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(57) ABSTRACT 

A compound represented by the following formula (1): 

Chemical Formula 1 

(1) 

Ari Ar 

wherein Ar", Ari and Areach independently represent an 
aryl group or a monovalent heterocyclic group; the aryl group 
or the monovalent heterocyclic group represented by Ar" has 
an aryl group, a monovalentalicyclic hydrocarbon group or a 
monovalent heterocyclic group at one position adjacent to the 
atom that forms Ar' and is bonded to a carbon atom forming 
the benzene ring Q; the aryl group or the monovalent hetero 
cyclic group represented by Ari has an aryl group, a monova 
lent alicyclic hydrocarbon group or a monovalent heterocy 
clic group at one position adjacent to the atom that forms Ar 
and is bonded to a carbon atom forming the benzene ring Q; 
the aryl group or the monovalent heterocyclic group repre 
sented by Ar has an aryl group, a monovalentalicyclic hydro 
carbon group or a monovalent heterocyclic group at one posi 
tion adjacent to the atom that forms Ar and is bonded to a 
carbon atom forming the benzene ring Q. 
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TR-SUBSTITUTEDAROMATIC COMPOUND 

TECHNICAL FIELD 

0001. The present invention relates to a tri-substituted aro 
matic compound and a method for producing it. 

BACKGROUND ART 

0002 Aromatic compounds exhibit a charge transport 
property by the use of conjugate planes, and they are therefore 
useful as materials for production of organic ELS, organic 
transistors and the like. Of these, compounds having a con 
centrically extending structure around a single atom or a 
single molecule as the centerare particularly useful as organic 
semiconductor layers for organic transistors, because they 
exhibit self-aggregation and orientation properties, and 
charge transport properties in the conjugate planes. Such 
compounds have been proposed, such as those represented by 
the following formula, for example (Patent document 1). 

Chemical Formula 1 

0003 Patent document 1 Japanese Unexamined Patent 
Application Publication No. 2007-256753 

DISCLOSURE OF THE INVENTION 

Problems to be Solved by the Invention 
0004. The aforementioned compounds, however, do not 
have Sufficient charge injection and transport properties. 
0005. It is an object of the present invention to provide 
compounds with excellent charge injection and transport 
properties, as well as a method for producing them. 

Means for Solving the Problems 
0006. The invention provides, firstly, a compound repre 
sented by the following formula (1). 

Chemical Formula 2) 

(1) 

Ar Ar2 

0007. In the formula, Ar", Ar and Areach independently 
represent an aryl group or a monovalent heterocyclic group. 
The aryl group or the monovalent heterocyclic group repre 
sented by Ar" has an aryl group, a monovalentalicyclic hydro 
carbon group or a monovalent heterocyclic group at one posi 
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tion adjacent to the atom that forms Ar' and is bonded to a 
carbon atom forming the benzene ring Q. The aryl group or 
the monovalent heterocyclic group represented by Ari has an 
aryl group, a monovalent alicyclic hydrocarbon group or a 
monovalent heterocyclic group at one position adjacent to the 
atom that forms Ar and is bonded to a carbon atom forming 
the benzene ring Q. The aryl group or the monovalent hetero 
cyclic group represented by Ar has an aryl group, a monova 
lent alicyclic hydrocarbon group or a monovalent heterocy 
clic group at one position adjacent to the atom that forms Ar 
and is bonded to a carbon atom forming the benzene ring Q. 
0008. The invention provides, secondly, a method for pro 
ducing a compound represented by any of the following for 
mulas (3-1) to (3-3), which comprises making the compound 
undergo a cyclization reaction in the presence of an acid or a 
base. 

Chemical Formula 3 

(3-1) 
O 

ul-K 
(3-2) 

O 

w-( 
(3-3) 

O 

0009. In the formulas, Ar'*, Ar’ and Areach indepen 
dently represent an aryl group or a monovalent heterocyclic 
group. The aryl group or the monovalent heterocyclic group 
represented by Ar'* has an aryl group, a monovalentalicyclic 
hydrocarbon group or a monovalent heterocyclic group at one 
position adjacent to the atom that forms Ar"* and is bonded to 
the acetyl group. The aryl group or the monovalent heterocy 
clic group represented by Ari has an aryl group, a monova 
lent alicyclic hydrocarbon group or a monovalent heterocy 
clic group at one position adjacent to the atom that forms Ar 
and is bonded to the acetyl group. The aryl group or the 
monovalent heterocyclic group represented by Ari has an 
aryl group, a monovalent alicyclic hydrocarbon group or a 
monovalent heterocyclic group at one position adjacent to the 
atom that forms Ar and is bonded to the acetyl group. 

