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ABSTRACT 

A process for preparing substituted pentacene compounds 
comprises the step of cycliZing substituted bis(ben 

Zyl)phthalic acids using an acid composition comprising 
tri?uoromethanesulfonic acid, the substituted bis(ben 
Zyl)phthalic acids being represented by the following gen 
eral formulas: 

R8 R1 

R7 I I COZH I R2 
Ho2c R3 R6 

R5 R4 
R8 R1 

R7 Ho2c COZH R2 

R, O Q Q R, 
R5 R4 

Wherein each R (that is, each of the groups R1 through R8) 
is independently an electron-donating group, a halogen 
atom, a hydrogen atom, or a combination thereof. 
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PROCESS FOR PREPARING PENTACENE 
DERIVATIVES 

FIELD 

[0001] This invention relates to a process for preparing 
aromatic organic compounds that are useful as semiconduc 
tors. In another aspect, this invention relates to novel com 
pounds that are useful in the preparation of aromatic organic 
semiconductor compounds. 

BACKGROUND 

[0002] Traditionally, inorganic silicon and gallium ars 
enide semiconductors, silicon dioxide insulators, and metals 
such as aluminum and copper have dominated the semicon 
ductor industry. In recent years, hoWever, there has been an 
increasing research effort in using organic thin-?lm transis 
tors (OTFTs) as an alternative to the traditional thin-?lm 
transistors based on inorganic materials. 

[0003] Pentacene, thiophene oligomers, and regioregular 
polythiophenes have been the most Widely researched 
organic semiconductors. Of these classes of semiconducting 
organic materials, the highest charge-carrier mobility values 
have been observed for pentacene. Charge-carrier mobility 
values greater than 1.5 cm2 V“1 s_1, on/off current ratios 
greater than 108, and sub-threshold voltages of less than 1.6 
V have been reported for pentacene-based transistors. These 
values are comparable or superior to those of amorphous 
silicon-based devices. 

[0004] HoWever, the performance of pentacene-based 
devices can be dif?cult to reproduce. This lack of reproduc 
ibility is due to the polymorphic nature of pentacene. The 
alignment or structural order of the pentacene molecules 
differs for each polymorph or crystallographic phase, and 
this structural order determines the electronic properties of 
the device. The crystallographic phase adopted by pentacene 
depends on the process and conditions under Which the 
crystals are formed. For example, When pentacene is vapor 
deposited onto a substrate, a thin ?lm phase is formed. This 
thin ?lm phase is more effective at transporting charge than 
pentacene’s bulk or single crystal phase, but it is meta 
stable. For example, the thin ?lm form of pentacene can be 
converted to the bulk phase by exposure to solvents such as 
isopropanol, acetone or ethanol. (See, for example, Gun 
dlach et al., Applied Physics Letters, 74(22) 3302 (2000).) 

[0005] In order to achieve maximum performance, penta 
cene must generally be deposited from the vapor phase by 
vacuum sublimation. The vacuum sublimation process, 
hoWever, requires expensive equipment and lengthy pump 
doWn cycles. Solution processing has the potential to greatly 
reduce the manufacturing costs associated With the use of 
organic semiconductors. Pentacene, hoWever, is insoluble in 
common solvents and is therefore not a good candidate for 
solution processing. 

SUMMARY 

[0006] In vieW of the foregoing, We recogniZe that there is 
a need for organic semiconductors that can provide stable, 
reproducible electronic performance characteristics, that 
exhibit charge-carrier mobilities comparable to or better 
than those of pentacene, and that are preferably at least 
someWhat more soluble than pentacene in common organic 
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solvents. Furthermore, in order for such compounds to be 
commercially attractive, We recogniZe that there is a need for 
a scaleable and economical process for preparing the com 
pounds. 

[0007] Brie?y, in one aspect, the present invention pro 
vides a process for preparing substituted pentacene com 
pounds that are useful as organic semiconductors. The 
process comprises the step of carrying out intramolecular 
Friedel-Crafts cycliZation of substituted bis(benZyl)phthalic 
acids using an acid composition comprising tri?uo 
romethanesulfonic acid, the substituted bis(benZyl)phthalic 
acids being represented by the folloWing general formulas: 

Formula 1(a) 

R8 R1 

R7 COZH R2 

R6 Ho2c R3 

R5 R4 
Formula I(b) 

R8 R1 

R7 Ho2c COZH R2 

R6 R3 

R5 R4 

[0008] Wherein each R (that is, each of the groups R1 
through R8) is independently selected from the group con 
sisting of electron-donating substituents (for example, alkyl, 
alkoxy, or thioalkoxy), halogen atoms, hydrogen atoms, and 
combinations thereof. As used herein, the term “phthalic 
acid” refers to terephthalic acid (1,4-benZenedicarboxylic 
acid) and isophthalic acid (1,3-benZenedicarboxylic acid) 
collectively. 

