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ABSTRACT

zyDphthalic acids using an acid composition comprising
trifluoromethanesulfonic acid, the substituted bis(ben-
zyDphthalic acids being represented by the following gen-
eral formulas:

8 1

R R
R’ I l COH l R?
HO,C
5 4

R® R?
R R
R® R!
R’ l HO,C I COH I R?
RG R3
5 4

R R

wherein each R (that is, each of the groups R' through R®)
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-film transis-
tors (OTFTs) as an alternative to the traditional thin-film
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 cm® V™! s7*, on/off current ratios
greater than 10, 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 difficult 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 film phase is formed. This
thin film phase is more effective at transporting charge than
pentacene’s bulk or single crystal phase, but it is meta-
stable. For example, the thin film 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] Inview 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

May 22, 2003

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] Briefly, 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 trifluo-
romethanesulfonic acid, the substituted bis(benzyl)phthalic
acids being represented by the following general formulas:

Formula I(a)

RS R!
R’ COH R?
RS HO,C R3
R’ R
Formula I(b)
R® R!
R’ HO,C CO,H R?
R® R3
R’ R

[0008] wherein each R (that is, each of the groups R*
through R®) 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 hydrofluoric
acid. However, both the above-described substituted bis-
(benzyDphthalic 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] 1t 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 trifluo-
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 semicon-
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 intramolecular Friedel-Crafts cyclization
reaction, as well as certain substituted bis(benzyl)phthalic
acid starting compounds and certain substituted bis(ben-
zoyl)phthalic acid starting compound precursors.

DETAILED DESCRIPTION

[0013] The process of the invention for preparing substi-
tuted pentacene compounds 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 Compounds

[0015] The  above-described  substituted  bis(ben-
zyDphthalic acid starting compounds can be prepared by
first 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 pyromellitic dianhydride
(benzene-1,2,4,5-tetracarboxylic acid dianhydride) or a
derivative thereof (for example, dimethyl 2,5-bis(chlorocar-
bonyl)terephthalate) in the presence of a Lewis acid (for
example, AICL,), as can be represented by the following
general scheme:

Reaction Scheme A

RS
o, 0
RG
O, O + +
R7
o} 0 RS
Rl
RZ
AICl4
R3
R4
RS o R!
R’ CO,H R?
¥
R® HO,C R3
R® o R
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-continued
R® R!
R’ HO,C CO,H R?
R® R3
R’ o o R

[0016] wherein each R (that is, each of the groups R*
through R®) is independently selected from the group con-
sisting of electron-donating groups, halogen atoms, hydro-
gen atoms, and combinations thereof. As used herein, the
term “combinations” of substituents includes, monovalent
combinations (for example, a bromomethyl 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 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.

[0018] Preferably, only R* and R° of the substituted bis-
(benzoyl)terephthalic acids (or R* and R” of the substituted
bis(benzoyl)isophthalic acids) are moieties other than
hydrogen. That is, preferably, R> and RS of the substituted
bis(benzoyl)terephthalic acids (or R* and R” 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 R”,
R3,R* R, R”, and R® of the substituted bis(benzoyl)tereph-
thalic acids (or R', R?, R*, R>, RS, and R® of the substituted
bis(benzoyl)isophthalic acids) are hydrogen.

[0019] More preferably, said R* and R® (or said R* and R”)
are independently selected from the group consisting of
alkyl groups, alkoxy groups, thioalkoxy groups, halogen
atoms, and combinations thereof, and said R, R®, R*, R®,
R’, and R® (or said R, R*, R*, R®, R®, and R®) are hydrogen.

[0020] Still more preferably, said R* and R® (or said R* and
R”) are independently selected from the group consisting of
alkyl groups, alkoxy groups, and combinations thereof, and
said R*, R3, R*, R®, R7, and R® (or said R*, R?, R*, R®, R®,
and R®) are hydrogen.

[0021] Even more preferably, said R* and R® (or said R?
and R”) are independently alkyl, and said R*, R?, R*, R>,R7,
and R® (or said R, R3, R, R®, R®, and R¥) are hydrogen.

[0022] Most preferably, said R* and R° (or said R* and R”)
are independently selected from the group consisting of
methyl n-hexyl n-nonyl n-dodecyl sec-butyl, 3,5,5-trimeth-
ylhexyl, and 2-ethylhexyl, and said R*, R, R* ,R®, R”, and
R® (or said RY, R, R*, R, R®, and R®) 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 fluid 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  disulfide, nitrobenzene, and
nitromethane. Examples of useful amine bases include ter-
tiary amines such as triethylamine, diisopropylethylamine,
and 1,4-diazabicyclo[2.2.2]Joctane (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)

RrR2

R3

HO,C
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-continued
Formula II(b)
RS
R6
R7
RS

[0026] wherein each R (that is, each of the groups R'
through R?®) 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-
zoyDphthalic 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 COH I CH, I HO,C l COH I CH,

(0]

H,C l COH l CH; H;C I HO,C l COH l CHj3
H,C HO,C CH; H;C CHj

(0]

O O
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-continued
O
CO.H l CHs HO,C CO.H I CH,
HO,C CeHys I " I ” ‘ CeHjys
O [e] O
O
Hy5Co I I CO.H CeHys HpsCs l HO,C l CO.H l CeHis
Hi3C¢ HO,C Cety3 Hy3Cs ‘ |'| ‘ ] | CeHys
O O O
O

O O COH O CioHys  H,C HO,C CO,H CioHos
HC HO,C 'l \ﬂ/\ ' /\ﬂ/ 'l

o)
I COLH OCH, HsC l HO,C CO.H I OCH;
H,C HO,C I I I ‘[T I W I
o o) o)
o) o)
CO.H OCH; CO.H OC4H,
H,CO l HO,C l H,C,0 l HO,C l l
o o
CH; O CH; O
CO,H HO,C COLH COLH
HO,C ! \”; . /\”/ ' HO,C
o) CH;, O o) CH; o CH,
HC o)
HO,C CO,H CO,H CeHys
H;3Cg HO,C l I
H,C o o) CH, o
o)

H;:Cs HO,C COH Cells CO.H CoHjo
H;6Cg I HO,C I
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-continued
0
H;4Co HO,C CO,H CoHjo COH CioHas
Il \“/ Il \“/ I HosC18 HO,C
o 0 o
0
HosCio HO,C CO,H CioHas I COH CH(CH3)CoHs
II \"’ Il \"’ I H;sC,(H3C)HC HO,C
o 0 o
0
H;sC,(H;C)HC. HO,C COH CH(CH3)CoHs CO,H
I ‘”’ I ‘”’ I I HO,C
0 0 0
H,C 0 CH,
HO,C CO,H COH
HO,C
0 0 H,C o CHj,
H,C CH, H,C 0 CH,
HO,C CO,H H;C CO,H CH,
H,C HO,C CH,
H,C 0 0 CH, HC 0 CH;

H;C CH, 0
H;C. HO,C CO,H CH, COH Br
H;C CHj, HO,C
H;C e} e} CH, 0
o}
HO,C COH Br I CO,H I Br
I \”’ I T I Br HO,C
o} 0 e}

(0]

Br HO,C CO,H Br CO.H I
l \”’ l \"’ l I HO,C l l
o o)

(0]
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-continued
0

HO,C CO,H

jus)