EFFECT OF THE INVENTION 

0010. The compounds of the invention have excellent 
charge injection and transport properties. In addition, the 
compounds of the invention generally have excellent stability 
in air, light stability, acid resistance and heat resistance. 
According to the production method of the invention it is 
possible to easily produce the compounds described above. 

BEST MODES FOR CARRYING OUT THE 
INVENTION 

0011. The invention will now be explained in detail. 
0012 <Compounds 
0013. In the above formula (1), the aryl groups represented 
by Ar", Ar and Arhave a carbon number of usually 6-60 and 
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preferably 6-20. Examples of aryl groups include a phenyl 
group, a naphthalenyl group, an anthracenyl group, a biphe 
nyl group, a fluorenyl group, a triphenyl group, a stilbene-yl 
group, a distilbene-yl group, a phenanthrene-yl group, a 
pyrene-yl group and a perylene-yl group. 
0014. In the above formula (1), the monovalent heterocy 
clic groups represented by Ar", Ar and Ar have a carbon 
number of usually 3-60 and preferably 3-20. Examples of 
monovalent heterocyclic groups include a thienyl group, a 
thiophenesulfone-yl group, a thiophene Sulfoxide-yl group, a 
pyrrolyl group, a furyl group, a pyridyl group, a thiazolyl 
group, an oxazolyl group, a thiadiazolyl group, a diazaphe 
nylene-yl group, a quinoline-yl group, a quinoxaline-yl group 
and a phenanthroline-yl group. 
0015. In the above formula (1), Ar", Ar and Arare pref 
erably all monovalent heterocyclic groups from the viewpoint 
of the electron properties of the molecule, and in consider 
ation of planarity of the molecule, all of the heterocyclic rings 
composing the monovalent heterocyclic groups are more 
preferably 5-membered rings, with the heterocyclic rings 
being most preferably, and each independently, a thiophene 
ring, a furan ring, a pyrrole ring, a thiazole ring or an oxazole 
ring. 
0016. The aryl groups and the monovalent heterocyclic 
groups which the aryl groups and the monovalent heterocy 
clic groups represented by Ar", Ar’ and Arhave on one of the 
positions adjacent to the atoms that form Ar", Ari and Arand 
are bonded to carbon atoms of the benzene ring Q, are the 
same as those mentioned in the explanation of the aryl group 
above. 
0017. The monovalent alicyclic hydrocarbon groups 
which the aryl groups or the monovalent heterocyclic groups 
represented by Ar", Ari and Arhave on one position adjacent 
to the atoms that form Ar", Ari, Arand are bonded to carbon 
atoms forming the benzene ring Q, have a carbon number of 
usually 3-60 and preferably 6-20. Examples of such monova 
lent alicyclic hydrocarbon groups include a cyclopropane-yl 
group, a cyclobutane-yl group, a cyclopentane-yl group, a 
cyclohexane-yl group, a cycloheptane-yl group, a cyclooc 
tane-yl group, a cyclononane-yl group and a cyclodecane-yl 
group. 
0018. The atoms of the aryl group or the monovalent het 
erocyclic group represented by Ar", Ar and Ar, other than 
the aforementioned adjacent positions, optionally have Sub 
stituents such as an alkyl group, analkoxy group, an alkylthio 
group, an alkylamino group, an aryl group, an aryloxy group. 
an arylalkyl group, an arylalkoxy group, an arylamino group, 
a monovalent heterocyclic group or a cyano group, or a fluo 
rine atom. 
0019. The alkyl group may be straight-chain, branched or 
cyclic, and the number of carbon atoms will generally be 
about 1-20. Examples of the alkyl group include a methyl 
group, an ethyl group, a propyl group, an i-propyl group, a 
butyl group, an i-butyl group, a t-butyl group, a S-butyl group, 
a pentyl group, a hexyl group, a cyclohexyl group, a heptyl 
group, an octyl group, a 2-ethylhexyl group, a nonyl group, a 
decyl group, a 3.7-dimethyloctyl group and a lauryl group, 
with a methyl group, a pentyl group, a hexyl group, an octyl 
group, a 2-ethylhexyl group, a decyl group and a 3.7-dim 
ethyloctyl group being preferred. 
0020. The alkoxy group may be straight-chain, branched 
or cyclic, and the number of carbon atoms will generally be 
about 1-20. Examples of the alkoxy group include a methoxy 
group, an ethoxy group, a propyloxy group, an i-propyloxy 
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group, abutoxy group, an i-butoxy group, a t-butoxy group, a 
S-butoxy group, a pentyloxy group, a hexyloxy group, a 