[0009] Intramolecular Friedel-Crafts cycliZation reactions 
of carboxylic acids can generally be accomplished using a 
strong acid such as concentrated sulfuric acid, fuming sul 
furic acid, polyphosphoric acid or anhydrous hydro?uoric 
acid. HoWever, both the above-described substituted bis 
(benZyl)phthalic acids and the corresponding substituted 
is(benZoyl)phthalic acids are usually unreactive under these 
conditions. It appears that the intramolecular Friedel-Crafts 
cycliZation of these substituted compounds usually cannot 
be accomplished With the strong acids that are typically used 
for this type of reaction. 

[0010] It has been discovered, hoWever, that Friedel 
Crafts cycliZation of substituted bis(benZyl)phthalic acids to 
form the corresponding substituted pentacenediones can be 
accomplished using an acid composition comprising tri?uo 
romethanesulfonic acid. Surprisingly, the cycliZation can be 
carried out at room temperature in many cases. The resulting 
substituted pentacenedione compounds can then be reduced 
and dehydrated to the corresponding substituted pentacene 
compounds. The substituted pentacene compounds provide 
charge-carrier mobilities comparable to those of pentacene, 
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While also exhibiting improved electronic stability and 
reproducibility of performance characteristics in a sernicon 
ductor device. 

[0011] The process of the invention meets the need for a 
scaleable and economical route to the substituted pentacene 
diones and substituted pentacenes. The process can also be 
more generally applied to the preparation of diaryl cyclic 
ketones other than the substituted pentacenediones, if 
desired. 

[0012] In other aspects, this invention also provides novel 
intermediates in the form of the substituted pentacenediones 
resulting from the intrarnolecular Friedel-Crafts cycliZation 
reaction, as Well as certain substituted bis(benZyl)phthalic 
acid starting compounds and certain substituted bis(ben 
Zoyl)phthalic acid starting cornpound precursors. 

DETAILED DESCRIPTION 

[0013] The process of the invention for preparing substi 
tuted pentacene cornpounds comprises the step of cycliZing 
the above-described substituted bis(benZyl)phthalic acids to 
form the corresponding substituted pentacenediones (that is, 
substituted 7,14-dihydropentacene-5,12-diones and substi 
tuted pentacene-5,7(12H,14H)-diones). 

[0014] Preparation of Substituted Bis(benZyl)phthalic 
Acid Starting Cornpounds 

[0015] The above-described substituted bis(ben 
Zyl)phthalic acid starting compounds can be prepared by 
?rst preparing the corresponding substituted bis(ben 
Zoyl)phthalic acids and then reducing them. The substituted 
bis(benZoyl)phthalic acids can be prepared by combining at 
least one substituted benZene With pyrornellitic dianhydride 
(benZene-1,2,4,5-tetracarboXylic acid dianhydride) or a 
derivative thereof (for example, dirnethyl 2,5-bis(chlorocar 
bonyl)terephthalate) in the presence of a Lewis acid (for 
example, AlCl3), as can be represented by the folloWing 
general scheme: 

Reaction Scherne A 

R5 
0 0 

R6 

0 O + + 

R7 

0 0 R8 

R1 

R2 
Arcl3 

R3 

R4 
R8 o R1 

R7 COZH R2 

+ 

R6 Ho2c R3 

R5 o R4 
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-continued 
R8 R1 

R7 Ho2c COZH R2 

R6 R3 

R5 o o R4 

[0016] Wherein each R (that is, each of the groups R1 
through R8) is independently selected from the group con 
sisting of electron-donating groups, halogen atoms, hydro 
gen atorns, and combinations thereof. As used herein, the 
term “combinations” of substituents includes, rnonovalent 
combinations (for example, a brornornethyl substituent)as 
Well as substituents formed by the bonding together of the 
substituents on tWo adjacent carbon atoms to form a ring 
structure (for example, tWo alkyl substituents on adjacent 
carbon atoms can be bonded together to form a divalent 
alkylene group that bridges or links the carbon atoms). 

[0017] Preferably, each R is independently selected from 
the group consisting of alkyl groups, alkoXy groups, thio 
alkoXy groups, halogen atoms, hydrogen atoms, and corn 
binations thereof. More preferably, each R is independently 
selected from the group consisting of alkyl groups, alkoXy 
groups, hydrogen atoms, and combinations thereof. Even 
more preferably, each R is independently selected from the 
group consisting of alkyl groups and hydrogen atoms. Most 
preferably, each R is independently selected from the group 
consisting of methyl, n-heXyl, n-nonyl, n-dodecyl, sec-butyl, 
3,5,5-trirnethylhexyl, 2-ethylheXyl, and hydrogen. 

[0018] Preferably, only R2 and R6 of the substituted bis 
(benZoyl)terephthalic acids (or R2 and R7 of the substituted 
bis(benZoyl)isophthalic acids) are rnoieties other than 
hydrogen. That is, preferably, R2 and R6 of the substituted 
bis(benZoyl)terephthalic acids (or R2 and R7 of the substi 
tuted bis(benZoyl)isophthalic acids) are independently 
selected from the group consisting of electron-donating 
groups, halogen atoms, and combinations thereof, and R1, 
R3, R4, R5, R7, and R8 of the substituted bis(benZoyl)tereph 
thalic acids (or R1, R3, R4, R5, R6, and R8 of the substituted 
bis(benZoyl)isophthalic acids) are hydrogen. 