O

3

0
Q
O
S

C;

es|

o o) o
o)
HO,C CO,H l cl COH F
I \n’ I \"’ I F HO,C l
o o) o)
o)
F. HO,C CO.H F CO-H OCH;
l \"; l ;I]/ ll I HO,C l
o o) o
o)
HO,C CO,H CO,H SCH,
l \"’ l \"’ ! H,CS l HO,C l
o o) OCH, o
H,CS o)
H,CS HO,C CO.H SCH, COH
' \”/\ ' /\n/ ' HO,C
o o o) SCH;,
! HOZC: I :COZH !
H,CS o o) SCH;
o)
I l CO.H l

HO,C

I HO,C l COH I
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-continued

o
HO,C

HO,C 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 ITI(a)

RS o R!
R’ CO,H R?
RS HO,C R3
R® o R*
Formula ITI(b)
RS R!
R’ HO,C COH R?
R® R?
R® 0 0 R*

[0031] wherein each R (that is, each of the groups R*
through R®) 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 R* and R of the substituted bis-
(benzoyl)terephthalic acids (or R* and R” of the substituted
bis(benzoyl)isophthalic acids) are moieties other than
hydrogen. That is, preferably, R* and R°® of the substituted
bis(benzoyl)terephthalic acids (or R* and R” of the substi-
tuted bis(benzoyl)isophthalic acids) are independently alkyl
groups having at least two carbon atoms, and R*, R®, R*, R®,
R7, and R® of the substituted bis(benzoyl)terephthalic acids
(or RY, R®, R*, R% R®, and R® of the substituted bis(ben-
zoyl)isophthalic acids) are hydrogen. More preferably, said
R? and R® (or said R* and R”) 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-

COH l
COH l

ethylhexyl groups, 2-ethylhexyl groups, and said R*, R®, R*,
R, R7, and R® (or said RY, R®, R*, R®, R®, and R®) 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-
(benzyDphthalic 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

RS 0 R!
R’ COH R?
2 Zn/NH,OH
—_—
or
Pd-C/H,
RS HO,C R3
R® 0 R*
R® R!
R’ CO,H R?
R® HO,C R3
R’ R
RS R!
7 2
R HO,C CO,H R’ 7, /NH,0H
—_—
or
Pd-C/H,
R® R?
R® 0 o R*
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-continued
RS R!

R’ HO,C CO,H R?
R® R3

R® R*

[0035] wherein each R (that is, each of the groups R*
through R®) is as defined above for Reaction Scheme A
(where the preferences stated for the substituted bis(ben-
zoyDterephthalic acids also correspond to preferences for
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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-
zoyD)phthalic acids include:

CO-H CH, HO-C CO-H CH,
HO,C
H;C COH CH; H,C HO,C Cco.H CH,
H,C HO,C I CH; H,C CH,
COH CH; HO,C CO,H l CH,
HOC CeHy3 CeHys
H;3Cs I l COH l CeHys HpsCs l HO-C I CO-H I CeHis
Hi3C¢ HO,C CeHy3 HysCs CeHis
COoH CpoHzs  HiC HO,C CO,H CioHos
H,C I HO,C l I ] l l
COH OCH; H;C I HO,C I COH I OCHj3
H;C I HOC I I
COH OCH, COH 0C,H
H;CO I HO-C l I HoC4O I HO-C I I
CHj, CH;
CO,H HO,C COH COH
HO-C HO-C
CH,4 CHj CHj
H;C
HO,C COH COH CeHys
Hy3Ce HO-C I

H,C CH,
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HosCio HO,C

-continued
H1:Cs HO,C CO.H CeHlys CO.H CoHyo
l l H1Cd I HO,C I
CO,H CpH
H;oCo HO,C CO.H CoHio O O 2 125
O O O HosCi HO,C

CO,H l CroH)s I COH CH(CH;)C,Hs

HsCy(H,C)HC

HsCo(H;O)HC HO,C COH CH(CH3)CHs I COH

HO,C

HOZC
H;
HO,C CO,H COH
l I I HO,C
H; H;C H;
HO,C COH HC COH CH;,
H,C HO,C CH,
CH HC CH,
HC CH;,
H,C HO,C CO.H CH, CO,H Br
HsC l CH, HO,C
H,C CH,
HO,C CO,H Br CO.H Br
Br I HO,C l l
Br l HO,C CO.H l Br I I CO.H I [

I HO,C

I HO,C CO,H I CO.H
l l l HO,C
HO,C CO,H cl CO.H F
l F

HO,C

F. HO,C CO.H F COH OCH;
l HO,C
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-continued
HO.C COH COH SCH;
H;CS HO,C
OCH;
H;CS
H;3CS HO,C CO,H SCH; COH
HO.C
SCH,
HO,C COH
H;CS SCH;
I I COH I
HO,C
I HO,C l COH l
I l COH l
HO.C
I HO,C l COH l
[0038] A novel class of the substituted bis(benzyl)phthalic
acid compounds can be represented by the following general -continued
formulas: Formula [V(b)
R® R!
Formula IV(a) R’ HO,C COH R?
R® R!
R’ COH R2 RS R?
R’ R*
R® HO,C R3
R’ R! [0039] wherein each R (that is, each of the groups R*

through R®) 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 R* and R of the substituted bis-
(benzyl)terephthalic acids (or R* and R” of the substituted
bis(benzyl)isophthalic acids) are moieties other than hydro-
gen. That is, preferably, R* and R® of the substituted bis-
(benzyl)terephthalic acids (or R* and R” 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
RY, R3 R* R’ R7, and R® of the substituted bis(benzyl-
Yterephthalic acids (or R?, R? R*, R®, R°, and R® of the
substituted bis(benzyl)isophthalic acids) are hydrogen.

[0041] More preferably, said R* and R® (or said R* and R”)
are independently selected from the group consisting of
alkyl groups, alkoxy groups, thioalkoxy groups, halogen
atoms, and monovalent combinations thereof, and said R?,
R3, R*, R R7, and R® (or said R, R® , R*, R®, R, and R¥)
are hydrogen. Still more preferably, said R* and R® (or said
R? and R7) are independently selected from the group
consisting of alkyl groups, alkoxy groups, and monovalent
combinations thereof, and said R, R®>, R*, R®, R7, and R®
(or said R, R® , R, R?, R®, and R®) are hydrogen.

[0042] Even more preferably, said R* and R® (or said R*
and R”) are independently alkyl, and said R, R®, R*, R>,R7,
and R (or said R*, R?, R*, R®, R® and R ) are hydrogen.

[0043] Most preferably, said R* and R® (or said R* and R”)
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 R, R®, R*, R%, R7,
and R (or said R*, R®, R*, R?, R, and R®) 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)

R® o R!
R’ I I I I R?
R6 R3
R’ 0 R
Formula V(b)
R® o o R!
R’ R?
R® R3
R’ R

[0046] wherein each R (that is, each of the groups R*
through R?) is as defined above for Reaction Scheme A
(where the preferences stated for the substituted bis(ben-
zoyDterephthalic 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 hydrofluoric
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-
(benzyDphthalic 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 trifluoromethanesulfonic 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



US 2003/0097010 Al
12

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
trifluoromethanesulfonic 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-
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ing trifluoromethanesulfonic acid. For example, 2- biphe-
nylcarboxylic acid can be cyclized to 9H-fluoren-9-one.
Preferably, the diaryl carboxylic acid is substituted.

[0051] In carrying out the cyclization, trifluoromethane-
sulfonic acid can be used alone or in combination with, for
example, trifluoroacetic acid, or a perfluoroalkanesulfonic
acid of higher molecular weight than trifluoromethane-
sulfonic acid, or a neutral solvent that will not react with
trifluoromethanesulfonic acid (for example, a hydrocarbon
solvent, a chlorinated solvent such as methylene chloride or
a fluorinated solvent)or a Lewis acid (for example, antimony
pentafluoride).

