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(57) 	 ABSTRACT 

The invention provides condensed polycyclic at-conjugated 
organic materials and manufacturing methods for the mate-
rials. A metal reducing agent is reacted with a straight-chain, 
triple bond-containing hydrocarbon (aryl acetylene com-
pound, phenyl acetylene compound), the hydrocarbon being 
a benzene ring with an organic silicon as a substituent, so as 
to allow an intramolecular reductive cyclization reaction to 
proceed between the silicon and the triple-bond carbon. The 
reaction produces condensed polycyclic at-conjugated 
organic materials of the invention. The invention provides 
light-emitting materials applicable for organic electrolumi-
nescent devices, condensed polycyclic at-conjugated organic 
materials applicable for charge transport materials, their 
intermediate products, and a manufacture method for con-
densed polycyclic at-conjugated organic materials. 
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N-CONJUGATED ORGANIC MATERIAL OF 
POLYCYCLIC FUSED RING 

TYPE,INTERMEDIATE THEREFOR, AND 
PROCESS FOR PRODUCING N-CONJUGATED 

ORGANIC MATERIAL OF POLYCYCLIC FUSED 
RING TYPE 

TECHNICAL FIELD 

[0001] The present invention relates to condensed poly-
cyclic at-conjugated organic materials applicable to light-
emitting materials for use in organic electroluminescent 
(EL) and like devices, as well as applicable to charge 
transport materials. The invention also relates to intermedi-
ate products and manufacturing methods for the condensed 
polycyclic at-conjugated organic materials. 

BACKGROUND ART 

[0002] Various studies have been conducted on displays 
based on electroluminescent devices to exploit their low 
power consumption, slimness, and other advantages. Espe-
cially, EL displays have been extensively studied because 
they are easy to decrease in weight and increase in screen 
size. 

[0003] Focus of these studies has been upon the develop-
ment of organic materials which emit light at blue wave-
lengths, one of the three primary colors, as well as upon the 
development of organic materials with a capability to trans-
port charges (holes, electrons, etc.). The latter organic mate-
rials can possibly be semiconductors or superconductors. 
The studies have been targeted at both low molecular weight 
compounds and high molecular weight compounds. 

[0004] Still, we know only a limited number of organic 
materials with either excellent color purity and light emitting 
efficiency or excellent electric charge (carrier) mobility and 
carrier injection. This challenging issue currently faces our 
field of study. 

[0005] Constructing molecules with a highly planar 
at-conjugated structure is said to be an effective approach to 
the designing of an organic material with high light emitting 
efficiency and charge transport capability. A typical, well-
known example is given by J. Saltiel, A. Marinari, D. W. L. 
Chang, J. C. Mitchener, and E. D. Megarity, in J. Am. Chem. 
Soc., Vol. 101, p. 2982 (1979) and also by J. Saltiel, O. C. 
Zafiriou, E. D. Megarity, and A. A. Lamola, in J. Am. Chem. 
Soc., Vol. 90, p. 4759 (1968). Trans-stilbene (see the formula 
below) in a solution exhibits no higher than a fluorescent 
quantum yield of 0.05 at room temperature. In contrast, 
5,10-dihydroindeno[2,1-a]indene, derived from trans-stil-
bene by crosslinking its structure with a methylene chain 
(see the formula below), exhibits a fluorescent quantum 
yield of close to 1 at room temperature. 

Qi-K1I/ 
trans-stilbene 

-continued 

5, 10-dihydroindeno[2, 1-a]indene 

n 
Si 

silole 

silole compound with excellent electron 
transport capability 

[0006] We have thought of using a silicon substituent 
instead of the methylene chain. High light emitting effi-
ciency is obtained with the silicon similarly to the case of the 
methylene chain. The use of silicon also results in imparting 
good charge transport capability because of substituent 
effects of the silicon. 

[0007] This is because a at-conjugated compound contain-
ing silacyclopentadiene (i.e., silole) rings exhibits high 
electron mobility and acts as a material with an excellent 
electron transport property. The silole is a silicon analogue 
of a cyclopentadiene (see the formula above). These facts 
are well known. See M. Uchida, T. Izumizawa, T. Nakano, 
S. Yamaguchi, K. Tamao, K. Furukawa, Chem. Mater., Vol. 
13, p. 268 (2001). 

[0008] An example of such a compound is 5,5,10,10-
tetramethyl-5, 1 0-disila-5,10-dihydroindeno[2,1-a]indene. 
The compound is known to be prepared through a reaction 
shown in formula (I). See M. Serby, S. Ijadi-Maghsoodi, and 
T. J. Barton, XXXIIIrd Symposium on Organosilicon Chem-
istry, Abstract No. PA-35, Apr. 6-8, 2000, Saginaw, Mich., 
USA. 

Me Me Me Me 

Si—Si 	 Q  

Argon flow 
28% 
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-continued 
Me Me 

Si 

Me Me 

[0009] The synthesis of the compound, however, involves 
special thermal decomposition reactions at high tempera-
tures as will be illustrated later in a reaction formula. The 
reactions present serious constraints in the synthesis. The 
reaction is: (i) not suited to mass-volume synthesis, (ii) not 
suited to the synthesis of derivatives containing functional 
groups which are essential to the synthesis of polymers, and 
(iii) not applicable to the synthesis of condensed polycyclic 
compounds. 

[0010] To eliminate these serious constraints, we have 
worked on the development of a synthesis based on a new 
concept, which has led to the completion of the present 
invention. 

DISCLOSURE OF INVENTION 

[0011] We have diligently worked to address the issue and 
as a result, discovered novel compounds containing a struc-
ture of formula (1) below, as well as their manufacturing 
methods. We have also discovered novel polymer com-
pounds which contain the novel compound as repeating 
units and weigh 103  to 10$  in number average polystyrene-
equivalent molecular weight, as well as their manufacturing 
methods. We have further discovered that these compounds 
show a good light emitting property, a high charge transport 
capability, and other advantages, which has led to the 
completion of the invention. 

[0012] A condensed polycyclic at-conjugated material in 
accordance with the present invention, to address the issue, 
is characterized in that the material contains a compound of 
formula (1): 

(1) 
R' R2  

Si 

 

lkylthio group, an arylalkenyl group, an arylalkynyl group, 
an amino group, a substituted amino group, a silyl group, a 
substituted silyl group, a silyloxy group, a substituted sily-
loxy group, a monovalent heterocyclic group, a fluorinated 
alkyl group, or a halogen atom; R 3  is a hydrogen atom, an 
alkyl group, an alkylthio group, an arylalkyl group, an 

arylthio group, an arylalkylthio group, an arylalkenyl group, 
an arylalkynyl group, an alkoxy group, an aryloxy group, an 
arylalkoxy group, an amino group, a substituted amino 
group, a substituted silyl group, a substituted silyloxy group, 
a halogen atom, a trifluoromethyl group, a carbamoyl group, 
a substituted carbamoyl group, an imino group, a substituted 
imino group, an oxazoridyl group, an aminoalkyl group, an 
alkoxyalkyl group, a sulfo group, a substituted sulfo group, 
a substituted sulfamoyl group, a phosphoric ester group, a 
cyano group, an aryl group, or an ethynyl group; m is from 
1 to 50; and n is from 0 to 4. 

[0013] According to the arrangement, the material is a 
planar, condensed polycyclic at-conjugated organic material 
prepared by condensing a benzene ring and a silole ring. The 
material therefore shows a good light emitting property, a 
high charge transport capability, and other advantages. The 
material is effective when used as an organic light-emitting 
material in EL displys, organic charge transport material, 
etc. 

[0014] The definition, "m is from 1 to 50," means that m 
may be set to any one of integers from 1 to 50. The 
definition, "n is from 0 to 4," means that n may be set to any 
one of integers from 0 to 4 and that when n is from 0 to 3, 
there are as many substituting hydrogen atoms in the ben-
zene ring as a difference between n and 4. 