[0019] More preferably, said R2 and R6 (or said R2 and R7) 
are independently selected from the group consisting of 
alkyl groups, alkoXy groups, thioalkoXy groups, halogen 
atoms, and combinations thereof, and said R1, R3, R4, R5, 
R7, and R8 (or said R1, R3, R4, R5, R6, and R8) are hydrogen. 

[0020] Still more preferably, said R2 and R6 (or said R2 and 
R7) are independently selected from the group consisting of 
alkyl groups, alkoXy groups, and combinations thereof, and 
said R1, R3, R4, R5, R7, and R8 (or said R1, R3, R4, R5, R6, 
and R8) are hydrogen. 

[0021] Even more preferably, said R2 and R6 (or said R2 
and R7) are independently alkyl, and said R1, R3, R4, R5, R7, 
and R8 (or said R1, R3, R4, R5, R6, and R8) are hydrogen. 

[0022] Most preferably, said R2 and R6 (or said R2 and R7) 
are independently selected from the group consisting of 
methyl n-heXyl n-nonyl n-dodecyl sec-butyl, 3,5,5-trirneth 
ylheXyl, and 2-ethylheXyl, and said R1, R3, R4 , R5, R7, and 
R8 (or said R1, R3, R4, R5, R6, and R8) are hydrogen. 
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[0023] Reactions of this type (electrophilic aromatic sub 
stitution reactions) are Well known in organic chemistry and 
have been described, for example, by Henri de Diesbach and 
Victor Schmidt in Helv. Chim. Acta 7, 648 (1924); by 
William Hobson Mills and Mildred Mills in J. Chem. Soc. 
101, 2200 (1912); by Ernst Philippi in Monatshefte fur 
Chemie 32, 634 (1911); by Ernst Philippi and Reinhard Seka 
in Monatshefte fur Chemie 43, 615 (1922); by Ernst Philippi 
and Fedora Auslaender in Monatshefte fur Chemie 42, 1 
(1921); and by Guido Machek in Monatshefte fur Chemie 
56, 130 (1930). 

[0024] Preferably, the reaction is carried out in the pres 
ence of an inert solvent and an amine base in order to keep 
the reaction mixture ?uid and to decrease the amount of 
rearrangement of the substituents on the aromatic ring 
during the reaction. EXamples of useful inert solvents 
include 1,2-dichloroethane, dichlorobenZene, dichlo 
romethane, carbon disul?de, nitrobenZene, and 
nitromethane. EXamples of useful amine bases include ter 
tiary amines such as triethylamine, diisopropylethylamine, 
and 1,4-diaZabicyclo[2.2.2]octane (DABCO). If desired, the 
reaction miXture can be agitated and/or heated. 

[0025] Suitable substituted benZenes can be represented 
by the folloWing formula: 

Formula II(a) 
R1 
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-continued 
Formula II(b) 

R5 

R6 

R7 

R8 

[0026] Wherein each R (that is, each of the groups R1 
through R8) is independently selected from the group con 
sisting of electron-donating groups, halogen atoms, hydro 
gen atoms, and combinations thereof. 

[0027] Preferably, each R is independently selected from 
the group consisting of alkyl groups, alkoXy groups, thio 
alkoXy groups, halogen atoms, hydrogen atoms, and com 
binations thereof. More preferably, each R is independently 
selected from the group consisting of alkyl groups, alkoXy 
groups, hydrogen atoms, and combinations thereof. Even 
more preferably, each R is independently selected from the 
group consisting of alkyl groups and hydrogen atoms. Most 
preferably, each R is independently selected from the group 
consisting of methyl, n-heXyl, n-nonyl, n-dodecyl, sec-butyl, 
3,5,5-trimethylheXyl, 2-ethylheXyl, and hydrogen. 
[0028] Representative eXamples of substituted benZenes 
that can be used to prepare the substituted bis(ben 
Zoyl)phthalic acids include mono- and dialkoXybenZenes; 
mono- and dithioalkoXybenZenes; mono- and dihaloben 
Zenes; and mono-, di-, tri-, and tetraalkylbenZenes (for 
eXample, toluene, heXylbenZene, nonylbenZene, dodecyl 
benZene, sec-butylbenZene, p-Xylene, 1,2,3,4-tetrahy 
dronaphthalene, and 1,2,3,4-tetramethylbenZene, 3,5,5-trim 
ethylheXylbenZene, and 2-ethylheXylbenZene). 
[0029] EXamples of substituted bis(benZoyl)phthalic acids 
that can be prepared by the Friedel-Crafts reaction of the 
above-described substituted benZenes With pyromellitic 
dianhydride (or a derivative thereof) include: 

I co2H I CH3 I Ho2c I co2H I CH3 

0 

H3C I COZH I CH3 H3C I HOZC I COZH I CH3 
H3C HOZC CH3 H3C CH3 

O O 
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-continued 
0 

I HOZC COZH I I I COZH F 

I HOZC 
O O O 

O 

I HOZC I COZH C1 COZH F 

F HOZC 

O O O 

O 

F HOZC COZH F I COZH OCH3 

I HOZC 
O O O 

O 

HOZC COZH COZH SCH3 

H3CS I Ho2c I 
O O OCH3 O 

H3CS O 

H3CS HOZC COZH SCH3 COZH 

HOZC 

O O O SCH3 

HOZC COZH 

H3CS O O SCH3 

O 

I COZH I 
HOZC 

HOZC I co2H I 
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-continued 

0 

Ho2c 

Ho2c I 

O O 

[0030] A novel class of the substituted bis(ben 
Zoyl)phthalic acid compounds can be represented by the 
following general formulas: 