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

O O
I I I CHj l I CHj3
O
O O
H,C CH, H;C CH,
HC I I l CH; H;C l I l I l CH,
O
O O O
I I I CHj l I CHj3
CsHis CeHis
O
O O O
Hy3Cs CeHy3 HysCe ] l [ l CeHys
Hy3C6 CeHy3 HysCq CeHis
O
O O O
CipHays HiC CyoHps
O
[e] O [e]
OCH,

I I l OCH; HiC
H,C

(0]
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-continued
O O
OCH, OC,H,
H;CO I l HoC40
O O
CH, 0 0 0
o CH;
CH, o) HsC 0 o)
CH; O CH, HsC CHs
O O O
l Cell13  Hy3Cs l Celi3
H;3Cs
O
O O O
l CoHyo  HyoCo l CoHjo
H;oCq
O
O O
l Ciots  HosCio ] CyoHps
HysC15
O
O

HsC(H;O)HC

I I l CH(CH3)C,Hs
o)
HsCy(H;CO)HC. I I I CH(CH3)C,Hs l I l I l

(0]
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-continued
o) o] H;C o) CH;
H;C o) CH;,
H;C o) o) CH; H;C o) CH;,
H;C CHj;
l l I H;C CH;
H;C CH; H,C 0o CH;
H;C o) o) CH;, o)
H;C I I I CH; I l Br
H;C CH;
H,C CHj o
o) o) o)
I l I Br ‘ O Br
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-continued

0 0 0
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0 0 0
l I l O SCH,
I I H,CS I I l I
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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

R® o R!
1. NaBH,
7 2
R R diglyme
_—
2. MeOH
3. NaBH,
R® R?
R’ o R
R® OH R!
RY R?
O‘O‘O HOAC/HCI
—
R® R?
R’ OH R
RS R!
R’ I l l I l R?
R6 R3
R® R*

RS o} o} R!
- > 1.NaBH,
diglyme
—_—
2. MeOH
3. NaBHy
RS 3
R’ R*

R

R
OOOO o OOOO )
H,C CH,
l l l [ CH;  Hjp3Cs l [ l l Celi3

CeHjs HiaCe
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-continued
RS o OH R!
7 2
DOt
—_—
R® R?
R’ R
R® R!
R’ R?
RS OO R®
R’ R

[0054] wherein each R (that is, each of the groups R*
through R®) is as defined 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, trifluoroacetic acid, and trifluo-
romethanesulfonic acid. Optionally, the diols can be first
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:

CeHis

] [ l - . CioHps HsC ] - . - . CioHas
H;C
OCH; H;C OCH3
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-continued
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CH,4 CH;
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-continued

SCH;,
l l l I H,CS I l I l I

OCH,
H,CS

SCH,

[0057] Tt 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 purified by standard methods such as recrystallization,
sublimation, or a combination thereof. Purification 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 flow of nitrogen gas.

H,CS

[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 film tran-
sistors.

EXAMPLES

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

I l SCH; H,CS

SCH;,

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 specified, all starting materials
were obtained from Aldrich, Milwaukee, Wis. 2,5-Bis(4-
methylbenzoyDterephthalic 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). 2,5-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-
zoyDterephthalic 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 filtered to remove the catalyst
and the product. The catalyst and the product were slurried
in 500 mL of tetrahhydrofuran and filtered through Celite™
diatomaceous earth filter agent. The resulting filtrate was
concentrated in vacuo. The resulting wet solid was slurried
in ethyl acetate and collected by filtration and dried to give
2,5-bis(4-methylbenzyterephthalic 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-
benzyterephthalic acid and 90 mL of trifluoroacetic acid
was added 81.6 grams of trifluoromethanesulfonic 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 filtration, washed with 750
mL of saturated aqueous sodium bicarbonate and 1 L of
water until the filtrate 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 flushed 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 five minutes. The
resulting solid was collected by filtration 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] A mixture 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 filtered through Celite™ diatomaceous earth
filter agent to remove the catalyst. The resulting filtrate 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 trifluoroacetic acid followed
by 48 grams of trifluoromethanesulfonic 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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filtration. The solid was washed with 400 mL of saturated
aqueous sodium bicarbonate solution, followed by 1100 mL
of water until the filtrate 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 flushed 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 filtration and washed with water. The solid
was washed with tetrahydrofuran until a pale filtrate
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 filtration,
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-
zoyDterephthalic 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 filtered through Celite™
diatomaceous earth filter agent to remove the catalyst. The
filtrate was concentrated in vacuo to give 2,5-bis(4-hexyl-
benzyDterephthalic 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-
Yterephthalic acid, 25.6 grams of trifluoroacetic acid, and
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12.8 gram of trifluoromethanesulfonic acid was stirred over-
night at room temperature. The resulting mixture was poured
over 200 grams of ice. The solid was collected by filtration
and washed with saturated aqueous sodium bicarbonate
solution and then with 400 mL of water until the filtrate was
neutral to pH paper. The solid was dried to give 3,10-
dihexyl-7,14-dihydropentacene-5,12-dione.

[0080] Preparation of 2,9-Dihexylpentacene

[0081] A mixture of 20 grams of 3,10-dihexyl-7,14-dihy-
dropentacene-5,12-dione and 200 mL of 2-methoxyethyl
ether was stirred and flushed with nitrogen for 15 minutes.
To this was added 13.4 grams of sodium borohydride, and
stirring was continued at room temperature overnight. To the
resulting mixture was added 126 mL of methanol over 1.25
hours. The temperature increased to 40° C. and was main-
tained at 40° C. during the addition by intermittent appli-
cation of a cold water bath. When addition was complete
stirring was continued at room temperature. After stirring for
2 hours at room temperature an additional 50 mL of 2-meth-
oxyethyl ether was added. After stirring with methanol for a
total of 3.5 hours, 300 mL of acetic acid was added, and the
resulting mixture was heated to 60° C. for 1.5 hours. To the
mixture was added 100 mL of concentrated hydrochloric
acid and heating at 60° C. was continued for one hour. The
mixture was cooled to room temperature and the resulting
solid was collected by filtration and washed with 500 mL of
water. The solid was washed with 500 mL of acetone and
then 60 mL of tetrahydrofuran. The solid was washed with
an additional one liter of acetone and dried to give 2,9-
dihexylpentacene.

Example 4

Preparation of 2,9-Dinonylpentacene

[0082] Preparation
thalic Acid

of 2,5-Bis(4-nonylbenzoyl)tereph-

[0083] To a mixture of 1370 grams of aluminum chloride,
533.7 grams of benzene-1,2,4,5-tetracarboxylic acid dian-
hydride and 2750 mL of 1,2-dichloroethane stirred at 15° C.
was added a solution of 341.5 grams of N,N-diisopropyl-
ethylamine in 1334 mL of 1,2-dichloroethane over a period
of 3.5 hr, keeping the reaction temperature between 15° C.
and 20° C. The resulting reaction mixture was stirred
overnight at room temperature. The reaction mixture was
added to a mixture of 2500 grams of ice and 2500 mL of
concentrated hydrochloric acid with efficient stirring. The
mixture was divided into 800 mL portions and each portion
was worked up as follows. To 800 mL of the mixture was
added 800 mL of tetrahydrofuran, 800 mL of ethyl acetate
and 800 mL of water. The mixture was stirred and phase
split. The organic phase was filtered and the filtrate was
concentrated in vacuo. The resulting residues were com-
bined. To 711 grams of the combined residue was added 4
L of acetone and the mixture was stirred until a suspension
of a fine solid resulted. The solid was collected by filtration
and washed with 1 L of acetone. The solid was dried to give
2,5-bis(4-nonylbenzoylterephthalic acid.