[0015] Additional objects, advantages and novel features 
of the invention will be set forth in part in the description 
which follows, and in part will become apparent to those 
skilled in the art upon examination of the following or may 
be learned by practice of the invention. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

[0016] The following will describe an embodiment of the 
present invention. 

cc ::;

R1 R 

 R' R2 

 

rRHR
1 

(R3 )rz Y7  Y7  

(16) 

Y7  = Br, I 

where each of R' and R2 , independent from the other, is a 
1) base 

hydrogen atom, an alkyl group, an alkoxy group, an alky- 	 2) R'R2SiY$Y9  
lthio group, an aryl group, an aryloxy group, an arylthio 
group, an arylalkyl group, an arylalkoxy group, an aryla- 



US 2006/0100433 Al 
	

May 11, 2006 

-continued 
SiR'R2Y' 	 SiR'R2Y' 1 	(R3)n 

( R3  )° 	 SiR1R2Y2 	 SiR1R2Y1  

(15) 

[0017] Cyclization products (condensed polycyclic at-con-
jugated organic materials) with silole rings in accordance 
with the present invention are of formula (1). The product is 
prepared, for example, by running an intramolecular reduc-
tive cyclization reaction between silicon and triple bond 
carbon. The reaction takes place as a straight-chain hydro-
carbon is reacted with a metal reducing agent. The straight-
chain hydrocarbon contains a triple bond and is either an aryl 
acetylene compound or a phenyl acetylene compound. The 
hydrocarbon, of formula (15), is composed of benzene rings 
with organic silicon as substituents. The straight-chain 
hydrocarbon may be a polyyne with 2 or more triple bonds. 

[0018] Next will be described an example of synthesis 
producing the compound of formula (15). The raw material 
of formula (16) is made into a polymetal through a halogen/ 
metal exchange reaction using an organic metal base as 
shown in reaction formula (II). The product is then collected 
with an organic silicon reagent of a general formula, 
R'R2SiY$Y9, to complete the synthesis of the compound of 
formula (15). 

[0019] The organic metal base used may be, for example, 
an organic lithium reagent, such as n-BuLi, s-BuLi, and 
t-BuLi; or an organic magnesium reagent, such as alkyl 
Grignard reagent and alkyl magnesium amide. Among these 
examples, metalization in THE as a solvent using tert-BuLi 
(t-BuLi) results in the best yield. 

[0020] In the organic silicon reagent R'R 2 SiY$Y9, each of 
Y$  and Y9, independent from the other, is a hydrogen atom, 
a halogen atom, an alkoxy group, an alkylthio group, an 
aryloxy group, an arylthio group, a silyl group, a substituted 
silyl group, a stannyl group, or a substituted stannyl group. 

with a metal reducing agent allows the intramolecular reduc-
tive cyclization reaction to proceed to yield a cyclization 
product of formula (1). 

SiR'R2Yl 	 SiR'R2Y2 	(R3)n  

R3  ( )° 	 SiR1R2Y2 	 jm  SiR ^RZY1 

(15) 

reductantITHF 

H 

[0023] Examples of the metal reducing agent include 
lithium, lithium naphthalenide, lithium biphenylide, 
lithium(4,4'-di-tert-butylbiphenylide), lithium[8-(N,N-dim-
ethylamino)naphthalenide], lithium/liquid ammonia, 
sodium, sodium naphthalenide, sodium biphenylide, 
sodium(4,4'-di-tert-butylbiphenylide), sodium[8-(N,N-dim-
ethylamino)naphthalenide], sodium/liquid ammonia, potas-
sium, and potassium graphite. 

[0024] Examples of the solvent include THE as well as 
ether-based solvents, such as diethylether, dimethylether, 
and 1,2-dimethoxy ethane. The reaction temperature is from 
—78° C. to +50° C., preferably from —20° C. to +30° C. 

[0021] In formula (15), hydrogen atoms and alkoxy 
groups are particularly useful as Y', Y 2 . If at least one of Y' 
and Y2  is a hydrogen atom, for example, R'R 2 SiH2  and 
R'R2SiHC1 are available as the organic silicon reagent 
R'R2 SiY$Y9  for use in the synthesis. If Y' and Y2  are alkoxy 
groups, R'R2 Si(OR)2  and R'R2SiC1(NR2) are available as 
the organic silicon reagent R'R 2 SiY$Y9  for use in the R4 
synthesis. In the latter event, the raw material of formula 
(16) is at first reacted with R'R 2SiC1(NR2). The reactant is 
reacted with alcohol in the presence of an ammonium 
chloride or other acid catalyst without isolation, producing 
the target product. 

[0022] Subsequently, the intramolecular reductive cycliza- 
tion reaction will be described in reference to reaction 
formula (III) below. Reacting a compound of formula (15) 

R4 

(17) 

j1) base 

 



(14) 
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-continued 

(13) 

2) electrophile 

R4  

Y6  

[0025] Next, the synthesis of the intermediate products of 
formula (14) will be described in reference to reaction 
formula (IV). A compound of formula (1) which contains the 
structure of formula (17) is used as a raw material. This 
material is processed using an organic metal base for ortho 
metalization. The metalization product is then transformed 
to a dimetalization product of formula (13). The product is 
processed using either an electrophilic halogenation agent or 
an electrophilic metalization agent to synthesize the com-
pound of formula (14). See reaction formula (IV). 

[0026] The organic metal base reagent used in the above 
process may be, for example, an organic lithium reagent, 
such as n-BuLi, s-BuLi, or t-BuLi; an organic magnesium 
reagent, such as alkyl magnesium amide; a zinc ate complex, 
such as Li[t-Bu 2ZnTMP] (TMP: 2,2,6,6-tetramethyl piperi-
dine); or an n-BuLi/tert-BuOK mix reagent. Among these 
examples, sec-BuLi produces the best yield in metalization 
in THF. 

[0027] The electrophilic halogenation agent may be, for 
example, ICH2CH2I, Iz , Br2 , ICl, NIS, NBS, BrCH 2CH2Br, 
BrC1 2CCC1 2Br, or BrF 2CCF2Br. 

[0028] The electrophilic metalization agent may be, for 
example, Me3 SnC1, Bu3 SnC1, Ph3SnC1, R3 SiC1, 

R2Si(OR)Cl, RSi(OR) 2C1, Si(OR)3C1, R2 SiF2, RSiF3 , 

B(OR)3, (iPrO)B( OCH 2CMe2CMe2CH2O ), 
C1B(NR2)2, MgC12, MgBr2, Mgl2, ZnC12, ZnBr2, ZnI2, or 
ZnC12  (tmen). Note that R is an alkyl group. 

[0029] Now, the synthesis of the polymer compound 
(polymer) containing repeating units of formula (4) will be 
described. 

[0030] A derivative containing a functional group of for-
mula (13) or formula (14) can be synthesized into a 
homopolymer by nickel catalyst homo coupling. Copolymer 
of those monomers of formulae (7) to (12) can be synthe-
sized through one of transition-metal-catalyst cross coupling 
reactions, such as Kumada-Tamao coupling reaction, 
Negishi reaction, Kosugi-Migida-Stille reaction, Suzuki-
Miyaura reaction, Sonogashira-Hagihara reaction, and 
Mizorogi-Heck reaction. 

[0031] The following will describe the present invention 
in more detail by way of examples, which is by no means 
limiting the present invention. 

EXAMPLE 1 

[0032] Synthesis schemes for example 1 will be shown in 
reference to reaction formula (V). 

[0033] First, taking bis[2-(ethoxydimethylsilyl)-5-(meth-
oxy)phenyl]acetylene (2ba) as an example of the raw mate-
rial compound of formula (15), its synthesis method will be 
described in reference to reaction formula (V) below. 

[0034] An n-butyl lithium/hexane solution (1.6 M, 18.6 
mL, 29.8 mmol) was added dropwise to a diethylether 
solution (280 mL) of the compound lb (5.50 g, 13.9 mmol) 
at —35° C. The mixture was stirred for 4 hours while being 
kept at —30° C. to —25° C. Then, (N,N-diethylamino)dim-
ethylchlorosilane (5.0 g, 30.2 mmol) was added dropwise to 
the reaction solution over 5 minutes at —25° C. 

[0035] After the dropwise addition was completed, the 
mixture was stirred for 12 hours while slowly raising the 
temperature of the reaction mixture to room temperature. 
Thereafter, ethyl alcohol (3.7 mL, 63.4 mmol) and ammo-
nium chloride (0.40 g, 7.5 mmol) were added, followed by 
stirring for another 23 hours at room temperature. The 
reaction solution was filtered to remove insolubles. The 
filtered solution was concentrated under reduced pressure. 

[0036] The resultant mixture was purified by Florisil col-
umn chromatography (100 to 200 mesh, 5/1 hexane/AcOEt). 
The target product 2ba (5.85 g, 13.2 mmol) was thus 
obtained as a white solid at a yield of 95%. 