Formula III(a) 

R8 o R1 

R7 COZH R2 

R6 Ho2c R3 

R5 o R4 
Formula III(b) 

R8 R1 

R7 Ho2c COZH R2 

R6 R3 

R5 o o R4 

[0031] Wherein each R (that is, each of the groups R1 
through R8) is independently selected from the group con 
sisting of hydrogen atoms and alkyl groups having at least 
tWo carbon atoms. Preferably, each R is independently 
selected from the group consisting of n-hexyl, n-nonyl 
groups, n-dodecyl groups, sec-butyl, 3,5,5-trimethylhexyl, 
2-ethylhexyl, and hydrogen. 

[0032] Preferably, only R2 and R6 of the substituted bis 
(benZoyl)terephthalic acids (or R2 and R7 of the substituted 
bis(benZoyl)isophthalic acids) are moieties other than 
hydrogen. That is, preferably, R2 and R6 of the substituted 
bis(benZoyl)terephthalic acids (or R2 and R7 of the substi 
tuted bis(benZoyl)isophthalic acids) are independently alkyl 
groups having at least tWo carbon atoms, and R1, R3, R4, R5, 
R7, and R8 of the substituted bis(benZoyl)terephthalic acids 
(or R1, R3, R4 , R5, R6 , and R8 of the substituted bis(ben 
Zoyl)isophthalic acids) are hydrogen. More preferably, said 
R2 and R6 (or said R2 and R7) are independently selected 
from the group consisting of n-hexyl groups, n-nonyl 
groups, n-dodecyl groups, and sec-butyl groups, 3,5,5-trim 

cozn I 

cozn I 

ethylhexyl groups, 2-ethylhexyl groups, and said R1, R3, R4, 
R5, R7, and R8 (or said R1, R3 , R4 , R5, R6, and R8) are 
hydrogen. 

[0033] Alternatively, the substituted bis(benZoyl)phthalic 
acids can be prepared by reaction of pyromellitic dianhy 
dride (or a derivative thereof With) a substituted aromatic 
organometallic reagent (for example, an aryl magnesium 
halide or an aryl lithium compound). 

[0034] The resulting substituted bis(benZoyl)phthalic 
acids can be reduced to the corresponding substituted bis 
(benZyl)phthalic acids via reduction methods knoWn in the 
art. For example, the reduction can be accomplished by 
using either Zinc and aqueous ammonium hydroxide (pref 
erably, With agitation) or catalytic hydrogenation With, for 
example, palladium or platinum on carbon at, for example, 
about 2 to 3 atmospheres (preferably, by catalytic hydroge 
nation; more preferably, by catalytic hydrogenation With 
palladium on carbon) as shoWn, for example, beloW: 

Reaction Scheme B 
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-continued 
R8 R1 

[0035] wherein each R (that is, each of the groups R1 
through R8) is as de?ned above for Reaction Scheme A 
(Where the preferences stated for the substituted bis(ben 
Zoyl)terephthalic acids also correspond to preferences for 

H13C6 I 

COZH I C12H25 H3C I I Ho3C 
I COZH I OCH3 H3C HOZC 0 COZH 
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the substituted bis(benZyl)terephthalic acids (and the pref 
erences stated for the substituted bis(benZoyl)isophthalic 
acids also correspond to preferences for the substituted 
bis(benZyl)isophthalic acids)). 

[0036] If desired, the substituted bis(benZoyl)terephthalic 
acids can be separated from the substituted is(benZoyl 
)isophthalic acids by methods commonly used in the art (for 
example, by recrystalliZation, trituration, or chromatogra 
phy) before the reduction reaction is carried out (or, alter 
natively, the resulting substituted bis(benZyl)phthalic acid 
isomers can be separated therafter). 

[0037] Examples of substituted bis(benZyl)phthalic acids 
that can be prepared by reduction of substituted bis(ben 
Zoyl)phthalic acids include: 

C03H CH3 

Ho3C Co3H CH3 

I CH3 
Co3H CH3 

C6H13 

Co3H I C12H25 

I H03C 
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-continued 

HOZC COZH I I COZH I SCH3 
H3CS HOZC 

OCH3 

H3CS 

H3CS Ho2c COZH SCH3 COZH 

HOZC 

SCH3 

HOZC COZH 

H3CS SCH3 

I I COZH I 
HOZC 

I HOZC I COZH I 

I I COZH I 
HOZC 

I HOZC I COZH I 

[0038] A novel class of the substituted bis(benZyl)phthalic 
acid compounds can be represented by the following general -continued 
formulas: 

R8 

Formula IV(a) R7 HOZC 

R8 R1 

R7 COZH R2 R6 

R5 

R6 Ho2c R3 

R5 R4 
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Formula IV(b) 