cyclohexyloxy group, a heptyloxy group, an octyloxy group, 
a 2-ethylhexyloxy group, a nonyloxy group, a decyloxy 
group, a 3.7-dimethyloctyloxy group and a lauryloxy group, 
with a pentyloxy group, a hexyloxy group, an octyloxy group, 
a 2-ethylhexyloxy group, a decyloxy group and a 3.7-dim 
ethyloctyloxy group being preferred. 
0021. The alkylthio group may be straight-chain, 
branched or cyclic, and the number of carbon atoms will 
generally be about 1-20. Examples of the alkylthio group 
include a methylthio group, an ethylthio group, a propylthio 
group, an i-propylthio group, abutylthio group, an i-butylthio 
group, a t-butylthio group, a S-butylthio group, a pentylthio 
group, a hexylthio group, a cyclohexylthio group, a hep 
tylthio group, an octylthio group, a 2-ethylhexylthio group, a 
nonylthio group, a decylthio group, a 3.7-dimethyloctylthio 
group and a laurylthio group, with a pentylthio group, a 
hexylthio group, an octylthio group, a 2-ethylhexylthio 
group, a decylthio group and a 3.7-dimethyloctylthio group 
being preferred. 
0022. The alkylamino group may be straight-chain, 
branched or cyclic, and either a monoalkylamino group or 
dialkylamino group, and the number of carbon atoms will 
generally be about 1-40. Examples of the alkylamino group 
include a methylamino group, a dimethylamino group, an 
ethylamino group, a diethylamino group, a propylamino 
group, an i-propylamino group, abutylamino group, an i-bu 
tylamino group, a t-butylamino group, a S-butylamino group, 
a pentylamino group, a hexylamino group, a cyclohexy 
lamino group, a heptylamino group, an octylamino group, a 
2-ethylhexylamino group, anonylamino group, a decylamino 
group, a 3.7-dimethyloctylamino group and a laurylamino 
group, with a dimethylamino group, a dihexylamino group 
and a dioctylamino group being preferred. 
0023 The aryloxy group will generally have about 6-60 
carbon atoms. Examples of the aryloxy group include a phe 
noxy group, a C-C alkoxyphenoxy group (where "C-C, 
alkoxy' means the C1-12 alkoxy portion, same hereunder), a 
C-C alkylphenoxy group (where "C-C alkyl means the 
C1-12 alkyl portion, same hereunder), a 1-naphthyloxy group 
and a 2-naphthyloxy group, with a C-C alkoxyphenoxy 
group and a C-C alkylphenoxy group being preferred. 
0024. The arylalkyl group will generally have about 7-60 
carbon atoms. Examples of the arylalkyl group include a 
phenyl-C-C alkyl group, a C-C alkoxyphenyl-C-C2 
alkyl group, a C-C alkylphenyl-C-C alkyl group, a 
1-naphthyl-C-C alkyl group and a 2-naphthyl-C-C, 
alkyl group, with a C-C alkoxyphenyl-C-C alkyl group 
and a C-C alkylphenyl-C-C alkyl group being pre 
ferred. 
0025. The arylalkoxy group will generally have about 
7-60 carbonatoms. Examples of the arylalkoxy group include 
a phenyl-C-C alkoxy group, a C-C alkoxyphenyl-C- 
C alkoxy group, a C-C alkylphenyl-C-C alkoxy 
group, a 1-naphthyl-C-C alkoxy group and a 2-naphthyl 
C-C alkoxy group, with a C-C alkoxyphenyl-C-C2 
alkoxy group and a C-C alkylphenyl-C-C alkoxy group 
being preferred. 
0026. The arylamino group will generally have about 6-60 
carbon atoms. Examples of the arylamino group include a 
phenylamino group, a diphenylamino group, a C-C alkox 
yphenylamino group, a di(C-C alkoxyphenyl)amino 
group, a di(C-C alkylphenyl)amino group, a 1-naphthy 
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lamino group and a 2-naphthylamino group, with a C-C2 
alkylphenylamino group and a di(C-C alkylphenyl)amino 
group being preferred. 
0027. These aryl groups and these monovalent heterocy 
clic groups have the same meaning as above. 
0028. In the aryl groups or the monovalent heterocyclic 
groups represented by Ar", Ar and Ar, the atoms other than 
the adjacent positions preferably have a hydrogen atom, an 
alkyl group, an alkoxy group or an alkylthio group, from the 
viewpoint of solubility in the solvent, and they preferably 
have an alkyl group, an alkoxy group or an alkylthio group 
from the viewpoint of molecular heat resistance. From con 
siderations of self-orientation and cohesion of the molecule, 
these substituents are preferably all identical. 
0029. The compounds represented by the above formula 
(1) are preferably represented by any of the following formu 
las (2-1) to (2-4), and from the viewpoint of easier synthesis, 
compounds represented by the formula (2-1) or (2-2) are 
preferred. 

