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Description

ELECTROLUMINESCENT COMPOUNDS COMPRISING
FLUORENE GROUP AND ORGANIC ELECTROLU-
MINESCENT DEVICE USING THE SAME

Technical Tield
The present invention relates to an electroluminescent compound comprised of blue

electroluminescent materials, which show excellent luminous property with high effi-

ciencyand excellent lifetime, and electroluminescent devices comprising the same in

the electroluminescent layer.
Background Arxt

Among display devices, electroluminescence (EL) devices, being self-lnminous
type display devices, have advantages of wide visual angle, excellent contrast as well
as rapid renponse rate, Eastman Kodak firstly developed an organic EL device
employing low molecular aromatic diamine and aluminum complex as a substance for
forming an electroluminescent layer, in 1987 [Appl. Phys. Lett. 51, 913, 1987].

The most important factor to determine luminous efficiency, lifetime or the like in
an organic EL device is electroluminescent material. Several properties required for
stch electroluminescent materials include that the material should have high
fluorescent proton yield in solid state and high mobility of electrons and holes, is not
easily decomposed during vapor-deposition in vacuo, and forms uniform and stable
thin film.

Organic electroluminescent materials can be generally classified into high-
molecular materials and low-molecular materials. The low-molecular materials include
metal complexes and purely organic electroluminescent materials which do not contain
metal, from the aspect of molecular structure. Such electroluminescent materials
include chelate complexes stch as tris(8-quinolinolato)aluminum complexes, coumarin
derivatives, tetraphenylbutadiene derivatives, bis(styrylarylene) derivatives, oxadiamle
derivatives. Froim those materials, it is reported that light emission of visible region
from blue to red can be obtained, so that the realization of colored display deviceis
expected,

In the meanwhile, for blue materials, a number of materials have been developed
and commercialized since the development of DPVBi (Chemical Formula &) by
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(6]
(7]

(8]
(9]

(10}
[11]

(12]

Idemitsu-Kosan. In addition to the blue material system from Idemitsu-Kosan, dinaph-
thylanthracene (Chemical Formula b), tetra(t-butyl)perylene (Chemical Formula c)
system or the like have been known. Fbwever, extensive research and development
should be performed with respect to these materials. The distryloompound system of
Idemitsu-Kosan, which is known to have highest efficiency up to now, has 6 Im/W of
power efficiency and beneficial device lifetime of more than 30,000 hr. Ebwever,

when it is applied to a full-color display, owing to the reduction of color purity over
driving time, the lifetime is merely several thousand hours. In case of blue light, it
becomes advantageous from the aspect of the luminous efficiency, if the light emitting
wavelength is shifted a little toward longer wavelength. However, it is not easy to
apply the material to a display of high quality because of unsatisfactory pure blue
color. In addition, the research and development of such materials are urgent because
of the problems in color purity, efficiency and thermal stability.

[Chemical Formula a)

[Chemical Formula b]

Disclosure of Invention
Technical Problem
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[13]

[14]

[15]

[16]

[17]

[18]

(19]

[20]

[21]

The object of the invention is to overcome and make up for the problems of those
blue materials as described above, and provide electroluminescent compounds having
improved luminous efficiency and lifetime of the device. Another object of the
invention is to provide organic EL devices employing said electroluminescent
compounds as electroluminescent material, which have high efficiency and long
lifetime.

Technical Solution

The present inventors have made efforts in order to solve the problems of prior art
as described above, and invented novelelectroluminescent compounds to realize an
organic EL device having excellent luminous efficiency and noticeably improved life
time.

Thus, the present invention provides novel electroluminescent materials and elec-
troluminescent devices containing said electroluminescent materialsin the electrolu-
minescent layer. Specifically, the electroluminescent materials acording to the present
invention are characterized in that they are represented by following Chemical
Formula 1:

[Chemical Formula 1]

Ar3 /Al"5
N-A—-Ar—C=C—Ar,—B—N
~N
Ar4/ H H Arg

In Chemical Formula 1, Ar 1 is a chemical bond or selected from indenofluorene,
fluorene and spiro-fluorene as represented by following chemical formulas, Ar , is

selected from indenofluorene, fluorine andspiro-fluorene as represented by following

=

A and B independently represent a chemical bond, or are selected from phenylene
group, naphthylene group, biphenylene group, anthracenyl group, perylenylene group
or pyrenylene group,but the compounds wherein both A and Ar  are chemical bonds
are excluded.

R through R are independently selected from C1~C20 alkyl, cycloalkyl, C]~C20
alkyl having one or more halogen substituent(s), and phenyl or naphthyl having C1~C5

SUBSTITUTE SHEET (RULE 26)
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[22]

[23]

[24]

[25]

[26]

[27]
[28]

[29]
(30]

alkyl substituent(s), more preferably R' throu gh R’ are independently selected from C
~C alkyl, C C cycloalkyl phenyl and naphthyl, and said halogen is selected from F
Cl and Br. Spemfmlly, R through Rare exemplified as methyl, ethyl, propyl, butyl,
amyl, cyclopentyl, cyclohexyl, phenyl and naphthyl.

Ar3 through Ar6 are independently: selected from C5~C20 aromatic or multicyclic
aromatic ring, and the aromatic ring may contain hetero atom(s).

Preferably, Ar3 through Ar6 independently represent phenyl, tolyl, xylyl, pyridyl,
biphenyl, naphthyl, anthryl, phenanthryl, pyrenyl, naphthacenyl, acenaphthyl,
perylenyl, chrysenyl, fluoranthenyl with or without alkyl (Ru) substituent(s), wherein

R' is selected from C1~Csa1kyl group, and n is an integer from 1 to 5.

O o G O

The electroluminescentcompounds represented by Chemical Formula 1 acording

to the present invention are specifically exemplified by following compounds:

DIF-1

SUBSTITUTE SHEET (RULE 26)
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[41] DMF-2
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[43] DIF-3
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[45] DSF-3
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[47] DPF-3
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~

[49] DMF-3
[50]
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[72]

[73]
[74]

[75]
[76]

[77]
[78]

[79]
[80]

[81]

(82]
(83]

DMF-21

Among the electroluminescent compounds represented by Chemical Formula (1)

acording to the present invention, the compounds wherein Ar . is same as Arz, Ar3 is
same as Ars, Ar4 is same as Ar6, and A is same as B, that is symmetrical on the basis of
the double bond, can be prepared by coupling 2 moles of aldehyde compound via
MacMurry reaction, as illustrated by Reaction Scheme 1:

[Reaction Scheme 1]

Ar 0 Ars Ars
. N-A-AGCH ————— . N—A-iAr1—g=g—Ar1—A—N\Ar4
2

Among the compounds of Chemical Fbrmula (1), asymmetrical compounds can be
prepared by reducing and halogenating the aldehyde compound of Chemical Formula
(3)to obtain the compound of Chemical Formula (4), which is then coupled with the
compound of Chemical Formula (2) via Wittig reaction or Wadsworth-
Horner-Emmons reaction (a modification of Wittig reaction).

[Reaction Scheme 2]

SUBSTITUTE SHEET (RULE 26)
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ﬁ /Al'5 /Al' 5
HC~Ary=B~N{ —————= X—CHz~Ary=B-N_
Arg Arg
3 4
Ar: 3 9 /Ars Ara\N A /AFS
N-A-Ary—CH + X—CH,—Ar,—B—N ~A-ArG=C— A BN
Ar4/ \Ars ‘ Ar4/ HoH \Afa
2 4 1
[84] [In the Reaction Scheme (2), A1rl through Ar6, and A and B are defined as above,
and X represents halogen, Cl or Br.]
[85] The compound represented by Chemical Formula 2, an important intermediate to

prepare the compound awording to the invention can be prepared by substituting the
dibromoaryl compound with butyl lithium and reacting the product with DMF to
prepare dibromoaldehyde compound, which is then subjected to substitution by a
secondary amine in the presence of a catalyst, as illustrated by Reaction Scheme 3:
[86] [Reaction Scheme 3]
[87]

n-BuLi

o Ara
NHAr;A) N\ 1
X—A-Ar=X —oULl y A-Ar—CH —— % N-A-Ar—~CH
DMF cat.