R1 

COZH R2 

R3 

R4 

[0039] Wherein each R (that is, each of the groups R1 
through R8) is independently selected from the group con 
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sisting of electron-donating groups, halogen atoms, hydro 
gen atoms, and monovalent combinations thereof. Prefer 
ably, each R is independently selected from the group 
consisting of alkyl groups, alkoXy groups, thioalkoXy 
groups, halogen atoms, hydrogen atoms, and monovalent 
combinations thereof. More preferably, each R is indepen 
dently selected from the group consisting of alkyl groups, 
alkoXy groups, hydrogen atoms, and monovalent combina 
tions thereof. Even more preferably, each R is independently 
selected from the group consisting of alkyl groups and 
hydrogen atoms. Most preferably, each R is independently 
selected from the group consisting of methyl, n-heXyl, 
n-nonyl, n-dodecyl, sec-butyl, 3,5,5-trimethylheXyl, 2-eth 
ylheXyl, and hydrogen. 

[0040] Preferably, only R2 and R6 of the substituted bis 
(benZyl)terephthalic acids (or R2 and R7 of the substituted 
bis(benZyl)isophthalic acids) are moieties other than hydro 
gen. That is, preferably, R2 and R6 of the substituted bis 
(benZyl)terephthalic acids (or R2 and R7 of the substituted 
bis(benZyl)isophthalic acids) are independently selected 
from the group consisting of electron-donating groups, 
halogen atoms, and monovalent combinations thereof, and 
R1, R3, R4, R5, R7, and R8 of the substituted bis(benZyl 
)terephthalic acids (or R1, R3, R4, R5, R6, and R8 of the 
substituted bis(benZyl)isophthalic acids) are hydrogen. 

[0041] More preferably, said R2 and R6 (or said R2 and R7) 
are independently selected from the group consisting of 

alkyl groups, alkoXy groups, thioalkoXy groups, halogen 
atoms, and monovalent combinations thereof, and said R1, 
R3, R4, R5, R7, and R8 (or said R1, R3 , R4, R5, R6, and R8) 
are hydrogen. Still more preferably, said R2 and R6 (or said 
R2 and R7) are independently selected from the group 
consisting of alkyl groups, alkoXy groups, and monovalent 
combinations thereof, and said R1, R3 , R4, R5, R7, and R8 
(or said R1, R3 , R4, R5, R6, and R8) are hydrogen. 

[0042] Even more preferably, said R2 and R6 (or said R2 
and R7) are independently alkyl, and said R1, R3, R4, R5, R7, 
and R8 (or said R1, R3, R4, R5, R6 and R ) are hydrogen. 

[0043] Most preferably, said R2 and R6 (or said R2 and R7) 
are independently selected from the group consisting of 
methyl, n-heXyl, n-nonyl, n-dodecyl, sec-butyl, 3,5,5-trim 
ethylheXyl, and 2-ethylheXyl, and said R1, R3, R4, R5, R7, 
and R8 (or said R1, R3, R4, R5, R6, and R8) are hydrogen. 

[0044] Preparation of Substituted Pentacene Compounds 

[0045] The cycliZation step of the process of the invention 
can be accomplished via intramolecular Friedel-Crafts 
cycliZation of the substituted bis(benZyl)phthalic acids to 
form the corresponding substituted pentacenediones (the 
substituted 7,14-dihydropentacene-5,12-diones and the sub 
stituted pentacene-5,7(12H,14H)-diones; hereinafter, the 
“5,12-diones” and the “5,7-diones”), a novel class of com 
pounds that can be represented by the folloWing general 
formulas: 
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Formula V(a) 

R8 o R1 

R7 R2 

R6 R3 

R5 o R4 
Formula V(b) 

R8 o o R1 

R7 R2 

R6 R3 

R5 R4 

[0046] Wherein each R (that is, each of the groups R1 
through R8) is as de?ned above for Reaction Scheme A 
(Where the preferences stated for the substituted bis(ben 
Zoyl)terephthalic acids correspond to preferences for the 
5,12-diones (and the preferences stated for the substituted 
bis(benZoyl)isophthalic acids correspond to preferences for 
the 5,7-diones)). 

[0047] The use of acid catalyZed Friedel-Crafts cycliZa 
tion to form cyclic ketones is Well knoWn in literature and 
has been described, for eXample, by Premasagar et al. in J. 
Org. Chem., 46(14), 2974 (1981); by Allen et al. in Tetra 
hedron, 33(16), 2083 (1977); and by Hulin et al. in J. Org. 
Chem., 49, 207 (1984). These reactions can generally be 
carried out at about 0° C. to 100° C. in the presence of a 
strong acid such as concentrated sulfuric acid, fuming sul 
furic acid, polyphosphoric acid or anhydrous hydro?uoric 
acid. For eXample, unsubstituted bis(benZoyl)phthalic acid 
(2,5-dibenZoylterephthalic acid or 4,6-dibenZoylisophthalic 
acid) Will form the corresponding tetrone When heated to 
100° C. With concentrated sulfuric acid for several hours. 