SiMe2X 	 R 

1) n-BuLl 

2) (Etz 	 Lior LiNaph 

3) EtOH/NH4C1 	 THF, rt 

R 	 XMe2Si 

2aa (R = H, X = OEt) 43% 
2ab (R = H, X = H) 66% 
2ba (R = OMe, X = OEt) 95% 
2bb (R = OMe, X = H) 93% 

Br 	 R 

R 	 Br 

la (R = H) 
lb (R = OMe) 
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-continued 
0(2-EtHexyl) 

çS 
(2-EtHexyl)O 

Pd(PPh3)4/Cul 
toluene/i-Pr2NH 

Me Me R 

Si 

Si 

Me Me 

3a (R = H) 53% (use LiNaph, from 2ab) 
61% (use Li, from 2aa) 

3b (R = OMe) 72% (use Li, from 2ba) 

1) s-BuLi 

2) ICH2CH2I  

 

4 
17% 

5 
82% 

Physical property values of the obtained target product 2ba 
were measured by 'H NMR, 13 C NMR, and 29 Si NMR. 
Results are shown below. 

[0037] r H NMR (CDC1 3): 6 0.48 (s, 12H), 1.20-1.24 (m, 
6H), 3.72 to 3.79 (m, 4H), 3.82 (s, 6H), 6.90 (dd, J=2.4 and 
6.0 Hz, 2H), 7.12 (d, J= 2.4 Hz, 2H), 7.56 (d, J= 8.4 Hz, 2H). 

[0038] 13C NMR (CDC1 3): 6 0.72, 18.67, 55.15, 58.75, 
92.73, 113,66, 117.38, 129.26, 131.60, 135.88, 160.21. 

[0039] 29Si NMR (CDC1 3): 6 6.46. 

[0040] Anal. Calcd for C24H3404Si2 : C, 65.11; H, 7.74. 
Found: C, 65.37; H, 7.79. 

[0041] Next will be described bis[2-(ethoxydimethylsi-
lyl)phenyl]acetylene (2aa) as another synthetic example of 
reaction formula (V). 

[0042] The compound 2aa was obtained by a similar 
synthesis to the compound 2ba. The yield was 43%. 

[0043] Physical property values of the resultant target 
product 2aa were measured by r H NMR, 13 C NMR, and 29 Si 
NMR. Results are shown below. 

[0044] r H NMR (CDC1 3): 6 0.52 (s, 12H), 1.21-1.25 (m, 
6H), 3.75-3.82 (m, 4H), 7.33-7.40 (m, 4H), 7.53-7.58 (m, 
2H), 7.65-7.68 (m, 2H). 

[0045] 13C NMR (CDC13): 5-0.88, 18.62, 58.87, 93.19, 
127.37, 127.98, 129.28, 131.90, 134.26, 140.42. 

[0046] 29Si NMR (CDC1 3): 6 6.59. 

[0047] Next will be described bis[2-(dimethylsilyl)-5-
(methoxy)phenyl]acetylene (2bb) as still another example of 
reaction formula (V). 

[0048] An n-butyl lithium/hexane solution (1.6 M, 9.7 
mL, 15.52 mmol) was added dropwise to a diethylether 
solution (145 mL) of the compound lb (2.87 g, 7,25 mmol) 
at -35° C. The reaction solution was stirred for 4 hours while 
being kept between -30° C. to -25° C. Then, dimethylchlo-
rosilane (2.5 mL, 22.5 mmol) was added at -78° C. The 
mixture was stirred for 3 hours while slowly raising the 
temperature of the reaction mixture to room temperature. 

[0049] After removing insolubles by filtering, the filtered 
solution was concentrated under reduced pressure to obtain 
the target product 2bb (2.38 g, 6.71 mmol) as a white solid 
at a yield of 93%. Physical property values of the resultant 
target product 2bb were measured by r H NMR, 13 C NMR, 
and 29 Si NMR. Results are shown below. 

[0050] r H NMR (CDC1 3): 6 0.42 (d, J=3.9 Hz, 12H), 3.82 
(s, 6H), 4.59 (m, 2H), 6.89 (dd, J=2.4 and 8.1 Hz, 2H), 7.08 
(d, J=2.7 Hz, 2H), 7.46 (d, J=8.1 Hz, 2H). 

[0051] 13C NMR (CDC13): 5-3.42, 55.18, 92.45, 113.79, 
117.22, 129.90, 130.91, 136.11, 160.18. 

[0052] 29Si NMR (CDC13 ): 5-17.38. 

[0053] Anal. Calcd for C20H2602 Si2 : C, 67.74; H, 7.39. 
Found: C, 67.47; H, 7.25. 

[0054] Next will be described bis[2-(dimethylsilyl)phe- 
nyl]acetylene (2ab) as yet another example of reaction 
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formula (V). The compound 2ab was synthesized by a 
similar technique to the compound 2bb at a yield of 66%. 

[0055] H NMR (CDC13): 6 0.46 (d, J=3.9 Hz, 12H), 4.59 
(m, 2H), 7.30-7.40 (m, 4H), 7.53-7.58 (m, 4H). 

[0056] 13C NMR (CDC1 3): 6-3.65, 92.88, 127.50, 128.75, 
129.15, 131.62, 134.63, 139.78. 

[0057] 29Si NMR (CDC1 3): 6-16.58. 

[0058] Anal. Calcd for C, $H22Si2 : C, 73.40; H, 7.53. 
Found: C, 73.40; H, 7.53. 

[0059] Now, referring to reaction formula (V), an example 
will be described in which 2,7-dimethoxy-5,5,10,10-tetram-
ethyl-5,10-disila-5,10-dihydroindeno[2,1-a]indene (3b) was 
obtained. The target product 3b is an organic material in 
accordance with the present invention. 

[0060] First, THF (85 mL) was added to a mixture of the 
compound 2ba (0.92 g, 2.07 mmol) and lithium (0.06 g, 8.7 
mmol). The mixture was stirred for 5 hours at room tem-
perature. Water was then added to the reaction mixture. The 
product was subjected to extraction using diethylether. The 
resultant ether layer, which was an organic layer, was dried 
with anhydrous magnesium sulfate and filtered to remove 
the drying agent. The filtered solution was then concentrated 
under reduced pressure. 

[0061] Thereafter, the concentrate was purified by silica 
gel column chromatography. The purified product was 
recrystallized from hexane to obtain 0.53 g (1.50 mmol) of 
the target product 3b in the form of a colorless crystal at a 
yield of 72%. 

[0062] H NMR (CDC13): 6 0.43 (s, 12H), 3.84 (s, 6H), 
6.74 (dd, J=2.4 and 7.8 Hz, 2H), 6.85 (d, J=2.4 Hz, 2H), 7.47 
(d, J=7.8 Hz, 2H). 

[0063] 13C NMR (CDC1 3): 6-3.14, 55.25, 110.21, 112.28, 
131.19, 132.98, 151.30, 161.46, 164.79. 

[0064] 29Si NMR (CDC1 3): 6-1.78. 

[0065] Anal. Calcd for C20H2402 Si2 : C, 68.13; H, 6.86. 
Found: C, 67.97; H, 6.86. 

[0066] Now, referring to reaction formula (V), an example 
will be described in which 5,5,10,10-tetramethyl-5,10-
disila-5,10-dihydroindeno[2, 1-a]indene (3a) was obtained. 
The target product 3a is an organic material in accordance 
with the present invention and was obtained by an intramo-
lecular reductive cyclization reaction with lithium naphtha-
lenide acting as a reducing agent for a derivative for bis(si-
lylphenyl)acetylene. 

[0067] First, a THF solution (15 mL) of lithium (132 mg, 
19.03 mmol) and naphthalene (2.44 g, 19.04 mmol) was 
stirred for 4 hours at room temperature to prepare lithium 
naphthalenide. A THF solution (10 mL) of the compound 
2ab (1.40 g, 4.75 mmol) was added to this solution at room 
temperature. Thereafter, the mixture was continuously 
stirred for 10 hours. 

[0068] The solvent was distilled under reduced pressure. 
After that, chloroform was added to the resultant mixture. 
The mixture was then filtered to remove insolubles. The 
filtered solution was concentrated under reduced pressure 
and purified by silica gel column chromatography (hexane), 
to obtain 0.87 g of crude product. Further, the crude product 

was recrystallized from hexane to obtain 0.73 g (2.51 mmol) 
of the target product 3a in the form of a colorless crystal at 
a yield of 53%. 