(X= Gl or Bi) Arg 2

[88] The preparation of the compounds axording to the present invention or in-
termediates thereof is not restricted to the reactions expressed by the Reaction
Schemes described above, but a person having ordinary skill in the art may prepare the
compounds by adopting known reactions in organic chemistry.

[(89] In addition, the present invention provides an electroluminescent device comprising
the electroluminescent represented by Chemical Forn;ula (1) in the electroluminescent
layer. More specifically, the invention provides an electroluminescent device
employing the electroluminescent compound of Chemical Formula (1) acording to the
invention as a dopant together with a conventional host material in the electrolu-
minescent layer. :

Brief Description of the Drawings

[90] Fig. 1 is a schematic view showing cross-sectional structure of the OLED devices
of Example 1 and Gmparative Example 1;

[91] Fig. 2 shows EL spectrums of Example 1 and Gomparative Example 1;

[92] Fig. 3 is a curve showing luminance property versus driving voltage of the OLED
according to Example 1; ,

[93] Fig. 4 is a curve showing current density property versus driving voltage of the
OLED of Example 1; and

SUBSTITUTE SHEET (RULE 26)
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[96]
[97]

[98]
[99]

[100]
[101]

[102]
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Fig. 5 is a curve showing luminous efficiency propertyversus luminance of the
OLED device of Example 1.
Mode for the Invention

The present invention is further described with respect to the novel electrolu-
minescent compounds acording to the invention, a process for preparing the same and
the electroluminescent properties of the device employing the same by referring to rep-
resentative compounds according to the present invention, which are provided for il-

lustration only but are not intended to be restrictive in any way.

[Synthetic Example 1] Preparation of DIF-1 (®bmpound 120)

HOOC,

5§y — oo — 8o — oy

o e o "
— B,
» © |

116

Preparation of (bmpound (112)

Gmpound (111), 1,4-dibromo-p-xylene (200 g, 0.76 mol) and phenyl boronic acid
(204 g, 1.67 mol), Pd(()Ac)2 (034 g, 1.52 mmol), potassium carbonate (524 g, 3.79
mol) and n—Bu4NBr (490 g, 1.51 mol) were suspended in 1.9 L of distilled water, and
the suspension was stirred at 70°Cfor 24 hours. After the reaction was completed, 2 L
of distilled water was added to the reaction mixture, and the solid produced was
filtered under reduced pressure, to obtain Gbmpound (112) (196 g, 0.76 mol) as gray
solid.

Preparation of (Cbmpound (113)

Gmpound (112) (196 g, 0.76 mol) was dissolved in pyridine (1.23 L, 15.17 mol)
and HZO (2L), and KMnO4 (420 g, 2.66 mol) was slowly added to the reaction
solution by ten portions, and the resultant mixture was heated under reflux for 48
hours. .

Distilled water (5 L, at 50°C was added thereto, and the solid by-product was
filtered off under reduced pressure. Addition of 35% HCI (3L) gave Gompound (113)
(174 g, 0.55 mol) as white solid.

SUBSTITUTE SHEET (RULE 26)
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[104]

[105]

[106]
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[108]

[109]
[110]

[111]
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Preparation of Ghmpound (114)
Gmpound (113) thus prepared (174 g, 0.55 mol) was added to concentrated

sulfuric acid (1.8 L), and the mixture was stirred at 25°Cfor 4 hours.

After completionof the reaction, ice water (6 L) was added, and the resultant
mixture was stirred for 1 hour, and filtered under reduced pressure to obtain solid. To
the solid, added was a solution of potassium carbonate (200 g) dissolved in distilled
water (5 L). The resultant mixture was stirred for 1 hour and filtered under reduced
pressure to obtain Gompound (114) (120 g, 0.43 mol) as purple solid.

Preparation of Gmpound (115)

Gmpound (114) thus prepared (120.g, 0.43 mol) was dissolved in diethylene
glyool (1.4 L), and potassium hydroxide (240 g, 4.25 mol) and hydrazne hydrate (207
mL, 4.25 mol) were added thereto. The resultant mixture was stirred at 220°Cfor 48
hours.

After cooling to ambient temperature, 20% hydrochloric acid solution (4 L) was
added, and the mixture was stirred for 1 hour. Solid was obtained from the mixture by
filtration under reduced pressure. To the solid, acetone and tetrahydrofurane (2 L,
each) were added, and the mixture was stirred for 20 hours. Filtration under reduced
pressure and drying gave Compound (115), also referred to as indenofluorene (85 g,
0.34 mol, yield: 79%), as gray solid.

Preparation of Cbmpound (116)

To the solution of Gmpound (115) (5.2 g, 20.5 mmol) dissolved in tetrahydrofﬁran
(50 mL), n-BuLi (1.6 M in n-hexane) (29.4 mL, 47.0 mmol) was slowly added
dropwise at -78°C After 1 hour of reaction, iodomethane (7.55 mL, 53.2 mmol) was
added therto, and the temperature wag slowly raised to ambient temperature. Stirring
was continued at the same temperature t"or‘l hour. Again, the temperature of the
reaction mixture was dropped to -78°C n-BuLi (1.6 M in n-hexane) (37.1 mL, 59.3
mmol) was slowly added dropwise to the mixture. After] hour of reaction,
iodomethane (7.55 mL, 53.2 mmol) was added therto, and the temperature was slowly
raised to ambient temperature, Stirring was continued at the same temperature for 15
hour.Then, aqueous ammonium chloride solution (20 mL) and distilled water (15 mL)
were added to quench the reaction. After removal of organic layer under reduced
pressure, and recrystallization from n-hexane (100 mL), ®mpound (116) (1.7 g, 5.48
mmol) was obtained.

Preparation of Compound (117)
Gmpound (116) (1.7 g, 4.64 mmol) and FeCl3 (11.3 mg, 0.07 mmol) were

SUBSTITUTE SHEET (RULE 26)
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dissolved in 30 mL of chloroform, and the temperature of the mixture was adjusted to
0°Cby using an ice-bath. Bromine (0.72 ml, 13.9 mmol) dissolved in 5 mL of
chloroform was slowly added dropwise thereto, and the mixture was stirred for 24
hours. After the reaction was completéd, the reaction was quenched by saturated
aqueous sodium thiosulfate solution (50mL). The reaction mixture was separated, and
the organic layer was removed under reduced pressure, and recrystallized from n-
hexane (100 mL) to give Compound (117) (1.6 g, 3.42 mmol).

Preparation of Gbmpound (118) A

Gmpound (117) thus obtained (1.6 g, 3.42 mmol) was dissolved in tetrahydrofuran
(40 mL), and n-BuLi(1.6 M in n-hexane)(4.8 mL, 3.0 mmol) was slowly added
dropwise thereto at -78°C After stirring the reaction mixture for 30 minutes,
N,N-dimethylformamide(0.3 mL, 4.14 mmol) was added thereto. Stirring was

continued while slowly raising the temperature for 2 hours, and the reaction was
quenched by adding aqueous NH4C1 splution (20 mL) and distilled water (20 mL). The
organic layerwas separated, removed under reduced pressure, and recrystallized from
100 mL of methanol:n-hexane (1/1, W) to-obtain Gbmpound (118) (1.1 g, 2.64

mmol).

Preparation of Gmpound (119)

The aldehyde compound (118) thus obtained (1.1 g, 2.6 mmol), diphenylamine
(0.67 g, 4.0 mmol), cesium carbonate (1.29 g, 3.96 mmol) and palladium acetate
(Pd(OAc)Z) (18 mg, 0.08 mmol) were suspended in 100 mL of toluene. To the
suspension, tri(t-butyl) phosphine (P(t-]'::u)a)(32 mg, 0.16 mmol) was added, and the
mixture was stirred at 120°Cor 4 hours. Saturated aqueous ammonium chloride
solution (30 mL) was added thereto, and the mixture was extracted with ethyl acetate
(50 mL), filtered, and recrystallized from methanol:n-hexane (1/1, W) (50 mL) to
obtain bmpound (119) (1.2 g, 2.4 mmol).

