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Ms. Jia’s Ph.D. thesis contents of four chapters.

1. First chapter shows general introduction for development of selective method for
substituted pentacene derivatives

Acenes have attracted much attention due to useful property in biological and material sciences.
Efforts have been made to their application including the development of synthetic methodology.
Diels-Alder reactions of pentacene with various dienophiles occur at the central ring to give the
corresponding adducts, and the adducts can be converted to pentacene by heating via simple
retro-Diels-Alder reaction. Usually these retro-Diels-Alder reactions require relatively high
temperature. In order to develop retro Diels-Alder reaction at lower temperature than 140 °C, Ms.
jia investigated the Diels-Alder reaction of pentacene.

Pentacene derivatives with substituents at 6,13-positions are very important. General method to
introduce the substituents is reaction of organometallic compounds with 6,13-pentacenequinone.
However, this method has critical limitation. New method is necessary to be developed.

Connecting two or three pentacenes is attractive for developing new material. In this thesis my
attempt is discussed for the pentacene dimer or trimer will be demonstrated.

2. Second chapter shows synthesis of second-ring adduct of pentacene

In this chapter, Ms. Jia focused on the synthesis of second-ring adduct of non-substituted
pentacene. Ms. Jia’s idea is introducing bulky substituents to the central-ring of pentacene. After
Diels-Alder reaction. Removal of the bulky groups would give second-ring adduct.

The trimethylsilyl (TMS) group was chosen as the bulky group. Bis-silylated pentacene was
successfully synthesized via the zirconium-mediated cyclization and the coupling reactions we
developed recently. Dihydropentacene  reacted with DDQ and EtN  to  give
bis(trimethylsilyl)pentacene in 62% isolated yield.

Diels-Alder reaction of disilylpentacene was proceeded smoothly at the second-ring in high
regioselectivity. Silyl groups of the Diels-Alder adducts were removed by treatment with
CF;CO,H. The desired 2nd-ring adducts of pentacene were obtained. The structures were
verified by X-ray analysis.

Similarly, desilylated dihydropentacene was also applicable for the alternative synthesis of
the second-ring adducts of non-substituted pentacene.
6,13-Bis(trimethylsilyl)-5,14-dihyropentacene was treated with CF;COH to give
5,14-dihydropentacene in 85% isolated yield.

Next, dihydropentacene was treated with excess amount of dienophiles under heating. The
desired 2nd-ring adduct of 5,14-dihydropentacene was obtained. ~After aromatization, desired
2nd-ring addcut was obtained. Because the central-ring of anthrancene is second-ring of

pentacene. And a good pentacene precursor of 2nd-ring addcut was synthesized by this mehtod.

Retro Diels-Alder reaction also was examined by heating could give pentacene as blue solid.
The conversion temperature is lower than 140 °C.

3. Third chapter shows selective synthesis of alkylsubstituted pentacenes by coupling method
In this chapter, a convenient method was developed for the introduction of substituents by
cross-coupling at 6,13-positions of pentacene. The substrate 6,13-diiodo-5,14-dibydropentacene
was prepared from 6,13-Bis(trimethylsilyl)-5,14-dihyropentacene by iodination with 2.2 equiv of 1C
in high yield.
6,13-Diiodo-5,14-dihydropentacene was used for the further introduction of substituents at 6- and
13-positions by cross-coupling reactions.  Alkyl-, aryl-, alkynyl-, and alkenyl groups were
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introduced by cross-coupling reactions in the presence of Pd catalyst to give the coupling products in
high yields. Fortunately, alkyl group could be introduced to 6,13-positions successfully by this new
method. After aromatization, 6,13-dialkylpentacenes were synthesized.

When diiododihydropentacene was treated with 1.2 equiv of Pd(PPh;)s, palladated
5,14-dihydropentacne was obtained in 79% NMR yield. Crystallization of the crude product
afforded crystals in 41% yield. The structure was determined by NMR and X-ray analysis after
changing PPh; to PMe;.
Similarly, a series of 6,13-disubstituted-5,14-dihydropentacene were synthesized by
cross-coupling from palladated-5,14-dihydropentacene. The yields became higher.