[0069] The compound 3a is synthesized also from the 
compound 2aa with the technique for the synthesis of the 
compound 3b. The yield was 61%. 

[0070] H NMR (CDC13): 6 0.45 (s, 12H), 7.17-7.39 (m, 
6H), 7.54-7.57 (m, 2H). 

[0071] 13C NMR (CDC1 3): 6-3.42, 124.65, 126.23, 
129.94, 132.06, 140.48, 149.42, 163.67. 

[0072] 29Si NMR (CDC13 ): 6-0.75. 

[0073] Anal. Calcd for C, 8H2O Si2 : C, 73.91; H) 6.89. 
Found: C, 73.72; H, 6.86. 

[0074] Subsequently, referring to reaction formula (V), an 
example will be described in which 2,7-diiodo-3,8-
dimethoxy-5, 5,10,10-tetramethyl-5,10-disila-di sila-5,10-di-
hydroindeno[2,1-a]indene (4) was obtained as an organic 
material in accordance with the present invention. 

[0075] First, sec-butyl 1ithium/cyclohexane/hexane solu-
tion (0.98 M, 2.4 mL, 2.35 mmol) was added dropwise to a 
THF solution (7 mL) of the compound 3b (0.20 g, 0.57 
mmol) at —78° C. 

[0076] The solution was stirred for 8 hours while gradu-
ally raising the temperature of the solution from —78° C. to 
—25° C. Then, a THF (5 mL) solution of 1,2-diiodoethane 
(0.67 g, 2.4 mmol) was added dropwise to the reaction 
solution over 5 minutes, after which the mixture was stirred 
for 30 minutes. 

[0077] A saturated aqueous solution of sodium thiosulfate 
was then added to the reaction mixture. The product was 
subjected to extraction using chloroform. The resultant 
organic layer was washed in a saturated saline solution and 
dried with anhydrous magnesium sulfate. 

[0078] After removing the drying agent by filtering, the 
filtered solution was then concentrated under reduced pres-
sure. The resultant mixture was washed in heated hexane. 
The obtained solid, or insolubles, was recrystallized from 
benzene to obtain 47.2 mg (0.78 mmol) of the target product 
4 in the form of pale yellow powder at a yield of 17%. 

[0079] H NMR (CDC1 3): 6 0.44 (s, 12H), 3.92 (s, 6H), 
6.72 (s, 2H), 7.89 (s, 2H,). 

[0080] 13C NMR (CDC13): 6-3.24, 56.18, 84.39, 108.30, 
133.70, 142.39, 151.31, 159.59, 164.34. 

[0081] 29Si NMR (CDC13 ): 5-0.80. 

[0082] Subsequently, referring to reaction formula (V), an 
example synthesis will be described for poly{(3,8-
dimethoxy-5, 5,10,10-tetramethyl-5,10-disila-5,10-dihy-
droindeno[2,1-a]indene-3,7-diyl)-co-[2,5-bis(2-ethylhex-
iloxy)benzene-1,4-diethynyl]} (5). The target product 5 is a 
copolymer as an organic material in accordance with the 
present invention containing 5,10-disila-disila-5,10-dihy-
droindeno[2,1-a]indene as structural units. 

[0083] First, a mixed 3/1 toluene/diisopropylamine (3.5 
mL) solution of the compound 4 (50 mg, 0.084 mmol), 
1,4-bis(2-ethylhexiloxy)-2,5-diethynylbenzene (32 mg, 
0.084 mmol), tetrakis(triphenylphosphine)palladium (0) 
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(9.7 mg, 8.4 mmol), and copper iodide (3.3 mg, 17.22 mmol) 
was stirred for 48 hours while being heated at 60° C. 

[0084] Water was added to the reaction mixture. The 
resultant mixture was subjected to extraction using chloro-
form. The obtained organic layer was washed in an 5% 
aqueous solution of NH4OH and a saturated saline solution, 
and then dried with magnesium sulfate. 

[0085] After removing the drying agent by filtering, the 
filtered solution was then concentrated under reduced pres-
sure. The concentrate was dissolved again in a small amount 
of chloroform and re-precipitated in methanol, to obtain 50 
mg of the target product 5 in the form of yellow powder at 
a yield of 82%. 

[0086] r H NMR (CDC1 3): 6 0.47 (s, 12H), 0.89-0.99 (br 
m, 12H), 1.34 (br m, 16H), 1.80 (br m, 2H,), 3.98 (br m, 
1OH), 6.82 (s, 2H), 7.04 (s, 2H), 7.67 (s, 2H). The average 
polystyrene-equivalent molecular weight (Mn) determined 
by GPC was 37,500. 

EXAMPLE 2 

[0087] The following will describe other synthetic 
examples based on reaction formula (VI) below. 

[0088] First, a method of synthesis from 1,4-bis[(2-bro-
mophenyl)ethynyl]-2,5-dibromobenzene (6) as a raw mate-
rial will be described. 

[0089] A 3/1 toluene/triethylamine (9 mL) solution of 
2-bromo-l-ethynylbenzene (90 mg, 4.98 mmol) was added 
to a mixed 3/1 toluene/triethylamine (12 mL) solution of 
1,4-dibromo-2,5-diiodobenzene (1.15 g, 2.35 mmol) dichlo-
robis(triphenylphosphine)palladium (II) (33 mg, 47 mmol), 
and copper iodide (18 mg, 95 mmol) at room temperature 
and stirred for 12 hours at room temperature. 

Br Br 

Br Br 

1) t-BuLi 
2) (Et2N) Me2SiC1 
3) EtOH/NH4C1 

SiMe2OEt 	 SiMe2OEt 

EtOMe2Si 	 EtOMe2Si 

LiNaph j HF THF, rt  

-continued 
Me Me 

Me M e 	 \/ 
Si 

Si 

S  

Si 
Me Me 

Me Me 

91% 

[0090] A IN aqueous solution of hydrochloric acid was 
added to the reaction mixture. The mixture was then sub-
jected to extraction using methylene chloride. The obtained 
organic layer was washed in a saturated saline solution and 
dried with anhydrous magnesium sulfate. After removing 
the drying agent by filtering, the filtered solution was 
concentrated under reduced pressure. The resultant mixture 
was recrystallized from benzene, to obtain 1.17 g (1.97 
mmol) of the target product 6 in the form of a white solid at 
a yield of 84%. 

[0091] r H NMR (CDC1 3): 6 7.20-7.35 (m, 4H), 7.59-7.65 
(m, 4H), 7.83 (s, 2H). 

[0092] 13C NMR (CDC1 3): 6 90.81, 95.00, 123.57, 124.47, 
125.59, 126.40, 127.02, 130.15, 132.54, 133.66, 136.34. 

[0093] Anal. Calcd for C 22H r0Br4: C, 44.49; H, 1.70. 
Found: C, 44.42; H, 1.54. 

[0094] Next will be described an example of synthesis for 
2,5-bis{[2-(ethoxydimethysilyl)pheny1]ethyny1}-1,4-
bis(ethoxydimethylsilyl)benzene (7) as an intermediate 
product using the compound 6. 

[0095] First, a tert-butyl lithium/pentane solution (1.6 M, 
4.3 mL, 6.88 mmol) was added dropwise to a THE solution 
(35 mL) of the compound 6 (0.50 g, 0.85 mmol) at -78° C. 
and stirred for 2 hours at -78° C. (N,N-diethylamino)dim-
ethylchlorosilane (1.3 g, 7.84 mmol) was added to the 
reaction mixture. The mixture was then stirred over 10 hours 
while raising the temperature of the mixture to room tem-
perature. 

[0096] Thereafter, ethyl alcohol (1 mL, 17.13 mmol) and 
ammonium chloride (23 mg, 0.43 mmol) were added. The 
mixture was stirred for 14 hours at room temperature. After 
concentrating the reaction mixture under reduced pressure, 
diethylether was added. Insolubles removed by filtering. 

[0097] The filtered solution was concentrated under 
reduced pressure and purified by silica gel column chroma-
tography (5/1 hexane/EtOAc). The obtained crude product 
was further fractionated by GPC (chloroform), to obtain 272 
mg (0.40 mmol) of the objective compound 7 in the form of 
a pale yellow color solid at a yield of 47%. 