Preparation of Gmpound (120)

Zinc dust (6.0 g, 92.4 mmol), TiCl4 (31 mL, 30.8 mmol) and tetrahydrofuran (26
mL) were stirred at -10°Cunder argon atmosphere. After 4 hours, Gmpound (119) (1.2

g, 2.4 mmol) was added thereto, and the mixture was stirred for 24 hours. After adding
30 mL of distilled water, the mixture was stirred for 1 hour, and filtered under reduced
pressure. Then, acetone (30 mL) and dichloromethane (30 mL) were added, and the
mixture was stirred and filtered under reduced pressure. To the solid produced, added
was N,N-dimethylformamide (50 mL), and the resultant mixture was heated under

reflux with stirring for 2 hours, filtered under reduced pressure, and dried to obtain

SUBSTITUTE SHEET (RULE 26)
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Gompound (120, DIF-1) (0.93 g, 0.95 mmol, yield on the basis of Gmpound (118):
72%) as yellow solid.

[119] 'H NMR(CDCI 200 MHz) : 81 67(s 24H), 6.46(m, 8H), 6.61-6.62(m, 6H),
6.78(m, 2H), 6.99- 7 01(m, 10H), 7. 57(m, ZH), 7.70-7.74(m, 8H), 7.95(m, 2H)

[120] MSYFAB : 978(found) 979.30(aalculated)

[121] [Synthetic Example 2] Preparation of DSF-1 ((bmpound 125)

[122]
o g g
: v $ag

s
Br O‘D CHO Q Q y 0.0
—_— N cHo™— ™ N O O
S0 T IERTTOEST0

[123] Preparation of Gmpounds (121) and (122
[124] To 2-bromobiphenyl (6.27 g, 26.9 mmol) and magnesium powder (0.68 g, 28.2

mmol), diethyl ether (5 mL) was added, and the mixture was heated under reflux with

stirring for 3 hours. To 2,7-dibromofluorenone (10 g, 29.6 mmol), diethyl ether solvent
(5 mL) was added, and, after stirring, the mixture was slowly added to the reaction
mixture. After stirring at 25°Cfor 24 hours, saturated aqueous ammonium chloride
solution (50 mL) was placed in an ice-bath. After stirring for 1 hour, it was filtered,
washed with 100 mL of distilled water, and filtered under reduced pressure to obtain
crude (bmpound (121), which was added to glacial acetic acid (40 mL) and heated
under reflux for 2 hours. To the reaction’ solution, 30% hydrochloric acid solution (40
mL) was slowly added to form solid, which was then filtered under reduced pressure,
washed with 100 mL of distilled water, recrylstallized from 50 mL of methanol, and
dried under reduced pressure to obtain (bmpound (122) (9.8 g, 20.7 mmol).

[125] Preparation of Gmpound (123)

[126] (mpound (123) was obtained acording to the same synthetic procedure as for
Gmpound (118). Reaction was carried out by using Gmpound (122) prepared as
above (9.8 g, 20.7 mmol), tetrahydrofuran (40 mL), n-BuLi (1.6 M in n-hexane) (33.6
mL, 21 mmol) and N,N-dimethylformamide (2.1 mL, 29.0 mmol). Recrystallization
from 30 mL of methanol and 30 mL of,n-heiane gave Gmpound 123 (5.23 g, 12.36

mmol),
[127] Preparation of Compound (124)
[128] mpound (124) was obtained aboording to the same synthetic procedure as for
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Gmpound (119). Reaction was carried out by using the aldehyde compound (123)
prepared as above (5.23 g, 12.4 mmol), diphenylamine (3.14 g, 18.5 mmol), cesium
carbonate (6.04 g, 18.5 mmol), Pd(OAc)2 (83 mg, 0.37 mmol), toluene (200 mL),
P(t—Bu)3 (150 mg, 0.74 mmol). Recrystallization from 100 mL of methanol:n-hexane
(1/1, W) gave Gmpound 124 (3.8 g, 7.4 mmol).

Preparation of (bmpound (125)

Gompound (125) was obtained acording to the same synthetic procedure as for
mpound (120). By using anc dust (4.85 g, 74.2 mmol), TiCl \ (1M solution in
dichloromethane) (30 mL, 29.7 mmol), tetrahydrofuran (26 mL) and Gbmpound (124)
(3.8 g, 7.4 mmol), ®mpound (125, DSF-1) (2.4 g, 2.4 mmol, yield on the basis of
Gmpound (123): 39%) was obtained as white powder.

'H NMR(CDCl ; 200 MHz) : 86.46(m, 8H), 6.58-6.62(m, 6H), 7.35(d, 2H),
6.99-7.01(m, 10H), 7.16-7.19(m, 8H), 7.35(m, 4H), 7.54-7.59(m, 4H), 7.71-7.72(m,
6H), 7.84(d, 2H)

MSFAB : 990(found) 991.22(calculated)

[Synthetic Example 3] Preparation of DPE-1 ((Gbmpound 130)

B:ar _ Brar S are, N

QO
O Qo Qo 5P
S dgg 3 s

130

Preparation of Compounds (126) and (127
Diethyl ether (50 mL) was added to magnesium (4.9 g, 0.20 mol), and a solution of

bromobenzene (31.4 g, 0.20 mmol) dissolved in 150 mL of diethyl ether was slowly
added dropwise thereto. After heating the reaction mixture under reflux for 3 hours, a
solution of 2,7-dibromofluorene (33.8 g, 0.10 mol) dissolved in 40 mL of diethyl ether
was slowly added dropwise to the reaction mixture, which was then heated under
reflux for 12 hours.

After the reaction was completed, the precipitate generated was filtered under
reduced pressure to obtain Compound (126) (41.5 g, 0.10 mmol). Compound (126)
was dissolved in 145 mL of benzene, and trifluoromethanesulfonic acid (45 mL) was
slowly added dropwise thereto, while raising the temperature slowly. After stirring the

mixture at 100°Cor 30 minutes, the reaction solution was added to ice-water to
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[138]
[139]

[140]
[141]

[142]
[143]

[144]

[145]
[146]
[147]

[1438]
[149]

generate solid. The solid generated was filtered under reduced pressure, washed with
50 mL of methanol and 100 mL of diethyl ether, and dried under reduced pressure to
obtain Compound (127) (27.1 g, 57.0 mmol) as pale yellow solid.

Preparation of Gbmpo und (128)

Gmpound (128) was obtained awording to the same synthetic procedure as for
Gmpound (118). By using mpound (127) (27.1 g, 56.9 mmol), tetrahydrofuran
(120 mL), n-BulLi (1.6 M in n-hexane) (35.6 mL,, 56.9 mmol) and
N,N-dimethylformamide (6.2 mL, 79.7 mmol), Cbmpound (128) (12.1 g, 28.4 mmol)
was obtained. |

Preparation of Compound (129)

Gmpound (129) was obtained awording to the the same synthetic procedure as for
Gmpound (119). By using the aldehyde compound (128) (12.1 g, 28.4 mmol),
diphenylamine (7.3 g, 42.6 mmol), cesium carbonate (13.9 g, 42.6 mmol), Pd(OAc) \
(192 mg, 0.85 mmol), toluene (600 mL) and P(t~Bu)3 (347 mg, 1.7 mmol), Gmpound
(129) (8.8 g, 17.1 mmol) was obtained.

Preparation of Compound (130)

Gmpound (130) was obtained acording to the same synthetic procedure as for
Ompound (120). By using znc dust (11.2 g, 171 mmol), TiCl4 (1 M solution in
dichloromethane) (69 mL, 68.4 mmol), tetrahydrofuran (60 mL) and ®mpound
(124)(8.8 g, 17.1 mmol), ®mpound (130, DSF-1) (5.6 g, 5.1 mmol, yield on the basis
of Gmpound (128): 35%) was obtained as white solid.