[0084] Preparation of 2,5-Bis(4-nonylbenzyl)terephthalic
Acid

[0085] A mixture of 109 grams of 2,5-bis(4-nonylbenzoyl)
terephthalic acid, 1500 mL of tetrahydrofuran, and 7.43
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grams of 10% palladium on carbon (as a catalyst) was heated
at 65° C. for 17 hours in an atmosphere of hydrogen at 270
kPa. The reaction mixture was filtered through Celite™
diatomaceous earth filter agent to remove the catalyst. The
filtrate was concentrated in vacuo to give 2,5-bis(4-nonyl-
benzyDterephthalic acid.

[0086] Preparation of 7,14-Dihydro-3,10-dinonylpenta-
cene-5,12-dione

[0087] A mixture of 26.3 grams of 2,5-bis(4-nonylbenzyl)
terephthalic acid and 100 mL of trifluoromethanesulfonic
acid was heated to 60° C. and maintained for one hour. The
mixture was cooled to room temperature and poured over
500 grams of ice. The resulting solid was collected by
filtration and washed sequentially with one liter of water,
two liters of saturated aqueous sodium bicarbonate solution,
and four liters of water until the filtrate was neutral to pH
paper. The solid was washed with two liters of acetone and
dried to give 7,14-dihydro-3,10-dinonylpentacene-5,12-di-
one.

[0088] Preparation of 2,9-Dinonylpentacene

[0089] A mixture of 20 grams of 7,14-dihydro-3,10-di-
nonylpentacene-5,12-dione and 400 mL of 2-methoxyethyl
ether was stirred and flushed with nitrogen for 15 minutes.
To this was added 11.4 grams of sodium borohydride and
stirring was continued at 60° C. for 18 hours. The resulting
mixture was cooled to room temperature, 3.0 grams of
sodium borohydride was added, and stirring was continued
for 16 hours at room temperature. To the resulting mixture
was added 170 mL of acetic acid, and the mixture was
heated at 60° C. for one hour. To this mixture was added 120
mL of concentrated hydrochloric acid and heating was
continued at 60° C. for one hour. The resulting mixture was
cooled to room temperature and the resulting solid was
collected by filtration and dried to give 2,9-dinonylpenta-
cene.

Example 5

Preparation of 2,9-Didodecylpentacene

[0090] Preparation of 2,5-Bis(4-dodecylbenzoyl)tereph-
thalic Acid

[0091] To a mixture of 492 grams of aluminum chloride
and 988 mL of 1,2-dichloroethane was added 192 grams of
benzene-1,2,4,5-tetracarboxylic acid dianhydride (pyromel-
litic dianhydride). The resulting mixture was cooled to 16°
C. and a solution of 434 grams of 1-dodecylbenzene, 123
grams of diisopropylethylamine and 480 mL of 1,2-dichlo-
roethane was added over a period of 3.5 hours, keeping the
temperature between 15° C. and 20° C. during the addition.
The mixture was stirred overnight at room temperature and
poured into a beaker of 1000 grams of ice and 1000 grams
concentrated hydrochloric acid. The mixture was stirred for
one hour and the liquid was poured from the coagulate. The
mixture was divided into 800 mL portions and each portion
was worked up as follows. To 800 mL of the mixture was
added 800 mL of tetrahydrofuran, 800 mL of ethyl acetate
and 800 mL of water. The mixture was stirred and phase
split. The organic phase was filtered and the filtrate was
concentrated in vacuo. The resulting residues were com-
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bined. To 127 grams of the combined residue was added 800
mL of ethyl acetate and the resulting mixture was stirred
until a suspension of a fine solid resulted. The solid was
collected by filtration and washed with 50 mL of ethyl
acetate. The solid was dried to give 2,5-bis(4-dodecylben-
zoyDterephthalic acid.

[0092] Preparation of 2,5-Bis(4-dodecylbenzyl)tereph-
thalic Acid

[0093] A solution of 133 grams of 2,5-bis(4-dodecylben-
zoyDterephthalic acid and 1 L of tetrahydrofuran was treated
with 8 grams of 10% palladium on carbon (as a catalyst) and
heated to 65° C. for 17 hours in an atmosphere of hydrogen
at 270 kPa. The mixture was filtered through Celite™
diatomaceous earth filter agent to remove the catalyst. The
filtrate was concentrated in vacuo to give a solid. The solid
was triturated with ethyl acetate, and the residue was dried
to give 2,5-bis(4-dodecylbenzyl)terephthalic acid.

[0094] Preparation of 3,10-Didodecyl-7,14-dihydropenta-
cene-5,12-dione

[0095] A mixture of 22.7 grams of 2,5-bis(4-dodecylben-
zyDterephthalic acid and 80 mL of trifluoromethanesulfonic
acid was heated to 60° C. for one hour. The mixture was
cooled to room temperature and poured over 500 grams of
ice. The resulting precipitate was collected by filtration and
washed sequentially with one liter of water, two liters of
saturated aqueous sodium bicarbonate solution, and four
liters of water until the filtrate was neutral to pH paper. The
resulting solid was washed with two liters of acetone and
dried to give 3,10-didodecyl-7,14-dihydropentacene-5,12-
dione.

[0096] Preparation of 2,9-Didodecylpentacene

[0097] A mixture of 8.5 grams of 3,10-didodecyl-7,14-
dihydropentacene-5,12-dione and 250 mL of 2-methoxy-
ethyl ether was stirred and flushed with nitrogen for 15
minutes. To this was added 4.46 grams of sodium borohy-
dride. The resulting mixture was heated to 60° C. for 18
hours. The mixture was cooled to room temperature, and 42
mL of methanol was added slowly. The resulting mixture
was stirred at room temperature for 30 minutes. To this was
added 1.2 grams of sodium borohydride, and stirring was
continued at room temperature for 16 hours. To the resulting
mixture was added 60 mL of acetic acid, and the mixture
was heated at 60° C. for one hour. To this mixture was added
43 mL of concentrated hydrochloric acid, and heating was
continued at 60° C. for one hour. To the resulting mixture
was added 100 mL of water and the mixture cooled to room
temperature and the solid was collected by filtration and
dried to give 2,9-didodecylpentacene.

Example 6

Preparation of
1,2,3,4,10,11,12,13-Octahydroheptacene

[0098] Preparation of 2,5-Bis (5,6,7,8-tetrahydronaphtha-
lene-2-carbonylterephthalic Acid and 4,6-Bis(5,6,7,8-tet-
rahydronaphthalene-2-carbonyl)isophthalic Acid

[0099] A mixture of 250 grams of aluminum chloride, 500
mL of 1,2-dichloroethane, and 97.4 grams of benzene-1,2,
4,5-tetracarboxylic acid dianhydride (pyromellitic dianhy-
dride) was cooled to 15° C., and a solution of 124.1 grams
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of 1,2,3,4-tetrahydronaphthalene, 48.79 grams of triethy-
lamine, and 243 mL of 1,2-dichloroethane was added slowly
dropwise over a period of 1.5 hours keeping the temperature
between 15-20° C., followed by stirring overnight at room
temperature. The resulting mixture was poured into 1600
grams of ice and 400 grams of concentrated hydrochloric
acid and stirred for 20 minutes at room temperature. The top
aqueous layer was poured off, and the remaining mixture
was diluted with 2 L of ethyl acetate and stirred until a
homogeneous solution resulted. The resulting mixture was
phase split, and the organic phase was filtered. The organic
phase was washed with 600 mL of brine, dried over mag-
nesium sulfate, filtered, and concentrated in vacuo. To the
resulting residue was added 500 mL of isopropyl acetate,
and the resulting mixture was stirred at room temperature.
The residue was treated with additional isopropyl acetate
and heptane to crystallize the product. The resulting solid
product was isolated, washed with heptane, and dried to give
a mixture of 2,5-bis(5,6,7,8-tetrahydronaphthalene-2-carbo-
nyl)terephthalic acid and 4,6-bis(5,6,7,8-tetrahydronaphtha-
lene-2-carbonyl)isophthalic acid.