[0048] HoWever, both the above-described substituted bis 
(benZyl)phthalic acids and the corresponding substituted 
bis(benZoyl)phthalic acids are usually unreactive under 
these conditions. It appears that, in general, the intramo 
lecular Friedel-Crafts cycliZation of these substituted com 
pounds cannot be readily accomplished With the strong acids 
that are typically used for this type of reaction. It has been 
discovered, hoWever, that Friedel-Crafts cycliZation of sub 
stituted bis(benZyl)phthalic acids to form the corresponding 
substituted pentacenediones can be accomplished using an 
acid composition comprising tri?uoromethanesulfonic acid 
at room temperature or, optionally, at elevated temperatures 
(for eXample, a temperature in the range of about 20° C. to 
60° C.) and, preferably, With agitation of the reaction miX 
ture. 

[0049] This cycliZation method can be eXtended to other 
substituted diaryl carboXylic acids, as Well as to unsubsti 
tuted diaryl carboXylic acids (for example, 2,5-dibenZyl 
terephthalic acid and 4,6-dibenZylisophthalic acid Which can 
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be cycliZed to the corresponding pentacenediones and then 
reduced and dehydrated to form pentacene). Surprisingly, 
the method enables the cycliZation of such carboXylic acids 
at loWer temperatures than those generally required When 
using conventional acids such as sulfuric acid. The use of 
tri?uoromethanesulfonic acid also avoids the formation of 
sulfonated by-products that can occur When sulfuric acid is 
utiliZed. 

[0050] Thus, the method enables the preparation of a 
broad class of diaryl cyclic ketones by cycliZing a compound 
comprising at least tWo aromatic rings, one of the rings 
having at least one aromatic ring carbon atom that is directly 
bonded to a carboXylic acid moiety, and the other of the rings 
having at least one aromatic ring carbon atom that is capable 
of undergoing aromatic electrophilic substitution With the 
carboXylic acid moiety using an acid composition compris 

o o o 

: % : % : .CH3 : % : % : .CH3 
0 

o o 

O 

O O 0 

CH3 : % : % : :CH3 
C6H13 C6Hl3 

O 

O 
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ing tri?uoromethanesulfonic acid. For example, 2- biphe 
nylcarboXylic acid can be cycliZed to 9H-?uoren-9-one. 
Preferably, the diaryl carboXylic acid is substituted. 

[0051] In carrying out the cycliZation, tri?uoromethane 
sulfonic acid can be used alone or in combination With, for 
eXample, tri?uoroacetic acid, or a per?uoroalkanesulfonic 
acid of higher molecular Weight than tri?uoromethane 
sulfonic acid, or a neutral solvent that Will not react With 
tri?uoromethanesulfonic acid (for eXample, a hydrocarbon 
solvent, a chlorinated solvent such as methylene chloride or 
a ?uorinated solvent)or a LeWis acid (for eXample, antimony 
penta?uoride). 

[0052] Representative eXamples of substituted pentacene 
diones that can be prepared by this process include the 
following: 

0 
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C6H13 
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-continued 
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[0053] The resulting substituted pentacenediones can be 
Reduced and dehydrated to give the corresponding substi 
tuted Pentacenes. Good yields can usually be obtained by, 
for example, a sodium borohydride reduction procedure, as 

shoWn, for example, beloW: 

Reaction Scheme C 

R8 o R1 
1. NaBH4 7 2 

R R diglyme 

2. MeOH 

3. NaBH4 
R6 R3 

R5 o R4 

HOAc/HCl 
—> 

R8 OH R1 

R7 R2 

R6 R3 

R5 OH R4 

R8 R1 

R7 I I I I I R2 
R6 R3 

R5 R4 

R8 O o R1 

R7 R2 

R6 @ R3 
R5 R4 

1. NaBH4 
diglyme 
4> 

2. MeOH 

3. NaBH4 
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-continued 
R8 OH OH R1 

7 2 

R O‘@’@ R 4> 
R6 R3 

R5 R4 
R8 R1 

R7 R2 

R6 R3 

R5 R4 

[0054] Wherein each R (that is, each of the groups R1 
through R8) is as de?ned above for Reaction Scheme A 
(Where the preferences stated above for the substituted 
bis(benZoyl)phthalic acids correspondingly apply to the sub 
stituted pentacenediones, the substituted pentacenediols, and 
the substituted pentacenes). 
[0055] Treatment of the diones With sodium borohydride 
in solvent, such as alcohol(s) or ether(s) (preferably, dig 
lyme) or a combination thereof, preferably folloWed by 
addition of methanol and then treatment With additional 
sodium borohydride gives the corresponding substituted 
diols. The diols can then be dehydrated to substituted 
pentacenes by treatment With an acid (for example, hydro 
chloric acid), preferably With application of heat (for 
example, heating to about 50° C. to 60° C.) and agitation. 
Suitable acids include, for example, acetic acid, phosphoric 
acid, hydrochloric acid, sulfuric acid, hydroiodic acid, 
hydrobromic acid, tri?uoroacetic acid, and tri?uo 
romethanesulfonic acid. Optionally, the diols can be ?rst 
treated With a Weak acid such as acetic acid, folloWed by 
treatment With a stronger acid such as hydrochloric acid. 