Chemical Formula 4 

(2-1) 

(2-2) 

(2-3) 

N Air 

Arl2 

/N N1 N 
le S. 
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-continued 
(2-4) 

0030. In the formulas, X, X and X each independently 
represent —S(=O)—, S(=O) , —O— or N(R) 
R represents a hydrogen atom, an alkyl group, an alkoxy 
group, an alkylthio group, an alkylamino group, an aryl 
group, an aryloxy group, an arylalkyl group, an arylalkoxy 
group, an arylamino group, or a monovalent heterocyclic 
group. Art, Ari, Ar., Ar", Ar., Ar., Ar'', Ar'', Ar", Art, Ar" 
and Ar" each independently represent an aryl group or a 
monovalent heterocyclic group. 
0031. The aryl groups or the monovalent heterocyclic 
groups represented by Art, Ar. Ar. Ar", Ar. Ar., Ar', Ar', 
Ar'’. Ar", Ar" and Ar" optionally have substituents such as 
an alkyl group, an alkoxy group, an alkylthio group, an alky 
lamino group, an aryl group, an aryloxy group, an arylalkyl 
group, an arylalkoxy group, an arylamino group, a monova 
lent heterocyclic group or a cyano group, or a fluorine atom. 
The atoms in these groups are the same as explained for the 
substituents mentioned above. 
0032. From the viewpoint of molecular planarity, the aryl 
groups and the monovalent heterocyclic groups represented 
by Art, Ari, Ar, Ar”, Ari, Ar, Art, Arl', Art?, Art, Arland 
Ar' preferably have no alkyl group, alkoxy group, alkylthio 
group oralkylamino group at the position adjacent to the atom 
bonded to the atom of the heterocyclic 5-membered ring, such 
as a pyrrole ring, among the atoms that form the aryl group or 
the monovalent heterocyclic group. 
0033 Art, Ar, Ar, Ar", Ar, Ar, Art, Ar'', Ar?, Art, 
Ar" and Ar" are preferably all identical from the viewpoint 
of molecular symmetry and self-orientation. 
0034. From the viewpoint of charge injection and trans 
port properties, X, X and X are preferably —S , 
—S(=O)— or —S(=O)—. They are most preferably 
—S—. 
0035. The following are examples of compounds repre 
sented by the above formula (2-1). 

Chemical Formula 5 
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-continued -continued   
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-continued -continued 
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-continued -continued 

0036. The following are examples of compounds repre 
sented by the above formula (2-2). 

Chemical Formula 6 
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-continued -continued 
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0037. The following are examples of compounds repre 
-continued sented by the above formula (2-3). 