[0098] r H NMR (CDC13): 6 0.53 (d, J=1.8 Hz, 24H), 
1.22-1.27 (m, 12H), 3.76-3.83 (m, 8H), 7.32-7.41 (m, 4H), 
7.56 (m, 2H), 7.68 (m, 2H), 7.85 (s, 2H). 
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[0099] 13C NMR (CDC1 3): 6-1.03, —0.85, 18.67, 58.87, 
58.95, 93.42, 94.90, 126.76, 127.50, 127.80, 129.28, 131.96, 

134.28, 137.65, 140.63, 141.39. 

[0100] 29Si NMR (CDC1 3): 6 6.29, 6.36. 

[0101] Next will be described an example of synthesis for 
5,7,12,14-tetrasila-diindeno[3,2-b:3,2-h]( 1,5-dihydro-s-in-
dacene) (8) as an organic material in accordance with the 
present invention using the compound 7. 

[0102] A THE solution (20 mL) of lithium (81.2 mg, 11.70 
mmol) and naphthalene (1.50 g, 11.74 mmol) was stirred for 
4 hours at room temperature to prepare lithium naphthalen-
ide. A THE solution (6 mL) of the compound 7 (1.00 g, 1.46 
mmol) was added to this solution at room temperature. The 
mixture was stirred for 5 hours. 

[0103] A iodine/THF solution and subsequently a satu-
rated aqueous solution of sodium thiosulfate were, added to 
the stirred solution. The mixture was then subjected to 
extraction using ether. The obtained ether layer was washed 
in an aqueous solution of IN HCl and then in a saturated 
saline solution, followed by drying with sodium sulfate. 

[0104] The reaction mixture of the ether layer was con-
centrated under reduced pressure and then purified by silica 
gel column chromatography (5/1 hexane/EtOAc), to obtain 
0.68 g (1.33 mmol) of the target product 8 in the form of a 
yellow color solid at a yield of 91%. 

[0105] 1H NMR (CDC1 3): 6 0.49 (d, J=3.3 Hz, 24H), 
7.18-7.39 (m, 4H), 7.47 (s, 2H), 7.57 (m, 2H). 

[0106] 13C NMR (CDC13): 6-3.35, —3.30, 124.52, 126.12, 
128.39, 129.97, 132.04, 140.48, 142.99, 148.04, 149.62, 
163.00, 163.80. 

[0107] 29Si NMR (CDC1 3): 6-0.90, —0.60. 

[0108] Anal. Calcd for C30H34S14:  C, 71.08; H, 6.76. 
Found: C, 71.31; H, 6.78. 

[0109] Subsequently, optical properties of the compound 
3a and the compound 8 were examined. A UV-visible 
absorption spectrum in THE showed a local maximum 
absorbed wavelength of 360 nm and 424 nm for the com-
pound 3a and the compound 8 respectively. 

[0110] A fluorescence spectrum showed extremely strong 
fluorescence for both of the compounds. The compound 3a 
and the compound 8 emit blue and verditer blue light with 
a local maximum fluorescence wavelength at 426 nm and 
473 nm respectively. These results demonstrate that the 
compounds can be both used as an organic light-emitting 
material. 

[0111] The absorbed and local maximum fluorescence 
wavelengths of the compound 3a are longer than those of 
similarly structured 5,10-dihydroindeno[2,1-a]indene by as 
much as 37 nm and 64 nm respectively. 

[0112] A condensed polycyclic at-conjugated material in 
accordance with the present invention, to address the issue, 
is characterized in that it contains the compound of formula 
(1): 

(1)
 R' R2  

\
gi 	 R1  R' 

S 	 (R3)n 

(R3)n  

R1  R2 	 Si  

R' R^ 

where each of R 1  and R2, independent from the other, is a 
hydrogen atom, an alkyl group, an alkoxy group, an alky-
lthio group, an aryl group, an aryloxy group, an arylthio 
group, an arylalkyl group, an arylalkoxy group, an aryla-
lkylthio group, an arylalkenyl group, an arylalkynyl group, 
an amino group, a substituted amino group, a silyl group, a 
substituted silyl group, a silyloxy group, a substituted sily-
loxy group, a monovalent heterocyclic group, a fluorinated 
alkyl group, or a halogen atom; R 3  is a hydrogen atom, an 
alkyl group, an alkylthio group, an arylalkyl group, an 
arylthio group, an arylalkylthio group, an arylalkenyl group, 
an arylalkynyl group, an alkoxy group, an aryloxy group, an 
arylalkoxy group, an amino group, a substituted amino 
group, a substituted silyl group, a substituted silyloxy group, 
a halogen atom, a trifluoromethyl group, a carbamoyl group, 
a substituted carbamoyl group, an imino group, a substituted 
imino group, an oxazoridyl group, an aminoalkyl group, an 
alkoxyalkyl group, a sulfo group, a substituted sulfo group, 
a substituted sulfamoyl group, a phosphoric ester group, a 
cyano group, an aryl group, or an ethynyl group; m is from 
1 to 50; and n is from 0 to 4. 

[0113] According to the arrangement, the material is a 
planar, condensed polycyclic at-conjugated organic material 
prepared by condensing a benzene ring and a silole ring. The 
material therefore shows a good light emitting property, a 
high charge transport capability, and other advantages. The 
material is effective when used as an organic light-emitting 
material, organic charge transport material, etc. for EL 
displays. 

[0114] The definition, "m is from 1 to 50," means that m 
may be set to any one of integers from 1 to 50. The 
definition, "n is from o to 4," means that n may be set to any 
one of integers from 0 to 4 and that when n is from 0 to 3, 
there are the same number of substituting hydrogen atoms in 
the benzene ring as a difference between n and 4. 

[0115] The figures, m and n, have the same definition in 
chemical formulae below. 

[0116] In the condensed polycyclic at-conjugated organic 
material, the compound may have formula (2): 

(2)  
R' R2  
\S/ 	 R1 R2 

Si 	(R3)n 

(R3)n 	Si 

/ \ R1  R2 	 /S\  

R' R2 
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[0117] Another condensed polycyclic at-conjugated 
organic material in accordance with the present invention, to 
address the issue, is characterized in that it has formula (3): 

(3) 
R' R2  

Si 	
(R3)n I 	^ 

(R3)n 	Si 

R' R2  

[0118] where each of R' and R 2, independent from the 
other, is a hydrogen atom, an alkyl group, an alkoxy group, 
an alkylthio group, an aryl group, an aryloxy group, an 
arylthio group, a arylalkyl group, an arylalkoxy group, an 
arylalkylthio group, an arylalkenyl group, an arylalkynyl 
group, an amino group, a substituted amino group, a silyl 
group, a substituted silyl group, a silyloxy group, a substi-
tuted silyloxy group, a monovalent heterocyclic group, a 
fluorinated alkyl group, or a halogen atom; R 3  is an alkyl 
group, an alkylthio group, an arylalkyl group, an arylthio 
group, an arylalkylthio group, an arylalkenyl group, an 
arylalkynyl group, an alkoxy group, an aryloxy group, an 
arylalkoxy group, an amino group, a substituted amino 
group, a substituted silyl group, a substituted silyloxy group, 
a halogen atom, a trifluoromethyl group, a carbamoyl group, 
a substituted carbamoyl group, an imino group, a substituted 
imino group, an oxazoridyl group, an aminoalkyl group, an 
alkoxyalkyl group, a sulfo group, a substituted sulfo group, 
a substituted sulfamoyl group, a phosphoric ester group, a 
cyano group, an aryl group, or an ethynyl group; and n is 
from 1 to 4. 

[0119] Still another condensed polycyclic at-conjugated 
organic material in accordance with the present invention, to 
address the issue, is characterized in that it is a polymer 
comprising a compound of formula (4) as a repeating unit 
and having a number average polystyrene-equivalent 
molecular weight of 10 3  to 108 : 

(4) 

where each of R' and R2, independent from the other, is a 
hydrogen atom, an alkyl group, an alkoxy group, an alky-
lthio group, an aryl group, an aryloxy group, an arylthio 
group, an arylalkyl group, an arylalkoxy group, an aryla-
lkylthio group, an arylalkenyl group, an arylalkynyl group, 
an amino group, a substituted amino group, a silyl group, a 
substituted silyl group, a silyloxy group, a substituted sily- 

loxy group, a monovalent heterocyclic group, a fluorinated 
alkyl group, or a halogen atom; R 4  is a substituent having 
ortho position activating effect, such as an alkoxy group, an 
aryloxy group, an arylalkoxy group, an amino group, a 
substituted amino group, a substituted silyl group, a substi-
tuted silyloxy group, a halogen atom, a trifluoromethyl 
group, a carbamoyl group, a substituted carbamoyl group, an 
imino group, a substituted imino group, an oxazoridyl 
group, an aminoalkyl group, an alkoxyalkyl group, a sulfo 
group, a substituted sulfo group, a substituted sulfamoyl 
group, a phosphoric ester group, a cyano group, an aryl 
group, or an ethynyl group; and m is from 0 to 50. 