[0056] Representative examples of substituted pentacenes 
that can be prepared by this process include: 

CH3 H3C CH3 

H3C CH3 

I I I I CH3 H13C6 I I I I C6Hl3 
C6Hl3 H13C6 C6H13 

I I I I I C12H25 Hsc I I I I I C12H25 
H3C 

OCH3 H3C OCH3 
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-continued 
SCH3 

I I I I H3CS I I I I I 

scH3 

[0057] It is possible to over reduce the substituted penta 
cenediones to substituted dihydropentacenes and then oxi 
diZe to obtain the corresponding substituted pentacenes. It 
has been discovered, hoWever, that treatment of the diones 
With sodium borohydride in diglyme followed by addition of 
methanol and then treatment With additional sodium boro 
hydride minimizes over-reduction. 

[0058] If desired, the resulting substituted pentacenes can 
be puri?ed by standard methods such as recrystallization, 
sublimation, or a combination thereof. Puri?cation can be 
accomplished by sublimation, for example, using a 3-Zone 
furnace (for example, a Thermolyne 79500 tube furnace, 
available from Barnstead Thermolyne, Dubuque, IoWa) at 
reduced pressure under a constant How of nitrogen gas. 

[0059] The substituted pentacenes prepared by the process 
of the invention can be used as the semiconductor layer in 
semiconductor devices, for example, organic thin ?lm tran 
sistors. 

EXAMPLES 

[0060] Objects and advantages of this invention are further 
illustrated by the folloWing examples, but the particular 

I I SCH3 H3CS 

SCH3 

materials and amounts thereof recited in these examples, as 
Well as other conditions and details, should not be construed 
to unduly limit this invention. 

[0061] Unless otherWise speci?ed, all starting materials 
Were obtained from Aldrich, Milwaukee, Wis. 2,5-Bis(4 
methylbenZoyl)terephthalic and 4,6-bis(4-ethylbenZoyl 
)isophthalic acids Were prepared essentially as described in 
H. de Diesbach, V. Schmidt, Helv. Chim. Acta, 7, 648 
(1924). 2,S-Dibenzoylterephthalic acid and 4,6-dibenZoyl 
isophthalic acid Were prepared essentially as described in W. 
Hobbson, M. Mills, J. Chem. Soc. 101, 2200 (1912). 

Example 1 

Preparation of 2,9-Dimethylpentacene 

[0062] Preparation of 2,5-Bis(4-methylbenZyl)tereph 
thalic Acid 

[0063] A mixture of 30.0 grams of 2,5-bis(4-methylben 
Zoyl)terephthalic acid, 500 mL of acetic acid, and 3 grams 
of 5% palladium on activated carbon (as a catalyst) Was 
heated to 64° C. for 17 hours in an atmosphere of hydrogen 
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at 270 kPa. The mixture Was ?ltered to remove the catalyst 
and the product. The catalyst and the product Were slurried 
in 500 mL of tetrahhydrofuran and ?ltered through CeliteTM 
diatomaceous earth ?lter agent. The resulting ?ltrate Was 
concentrated in vacuo. The resulting Wet solid Was slurried 
in ethyl acetate and collected by ?ltration and dried to give 
2,5-bis(4-methylbenZyl)terephthalic acid. 

[0064] Preparation of 7,14-Dihydro-3,10-dimethylpenta 
cene-5,12-dione 
[0065] To a mixture of 12.7 grams of 2,5-bis(4-methyl 
benZyl)terephthalic acid and 90 mL of tri?uoroacetic acid 
Was added 81.6 grams of tri?uoromethanesulfonic acid. The 
reaction Was stirred 22 hours at room temperature. The 
mixture Was poured over 500 grams of ice. The resulting 
solid precipitate Was collected by ?ltration, Washed With 750 
mL of saturated aqueous sodium bicarbonate and 1 L of 
Water until the ?ltrate Was neutral to pH paper. The solid Was 
Washed With heptane and dried to give 7,14-dihydro-3,10 
dimethylpentacene-5,12-dione. 
[0066] Preparation of 2,9-Dimethylpentacene 

[0067] A mixture of 24.6 grams of 7,14-dihydro-3,10 
dimethylpentacene-5,12-dione in 250 mL of 2-methoxyethyl 
ether Was stirred and ?ushed With nitrogen for 10 minutes. 
To this Was added in small portions 16.5 grams of sodium 
borohydride and stirring Was continued at room temperature 
overnight. To the resulting reaction mixture Was added 
sloWly over 30 minutes 155 mL of methanol With the 
temperature maintained beloW 0° C. The mixture Was stirred 
for 1.5 hours at room temperature. To the mixture Was added 
sloWly 360 mL of glacial acetic acid over 10 minutes. The 
resulting mixture Was heated to 60° C. for 1.5 hours. To the 
mixture Was added 100 mL of concentrated hydrochloric 
acid. The resulting mixture Was heated for one hour and 
cooled to room temperature. To the mixture Was added 250 
mL of Water and stirring Was continued for ?ve minutes. The 
resulting solid Was collected by ?ltration and Washed 
sequentially With 3 L of Water, and 1 L of acetone, 1 L of 
tetrahydrofuran, and 1 L of acetone and dried to give 
2,9-dimethylpentacene. 