C6H13 

Chemical Formula 7 

  



Feb. 3, 2011 US 2011/0028739 A1 
10 
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-continued -continued 

0038. The following are examples of compounds repre 
sented by the above formula (2-4). 

Chemical Formula 8 
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-continued -continued 
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-continued 

0039 <Production Methodi> 
0040. The compounds of the invention may be produced 
by any method, and for example, the compounds represented 
by the above formulas (3-1) to (3-3) can be easily produced by 
a method comprising cyclization reaction in the presence of 
an acid or a base. In the above formulas (3-1) to (3-3), Ar"*, 
Ar and Arare, specifically, the same as explained for Ar", 
Arand Arabove. 
0041. Examples of acids include an acetic acid, a hydro 
chloric acid, a Sulfuric acid, a nitric acid, a methanesulfonic 
acid, a para-toluenesulfonic acid, a trichloroacetic acid, a 
trifluoroacetic acid, a thionyl chloride, a chlorosilane, a 
dichlorosilane, a trichlorosilane and a tetrachlorosilane. 
0042 Examples of bases include a sodium carbonate, a 
potassium carbonate, a sodium hydroxide, a potassium 
hydroxide, a cesium fluoride, a lithium aluminum hydride, a 
calcium hydride, a sodium hydride and a lithium diisopropy 
lamide. 

0043 Preferred among these acids and bases, from the 
viewpoint of reactivity, are a chlorosilane, a dichlorosilane, a 
trichlorosilane and a tetrachlorosilane, with a tetrachlorosi 
lane being more preferred. 
0044) The amount of acid or base used will usually be 
100-5000 mol%, preferably 150-2000 mol% and more pref 
erably 200-1000 mol %, with respect to the total amount of 
compounds represented by the above formulas (3-1) to (3-3). 
0045. The cyclization reaction is preferably carried out in 
the presence of a solvent. The solvent may be inert to the 
cyclization reaction, and examples thereof include toluene, 
xylene, mesitylene, tetrahydrofuran, DMF (dimethylforma 
mide), dioxane, methanol, ethanol. 1-propanol, isopropanol, 
butanol, acetonitrile and NMP (1-methyl-2-pyrrolidone), 
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with methanol, ethanol. 1-propanol, isopropanol being pre 
ferred and ethanol being more preferred, from the viewpoint 
of improving the yield. 
0046. The amount of solvent used will usually be 1-100 
fold, and is preferably 2-20 fold, with respect to the total 
amount of compounds represented by the above formulas 
(3-1) to (3-3). 
0047. The container used for the cyclization reaction may 
be dried or not dried, but it is preferably heat-dried just before 
start of the reaction. More preferably, the solvent is added 
after adding the starting materials and Subsequent nitrogen 
exchange. 
0048. The acid or base may be added directly, or dropwise, 
into the container in which the compounds represented by any 
of the above formulas (3-1) to (3-3) and the solvent have been 
mixed, or it may be dissolved in the solvent, but it is prefer 
ably added dropwise from the viewpoint of improving the 
yield. 
0049. The reaction temperature for the cyclization reac 
tion is below the boiling point of the solvent, and it is prefer 
ably -100 to 50° C., more preferably-20 to 30°C., and most 
preferably -10 to 20° C. 
0050. Upon completion of the cyclization reaction, for 
example, the obtained reaction mixture may be placed in 
water, an organic solvent Such as toluene, ethyl acetate, 
diethyl ether or dichloromethane used for extraction, and the 
obtained organic layer concentrated to obtain the target com 
pound represented by the above formula (1). If necessary, it 
may be purified by column chromatography, recrystalliza 
tion, distillation or the like. 
0051. When the compound represented by the above for 
mula (2-1), (2-2), (2-3), (2-4), as the compound of the inven 
tion, is oxidized with an oxidizing agent or the like, it is 
possible to obtain a compound represented by the following 
formula (4-1), (4-2), (4-3), (4-4), (4-5), (4-6), (4-7), having 
more excellent charge injection and transport properties. 

Chemical Formula 9 

(4-1) 

(4-2) 
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-continued 
(4-3) 

(4-4) 

Cy 
N Arlo 

Ar2" 

/N N. N. 
le Arll S. 