[0100] Preparation of 2,5-Bis(5,6,7,8-tetrahydronaphtha-
len-2-ylmethyDterephthalic Acid and 4,6-Bis(5,6,7,8-tet-
rahydronaphthalen-2-ylmethyl)isophthalic Acid

[0101] A mixture of 94.7 grams of 2,5-bis(5,6,7,8-tetrahy-
dronaphthalene-2-carbonyl)terephthalic acid and 4,6-bis(5,
6,7,8-tetrahydronaphthalene-2-carbonyl)isophthalic acid, 1
L of tetrahydrofuran, and 6 grams of 10% palladium on
carbon (as a catalyst) was heated at 65° C. for 17 hours in
an atmosphere of hydrogen at 270 kPa. The reaction mixture
was filtered through Celite™ diatomaceous earth filter agent
to remove the catalyst. The filtrate was concentrated in
vacuo to give a solid. The solid was triturated with ethyl
acetate, collected by filtration, and dried to give a mixture of
2,5-bis(5,6,7,8-tetrahydronaphthalen-2-ylmethyl)tereph-
thalic acid and 4,6-bis(5,6,7,8-tetrahydronaphthalen-2-ylm-
ethyl)isophthalic acid.

[0102] Preparation of 1,2,3,4,8,10,11,12,13,17-Decahy-
droheptacen-6,15-dione and 1,2,3,4,10,11,12,13-Octahydro-
heptacen-6,8(15H,17H)-dione

[0103] To a mixture of 35.3 grams of 2,5-bis(5,6,7,8-
tetrahydronaphthalen-2-ylmethyl)terephthalic acid and 4,6-
bis(5,6,7,8-tetrahydronaphthalen-2-ylmethyl)isophthalic
acid was added 120 grams of trifluoromethanesulfonic acid.
The mixture was stirred at room temperature for one hour
followed by heating to 60° C. for six hours. The mixture was
poured over 500 grams of ice. The resulting solid was
isolated by filtration and washed sequentially with 500 mL
of saturated aqueous sodium bicarbonate solution and 4 L of
water until the filtrate was neutral to pH paper. The solid was
dried to give a mixture of 1,2,3,4,8,10,11,12,13,17-decahy-
droheptacen-6,15-dione and 1,2,3,4,10,11,12,13-octahydro-
heptacen-6,8(15H,17H)-dione.

[0104] Preparation of 1,2,3,4,10,11,12,13-Octahydrohep-
tacene

[0105] A mixture of 1.0 gram of 1,2,3,4,8,10,11,12,13,17-
decahydroheptacen-6,15-dione and 1,2,3,4,10,11,12,13-0c-
tahydroheptacen-6,8(15H,17H)-dione and 20 mL of 2-meth-
oxyethyl ether was stirred and flushed with nitrogen for 15
minutes. To this was added 0.766 grams of sodium borohy-
dride. The resulting mixture was stirred overnight at room
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temperature. To the mixture was added 7.2 mL of methanol
and stirring was continued for 30 minutes. To the resulting
mixture was added 0.2 grams of sodium borohydride, and
stirring was continued at room temperature for 5 hours. The
resulting mixture was heated to 60° C. for one hour. To the
mixture was added 11.4 mL of glacial acetic acid and 7.3 mL.
of concentrated hydrochloric acid. The resulting mixture
was heated at 60° C. for one hour. To this mixture was added
20 mL of water and the resulting solid was collected by
filtration. The solid was washed with water followed by
acetone followed by tetrahydrofuran and dried to give
1,2,3,4,10,11,12,13-octahydroheptacene.

Example 7

Preparation of 2,9-Di-sec-butylpentacene

[0106] Preparation of 2,5-Bis(4-sec-butylbenzoyl)tereph-
thalic Acid

[0107] A mixture of 417 grams of aluminum chloride, 837
mL of 1,2-dichloroethane, and 162 grams of benzene-1,2,
4,5-tetracarboxylic acid dianhydride (pyromellitic dianhy-
dride) was stirred and cooled to 16° C. To the mixture was
added a solution of 200 grams of sec-butylbenzene, 104
grams of diisopropylethylamine and 140 mL of 1,2-dichlo-
roethane over a 3.5 hour period maintaining the reaction
temperature between 15° C. and 20° C. The resulting
mixture was stirred overnight at room temperature and
added slowly to 500 grams of ice and 500 mL of concen-
trated hydrochloric acid. The mixture was stirred for one
hour and the liquid poured from the coagulate. The coagu-
late was worked up in 500 mL portions as follows. To 500
mL of the coagulate was added 500 mL of water, 500 mL of
ethyl acetate and 500 mL of tetrahydrofuran. The mixture
was stirred until the solid dissolved and then phase split. The
organic phase was filtered and concentrated in vacuo. To 178
grams of the residue was added 178 mL of ethyl acetate and
1600 mL of heptane and the mixture was stirred until a
suspension of a fine solid formed. The solid was collected by
filtration and washed with a mixture of 60 mL of ethyl
acetate and 540 mL of heptane. The solid was treated with
982 mL of ethyl acetate and 392 mL of heptane and stirred.
The solid was collected by filtration and washed with a
mixture of 120 mL of ethyl acetate and 480 mL of heptane.
The solid was dried to give 2,5-bis(4-sec-butylbenzoyl)
terephthalic acid

[0108] Preparation of 2,5-bis(4-sec-butylbenzyl)tereph-
thalic Acid

[0109] A mixture of 120 grams of 2,5-bis(4-sec-butylben-
zoyDterephthalic acid, 1.5 L of tetrahydrofuran, and 9.65
grams of 10% palladium on carbon (as a catalyst) was heated
at 65° C. for 17 hours in an atmosphere of hydrogen at 270
kPa. The reaction mixture was filtered through Celite™
diatomaceous earth filter agent to remove the catalyst. The
filtrate was concentrated in vacuo to give a solid. The solid
was triturated with 10% ethyl acetate in heptane, collected
and dried to give 2,5-bis(4-sec-butylbenzyl)terephthalic
acid.

[0110] Preparation of 3,10-Di-sec-butyl-7,14-dihydropen-
tacene-5,12-dione

[0111] To five mL of trifluoromethanesulfonic acid was
added two grams of 2,5-bis(4-sec-butylbenzyl)terephthalic
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acid. The temperature was maintained between 16° C. and
25° C. during the addition. The mixture was stirred for five
days at room temperature. The mixture was poured over ice
and the solid was collected by filtration, washed with
saturated aqueous sodium bicarbonate and water until the
pH of the filtrate was neutral to pH paper. The solid was
dried to give 3,10-di-sec-butyl-7,14-dihydropentacene-5,12-
dione.