[0120] According to the arrangement, the material is a 
planar, condensed polycyclic at-conjugated organic material 
prepared by condensing a benzene ring and a silole ring. The 
material therefore shows a good light emitting property, a 
high charge transport capability, and other advantages. The 
material is useful as an organic light-emitting material, 
organic charge transport material, etc. for EL displays. The 
material, being a polymer, also provides excellent moldabil-
ity. 

[0121] In the condensed polycyclic at-conjugated organic 
material, the compound may have formula (5): 

(5) 

R' R' 

[0122] In the condensed polycyclic at-conjugated organic 
material, the compound may have formula (6): 

(6) 
R' R2  

\ R4 

R4 

Si 

R1  R2  

[0123] In the condensed polycyclic at-conjugated organic 
material, the polymer may further comprise at least one 
repeating unit selected from the group consisting of formu-
lae (7), (8), (9), (10), (11), and (12): 

(7) 
—Ar'- 

(8) 
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-continued 
(9) 

--A.3-x1-A.4_ 

(10) 
-Ars-x2- 

(11) 
-x3 _Ar6-x4- 

(12) 
—x5 — 

where each of Ar', Ar z  Ara  Ar4, Ar5 , and Ar6 , independent 
from the others, is an arylene group, a divalent heterocyclic 
group, or a divalent group having a metal complex structure; 
each of X', X2, X3, X4, and X5 , independent from the others, 
is -CR4=CR5  , -CC---, N(R6) , B(R') , or 

(SiR$R9)q-; each of R4  and Rs , independent from the 
other, is a hydrogen atom, an alkyl group, an aryl group, a 
monovalent heterocyclic group, a carboxyl group, a substi-
tuted carboxyl group, or a cyano group; each of R 6, R7 , R8 , 

and R9 , independent from the others, is a hydrogen atom, an 
alkyl group, an aryl group, a monovalent heterocyclic group, 
or an arylalkyl group; each of o, p, and q, independent from 
the others, is an integer from 1 to 12. 

[0124] According to the arrangement, the polymer con-
taining the compound of formula (4) as a repeating unit 
further contains one repeating unit selected from the group. 
This renders the wavelength of emitted light variable, while 
retaining the high light emitting efficiency of polymer. 

[0125] An intermediate product for a condensed polycy-
clic at-conjugated organic material in accordance with the 
present invention, to address the issue, is characterized in 
that the intermediate product is a compound of: 

(13)

 Rl  R2  
i 

where each of R' and R2 , independent from the other, is a 
hydrogen atom, an alkyl group, an alkoxy group, an alky-
lthio group, an aryl group, an aryloxy group, an arylthio 
group, an arylalkyl group, an arylalkoxy group, an aryla-
lkylthio group, an arylalkenyl group, an arylalkynyl group, 
an amino group, a substituted amino group, a silyl group, a 
substituted silyl group, a silyloxy group, a substituted sily-
loxy group, a monovalent heterocyclic group, a fluorinated 
alkyl group, or a halogen atom; R 4  is a substituent having 
ortho position activating effect, such as an alkoxy group, an 
aryloxy group, an arylalkoxy group, an amino group, a 
substituted amino group, a substituted silyl group, a substi-
tuted silyloxy group, a halogen atom, a trifluoromethyl 
group, a carbamoyl group, a substituted carbamoyl group, an 
imino group, a substituted imino group, an oxazoridyl 
group, an aminoalkyl group, an alkoxyalkyl group, a sulfo 

group, a substituted sulfo group, a substituted sulfamoyl 
group, a phosphoric ester group, a cyano group, an aryl 
group, or an ethynyl group; m is from 0 to 50; each of Y 3  and 
Y4 , independent from the other, is lithium, potassium, 
sodium, magnesium halide, magnesium amide, or dialkyl 
zinc. 

[0126] According to the arrangement, the inclusion of R 4  
enables simpler and more reliable introduction of Y 3  and Y4 . 

A polymer with the aforementioned excellent properties can 
be obtained in a more stable manner. In the arrangement, Y 3  
and Y4  are bonded to the silicon-bonded carbon at a meta 
position. This straightens out the at-conjugated structure, 
thereby stabilizing emission of light, etc. In this case, it is 
desirable if R4  is placed at a para position of the silicon-
bonded carbon. 

[0127] Another intermediate product for a condensed 
polycyclic at-conjugated organic material in accordance with 
the present invention, to address the issue, is characterized 
in that the intermediate product is a compound of: 

(14)

 Rl  R2  
i 

where each of R' and R2 , independent from the other, is a 
hydrogen atom, an alkyl group, an alkoxy group, an alky-
lthio group, an aryl group, an aryloxy group, an arylthio 
group, an arylalkyl group, an arylalkoxy group, an aryla-
lkylthio group, an arylalkenyl group, an arylalkynyl group, 
an amino group, a substituted amino group, a silyl group, a 
substituted silyl group, a silyloxy group, a substituted sily-
loxy group, a monovalent heterocyclic group, a fluorinated 
alkyl group, or a halogen atom; R 4  is a substituent having 
ortho position activating effect, such as an alkoxy group, an 
aryloxy group, an arylalkoxy group, an amino group, a 
substituted amino group, a substituted silyl group, a substi-
tuted silyloxy group, a halogen atom, a trifluoromethyl 
group, a carbamoyl group, a substituted carbamoyl group, an 
imino group, a substituted imino group, an oxazoridyl 
group, an aminoalkyl group, an alkoxyalkyl group, a sulfo 
group, a substituted sulfo group, a substituted sulfamoyl 
group, a phosphoric ester group, a cyano group, an aryl 
group, or an ethynyl group; m is from 0 to 50; each of Y 5  and 
Y6 , independent from the other, is a halogen atom, magne-
sium halide, alkyl magnesium, zinc halide, dialkyl zinc, a 
silyl group, a substituted silyl group, a stannyl group, a 
substituted stannyl group, boronic acid, or boronic ester. 

[0128] According to the arrangement, the compound of 
formula (1), if having a structure of formula (4), can be 
transformed into a dimetalization product of formula (13) by 
ortho metalization. The compound of formula (14) can be 
derived from the product in a stable manner with good yield 
by further processing the product with an electrophilic 
halogenation agent or an electrophilic metalization agent. 
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[0129] A polymer compound (polymer) containing at least 
the compound of formula (4) as a repeating unit can be 
obtained in a stable manner with good yield through a 
coupling reaction between a derivative with a functional 
group of formula (13) or formula (14) (as a raw material) 
and such a derivative or another monomer of formula (7) to 
(12). 

[0130] Still another intermediate product for a condensed 
polycyclic at-conjugated organic material in accordance with 
the present invention, to address the issue, is characterized 
in that the intermediate product is a compound of: 

(15) 

SiR'R2Y' 	 SiR'R2Y2 	(R3).  

R3  SiR'RZYZ 	 SiR'RZY' 

where each of Y' and Y2 , independent from the other, is a 
hydrogen atom, a halogen atom, an alkoxy group, an alky-
lthio group, an aryloxy group, an arylthio group, a silyl 
group, a substituted silyl group, a stannyl group, or a 
substituted stannyl group; each of R' and R 2 , independent 
from the other, is a hydrogen atom, an alkyl group, an alkoxy 
group, an alkylthio group, an aryl group, an aryloxy group, 
an arylthio group, an arylalkyl group, an arylalkoxy group, 
an arylalkylthio group, an arylalkenyl group, an arylalkynyl 
group, an amino group, a substituted amino group, a silyl 
group, a substituted silyl group, a silyloxy group, a substi-
tuted silyloxy group, a monovalent heterocyclic group, a 
fluorinated alkyl group, or a halogen atom; R 3  is a hydrogen 
atom, an alkyl group, an alkylthio group, an arylalkyl group, 
an arylthio group, an arylalkylthio group, an arylalkenyl 
group, an arylalkynyl group, an alkoxy group, an aryloxy 
group, an arylalkoxy group, an amino group, a substituted 
amino group, a substituted silyl group, a substituted silyloxy 
group, a halogen atom, a trifluoromethyl group, a carbamoyl 
group, a substituted carbamoyl group, an imino group, a 
substituted imino group, an oxazoridyl group, an aminoalkyl 
group, an alkoxyalkyl group, a sulfo group, a substituted 
sulfo group, a substituted sulfamoyl group, a phosphoric 
ester group, a cyano group, an aryl group, or an ethynyl 
group; m is from 0 to 50; and n is from 0 to 4. 