(4-5) 

/ \ 
N Ar10" 

Ar12" 

(4-6) 

(4-7) 

I0052. In the formulas, X-X have the same meanings as 
explained above. Ar*, Ark, Ark, Ar’*, Ark, Ar”, Ar*, 
Ar'*, Ark, Ark, Ar' and Ar": each independently 
represent an arylene group or a divalent heterocyclic group. 
Ar’88, Ar: 3, Ar: *, Arlo: *, Aril 88, Arl288, Arl38, Arl+** 
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and Ar"** each independently represent a trivalent aromatic 
hydrocarbon group or a trivalent heterocyclic group. 
0053. In the above formula (4-1), (4-2), (4-4), (4-6), the 
arylene groups and the divalent heterocyclic groups repre 
sented by Ar-Ar are specifically, the examples of aryl 
groups and monovalent heterocyclic groups mentioned for 
Ar-Ar" above, with one hydrogen atom removed. 
0054. In the above formula (4-3), (4-5), (4-7), the trivalent 
aromatic hydrocarbon groups and the trivalent heterocyclic 
groups represented by Ar-Ar' are specifically, the 
examples of aryl groups and monovalent heterocyclic groups 
mentioned for Ar-Ar" above, with two hydrogen atoms 
removed. 

0055 As oxidizing agents there may be mentioned halides 
of transition metals, such as FeCls, FeBr, V(O)F, CuCl2. 
PdCl2 and MnCls, as well as their acetic acid salts, nitric acid 
salts and Sulfuric acid salts; halides of typical metals. Such as 
AlCl, AlBr, MgCl, MgBr, ZnCl2, TeCl, BBr, BC1 and 
BFs, as well as their acetic acid salts, nitric acid salts and 
Sulfuric acid salts; and catalysts with palladium, platinum or 
the like Supported on carbon. 
0056. The following are examples of compounds repre 
sented by the above formula (4-1). 

Chemical Formula 10 
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-continued -continued   
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-continued -continued 

0057 The following are examples of compounds repre 
sented by the above formula (4-2). 

Chemical Formula 11 
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-continued -continued 
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-continued -continued 
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-continued -continued 

0058. The following are examples of compounds repre 
sented by the above formula (4-3). 

Chemical Formula 12 
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-continued -continued 
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-continued -continued 

0059. The following are examples of compounds repre 
sented by the above formula (4-4). 

Chemical Formula 13 
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-continued -continued 
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-continued -continued 

0060. The following are examples of compounds repre 
sented by the above formula (4-5). 

Chemical Formula 14 
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-continued -continued 
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0061 The following are examples of compounds repre 
sented by the above formula (4-6). -continued 

Chemical Formula 15 
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-continued -continued 
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0062. The following are examples of compounds repre 
sented by the above formula (4-7). -continued 
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-continued 
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-continued 

0063 Preferred among these are compounds represented 
by the above formula (4-1), (4-2), (43). and from the view 
point of charge injection properties, X, X, X in the com 
pounds represented by the above formulas (4-1), (4-2), (4-3) 
are more preferably all—S , —S(=O)— or —S(=O) , 
and most preferably —S . In consideration of stability of the 
molecular structure, Ar-Ar' are preferably all phenyl 
groups. 
0064 <Use> 
0065. The compounds of the invention are useful as mate 
rials for agricultural chemicals, medicines and other indus 
trial products and as organic semiconductor materials, and 
they are particularly useful as materials for organic transis 
tors, organic electric field light emitting elements, organic 
thin-film Solar cells, sensors and the like. 

EXAMPLES 

0066. The present invention will now be further explained 
by examples, with the understanding that the examples are 
not limitative on the invention in any way. 
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Example 1 
Synthesis of 1,3,5-tris3'-(2-phenyl)-thiophenylben 