[0112] Preparation of 2,9-Di-sec-butylpentacene

[0113] A mixture of 2 grams of 3,10-di-sec-butyl-7,14-
dihydropentacene-5,12-dione and 45.3 mL of 2-methoxy-
ethyl ether was stirred and flushed with nitrogen for 15
minutes. To this was added 1.52 grams of sodium borohy-
dride and the mixture was heated to 60° C. overnight. The
mixture was cooled to room temperature. To the mixture was
added 0.4 grams of sodium borohydride and stirring was
continued for 30 minutes. To the mixture was added 15 mL
of isopropyl alcohol and stirring was continued at room
temperature for 5 hours. To the mixture was added 15 mL of
methanol. To the mixture was added one gram of sodium
borohydride and stirring was continued at room temperature.
To the mixture was added 16 mL of acetic acid and the
mixture was heated to 60° C. for one hour. To the mixture
was added 16 mL of concentrated hydrochloric acid and
heating was continued at 60° C. The solid was collected by
filtration and washed with water followed by ethyl acetate
and then acetone. The solid was dried to give 2,9-di-sec-
butylpentacene.

Example 8

Preparation of 1,4,8,11-Tetramethylpentacene

[0114] Preparation of 2,5-Bis(2,5-dimethybenzoyl)tereph-
thalic Acid

[0115] A mixture of 144 grams of benzene-1,2,4,5-tetra-
carboxylic acid dianhydride (pyromellitic dianhydride), 439
grams of aluminum chloride, and 915 grams of 1,2-dichlo-
roethane was cooled to 15° C. To this was added a mixture
of 140 grams of p-xylene, 109 grams of N,N-diisopropyl-
ethylamine, and 426 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 overnight at room
temperature, poured into 2876 grams of ice and 1078 mL
concentrated hydrochloric acid and stirred for one hour. The
organic layer was washed with 7 L of water. Three liters of
water was poured off and the mixture allowed to stand for 4
days, after which the remaining 3 L of water was poured off.
To the resulting residue was added 7 L of ethyl acetate and
3 L of tetrahydrofuran. The organic phase was separated and
concentrated in vacuo. To 92 grams of the residue was added
1910 mL of ethyl acetate and the mixture was heated to 77°
C. for one hour. The mixture was cooled to room tempera-
ture and the solid was collected by filtration and dried to give
2,5-bis(2,5-dimethybenzoyl)terephthalic acid.

[0116] Preparation of 2,5-Bis(2,5-dimethybenzyl)tereph-
thalic Acid

[0117] A mixture of 92 grams of 2,5-bis(2,5-dimethyben-
zoyDterephthalic acid in 1.5 L of tetrahydrofuran was treated
with 9.2 grams of 10% palladium on carbon (as a catalyst)
in an atmosphere of hydrogen at 270 kPa and 65° C. for 17
hours. The reaction mixture was filtered through Celite™
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diatomaceous earth filter agent to remove the catalyst. The
filtrate was concentrated in vacuo to give a solid. The solid
was triturated with ethyl acetate, collected by filtration, and
dried. To 75 grams of the solid was added 1250 grams of
acetic acid, and the resulting mixture was heated to 117° C.
for 30 minutes and cooled to room temperature. The result-
ing solid was collected by filtration and washed with acetic
acid followed by heptane. The resulting residue was dried to
give 2,5-bis(2,5-dimethybenzyl)terephthalic acid.

[0118] Preparation of 7,14-Dihydro-1,4,8,11-tetramethyl-
pentacene-5,12-dione

[0119] To 200 mL of trifluoromethanesulfonic acid cooled
to 18° C. was added slowly 53 grams of 2,5-bis(2,5-
dimethylbenzyDterephthalic acid in small portions as a solid
at a rate such that the temperature remained below 25° C.
The mixture was allowed to stir for 10 minutes and the
cooling bath was removed. The mixture was stirred over-
night at room temperature. The mixture was poured over 600
grams of ice and the resulting solid was collected by
filtration. The solid was washed with 1 L of water followed
by 500 mL of saturated aqueous sodium bicarbonate solu-
tion. The solid was washed with water until the pH of the
filtrate was neutral to pH paper. The solid was stirred for one
hour with 500 mL of tetrahydrofuran and collected by
filtration. The solid was washed with tetrahydrofuran and
dried to give 7,14-dihydro-1,4,8,11-tetramethylpentacene-5,
12-dione.

[0120] Preparation of 1,4,8,11-Tetramethylpentacene

[0121] A mixture of 1.0 grams of 7,14-dihydro-1,4,8,11-
tetramethylpentacene-5,12-dione and 10 mL of 2-methoxy-
ethyl ether was stirred and flushed with nitrogen for 15
minutes. To this was added 0.875 grams of sodium borohy-
dride and stirring was continued at room temperature over-
night. To the mixture was added 20 mL of 2-methoxyethyl
ether and 0.75 grams of sodium borohydride and heating
was continued overnight at 60° C. To the mixture was added
6.3 mL of methanol and 0.75 grams of sodium borohydride
and stirring was continued for 6 hours at room temperature.
To the mixture was added 15 mL of acetic acid and the
mixture was stirred for one hour at room temperature. To the
mixture was added 10 mL of concentrated hydrochloric acid
and the mixture was heated to 60° C. for 1.5 hours. The solid
was isolated by filtration, washed with water and dried to
give 1,4,8,11-tetramethylpentacene.

Example 9

Preparation of 1,2,3,4,8,9,10,11-Octamethylpenta-
cene-5,7(12H,14H)-dione

[0122] Preparation of 4,6-Bis(1,2,3,4,5-tetramethylben-
zoyl)isophthalic Acid

[0123] A mixture of 73 grams of benzene-1,2,4,5-tetracar-
boxylic acid dianhydride (pyromellitic anhydride), 188
grams of aluminum chloride, and 465 grams of 1,2-dichlo-
roethane was cooled to 15° C. To this was added a mixture
of 90 grams of 1,2,3,4-tetramethylbenzene, 46.8 gram of
N,N-diisopropylethylamine, and 183 mL of 1,2-dichloroet-
hane over a period of 3.5 hours keeping the temperature
between 15° C. and 20° C. The mixture was stirred overnight
at room temperature, poured into a mixture of 225 grams of
ice and 225 mL of concentrated hydrochloric acid and stirred
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for one hour. As much solution as possible was poured from
the coagulate. The coagulate was worked up in 100 mL
portions as follows. To 100 mL of the coagulate was added
600 mL of tetrahydrofuran and 300 mL of brine. The mixture
was stirred and phase split. The organic phase was filtered
and concentrated in vacuo. The combined residues were
treated with 2500 grams of acetic acid and heated to 117° C.
for 30 minutes. The mixture was cooled to room temperature
and the solid was collected by filtration and washed with
acetic acid and then heptane. The solid was dried to give
4,6-bis(1,2,3,4,5 tetramethylbenzoyl)isophthalic acid.

[0124] Preparation of 4,6-Bis(1,2,3,4,5-tetramethylben-
zyDisophthalic Acid

[0125] A mixture of 78.3 grams of 4,6-bis(1,2,3,4,5-tet-
ramethylbenzoyl)isophthalic acid, 1.5 L of tetrahydrofuran,
and 6.3 grams of 10% 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 filtered through
Celite™ diatomaceous earth filter agent to remove the
catalyst. The filtrate was concentrated in vacuo to give
4,6-bis(1,2,3,4,5-tetramethylbenzyl)isophthalic acid.