[0131] According to the arrangement, a condensed poly-
cyclic at-conjugated organic material and its polymer with 
the aforementioned excellent properties can be obtained in a 
more stable manner through an intramolecular reductive 
cyclization reaction. In the intermediate product, it is pref-
erable if at least one R 3  is bonded at a para position with 
respect to the bonding position of the silicon bonded to the 
benzene ring to which that R3  is bonded. This enables 
efficient production of an intermediate product (formula 
(13), formula (14), etc.) suitable for the synthesis of the 
polymer. 

[0132] In the intermediate product, the silicon bonded to 
the benzene ring is preferable at an ortho position with 

respect to a bonding position with a triple bond carbon. This 
urges the intramolecular reductive cyclization reaction to 
proceed. 

[0133] A method of manufacturing a condensed polycy-
clic at-conjugated organic material in accordance with the 
present invention, to address the issue, is characterized in 
that the method involves the steps of: 

[0134] reacting a metal reducing agent with an aryl acety-
lene compound containing an organic silicon group; and 

[0135] allowing an intramolecular reductive cyclization 
reaction to proceed, so as to yield a compound of formula 
(1). 

[0136] According to the method, a condensed polycyclic 
at-conjugated organic material and its intermediate product 
with the aforementioned excellent properties can be efli-
ciently obtained through an intramolecular reductive 
cyclization reaction. 

[0137] In the manufacture method, it is preferable if the 
aryl acetylene compound is a phenyl acetylene compound. 
According to the method, the aryl acetylene compound, 
when it is a phenyl acetylene compound, enables the 
intramolecular reductive cyclization reaction to proceed in a 
more stable manner. 

[0138] The embodiments and examples described in Best 
Mode for Carrying Out the Invention are for illustrative 
purposes only and by no means limit the scope of the present 
invention. Variations are not to be regarded as a departure 
from the spirit and scope of the invention, and all such 
modifications as would be obvious to one skilled in the art 
are intended to be included within the scope of the claims 
below. 

INDUSTRIAL APPLICABILITY 

[0139] The condensed polycyclic at-conjugated organic 
material, its intermediate product, and method of manufac-
turing the condensed polycyclic at-conjugated organic mate-
rial in accordance with the present invention, as described in 
the foregoing, are achieved by using as a hydrocarbon a 
benzene ring with organic silicon as a substituent, reacting 
a straight-chain hydrocarbon (aryl acetylene compound, 
phenyl acetylene compound) with a triple bond with a metal 
reducing agent, and allowing an intramolecular reductive 
cyclization reaction to proceed between silicon and the 
triple-bonded carbon. 

[0140] The condensed polycyclic at-conjugated organic 
material in accordance with the present invention is a novel 
compound that can be used as a light-emitting material and 
a charge transport material. 

[0141] In addition, the method of manufacturing a con-
densed polycyclic at-conjugated organic material in accor-
dance with the present invention skips conventional special 
high temperature thermal decomposition reaction, and (i) is 
suited to mass-volume synthesis, (ii) enables the synthesis a 
derivative, containing a functional group, which is required 
in the synthesis of a polymer, and (iii) is applicable to the 
synthesis of a condensed polycyclic compound. The method 
can reliably ensures the manufacture of the aforementioned 
useful condensed polycyclic at-conjugated organic material. 
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1. A condensed polycyclic at-conjugated organic material, 
comprising a compound of formula (1): 

(1) 
R' R2  

i 

where each of R' and R2 , independent from the other, is a 
hydrogen atom, an alkyl group, an alkoxy group, an alky-
lthio group, an aryl group, an aryloxy group, an arylthio 
group, an arylalkyl group, an arylalkoxy group, an aryla-
lkylthio group, an arylalkenyl group, an arylalkynyl group, 
an amino group, a substituted amino group, a silyl group, a 
substituted silyl group, a silyloxy group, a substituted sily-
loxy group, a monovalent heterocyclic group, a fluorinated 
alkyl group, or a halogen atom; R 3  is a hydrogen atom, an 
alkyl group, an alkylthio group, an arylalkyl group, an 
arylthio group, an arylalkylthio group, an arylalkenyl group, 
an arylalkynyl group, an alkoxy group, an aryloxy group, an 
arylalkoxy group, an amino group, a substituted amino 
group, a substituted silyl group, a substituted silyloxy group, 
a halogen atom, a trifluoromethyl group, a carbamoyl group, 
a substituted carbamoyl group, an imino group, a substituted 
into group, an oxazoridyl group, an aminoalkyl group, an 
alkoxyalkyl group, a sulfo group, a substituted sulfo group, 
a substituted sulfamoyl group, a phosphoric ester group, a 
cyano group, an aryl group, or an ethynyl group; m is from 
1to50;andnisfrom0to4. 

2. The condensed polycyclic at-conjugated organic mate-
rial as set forth in claim 1, wherein the compound has 
formula (2): 

(2) 
R' R2  
\Si 	 R 1 R2 

R1  R2 	 /Si 

R' R2  

3. A condensed polycyclic at-conjugated organic material 
of formula (3): 

(3) 
R' R2  

(R3)n 

(R ) 	Si 	/ 

R' R2  

where each of R' and R2 , independent from the other, is a 
hydrogen atom, an alkyl group, an alkoxy group, an alky- 

lthio group, an aryl group, an aryloxy group, an arylthio 
group, an arylalkyl group, an arylalkoxy group, an aryla-
lkylthio group, an arylalkenyl group, an arylalkynyl group, 
an amino group, a substituted amino group, a silyl group, a 
substituted silyl group, a silyloxy group, a substituted sily-
loxy group, a monovalent heterocyclic group, a fluorinated 
alkyl group, or a halogen atom; R 3  is an alkyl group, an 
alkylthio group, an arylalkyl group, an arylthio group, an 

arylalkylthio group, an arylalkenyl group, an arylalkynyl 
group, an alkoxy group, an aryloxy group, an arylalkoxy 
group, an amino group, a substituted amino group, a sub-
stituted silyl group, a substituted silyloxy group, a halogen 
atom, a trifluoromethyl group, a carbamoyl group, a substi-
tuted carbamoyl group, an imino group, a substituted imino 
group, an oxazoridyl group, an aminoalkyl group, an 
alkoxyalkyl group, a sulfo group, a substituted sulfo group, 
a substituted sulfamoyl group, a phosphoric ester group, a 
cyano group, an aryl group, or an ethynyl group; and n is 
from 1 to 4. 

4. A condensed polycyclic at-conjugated organic material, 
being a polymer comprising a compound of formula (4) as 
a repeating unit and having a number average polystyrene-
equivalent molecular weight of 10 3  to 108 : 

(4) 

where each of R' and R2 , independent from the other, is a 
hydrogen atom, an alkyl group, an alkoxy group, an alky-
lthio group, an aryl group, an aryloxy group, an arylthio 
group, an arylalkyl group, an arylalkoxy group, an aryla-
lkylthio group, an arylalkenyl group, an arylalkynyl group, 
an amino group, a substituted amino group, a silyl group, a 
substituted silyl group, a silyloxy group, a substituted sily-
loxy group, a monovalent heterocyclic group, a fluorinated 
alkyl group, or a halogen atom; R 4  is a substituent having 
ortho position activating effect, such as an alkoxy group, an 
aryloxy group, an arylalkoxy group, an amino group, a 
substituted amino group, a substituted silyl group, a substi-
tuted silyloxy group, a halogen atom, a trifluoromethyl 
group, a carbamoyl group, a substituted carbamoyl group, an 
imino group, a substituted imino group, an oxazoridyl 
group, an aminoalkyl group, an alkoxyalkyl group, a sulfo 
group, a substituted sulfo group, a substituted sulfamoyl 
group, a phosphoric ester group, a cyano group, an aryl 
group, or an ethynyl group; and m is from 0 to 50. 