Zee 

0067. A 5 mL two-necked flask, a TeflonTM-coated mag 
netic stirrer and a blowing tube were placed in a dry oven and 
heated. After thorough heating, the magnetic stirrer was 
placed in the flask that had been removed from the dry oven, 
and the blowing tube was attached. The blowing tube was 
connected to a pressure reduction/nitrogen line and the entire 
reactor was exchanged with nitrogen. After allowing the reac 
tor to cool to room temperature, 3-acetyl-2-phenylthiophene 
(0.50 mmol. 101.6 mg) was placed therein, nitrogen exchange 
was performed, and then ethanol (1.25 mL) was added. The 
reactor was cooled to 0°C., and tetrachlorosilane (0.29 mL, 
2.5 mmol) was added dropwise. Upon completion of the 
dropwise addition, the reactor was returned to room tempera 
ture and reaction was conducted for 7 hours. Water was added 
to the reactor to halt the reaction. The obtained aqueous layer 
was extracted with dichloromethane, and then the obtained 
organic layer was rinsed with brine. 
0068. Magnesium sulfate was added to the obtained 
organic layer, which was then thoroughly dried. The obtained 
product was isolated by silica gel column chromatography 
(eluent:hexane:ethyl acetate=40:1), to obtain 1,3,5-tris 3'- 
(2'-phenyl)-thiophenylbenzene represented by the following 
formula: 

Chemical Formula 17 

at a yield of 67%. 
0069 H NMR (CDC1) 86.742 (d. J=5.1 Hz, 3H, ArH), 
7.048 (s.3H, ArH), 7.206 (d. J=5.1,3H, ArH), 7.26-7.29 (m, 
15H, ArH) 
0070 °C NMR (CDC1) 8123.848, 127.328, 128.266, 
128.521, 129.229, 130.076, 134,116, 136.675, 137.637, 138. 
682 
(0071 IR (KBr)3102 m, 3055 m, 1594 m, 1534 w, 1491 m, 
1444 m, 1354 w, 1073 w, 1031 w,948 w,906 w, 877 m, 841 
m, 761 s, 728 m, 712 m, 694 s, 665 m, 655 m, 615 w, 584 w, 
542 w cm 

Example 2 
Synthesis of 1,3,5-tris2'-(5'-hexyl-3'-phenyl)- 

thiophenylbenzene 

0072 A 5 mL two-necked flask, a TeflonTM-coated mag 
netic stirrer and a blowing tube were placed in a dry oven and 
heated. After thorough heating, the magnetic stirrer was 
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placed in the flask that had been removed from the dry oven, 
and the blowing tube was attached. The blowing tube was 
connected to a pressure reduction/nitrogen line and the entire 
reactor was exchanged with nitrogen. After allowing the reac 
tor to cool to room temperature, 2-acetyl-3-phenyl-5-hexy 
lthiophene (0.60 mmol. 171.4 mg) was placed therein, nitro 
gen exchange was performed, and then ethanol (1.0 mL) was 
added. The reactor was cooled to 0°C., and tetrachlorosilane 
(0.37 mL, 3.2 mmol) was added dropwise. Upon completion 
of the dropwise addition, the reactor was returned to room 
temperature and reaction was conducted for 72 hours. Water 
was added to the reactor to halt the reaction. The obtained 
aqueous layer was extracted with dichloromethane, and then 
the obtained organic layer was rinsed with brine. Magnesium 
Sulfate was added to the obtained organic layer, which was 
then thoroughly dried. The obtained product was isolated by 
silica gel column chromatography (eluent:hexane), to obtain 
1,3,5-tris 2'-(5'-hexyl-3-phenyl)-thiophenylbenzene repre 
sented by the following formula: 

Chemical Formula 18 

n-hex 

(wherein n-hex represents an n-hexyl group) 
at a yield of 4%. 
0073 H NMR (CDC1) 80.896 (t, J=6.8 Hz, 9H, CH), 
1.25-141 (m, 18H, CHCHCHCH), 1.67-1.74 (m, 6H, 
CHCH2Ar), 2.836 (t, J–7.5 Hz, 6H, CHAr), 7.072 (s.3H, 
ArH), 7.218 (s.3H, ArH), 7.35-7.39 (m,3H, ArH), 7.24-7.27 
(m, 6H, ArH), 7.563 (d. J–7.3 Hz, 6H, ArH) 
10074 °C NMR (CDC1,) 814.067, 22.566, 28.796, 
30.218, 31.574, 31.607,117.700,123.355, 126.232, 126.873, 
128.689, 136.201, 141.766, 146.722 
0075 <Evaluation> 
0076. When organic transistors were fabricated with the 
1,3,5-tris3'-(2-phenyl)-thiophenylbenzene obtained in 
Example 1 and the 1,3,5-tris2'-(5'-hexyl-3'-phenyl)- 
thiophenylbenzene obtained in Example 2, and the proper 
ties were measured, high charge injection and transport prop 
erties were confirmed. 

