69 (s, 2H); 13C NMR (CDCl3,
Me4Si) δ 4.2, 44.05, 47.6, 124.4, 125.6, 127.4, 127.9, 128.2, 130.2,
134.0, 136.2, 140.4, 140.9, 170.4; HRMS (ESI) calcd for
C32H32O3Si2Na (M þ Naþ) 543.1788, found 543.1773. Minor

isomer: only observed peaks are shown; 1H NMR (CDCl3,
Me4Si) δ 0.78 (s, 18H), 3.59 (s, 2H), 5.54 (s, 2H), 7.38-7.40
(m, 2H), 8.72 (s, 2H); 13C NMR (CDCl3, Me4Si) δ 4.2, 45.04,
47.0, 125.3, 127.6, 129.0, 130.4, 134.9, 137.4, 143.8, 170.7.

The bis(trimethylsilyl)pentacene-dienophile adduct (77mg,
0.13 mmol) was treated with trifluoroacetic acid (38 μL,
0.52 mmol) under N2 in toluene (2 mL) at 0 �C for 6 h. The
reaction mixture was quenched with saturated aqueous NaH-
CO3 solution and extracted with CHCl3. The combined or-
ganic phase was washedwith water and brine. The solutionwas
dried over anhydrous Na2SO4. The solvent was evaporated,
and the resulting solid was washed with CHCl3 and methanol.
Drying of the solid in vacuo gave the desired compound as
yellow solid.

Pentacene-maleic anhydride adduct (4b): 62% isolated yield;
mixture of two isomers (ratio=69:31).Major isomer: 1HNMR
(CDCl3, Me4Si) δ 3.64 (s, 2H), 4.95 (s, 2H), 7.20-7.27 (m, 2H),
7.36-7.39 (m, 2H), 7.43-7.47 (m, 2H), 7.91 (s, 2H), 7.94-7.98
(m, 2H), 8.36 (s, 2H); 13C NMR (CDCl3, Me4Si) δ 45.62, 47.9,
123.0, 125.6, 125.85, 126.4, 128.2, 128.4, 130.9, 132.3, 137.0,
137.8, 170.6; UV-vis (CHCl3) λmax/nm 378, 357, 342, 326;
HRMS (ESI) calcd for C26H16O3Na (MþNaþ) 399.0997, found
399.1008. Minor isomer: only observed peaks are shown; 1H
NMR (CDCl3, Me4Si) δ 3.62 (s, 2H), 4.93 (s, 2H), 7.90 (s, 2H),
8.35 (s, 2H); 13C NMR (CDCl3, Me4Si) δ 45.56, 48.4, 124.3,
124.8, 125.82, 126.6, 127.8, 128.3, 130.9, 134.5, 140.4, 170.5.
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