'H NMR(CDC13, 200 MHz) : 6.46(mn, 8H), 6.58-6.62(m, 6H), 6.75(d, 2H),
6.99-7.17(m, 30H), 7.54-7.59(m, 4H), 7.71(d, 2H), 7.84(m, 2H)

MSFAB : 994(found) 995.26(calculated)

[Synthetic Example 4] Preparation of DMF-1 (Gmpound 134)

. Q..Qﬁp
— o—— ~ 59
d @m @

Preparation of Cbmpound (131)

Under nitrogen atmosphere, 2,7-dibromofluorene (50.0 g, 154.3 mmol) and
potassium hydroxide (69.2 g, 1.23 mol) were dissolved in 700 mL of DMSO. The

SUBSTITUTE SHEET (RULE 26)



WO 2007/086701 PCT/KR2007/000456

[150]
[151]

[152]
[153]

[154]
[155]

[156]

[157]
[158]
[159]

17

solution was chilled to 0°C and distilled water (113 mL) was slowly added dropwise
thereto, and the resultant mixture was stirred for 1 hour. Then, iodomethane (CHqI)
(38.5 mL, 0.617 mol) was slowly added, and the resultant mixture was slowly warmed
to ambient temperature, and stirred at the temperature for 15 hours. The reaction was
quenched by adding 200 mL of distilled water to the reaction solution, and the reaction
mixture was extracted with 300 mL of dichloromethane. The organic layer obtained
was concentrated under reduced pressure, and purified by silica gel column chro-
matography (eluent: n-hexane:dichloromethane = 20:1) to obtain Compound (131)
(53.0 g, 0.15 mol).

Preparation of Compound (132)

Gmpound (132) was obtained according to the same synthetic procedure as for
Gdmpound (118). By using Gompound (131) (53.0 g, 0.15 mol), tetrahydrofuran (350
mL), n-BuLi (1.6 M in n-hexane) (63.2 mL, 158 mmol) and N,N-dimethylformamide
(16.3 mL, 211 mmol), Gmpound (132) (20.9 g, 69.4 mmol) was obtained.

Preparation of Gompound (133)

Gmpound (133) was obtained axording to the same synthetic procedure as for
Gmpound (119). By using the aldehyde compound (132) (20.9 g, 69.4 mmol),
diphenylamine (12.5 g, 104.1 mmol), cesium carbonate (24.1 g, 104.1 mmol),
Pd(OAc)2 (332 mg, 2.1 mmol), toluene (800 mL) and P(t—Bu)3(0.6O g, 4.2 mmol),
Gompound (133) (15.2 g, 39.0 mmol) was obtained.

Preparation of Ghmpound (134

Gmpound (134) was obtained acording to the same synthetic procedure as for
Gmpound (120). By using znc dust (19.4 g, 390 mmol), TiCl . (1 M solution in
dichloromethane) (120 mL, 156 mmol), tetrahydrofuran (104 mL) and Gompound 133
(15.2 g, 39.0 mmol), Gmpound (134, DMF-1) (9.7 g, 12.9 mmol, yield on the basis of
Gmpound (132): 37%) was obtained as white solid.

'H NMR(CDCI J 200 MHz) : 61.67(s, 12H), 6.46(m, 8H), 6.58-6.62(m, 6H),
6.75(d, 2H), 6.99-7.01(m, 10H), 7.54-7.59(m, 4H), 7.71(d, 2H), 7.84(m, 2H)

MSFAB : 745(found) 746.98(calculated)

[Synthetic Example 5] Preparation of DIF-2 (Gbmpound 13

"R o
0 OO0 T e 0O
e oo ’O HO .O = O N
- " . OO
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[160] Preparation of (bmpound (135)

[161] Gmpound (135) was obtained awording to the same synthetic procedure as for
Gmpound (119). By using the aldehyde compound (118) (3.0 g, 7.2 mmol), N-
phenylnaphthalene-2-amine (3.5 g, 10.8 mmol), cesium carbonate (1.3 g, 10.8 mmol),
Pd(OAc)2 (48 mg, 0.22 mmol), toluene (100 mL) and P(t—Bu)3(87 mg, 0.43 mmol),
(mpound (135) (2.8 g, 5.0 mmol) was obtained.

[162] Preparation of (bmpound (136)

[163] Gmpound (136) was obtained acording to the same synthetic procedure as for
(bmpound (120). By using znc dust (4.0 g, 60.4 mmol), TiCl 4( 1Min
dichloromethane) (21 mL, 20.1 mmol), tetrahydrofuran (50 mL) and Compound 135
(2.8 g, 5.0 mmol), Gmpound (136, DIF-2) (2.3 g, 2.1 mmol, yield: 58%) was obtained
as yellow solid.

[164] 'H NMR(CDCIB, 200 MHz) : d 1.67(s, 24H), 6.46(m, 4H), 6.61-6.62(m, 4H),
6.76-6.78(m, 6H), 6.99-7.09(m, 8H), 7.23(m, 2H), 7.44-7.55(m, 8H), 7.70-7.74(m,
8H), 7.95(m, 2H)

[165] MSFAB : 1078(found) 1079.41(calculated)

[166] [Synthetic Example 6] Preparation of DSF-2 ((bmpound 138

[167]

0. —_— O‘O CHO
° 08T
[168] Preparation of Gmpound (137)
[169] Gmpound (137) was obtained acording to the same synthetic procedure as for

Gmpound (119). By using the aldehyde compound (123) (6.8 g, 16.0 mmol), N-
phenylnaphthalene-2-amine (5.3 g, 24.0 mmol), cesium carbonate (7.8 g, 24.1 mmol),
Pd(OAc)2 (107 mg, 0.48 mmol), toluene (150 mL) and P(t—Bu)3(194 mg, 0.96 mmol),
Gmpound (137) (7.5 g, 13.3 mmol) was obtained.

(1701 Preparation of Gbmpound (138)

[171}1 (bmpound (138) was obtained acording to the same synthetic procedure as for
Gmpound (120). By using zanc dust (8.7 g, 133 mmol), TiCl \ (1 M solution in
dichloromethane) (53 mL, 53.2 mmol), tetrahydrofuran (65 mL) and Gmpound 137
(7.5 g, 13.3 mmol), Gmpound (138, DSF-2) (8.1 g, 7.5 mmol, yield: 93%) was
obtained as pale gray solid.

[172] 'H NMR(CDCIB, 200 MHz) : 56.46(m, 4H), 6.58-6.62(m, 4H), 6.75-6.79(m, 6H),
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6.99-7.23(m, 18H), 7.71(m, 4H), 7.44-7.59(m, 10H), 7.71-7.72(m, 6H), 7.84(m, 2H)
MSFAB : 1090(found) 1091.34(calculated)
[Synthetic Example 7] Preparation of DPF-2 (Gmpound 140

e \ /53
x C}m : TV

Preparation of Cbmpound (139

Gmpound (139) was obtained according to the same synthetic procedure as for
Gmpound (119). By using the aldehyde compound (128) (6.8 g, 16.0 mmol), N-
phenylnaphthalene-2-amine (5.3 g, 24.0 mmol), cesium carbonate (7.8 g, 24.1 mmol),
Pd(OAc)2 (107 mg, 0.48 mmol), toluene (150 mL) and P(t—Bu)3( 194 mg, 0.96 mmol),
Gmpound (139) (7.5 g, 13.3 mmol) was obtained.

Preparation of (bmpound (140)

mpound (140) was obtained awording to the same synthetic procedure as for
mpound (120). By using znc dust (8.7 g, 133 mmol), TiCl . (1 M solution in
dichloromethane) (53 mL, 53.2 mmol), tetrahydrofuran (65 mL) and Compound 139
(7.48 g, 13.3 mmol), mpound (140, DPF-2) (8.1 g, 7.5 mmol, yield: 93%) was
obtained as pale gray solid.