Example 2 

Preparation of 2,10-Dimethylpentacene 

[0068] Preparation of 4,6-Bis(4-methylbenZyl)isophthalic 
Acid 

[0069] Amixture of 21.1 grams of 4,6-bis(4 ethylbenZoyl 
)isophthalic acid, 350 mL of acetic acid, and 2.10 grams of 
5% palladium on carbon (as a catalyst) Was heated to 65° C. 
for 17 hours in an atmosphere of hydrogen at 270 kPa. The 
mixture Was ?ltered through CeliteTM diatomaceous earth 
?lter agent to remove the catalyst. The resulting ?ltrate Was 
concentrated in vacuo to give 4,6-bis(4-methylbenZyl)isoph 
thalic acid. 

[0070] Preparation of 3,9-Dimethylpentacene-5,7(12H, 
14H)-dione 
[0071] To 14.1 grams of 4,6-bis(4-methylbenZyl)isoph 
thalic acid Was added 75 mL of tri?uoroacetic acid folloWed 
by 48 grams of tri?uoromethanesulfonic acid. After stirring 
for 3 days at room temperature, the mixture Was poured over 
200 g of ice, and the resulting solid Was collected by 
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?ltration. The solid Was Washed With 400 mL of saturated 
aqueous sodium bicarbonate solution, folloWed by 1100 mL 
of Water until the ?ltrate Was neutral to pH paper. The solid 
Was Washed With heptane and dried to give 3,9-dimethyl 
pentacene-5,7(12H,14H)-dione. 
[0072] Preparation of 2,10-Dimethylpentacene 

[0073] A mixture of 1 gram of 3,9-dimethylpentacene-5, 
7(12H,14H)-dione and 10 mL of 2-methoxyethyl ether Was 
stirred and ?ushed With nitrogen for 15 minutes. To this Was 
added 0.948 grams of sodium borohydride and stirring Was 
continued at room temperature overnight. To the mixture 
Was added 6.3 mL of methanol and stirring Was continued 
for 1.5 hours at room temperature. To the mixture Was added 
15 mL of acetic acid and 10 mL of concentrated hydrochlo 
ric acid. The mixture Was stirred for one hour at room 
temperature folloWed by heating for one hour at 60° C. To 
the mixture Was added 50 mL of Water and the resulting solid 
Was isolated by ?ltration and Washed With Water. The solid 
Was Washed With tetrahydrofuran until a pale ?ltrate 
resulted. The solid Was Washed With heptane and dried under 
an atmosphere of nitrogen to give 2,10-dimethylpentacene. 

Example 3 

Preparation of 2,9-Dihexylpentacene 

[0074] Preparation of 2,5-Bis(4-hexylbenZoyl)tereph 
thalic Acid 

[0075] To a mixture of 25.7 grams of aluminum chloride, 
51.3 mL of 1,2-dichloroethane, and 10 grams of benZene 
1,2,4,5-tetracarboxylic acid dianhydride (pyromellitic dian 
hydride) Was added With cooling, a solution of 14.9 grams 
of hexylbenZene and 6.40 grams of diisopropylethylamine in 
25 mL of 1,2-dichloroethane over a period of 3.5 hours, 
keeping the temperature betWeen 15° C. and 20° C. The 
resulting mixture Was stirred for an additional 15 minutes 
after the addition Was complete, and it Was then heated to 
40° C. for one hour. The Warm mixture Was poured into a 
beaker With 200 grams of ice and 75 mL of concentrated 
hydrochloric acid and stirred overnight at room temperature. 
The aqueous phase Was poured off, and the resulting oily 
solid Was stirred With 500 mL of Water, and the Water Was 
poured off. This Water Wash Was repeated, and the resulting 
residue Was dissolved in 250 mL of acetone and concen 
trated in vacuo. This residue Was stirred With 55 mL of ethyl 
acetate, and the resulting solid Was collected by ?ltration, 
Washed With 100 mL of ethyl acetate, and dried to give 
2,5-bis(4-hexylbenZoyl)terephthalic acid. 

[0076] Preparation of 2,5-Bis(4-hexylbenZyl)terephthalic 
Acid 

[0077] A mixture of 5.26 grams of 2,5-bis(4-hexylben 
Zoyl)terephthalic acid, 100 mL of tetrahydrofuran, and 0.53 
grams of 5% palladium on carbon (as a catalyst) Was heated 
at 65° C. for 17 hours in an atmosphere of hydrogen at 270 
kPa. The resulting mixture Was ?ltered through CeliteTM 
diatomaceous earth ?lter agent to remove the catalyst. The 
?ltrate Was concentrated in vacuo to give 2,5-bis(4-hexyl 
benZyl)terephthalic acid. 

[0078] Preparation of 3,10-Dihexyl-7,14-dihydropenta 
cene-5,12-dione 
[0079] A mixture of 2.56 grams of 2,5-bis(4-hexylbenZyl 
)terephthalic acid, 25.6 grams of tri?uoroacetic acid, and 
