[0126] Preparation of 1,2,3,4,8,9,10,11-Octamethylpenta-
cene-5,7(12H,14H)-dione

[0127] To 339 grams of trifluoromethanesulfonic acid was
added 48 grams of 4,6-bis(1,2,3,4,5-tetramethylbenzyl)
isophthalic acid with cooling. The mixture was stirred at
room temperature overnight and then poured over 600 grams
of ice. The resulting solid was isolated by filtration and
washed sequentially with water, saturated aqueous sodium
bicarbonate, and water until the filtrate was neutral to pH
paper. The solid was dried to give 1,2,3,4,8,9,10,11-octam-
ethylpentacene-5,7(12H,14H)-dione.

Example 10

Preparation Process for Pentacene Including Step of
Using Trifluoromethanesulfonic Acid

[0128] Preparation of 2,5-Dibenzylterephthalic acid and
4,6-Dibenzylisophthalic Acid

[0129] To a mixture of 100 grams of 2,5-bis-benzoyl-
terephthalic acid and 4,6-dibenzoylisophthalic acid was
added 1.5 L of tetrahydrofuran and 10.4 grams of 10%
palladium on carbon (as a catalyst). This mixture was heated
to 65° C. for 17 hours in an atmosphere of hydrogen at 270
kPa. The resulting mixture was filtered through Celite™
diatomaceous earth filter agent to remove the catalyst. The
filtrate was concentrated in vacuo to give a mixture of
2,5-dibenzylterephthalic acid and 4,6-dibenzylisophthalic
acid.

[0130] Preparation of 7,14-Dihydropentacene-5,12-dione
and Pentacene-5,7(12H,14H)-dione

[0131] To 20 mL of trifluoromethanesulfonic acid cooled
to 7° C. was added 3.0 grams of a mixture of 2,5-dibenzyl-
terephthalic acid and 4,6-dibenzylisophthalic acid. The mix-
ture was stirred at room temperature for three hours and
poured over 50 grams of ice. The resulting solid was isolated
by filtration and washed sequentially with water, saturated
aqueous sodium bicarbonate, and water until the filtrate was
neutral to pH paper. The solid was dried to give a mixture of
7,14-dihydropentacene-5,12-dione and pentacene-5,7(12H,
14H)-dione.
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[0132] Preparation of Pentacene

[0133] A mixture of 1.0 gram of 7,14-dihydropentacene-
5,12-dione and pentacene-5,7(12H,14H)-dione, and 10 mL
of 2-methoxyethyl ether was stirred and flushed with nitro-
gen for 15 minutes. To this was added 1.03 grams of sodium
borohydride and stirring was continued at room temperature
overnight. To the mixture was added 10 mL of 2-methoxy-
ethyl ether and 6.3 mL of methanol and stirring was con-
tinued for 1.5 hours at room temperature. To the mixture was
added 15 mL of acetic acid and 10 mL of concentrated
hydrochloric acid. The mixture was stirred for one hour at
room temperature and heated to 60° C. for one hour. To the
mixture was added 50 mL of water, and the resulting solid
was isolated by filtration and washed with-water. The solid
was washed with tetrahydrofuran until a pale filtrate
resulted. The solid was washed with heptane and dried to
give pentacene.

Example 11

Preparation Process for Fluorenone
(9H-Fluoren-9-one) Using Trifluoromethanesulfonic
Acid
[0134] Preparation of Fluorenone (9H-Fluoren-9-one).

[0135] To 1.0 grams of 2-biphenylcarboxylic acid was
added 3 mL of trifluoromethanesulfonic acid. The sample
was maintained at room temperature for 2.5 hours The
mixture was poured over ice-water and extracted with ethyl
acetate. The organic phase was washed with a saturated
aqueous sodium bicarbonate solution until the aqueous
phase was basic. The aqueous phase was separated. The
organic phase was washed with water, dried over magne-
sium sulfate, and concentrated in vacuo to give 9H-fluoren-
9-one.

Comparative Example C1

Combining 2,5-Dibenzylterephthalic Acid,
4,6-Dibenzylisophthalic Acid, and Sulfuric Acid

[0136] To an 80 mg mixture of 2,5-dibenzylterephthalic
acid and 4,6-dibenzylisophthalic acid was added 3 grams of
concentrated sulfuric acid. The resulting mixture was stirred
at room temperature. After three hours the mixture contained
an impurity that was not present in the reaction mixture
containing trifluoromethanesulfonic acid and diben-
zylphthalic acids.

Comparative Example C2

Combining 2,5-Bis(4-methylbenzyl)terephthalic

Acid and Polyphosphoric Acid
[0137] A mixture of 0.2 grams of 2,5-bis(4-methylbenzyl-
terephthalic acid and 4 mL of polyphosphoric acid was
heated to 80° C. The solid did not dissolve completely, and
the mixture remained colorless. The viscous mixture was
heated for 2 hours at 80° C. The mixture was cooled to room
temperature and added to water. The solid was collected by
filtration, washed with hexane and dried to give recovered
starting material.

Comparative Example C3
Combining 2,5-Bis(4-methylbenzyl)terephthalic
Acid and Sulfuric Acid with Short Reaction Time

[0138] A mixture of 0.1 grams of 2,5-bis(4-methylbenzyl-
)terephthalic acid and 2 mL concentrated sulfuric acid was

May 22, 2003

stirred at room temperature for 34 minutes. The mixture was
poured over ice and the solid was collected by filtration to
give recovered starting material.

Comparative Example C4

Combining 2,5-Bis(4-methylbenzyl)terephthalic
Acid and Sulfuric Acid with Long Reaction Time

[0139] To an 80 mg sample of 2,5-bis(4-methylbenzyl-
Yterephthalic acid was added 3 grams of concentrated sul-
furic acid. The mixture was stirred at room temperature.
After remaining at room temperature for 24 hours the
reaction mixture contained approximately 20% of 7,14-
dihydro-3,10-dimethylpentacene-5,12-dione, 40% of 6-me-
thyl-3-(4-methylbenzyl)-10-0x0-9,10-dihydroanthracene-2-
carboxylic acid (the mono-cyclized intermediate) and 40%
of 2,5-bis(4-methylbenzyl)terephthalic acid (starting mate-
rial).

Comparative Example C5

Combining 2,5-Bis(4-nonylbenzyl)terephthalic Acid
and Sulfuric Acid

[0140] A mixture of 0.5 grams of 2,5-bis(4-nonylbenzyl-
)terephthalic acid in 10 mL of concentrated sulfuric acid was
heated to 65° C. After one hour at 65° C. an aliquot of the
mixture was quenched and only starting material was recov-
ered. No 7,14-dihydro-3,10-dinonylpentacene-5,12-dione
was formed after 24 hours at 65° C.

[0141] The complete disclosures of the publications cited
herein are incorporated by reference in their entirety as if
each were individually incorporated. Various modifications
and alterations to this invention will become apparent to
those skilled in the art without departing from the scope and
spirit of this invention. It should be understood that this
invention is not intended to be unduly limited by the
illustrative embodiments and examples set forth herein and
that such examples and embodiments are presented by way
of example only with the scope of the invention intended to
be limited only by the claims set forth herein as follows.

We claim:

1. A process for preparing pentacene derivatives compris-
ing the step of cyclizing at least one substituted bis(ben-
zyDphthalic acid to form the corresponding substituted
pentacenedione by using an acid composition comprising
trifluoromethanesulfonic acid, said substituted bis(ben-
zyDphthalic acid being selected from those represented by
the following general formulas:

Formula 1(a)
R® R!

R’ COH R?