INDUSTRIAL APPLICABILITY 

0077. The compounds of the invention have excellent 
charge injection and transport properties. In addition, the 
compounds of the invention generally have excellent stability 
in air, light stability, acid resistance and heat resistance. 
According to the production method of the invention it is 
possible to easily produce the compounds described above. 
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1. A compound represented by the following formula (1): 

Chemical Formula 1 

(1) 

Ar Ar2 

wherein Ar", Ari and Areach independently represent an 
aryl group or a monovalent heterocyclic group; the aryl 
group or the monovalent heterocyclic group represented 
by Ar" has an aryl group, a monovalentalicyclic hydro 
carbon group or a monovalent heterocyclic group at one 
position adjacent to the atom that forms Ar' and is 
bonded to a carbonatom forming the benzenering Q; the 
aryl group or the monovalent heterocyclic group repre 
sented by Ari has an aryl group, a monovalent alicyclic 
hydrocarbon group or a monovalent heterocyclic group 
at one position adjacent to the atom that forms Ar and is 
bonded to a carbonatom forming the benzenering Q; the 
aryl group or the monovalent heterocyclic group repre 
sented by Ar has an aryl group, a monovalent alicyclic 
hydrocarbon group or a monovalent heterocyclic group 
at one position adjacent to the atom that forms Arand is 
bonded to a carbon atom forming the benzene ring Q. 

2. The compound according to claim 1, wherein Ar", Ari 
and Arare monovalent heterocyclic groups. 

3. The compound according to claim 2, wherein the het 
erocyclic rings forming the monovalent heterocyclic groups 
represented by Ar", Ar’ and Arare 5-membered rings. 

4. The compound according to claim 3, wherein the het 
erocyclic rings forming the monovalent heterocyclic groups 
represented by Ar", Ar and Arare each independently a 
thiophene ring, a furan ring, a pyrrole ring, a thiazole ring or 
an oxazole ring. 

5. The compound according to claim 4 which is repre 
sented by any one of the following formulas (2-1) to (2-4): 

Chemical Formula 2) 

(2-1) 

37 
Feb. 3, 2011 

-continued 
(2-2) 

(2-3) 

(2-4) 

wherein X, X and X each independently represent 
S(=O), , —O— or —N(R)-; in represents an 

integer of 0-2; R represents a hydrogen atom, an alkyl 
group, an alkoxy group, an alkylthio group, an alky 
lamino group, an aryl group, an aryloxy group, an ary 
lalkyl group, an arylalkoxy group, an arylamino group, 
or a monovalent heterocyclic group; Art, Ar. Ar", Ar". 
Ar, Ar., Ar., Ar", Art, Ari, Ar' and Areach 
independently represent an aryl group or a monovalent 
heterocyclic group. 

6. The compound according to claim 5, wherein X', X and 
X are —S , S(=O)—or S(=O). 

7. A method for producing the compound according to 
claim 1, which comprises making a compound represented by 
any of the following formulas (3-1) to (3-3) undergo a 
cyclization reaction in the presence of an acid or a base: 

Chemical Formula 3 

(3-1) 
O 

ur-. 
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sented by Ar'* has an aryl group, a monovalentalicyclic 
-continued hydrocarbon group or a monovalent heterocyclic group 

(3-2) at one position adjacent to the atom that forms Ar'* and 
O is bonded to the acetyl group; the aryl group or the 

w-( monovalent heterocyclic group represented by Ari has 
an aryl group, a monovalent alicyclic hydrocarbon 

(3-3) group or a monovalent heterocyclic group at one posi 
O tion adjacent to the atom that forms Ar’ and is bonded 

Ar" to the acetyl group; the aryl or the monovalent hetero 
cyclic group represented by Ar has an aryl group, a 
monovalent alicyclic hydrocarbon group or a monova 
lent heterocyclic group at one position adjacent to the 

wherein Ar", Ar’ and Areach independently represent atom that forms Ar and is bonded to the acetyl group. 
an aryl group or a monovalent heterocyclic group; the 
aryl group or the monovalent heterocyclic group repre- ck c. c. c : 