'H NMR(CDC1 y 200 MHz) : 8 6.46(m, 4H), 6.58-6.62(m, 4H), 6.75-6.79(m, 6H),
6.99-7.23(m, 30H), 7.44-7.59(m, 10H), 7.06(m, 2H), 7.84(m, 2H)

MSFAB : 1096(found) 1095.37(calculated)

[Synthetic Example 8] Preparation of DMF-2 (Gmpound 142)

-

g Qb — ~r

144

Preparation of Compound (141

(mpound (141) was obtained awording to the same synthetic procedure as for
(bmpound (119). By using the aldehyde compound (132) (5.3 g, 17.5‘mmol), N-
phenylnaphthalene-2-amine (4.1 g, 26.3 mmol), cesium carbonate (6.1 g, 26.3 mmol),
Pd(OAc)2 (84 mg, 0.52 mmol), toluene (‘1 17 mL) and P(t—Bu)3(152 mg, 1.1 mmol),
(bmpound (141) (5.8 g, 13.2 mmol) was obtained.

Preparation of Cbmpound (142)
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[187] (mpound (142) was obtained acording to the same synthetic pracedure as for
Gmpound (120). By using zinc dust (6.7 & 68.0 mmol), TiCl \ (1 M solution in
dichloromethane) (41 mL, 27.2 mmol), tetrahydrofuran (50 mL) and Compound 139
(5.8 g, 6.8 mmol), Gmpound (142, DMF-2) (6.3 g, 7.4 mmol, yield: 84%) was
obtained as pale gray solid.

[188] 'H NMR(CDCI3, 200 MHz) : 8 1.67(s, 12H), 6.46-6.62(m, 8H), 6.76-6.79(m, 6H),
6.99-7.09(m, 8H), 7.23(m, 2H), 7.44-7.59(m, 10H), 7.71(m, 2H), 7.84(m, 2H)

[189] MSFAB : 846(found) 847.10(calculated)

[190] [Synthetic Example 9] Preparation of DIE-3 (Cbmpound 144)
[191)]

0
pee 7
Oy —— 0D — OCL
Q’O geacilss &

Q

[192] Preparation of (bmpound (143)

[193] (Ompound (143) was obtained acording to the same synfhetic procedure as for
(dmpound (119). By using the aldehyde compound (118) (5.0 g, 12.0 mmol),
di(naphthalene-3-yl)amine (4.8 g, 18.0 mmol), cesium carbonate (5.9 g, 18.0 mmol),
Pd(OAc)2 (81 mg, 0.36 mmol), toluene (90 mL) and P(t-Bu)3(145 mg, 0.72 mmol),
Gmpound (143) (5.7 g, 9.5 mmol) was obtained.

[194] Preparation of Cbmpound (144)

[195] G mpound (144) was obtained acording to the same synthetic procedure as for
Gompound (120). By using Anc dust (7.4 g, 0.11 mol), TiCl \ (1 M in dichloromethane)
(38 mL, 38 mmol), tetrahydrofuran (75 mL) and Gmpound (143) (5.7 g, 9.5 mmol),
(Ompound (144, DIF-3) (4.0 g, 3.4 mmol, yield: 57%) was obtained as yellow solid.

[196] 'H NMR(CDC1 J 200 MHz) : 81.67(s, 24H), 6.61-6.79(m, 12H), 6.99(d, 2H),
7.09-7.23(m, 8H), 7.44-7.57(m, 14H), 7.70-7.74(m, 8H), 7.95(m, 2H)

[197] MYFAB : 1178(found) 1179.53(calculated)

[198] [Synthetic Example 10] Preparation of DSF-3 (Gmpound 14

[199]

=23

[200] Preparation of (bmpound (145
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Gmpound (145) was obtained awording to the same synthetic pracedure as for
Gmpound (119). By using the spiro-type aldehyde compound (123) (5.9 g, 13.9
mmol), di(naphthalene-3-yl)amine (4.8 g, 18.0 mmol), cesium carbonate (6.8 g, 20.9
mmol), ]?d(OAc)2 (93 mg, 0.42 mmol), toluene (90 mL) and P(t—Bu)B( 169 mg, 0.84
mmol), Gompound (145) (6.6 g, 10.7 mmol) was obtained.

Preparation of Gompound (146)

Gmpound (146) was obtained acording to the same synthetic procedure as for
Gmpound (120). By using znc dust (7.0g, 0.11 mol), TiCl \ (1 M solution in
dichloromethane) (43 mL, 43 mmol), tetrahydrofuran (65 mL) and Gompound 145 (6.6
g, 10.7 mmol}, G®mpound (146, DSF-3) (7.0 g, 5.9 mmol, yield: 84%) was obtained as
gray solid.

'H NMR(CDCIS, 200 MHz) : § 6.58(m, 2H), 6.75-6.79(m, 10H), 6.99(s, 2H),
7.09-7.23(m, 16H), 7.35-7.55(m, 20H), 7.71-7.72(m, 6H), 7.84(m, 2H)

MSFAB : 1190(found) 1191.46(calculated)

[Synthetic Example 11] Preparation of DPF-3 (Compound 148

00 P

°“° xcm Q‘Q ~=

Preparation of (bmpound (147

(dmpound (147) was obtained awording to the same synthetic procedure as for
Gmpound (119). By using the spiro-type aldehyde compound (128) (4.3 g, 10.1
mmol), di(naphthalene-3-yl)amine (3.5 g, 15 .2 mmol), cesium carbonate (5.0 g, 15.2
mmol), Pd(OAc)2 (68 mg, 0.30 mmol), toluene (66 mL) and P(t-Bu)3(123 mg, 0.61
mmol), ®mpound (147) (4.8 g, 7.8 mmol) was obtained.

Preparation of Ghmpound (148)

Gmpound (148) was obtained awording to the same synthetic procedure as for
Gmpound (120). By using znc dust (5.1 g, 78.0 mmol), TiCl ) (1 M solution in
dichloromethane) (31 mL, 31.2 mmol), tetrahydrofuran (47 mL) and Compound (147)
(4.8 g, 7.8 mmol), @mpound (148, DPF-3) (5.1 g, 4.2 mmol, yield: 83%) was
obtained as gray solid.

'H NMR(CDCIS, 200 MHz) : 86.58(m, 2H), 6.75-6.79(m, 10H), 6.99-7.23(m, 30H),
7.44-7.55(m, 16H), 7.71-7.84(m, 4H)

MSFAB : 1194(found) 1195.49(calculated)
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[Synthetic Example 12] Preparation of DMF-3 (Gmpound 150

. e OQ 2
A “.’ﬂ O ———~} eSeTasss
TR

(bmpound (149) was obtained axording to the same synthetic procedure as for

Preparation of Cbmpound (149)

mpound (119). By using the spiro-type aldehyde compound (132) (5.6 g,
18.5mmol), di(naphthalene-3-yl)amine (4.6 g, 27.8 mmol), cesium carbonate (6.5 g,
27.8 mmol), Pd(OAc)2 (89 mg, 0.56 mmo}), toluene (86 mL) and P(t—Bu)3 (160 mg,
1.11 mmol), GOmpound (149) (6.3 g, 12.8 mmol) was obtained.

Preparation of Gmpound (150)

(bmpound (150) was obtained awording to the same synthetic procedure as for
(dompound (120). By using anc dust (6.7 g, 0.128 mol), TiCl . (1 M solution in
dichloromethane) (41 mL, 51.2 mmol), tetrahydrofuran (62 mL) and Gompound (149)
(6.3 g, 12.8 mmol), mpound (150, DMF-3) (7.5 g, 7.9 mmol, yield: 85%) was
obtained as gray solid. '

'H NMR(CDCI J 200 MHz) : 8 1.67(s, 12H), 6.58(m, 2H), 6.75-6.79(m, 10H),
6.99(s, 2H), 7.09-7..23(m, 8H), 7.44-7.55(m, 16H), 7.71(m, 2H), 7.84(m, 2H)

MSFAB : 946(found) 947.21(calculated)

[Synthetic Example 13] Preparation of DTPIF-1 ((bmpound 155)

g &) &) ()
sl {0 S Sele
: s‘ o0 — _* Br_ﬁ 5y
PQ o
—_— N O [ N O
v O;?GO e S

154

Preparation of Gmpound (151)
Diethyl ether (59 mL) was added to magnesium (5.8 g, 0.283 mol), and bro-

mobenzene (37.2 g, 0.283 mol) diluted in 178 mL of diethyl ether was slowly added
dropwise thereto. After heating the reaction mixture under reflux for 3 hours, a
solution of (Cbmpound (114) (20.0 g, 70.8 mmol) dissolved in 47 mL of diethyl ether
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was slowly added dropwise to the reaction mixture, which was then heated under
reflux for 12 hours. After the reaction was completed, the precipitate generated was
filtered under reduced pressure to obtain intermediate product (24.6 g, 44.0 mmol).
The intermediate product was dissolved in 172 mL of benzene, and the solution was
slowly added dropwise to trifluoromethanesulfonic acid (53 mL), while raising the
temperature slowly. After stirring the mixture at 100°Cor 30 minutes, the reaction
solution was added to ice-water (200 mL) to generate solid. The solid generated was
filtered under reduced pressure, washed with 59 mL of methanol and 119 mL of
diethyl ether, and dried under reduced pressure to obtain Cbmpound (151) (32.1 g,
57.4 mmol) as pale yellow solid.