It is well known that tautomerizations of isotoluene, methylenehydronaphthalene, and
methylenehydroanthracene give toluene, methylnaphthalene and methylanthracene, respectively.
However, when the compound has more than five rings, such as methylpentacene. The situation is
different. In NATURE in 1949, Clar and co-workers reported the attempt of preparation of
6-methylpentacene. They carried out the reaction of pentaceneketone with MeMgl, and they
claimed 6-methylpentacene was formed, but they did not isolate it.

Our group reported the isolation of 6,13-dipropylpentacene as the first example of alkyl
6,13-disubstituted pentacene. However, this method can not be used for preparation of
6-methylpentacene. Here I tried to develop new method to synthesize 6-methylpentacene.
Diiododihydropentacene was treated with catalytic amount of Cp,TiCl; and 3.0 equiv of n-BuMgCl
to give monoiododihydropentacene in 63% yield. After that, 6-methyl-5,14-dihydropentacene was
obtained by Negishi cross-coupling reaction in high yield. Aromatization by DDQ and
triethylamine gave 6-methylpentacene in 42% isolated yield. 6-Methylpentacene was characterized
by 'H, °C, UV spectrum, and HMRS. Surprisingly, 6-methylpentacene was very stable at room
temperature under nitrogen.

4. Fourth chapter shows synthesis of pentacene side oligomer by coupling method

In this chapter, the 1,2,3,4,8,9,10,11-octaalkylpentacenes was successfully synthesized from
diynes by our homologation method. The zirconiummediated cyclization of diynes with 4-octyne
or 5-decyne proceeded in the presence of NiBr,(PPh;); to give tetrahydropentacene derivatives in
43% and 46% yields, respectively. And I also examined the dehydro side coupling reaction of
1,2,3,4,8,9,10,11-octaalkylpentacenes.

Tetrahydropentacenes reacted with an excess of DDQ (3 equiv) at room temperature to give their
Diels-Alder adducts in quantitative yield. The reaction mixtures were treated with 50 equiv of
¥#terpinene at 80 °C in the presence of triethylamine to induce the retro-Diels-Alder reaction.
Finally, 1,2,3,4,8,9,10,11-octaalkylpentacenes were obtained as stable purple solids under nitrogen
in 78 and 82% yields, respectively.

Interestingly, the dehydro side-coupling of pentacene derivatives occurred by heating in the
presence of DDQ (0.5 equiv) and a catalytic amount of (+)-10-camphorsulfonic acid (CSA) to give
the corresponding 6,6’-dipentacenyl derivatives in high yields. The side dimers were stable blue
solids under nitrogen, and it has much lower solubility than the corresponding pentacene derivatives
in common organic solvents. The structure of side dimer was confirmed by X-ray analysis.

The side-coupling product also could be directly synthesized from tetrahydropentacenes by 2.5
equiv of DDQ in mesitylene at 120 °C for 6 h in 82% and 76% yields instead of pentacenes
respectively. This result indicated that the hydroquinone derivative DDQ-H,, which was formed in
situ from DDQ), played the same role as the acid in the dehydro side-coupling reaction of pentacenes.
Without addition of a catalytic amount of CSA, pentacene derivative was treated with 0.5 equiv of
DDQ in mesitylene at 120 °C for 6 h. Ouly its DDQ adduct was formed in 49% yield along with
the recovery of unreacted 4a in 51% yield. Side-coupling product was not observed. Without the
presence of DDQ (0.5 equiv), pentacene derivative was heated with 0.1 equiv of CSA under the
same conditions. The side-coupling product was also not obtained, but further reaction products
were detected.

As shown above Ms. Jia’s Ph.D. thesis has high quality and enough discussions and it is suitable for
Ph.D. degree.
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Development of Selective Method for Substltuted
Pentacene Derivatives
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