RS HO,C R3

R’ R
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-continued
Formula 1(b)
R® R!
R’ HO,C CO,H R?
R6 O R3
R’ R*

wherein each R group is independently selected from the
group consisting of electron-donating groups, halogen
atoms, hydrogen atoms, and combinations thereof.

2. The process of claim 1 wherein each said R group is
independently selected from the group consisting of alkyl
groups, alkoxy groups, thioalkoxy groups, halogen atoms,
hydrogen atoms, and combinations thereof.

3. The process of claim 2 wherein each said R group is
independently selected from the group consisting of alkyl
groups, alkoxy groups, hydrogen atoms, and combinations
thereof.

4. The process of claim 3 wherein each said R group is
independently selected from the group consisting of alkyl
groups and hydrogen atoms.

5. The process of claim 4 wherein each said R group is
independently selected from the group consisting of methyl,
n-hexyl, n-nonyl, n-dodecyl, sec-butyl, 3,5,5-trimethyl-
hexyl, 2-ethylhexyl, and hydrogen.

6. The process of claim 1 wherein said R? and said R® of
said Formula 1(a) are independently selected from the group
consisting of electron-donating groups, halogen atoms, and
combinations thereof; and said R, R>, R*, R5, R”, and R® are
hydrogen atoms.

7. The process of claim 1 wherein said R* and said R” of
said Formula 1(b) are independently selected from the group
consisting of electron-donating groups, halogen atoms, and
combinations thereof; and said R, R>, R*, R>, RS, and R® are
hydrogen atoms.

8. The process of claim 6 wherein said electron-donating
group is selected from the group consisting of alkyl groups,
alkoxy groups, and thioalkoxy groups.

9. The process of claim 7 wherein said electron-donating
group is selected from the group consisting of alkyl groups,
alkoxy groups, and thioalkoxy groups.

10. The process of claim 8 wherein said R and said R® are
independently selected from the group consisting of alkyl
groups, alkoxy groups, and combinations thereof.

11. The process of claim 9 wherein said R* and said R” are
independently selected from the group consisting of alkyl
groups, alkoxy groups, and combinations thereof.

12. The process of claim 10 wherein said R* and said R®
are independently alkyl.

13. The process of claim 11 wherein said R* and said R”
are independently alkyl.

14. The process of claim 12 wherein said R* and said R®
are independently selected from the group consisting of
methyl, n-hexyl, n-nonyl, n-dodecyl, sec-butyl, 3,5,5-trim-
ethylhexyl, 2-ethylhexyl, and hydrogen.

15. The process of claim 13 wherein said R* and said R”
are independently selected from the group consisting of
methyl, n-hexyl, n-nonyl, n-dodecyl, sec-butyl, 3,5,5-trim-
ethylhexyl, 2-ethylhexyl, and hydrogen.

16. The process of claim 1 further comprising the step of
reducing said substituted pentacenedione to the correspond-
ing substituted pentacenediol.
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17. The process of claim 16 further comprising the step of
dehydrating said substituted pentacenediol to the corre-
sponding substituted pentacene.

18. The process of claim 1 further comprising the step of
preparing said substituted bis(benzyl)phthalic acid by (a)
reacting (1) at least one substituted benzene selected from
those represented by the following general formulas:

Formula 2(a)

Rl

RZ

R3
R4

Formula 2(b)

RS

RS

R7
R8

wherein each of the groups R* through R® is defined as in
claim 1; with (2) pyromellitic dianhydride (or a derivative of
pyromellitic dianhydride) to form a substituted bis(ben-
zoyD)phthalic acid; and (b) reducing said substituted bis(ben-
zoyDphthalic acid to the corresponding substituted bis(ben-
zyDphthalic acid.

19. The process of claim 17 further comprising the step of
preparing said substituted bis(benzyl)phthalic acid by (a)
reacting (1) at least one substituted benzene selected from
those represented by the following general formulas:

Formula 2(a)

Rl

RrR2

R3
R4

Formula 2(b)

RS

R6

R7
RS

wherein each of the groups R* through R® is defined as in
claim 1; with (2) pyromellitic dianhydride (or a derivative of
pyromellitic dianhydride) to form a substituted bis(ben-
zoyD)phthalic acid; and (b) reducing said substituted bis(ben-
zoyDphthalic acid to the corresponding substituted bis(ben-
zyDphthalic acid.

20. A process for preparing pentacene derivatives com-
prising the steps of (a) reacting (1) at least one substituted
benzene selected from those represented by the following
general formulas:
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Formula 2(a)
Rl
RZ
R3
R4
Formula 2(b)
RS
R6
R’
RS

wherein each of the groups R* through R® is independently
selected from the group consisting of alkyl groups and
hydrogen atoms; with (2) pyromellitic dianhydride (or a
derivative of pyromellitic dianhydride) to form a substituted
bis(benzoyl)phthalic acid; (b) reducing said substituted bis-
(benzoyl)phthalic acid to the corresponding substituted bis-
(benzyDphthalic acid; (c) cyclizing said substituted bis(ben-
zyDphthalic acid to form the corresponding substituted
pentacenedione by using an acid composition comprising
trifluoromethanesulfonic acid; (d) reducing said substituted
pentacenedione to the corresponding substituted pentacene-
diol; and (e) dehydrating said substituted pentacenediol to
the corresponding substituted pentacene.

21. A process for preparing a diaryl cyclic ketone com-
prising the step of cyclizing a diaryl carboxylic acid com-
prising at least two aromatic rings, one said ring having at
least one aromatic ring carbon atom that is directly bonded
to a carboxylic acid moiety, and another said ring having at
least one aromatic ring carbon atom that is capable of
undergoing aromatic electrophilic substitution with said
carboxylic acid moiety; said cyclizing being effected by
using an acid composition comprising trifluoromethane-
sulfonic acid.

22. The process of claim 21 wherein said diaryl carboxy-
lic acid is 2,5-dibenzylterephthalic acid or 4,6-dibenzyl-
isophthalic acid.

23. The process of claim 21 wherein said diaryl carboxy-
lic acid is substituted.

24. Substituted pentacenedione compounds represented
by the following general formulas:

Formula 3(a)

R® o] R!
R7 RZ
R6 l I l I R3
RS 0o R4  Formula 3(b)
RS 0 0 R!
R’, l R?
RS I l I R?
R® R
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wherein each R group is independently selected from the
group consisting of electron-donating groups, halogen
atoms, hydrogen atoms, and combinations thereof.

25. The compounds of claim 24 wherein each said R
group is independently selected from the group consisting of
alkyl groups and hydrogen atoms.

26. Substituted bis(benzyl)phthalic acid compounds rep-
resented by the following general formulas:

Formula 1(a)

RS R!
R’ CO,H R?
R® HO,C R?
R® R*
Formula 1(b)
RS R!

HO,C CO,H R?

=, =,
=
%

R® R*

wherein each R group is independently selected from the
group consisting of electron-donating groups, halogen
atoms, hydrogen atoms, and monovalent combinations
thereof.

27. The compounds of claim 25 wherein each said R
group is independently selected from the group consisting of
alkyl groups and hydrogen atoms.

28. Substituted bis(benzoyl)phthalic acid compounds rep-
resented by the following general formulas:

Formula 4(a)

RS 0 R!
R’ COoH R2
6 l l 3
R HO,C R
R® o R*
Formula 4(b)
RS R!
R HO,C CO,H R2
R6 l l R3
R® 0 0 R*

wherein each R group is independently selected from the
group consisting of hydrogen atoms and alkyl groups having
at least two carbon atoms.