Preparation of Compound (152)

Gompound (151) (32.1 g, 57.4 mmol) and ferric chloride (56 mg) were dissolved in
chloroform (338 mL). A solution of bromine (33.9 g, 121 mmol) dissolved in 56 mL of
chloroform was charged to a dropping funnel, and slowly added dropwise thereto at
0°C After the addition was completed; the reaction mixture was stirred for 1 hour. The
reaction was quenched by adding saturated aqueous sodium thiosulfate solution. The
reaction mixture was extracted with 500 mL of dichloromethane, and the organic layer
was dried, filtered and recrystallized from dichloromethane:hexane (1/1, W) (200
mL), to obtain (Cbmpound (152) (33.0 g, 46.0 mmol).

Preparation of Cbmpound (153)

(mpound (153) was obtained awording to the same synthetic procedure as for
Gmpound (118). By using (bmpound (152) (33.0 g, 46.0 mmol), tetrahydrofuran
(146 mL), n-BuLi (1.6 M in n-hexane) (43 mL, 55.2 mmol) and
N,N-dimethylformamide (6.2 mL, 64.4 mmol), Gmpound (153) (23.0 g, 34.5 mmol)
was obtained.

Preparation of Cbmpound (154)

mpound (154) was obtained acording to the same synthetic procedure as for
Gmpound (119). By using the aldehyde compound (153) (23.0 g, 34.5 mmol),
diphenylamine (13.8 g, 51.8 mmol), %%§ium carbonate (26.4 g, 51.8mmol), Pd(OAc)2
(365 mg, 1.0 mmol)}, toluene (1.2 L) and P,(t-Bu)3 (660 mg, 2.1 mmol), ®mpound
(154) (23.4 g, 31.0 mmol) was obtained.

Preparation of G®mpound (155

(bmpound (155) was obtained awording to the same synthetic procedure as for
(mpound (120). By using znc dust (30.0 g, 0.31 mol), TiCl . {1 M solution in
dichloromethane) (183 ml., 0.124 mol), tetrahydrofuran (160 mL) and Gmpound
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(154) (23.4 g, 31.0mmol), Gmpound (155, DTPIF-1) (14.9 g, 10.0 mmol, yield on the
basis of Gmpound (153): 57%) was obtained as white powder.

'"H NMR(CDC1 » 200 MHz) : § 6.46(m, 8H), 6.61-6.62(m, GH), 6.78(m, 2H),
7.01-7.14(m, 50H), 7.57(m, 2H), 7.67-7.70(m, 8H), 7.95(m, 2H)

MSFAB : 1474(found) 1475.85(calculated)

[Synthetic Example 14} Preparation of DIF-4 (Compound 157

Preparation of Gompound (156)

mpound (156) was obtained acording to the same synthetic procedure as for
(Ompound (119). By using the aldehyde compound (118) (10.0 g, 24.0 mmol), N-
phenylbiphenylamine (8.8 g, 36.0 mmol), cesium carbonate (11.7 g, 36.0 mmol),
Pd(OAc)2 (161 mg, 0.72 mmol), toluene (90 mL) and P(t-Bu)3(291 mg, 1.44 mmol),
Gmpound (156) (12.6 g, 21.6 mmol) was obtained.

Preparation of Compound (157)

mpound (157) was obtained acording to the same synthetic procedure as for
(mpound (120). By using znc dust (17.0 g, 0.26 mol), TiCl . (1Min
dichloromethane) (86 mL, 86 mmol), tetrahydrofuran (150 mL) and Gompound (156)
(12.6 g, 21.6 mmol), Gmpound (157, DIF-4) (5.6 g, 5.0 mmol, yield: 41%) was
obtained as yellow solid. ;

'H NMR(CDClq, 200 MHz) : 3§ 1.67(s, 24H), 6.46-6.62(m, 12H), 6.78(m, 2H),
6.99-7.01(m, 6H), 7.22-7.32(m, 10H), 7.48-7.57(m, 6H), 7.70-7.73(m, 8H), 7.95(m,
2H)

MSFAB : 1130(found) 1131.49(calculated)

[Synthetic Example 15] Preparation of DSF-4 (Gmpound 159

Qe Q o "
e ool
W

158

Preparation of Gompound (158

(bmpound (158) was obtained acording to the same synthetic pracedure as for
(Ompound (119). By using the spiro-type aldehyde compound (123) (4.54 g, 10.7
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mmol), N-phenylbiphenylamine (4.4 g, 18.0 mmol), cesium carbonate (5.25 g, 16.1
mmol), Pd(OAc)2 (71.6mg, 0.32 mmol), toluene (75 mL) and P(t-Bu)3 (130 mg, 0.65
mmol), Gmpound (158) (4.16 g, 7.1 mmol) was obtained.

Preparation of Compound (159)

Gmpound (159) was obtained awording to the same synthetic procedure as for
(dmpound (120). By using znc dust (4.7 g, 70.8 mmol), TiCl . (1 M solution in
dichloromethane) (29 mL, 28.3 mmol), tetrahydrofuran (40 mL) and Compound (158)
(4.16 g, 7.1 mmol), Compound (159, DSF-4) (6.02 g, 5.2 mmol, yield: 97%) was
obtained as gray solid. |

'H NMR(CDCl y 200 MHz) : $6.46-6.58(m, 12H), 6.75(d, 2H), 6.99-7.01(m, 6H),
7.16-7.32(m, 22H), 7.48-7.59%(m, 8H), 7.71-7.84(m, 8H)

MSFAB : 1142(found) 1143.42(calculated)

[Synthetic Example 16] Pre aratiqn of DPF-4 (bmpound 161

A QL
oD g‘:
D 160

128

Preparation of (bmpound (160)

mpound (160) was obtained according to the same synthetic procedure as for
(dmpound (119). By using the spiro-type aldehyde compound (128) (4.0 g, 9.40
mmol), N-phenylbiphenylamine (3.‘9 g, 14.1 mmol), cesium carbonate (4.6 g, 14.1
mmol), Pd(OAc)2 (63 mg, 0.28 mrn01:), toluene (66 mL) and P(t—Bu)3(115 mg, 0.56
mmol), Gmpound (160) (3.7 g, 6.2 mmol) was obtained.

Preparation of Chmpound (161)

Gmpound (161) was obtained acording to the same synthetic procedure as for
(Ompound (120). By using znc dust (4.% g 62.0 mmol), TiCl . (1 M solution in
dichloromethane) (26 mL, 24.8 mmol), tetrahydrofuran (36 mL) and Gmpound (160)
(3.7 g, 6.2 mmol), ®Gmpound (161, DPF-4) (5.3 g, 4.6 mmol, yield: 98%) was ob
tained as gray solid.