5. The condensed polycyclic at-conjugated organic mate-
rial as set forth in claim 4, wherein the compound has 
formula (5): 
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(5) 

R' 	RZ  
\Si  

R4  

R1 	R2  /Si 

R1 	R2  

6. The condensed polycyclic at-conjugated organic mate-
rial as set forth in claim 4, wherein the compound has 
formula (6): 

R' R2 	 (6)  

^ R4 

R4 

Si 

R' R2  

7. The condensed polycyclic at-conjugated organic mate-
rial as set forth in claim 4, the polymer further comprising 
at least one repeating unit selected from the group consisting 
of formulae (7), (8), (9), (10), (11), and (12): 

(7) 
-Ar'- 

(8) 
—f,4rz 

(9) 
-  Ar3- X1

-
-A.4 

(10) 
-Ar5-X2- 

(11) 
-X3-Ar6-X4- 

(12)
 -X5- 

where each of Ar', Ar z  Are  Ar4, Ar5 , and Ar6, independent 
from the others, is an arylene group, a divalent heterocyclic 
group, or a divalent group having a metal complex structure; 
each of X', X2, X3, X4, and X5 , independent from the others, 
is -CR4=CR5  , -C C N(R6) B(R') , or 

(SiR$R9)q-; each of R4  and R5 , independent from the 
other, is a hydrogen atom, an alkyl group, an aryl group, a 
monovalent heterocyclic group, a carboxyl group, a substi-
tuted carboxyl group, or a cyano group; each of R 6, R7 , R8 , 
and R9, independent from the others, is a hydrogen atom, an 
alkyl group, an aryl group, a monovalent heterocyclic group, 
or an arylalkyl group; each of o, p, and q, independent from 
the others, is an integer from 1 to 12. 

8. An intermediate product for a condensed polycyclic 
at-conjugated organic material, the product having formula 
(13):  

(13) 

R' RZ  
i 

where each of R' and R2, independent from the other, is a 
hydrogen atom, an alkyl group, an alkoxy group, an alky-
lthio group, an aryl group, an aryloxy group, an arylthio 
group, an arylalkyl group, an arylalkoxy group, an aryla-
lkylthio group, an arylalkenyl group, an arylalkynyl group, 
an amino group, a substituted amino group, a silyl group, a 
substituted silyl group, a silyloxy group, a substituted sily-
loxy group, a monovalent heterocyclic group, a fluorinated 
alkyl group, or a halogen atom; R 4  is a substituent having 
ortho position activating effect, such as an alkoxy group, an 
aryloxy group, an arylalkoxy group, an amino group, a 
substituted amino group, a substituted silyl group, a substi-
tuted silyloxy group, a halogen atom, a trifluoromethyl 
group, a carbamoyl group, a substituted carbamoyl group, an 
imino group, a substituted imino group, an oxazoridyl 
group, an aminoalkyl group, an alkoxyalkyl group, a sulfo 
group, a substituted sulfo group, a substituted sulfamoyl 
group, a phosphoric ester group, a cyano group, an aryl 
group, or an ethynyl group; m is from 0 to 50; each of Y 3  and 
Y4, independent from the other, is lithium, potassium, 
sodium, magnesium halide, magnesium amide, or dialkyl 
zinc. 

9. An intermediate product for a condensed polycyclic 
at-conjugated organic material, the product having formula 
(14): 

(14) 

R' R2  

where each of R' and R2, independent from the other, is a 
hydrogen atom, an alkyl group, an alkoxy group, an alky-
lthio group, an aryl group, an aryloxy group, an arylthio 
group, an arylalkyl group, an arylalkoxy group, an aryla-
lkylthio group, an arylalkenyl group, an arylalkynyl group, 
an amino group, a substituted amino group, a silyl group, a 
substituted silyl group, a silyloxy group, a substituted sily-
loxy group, a monovalent heterocyclic group, a fluorinated 
allyl group, or a halogen atom; R 4  is a substituent having 
ortho position activating effect, such as an alkoxy group, an 
aryloxy group, an arylalkoxy group, an amino group, a 
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substituted amino group, a substituted silyl group, a substi-
tuted silyloxy group, a halogen atom, a trifluoromethyl 
group, a carbamoyl group, a substituted carbamoyl group, an 
imino group, a substituted imino group, an oxazoridyl 
group, an aminoalkyl group, an alkoxyalkyl group, a sulfo 
group, a substituted sulfo group, a substituted sulfamoyl 
group, a phosphoric ester group, a cyano group, an aryl 
group, or an ethynyl group; m is from 0 to 50; each of Y 5  and 
Y6, independent from the other, is a halogen atom, magne-
sium halide, alkyl magnesium, dialkyl zinc, zinc halide, a 
silyl group, a substituted silyl group, a stannyl group, a 
substituted stannyl group, boronic acid, or boronic ester. 

10. An intermediate product for a condensed polycyclic 
at-conjugated organic material, the product having formula 
(15): 

(15) 

SiR'R2Y' 	 SiR'R^Y' 	(R3).  

R3  SiR'RZYZ 	 SiR'RZY' 

where each of Y' and Y2, independent from the other, is a 
hydrogen atom, a halogen atom, an alkoxy group, an alky-
lthio group, an aryloxy group, an arylthio group, a silyl 
group, a substituted silyl group, a stannyl group, or a 
substituted stannyl group; each of R' and R 2, independent 
from the other, is a hydrogen atom, an alkyl group, an alkoxy 
group, an alkylthio group, an aryl group, an aryloxy group, 
an arylthio group, an arylalkyl group, an arylalkoxy group, 
an arylalkylthio group, an arylalkenyl group, an arylalkynyl 
group, an amino group, a substituted amino group, a silyl 
group, a substituted silyl group, a silyloxy group, a substi-
tuted silyloxy group, a monovalent heterocyclic group, a 
fluorinated alkyl group, or a halogen atom; R 3  is a hydrogen 
atom, an alkyl group, an alkylthio group, an arylalkyl group, 
an arylthio group, an arylalkylthio group, an arylalkenyl 
group, an arylalkynyl group, an alkoxy group, an aryloxy 
group, an arylalkoxy group, an amino group, a substituted 
amino group, a substituted silyl group, a substituted silyloxy 
group, a halogen atom, a trifluoromethyl group, a carbamoyl 
group, a substituted carbamoyl group, an imino group, a 
substituted imino group, an oxazoridyl group, an aminoalkyl 
group, an alkoxyalkyl group, a sulfo group, a substituted 
sulfo group, a substituted sulfamoyl group, a phosphoric 
ester group, a cyano group, an aryl group, or an ethynyl 
group; m is from 0 to 50; and n is from 0 to 4. 

11. A method of manufacturing a condensed polycyclic 
at-conjugated organic material, comprising the steps of: 

reacting a metal reducing agent with an aryl acetylene 
compound containing an organic silicon group; and 

allowing an intramolecular reductive cyclization reaction 
to proceed, so as to yield a compound of formula (1): 

(1) 
R' R2  

i 

where each of R' and R 2, independent from the other, is 
a hydrogen atom, an alkyl group, an alkoxy group, an 
alkylthio group, an aryl group, an aryloxy group, an 
arylthio group, an arylalkyl group, an arylalkoxy group, 
an arylalkylthio group, an arylalkenyl group, an aryla-
lkynyl group, an amino group, a substituted amino 
group, a silyl group, a substituted silyl group, a silyloxy 
group, a substituted silyloxy group, a monovalent het-
erocyclic group, a fluorinated alkyl group, or a halogen 
atom; R3  is a hydrogen atom, an alkyl group, an 

alkylthio group, an arylalkyl group, an arylthio group, 
an arylalkylthio group, an arylalkenyl group, an aryla-
lkynyl group, an alkoxy group, an aryloxy group, an 
arylalkoxy group, an amino group, a substituted amino 
group, a substituted silyl group, a substituted silyloxy 
group, a halogen atom, a trifluoromethyl group, a 
carbamoyl group, a substituted carbamoyl group, an 
imino group, a substituted imino group, an oxazoridyl 
group, an aminoalkyl group, an alkoxyalkyl group, a 
sulfo group, a substituted sulfo group, a substituted 
sulfamoyl group, a phosphoric ester group, a cyano 
group, an aryl group, or an ethynyl group; m is from 0 
to 50; and n is from 0 to 4. 

12. The method of manufacturing a condensed polycyclic 
at-conjugated organic material as set forth in claim 11, 
wherein the aryl acetylene compound is a phenyl acetylene 
compound. 
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