'H NMR(CDCIB, 200 MHz) : 8 6.46-6.62(mm, 12H), 6.75(d, 2H), 6.99-7.32(m, 36H),
7.48-7.59(m, 8H), 7.71(m, 2H), 7.84(m, 2H)

MSFAB : 1176(found) 1147.75(calculated)

[Synthetic Example 17] Preparation of DMF-4 (Gmpound 163)
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>

Preparation of Compound (162)

(mpound (162) was obtained acording to thesame synthetic procedure as for
mpound (119). By using the aldehyde compound (132) (6.0 g, 19.9 mmol), N-
phenylbiphenylamine (5.8 g, 29.9 mmol), cesium carbonate (6.9 g, 29.9 mmol),
Pd(()Ac)2 (65 mg, 0.60 mmol), toluene (99 mL) and P(t-Bu)3 (172 mg, 1.2 mmol),
Gmpound (162) (5.5 g, 11.8 mmol) was obtained after recrystallization from 60 mL
of methanol.

Preparation of (bmpound (163)

Gmpound (163) was obtained acording to the same synthetic procedure as for
Gmpound (120). By using znc dust (6.2 g, 118.0 mmol), TiCl \ (1 M solution in
dichloromethane) (38 mL, 47.2 mmol), tetrahydrofuran (53 mlL) and Compound (162)
(5.5 g, 11.8 mmol), ©®mpound (163, DMF-4) (8.0 g, 8.8 mmol, yield: 88%) was
obtained as gray solid.

'H NMR(CDCl1 ; 200 MHz) : 61.67(s, 12H), 6.46-6.62(m, 12H), 6.75(m, 2H),
6.99-7.01(m, 6H), i.22-7.32(m, 10H), 7.48-7.59(m, 8H), 7.71-7.84(m, 4H)

MSFAB : 888(found) 899.17(calculated)

[Synthetic Example 18] Preparation of DIF-11 ((bmpound 169)

oHG. o Ho ’ . | (ELO),0P ’
o 0— e 0 — o 0
e "0 e

v

.
5 . Qe OO0
CHO O _Q_ bﬁ . | O’Q.O

SRS O« e s a
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Preparation of Compound (164)
In tetrahydrofuran (20 mL), dissolved are G®mpound (119) (1.2 g, 2.4 mmol),

NaBI-I4 (0.1 g, 3.6 mmol). The solution was cooled to 0°C, and 10 mL of methanol was
slowly added dropwise thereto. After stirring the mixture for 30 minutes, distilled
water (50 mL) was added thereto to quench the reaction. The reaction mixture was
extracted with ethyl acetate (30 mL), dried under reduced pressure, and purified by
column chromatography (dichloromethane/hexane = 1/1) to obtain Compound (164)
(0.9 g, 1.8 mmol).

Preparation of Gmpound (165)

(mpound (164) (0.9 g, 1.8 mmol) was charged to a reaction vessel, and triethyl
phosphite (20 mL) was added to bedissolved therein under nitrogen atmosphere. To
another eaction vessel, charged was triethyl phosphite (10 mL), and iodine (0.6 g, 1.8
mmol) was added in small portions with the lid open, while stirring at 0°C for 30
minutes. The mixture containing iodine and triethyl phosphite was charged toa |
reaction vessel containing Compound 6109). The temperature was raised to 150°C, and
the mixture was stirred for 4 hours. When the reaction was completed, triethyl
phosphite was removed by distillation under reduced pressure. The residue was
washed with 500 mL of water, extracted with 500 mL of ethyl acetate, and driedunder
reduced pressure. After purification via column chromatography (eluent: ethyl acetate/
hexane = 1/1) to obtain G®mpound (165) (1.1 g, 1.7 mmol).

Preparation of Cbmpound (166)

Triphenylamine (5.0 g, 20.4 mmol), N-bromosuxinimide (3.6 g, 20.4 mmol) were
dissolvedin 40 mL of dichloromethane under nitrogen atmosphere, and the solution
was stirred at 25°C for 5 hours. Then,the reaction was quenched by adding 100 mL of
distilled water. The mixture was extracted with dichloromethane (30 mL), dried under
reduced pressure, and recrystallized from hexane (100 mL) to obtain the target
compound (166) (5.2 g, 16.0 mmol).

Preparation of Cbmpound (167) t

CGmpound (166) (5.2 g, 16.0 mmol) thus obtained was dissolved in purified
tetrahydrofuran (100 mL.) under nitrogen stream, and the solution was cooled to -78°C.
To the solution, n-buty] lithium (1.6M in hexane) (15.0 mL, 24.0 mmol) was slowly
added dropwise, and the resultant mixture was stirred for 1 hour. Then,
2-isopropoxy-4,4,5,5-tetramethyl-1,3,2-dioxaborolane(6.5 mL, 32.0 mmol) was added
thereto. The temperature was slowly raised to 25°C, and the mixture wasstirred at the

same temperature for 1 day. The reaction was quenched by adding 200 mL of distilled
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water, and the mixture was extracted with 100 mL of ethyl acetate, dried under
reduced pressure and recrystallized from tetrahydrofuran (20 mL) and methanol (200
mL), to obtain the target compound (167) (3.2 g, 8.6 mmol).

Preparation of (hmpound (168)

After previously adjusting the temperature at 120°C, Compound (118) (5.0 g, 11.9
mmol), Gmpound (167) (5.3 g, 14.4 mmol), tetrakis palladium triphenylphosphine
(Pd(PPh ) ) (1.4 g, 1.2 mmol) and ahquat 336 (0.6 mL, 1.2 mmol) were dissolved in
100 mL of toluene. To the solution, aqueous 2M potassium carbonate solution (60 mL)
was added and the mixture was heated under reflux with stirring for 4 hours. Then, the
temperature was lowered to 25°C, and distilled water (150 mL) was added thereto to
quench the reaction. The mixture was extracted with 100 mL of ethyl acetate, dried
under reduced pressure, and recrystallized from methanol (100 mL) and
tetrahydrofuran (20 mL), to obtain the target compound (168) (5.8 g, 9.9 mmol).

Preparation of Gmpound (169)

Gmpound (165) (6.2 g, 9.9 mmol) and Gmpound (168) (5.8 g, 9.9 mmol) were

charged to a reaction vessel, and dried under reduced pressure. After providing

nitrogen atmosphere, tetrahydrofuran (200 mL) was added and dissolved therein, and
the mixture was cooled to 0°C. To another vessel, potassium tert-butoxide (t-BuOK)
(1.7 g, 14.8 mmol) dissolved in tetrahydrofuran (20 mL) was slowly added dropwise.
After stirring at 0°Cfor 2 hours, distilled water (300 mL) was added thereto, and the
resultant mixture was stirred. The solid generated was filtered under reduced pressure
to obtain solidproduct, which was washed with methanol (200 mL x 3). The product
was washed with ethyl acetate (50 mL) and recrystallized from tetrahydrofuran (50
mL) and methanol (300 mL) to obtain the target compound (169) (5.7 g, 5.4 mmol,
yield: 55%).

H NMR(CDCI 2 200 MHz) : 6 1.68(s, 24H), 6.46-6.62(m, 15H), 6.75(m, 1H),
6.99-7.01(m, 10H), 7.24(m, 2H), 7.54-7.69(m, 6H), 7.71-7.77(m, 4H), 8.06-8.12(m,
12H),

MSFAB : 1054(found) 1055.4(calculated)

[Synthetic Example 19] Preparation of DIF-12 (Gmpound 170)

©
OO — Q @000@ O‘O'Q O Q
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The same procedure for preparing Gmpound (120) in Synthetic Example 1 was
repeated but using Compound (168) (3.0 g, 5.1 mmol) instead of Gmpound (119), to
obtain (bmpound (170) (2.8 g, 2.5 mmol, yield: 48%) as yellow solid.

H NMR(CDC1 J 200 MHz) : 6 1.67(s, 24H), 6.45-6.52(m, 12H), 6.64(m, 4H),
6.99-7.02(m, 10H), 7.23(m, 4H), 7.57-7.63(m, 4H), 7.73-7.74(m, 6H), 7.80(m, 2H),
7.95-8.01(m, 4H)

MSFAB : 1130(found) 1131.4(calculated)

[Synthetic Example 20] Synthesis of DPF-11 (Gmpound 174)

SER I dgR -

Br Q‘O oHo @\N_OB{Z - . O O‘O cHo

m ¥ _ & OO

172 + 178 ———

Preparation of (bmpound (172)

The same procedure as Synthetic Example 18 was carried out but using Compound
(129) (8.8 g, 17.1 mmol) prepared from Synthetic Example 3, to obtain the target
compound (172) (7.6 g, 11.9 mmol). =

Preparation of (bmpound (174)

The same procedure as Synthetic Example 18 was carried out from (bmpound
(128) (12.1 g, 28.4 mmol) prepared from Synthetic Example 3, to provide Gompound
(173), which was then reacted with Gmpound (172) to obtain the target compound
(174) (4.2 g, 3.9 mmol).

H NMR(CDCl J 200 MHz) : 66.46-6.52(m, 12H), 6.75(m, 1H), 6.99-7.17(m, 32H),
7.54-7.60(m, 4H), 7.71(m, 2H), 7.77(m, 1H), 7.84-7.92(m, 3H)

MSFAB : 1070(found) 1071.3(calculated)

[Synthetic Example 21] Preparation of DPF-12 (®mpound 175)
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o O = O Q.O §

The same procedure for preparing Gmpound (120) in Synthetic Example 1 was

repeated but using Compound (173) (3.0 g, 5.1 mmol) instead of Gmpound (119), to
obtain Compound (175) (2.5 g, 2.2 mmol, yield: 43%) as yellow solid.

H NMR(CDC13, 200 MHz) : 6 6.46-6.52(m, 12H), 6.62(m, 4H), 6.99-7.23(m, 34H),
7.54-7.60(m, 4H), 7.71-7.77(m, 4H), 7.84-7.90(m, 4H)

MSFAB : 1130(found) 1131.4(calculated)

[Synthetic Example 22] Preparation of DSF-11 (®mpound 179)

% Q <A

<00 — 34—
CEap  O6m . 96D

Preparation of Compound (177)

The same procedure as Synthetic Example 18 wascarried out but using Compound

(124) (4.3 g, 8.4 mmol) prepared from Synthetic Example 2, to obtain the target
compound (177) (3.6 g, 5.7 mmol).

Preparation of Cbmpound (179)

The same procedure as Synthetic Example 18 was carried out from Compound
(123) (5.0 g, 11.8 mmol) prepared from Synthetic Example 2, to provide Gmpound
(178), which was then reacted with Gompound (177) to obtain the target compound
(179) (3.8 g, 3.6 mmol).

H NMR(CDCIS, 200 MHz) : 6 6.46-6.62(m, 15H), 6.75(m, 1H), 6.93-7.01(m,
10H),7.16-7.23(m, 10H), 7.35(m, 4H), 7.54-7.60(m, 4H), 7.71-7.90(m, 10H)

MSFAB : 1066(found) 1067.3(calculated)
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[Synthetic Example 23] Preparation of DSF-12 ((bmpound 180)

W, Q.Q
QQ‘QQQ@ > O
FoRTBof

The same procedure for preparing Gmpound (120) in Synthetic Example 1 was re-
peatedbut using Compound (178) (3.0 g, 5.1 mmol) instead of Compound (119), to
obtain Compound (180) (3.5 g, 3.3 mmol, yield: 60%) as yellow solid.

H NMR(CDCI 200 MHz) : 86.46-6.52(m, 12H), 6.62(m, 4H), 6.99-7.02(m, 10H),
7.16-7.23(m, 12H) 7.35(m, 4H), 7. 547, 60(m, 4H), 7.71-7.72(m, 8H), 7.84-7.91(m,
4H) .

MSFAB : 1142(found) 1143.4(calculated)

[Synthetic Example 24] Preparation of DMF-11 (Gbmpound 184)

oG O’ S ko @’ N Eonop O.
fg PH D
WS copie So s i_ﬂ@

167

Q
L=
182 + 183 ——» % O 0.0 > O. @

Preparation of Compound 1182)

The same procedure as Synthetic Example 18 was carried out but using (bmpound
(133) (5.0 g, 12.8 mmol) prepared from Synthetic Example 4, to obtain the target
compound (182) (4.4 g, 8.6 mmol).

Preparation of CGompound (184)

The same procedure as Synthetic Example 18 was carried out from Gompound
(132) (5.0 g, 16.6 mmol) prepared from Synthetic Example 4, to provide Gompound
(183), which was then reacted with Compound (182) to obtain the target compound
(184) (3.8 g, 3.6 mmol). |

HNMR(CDCIS, 200 MHz) : 81.67(s, 12H), 6.46-6.62(m, 15H), 6.75(d, 1H),
6.99-7.01(m, 10H), 7.23(m, 2H), 7.54-7.59(m, 4H), 7.71(m, 2H), 7.77-7.90(m, 4H)
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MSFAB : 822(found) 823, 1(calculated)
[Synthetic Example 25] Preparation of DMF-12 (Gmpound 185)

>
CHO Q O N\©
% .m Q.@ I @N ® O.Q 1:5 O’O

The same procedure for preparing Compound (120) in Synthetic Example 1 was
repeated but using Gompound (183) (3.0 g, 6.4 mmol) instead of Gompound (119), to
obtain Gompound (185) (3.4 g, 3.8 mmol, yield: 60%) as yellow solid.

H NMR(CDCI J 200 MHz) : 8 1.67(s, 12H), 6.46-6.52(m, 12H), 6.62(m, 4H),
6.99-7.01(m, 10H), 7.23(m, 4H), 7.54-7.60(m, 4H), 7.71-7.90(m, 8H)

MSFAB : 898(found) 899.1(calculated)

[Synthetic Example 26] Preparation of DMF-21 (Gmpound 187)

& O =

Triphenylamine (10.0 g, 40.7 mmol) was dissolved in 100 mL of
N,N-dimethylformamide, and the solution was cooled to 0°C. To another vessel,
N,N-dimethylformamide (32 mL, 407.6 mmol) was charged, and cooled to O, and

POCI3 was slowly added thereto.The mixture was stirred for 30 minutes, and slowly

o ¢
QN_@ __,_QN—Q—CHO + (Elo)zoP b —_— @ O.Q \ Q g

added dropwise to the vessel containing triphenylamine solution at 0°C. The resultant
mixture was further stirred at 45°C for 18 hours, and saturated sodium hydroxide
solution was slowly poured thereto. Then, an excessamount of water was added
thereto, and the mixture stirred. The solid génerated was filtered, and washed with
water (twice) and methanol (twice) to obtain the target compound (186) (10.0 g, 36.6
mmol).

Preparation of (bmpound (187)

(bmpound (186) (2.1 g, 7.8 mmol) was reacted with (ompound (182) axording to
the same procedure as Synthetic Example 18, to obtain the target compound (187) (3.0
g, 4.7 mmol, yield: 62%).

H NMR(CDCl J 200 MHz) : 81.67(s, 6H), 6.46(m, 10H), 6.58-6.62(m, 5H),
6.75(m, 1H), 6.79-7.01(m, 10H), 7.17(m, 2H), 7.54-7.5%(m, 2H), 7.71(m, 1H), 7.84(m,
1H)
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MSFAB : 629(found) 630.8(calculated)

[Example 1] Manufacture of OLED device

An OLED device was made by using the electroluminescent material acording to
the present invention as a dopant, as illustrated by Fig. 1.

First, a transparent electrode ITO thin film (2) (15 Q/7 obtained from a glass for
OLED (1) was subjected to ultrasonic washing withtrichloroethylene, acetone, ethanol
and distilled water, subsequently, and stored in isopronanol before use.

Then, an ITO substrate was equipped in a substrate folder of vacuum vapor-deposit
device, and 4,4 ,4"-tris(N ,N-(2-naphthyl)Qphenylanlino)triphenylanﬁne (2-TNATA)
represented by following structural formula was placed in a cell of the vacuum vapor-
deposit device, which was then ventilated up to 10 ® torr of vacuum in the chamber.
Electric current was applied to the cell to evaporate 2-TNATA to vapor-deposit a hole
injection layer (3) having 60 nm of thickness on the ITO substrate.

2-TNATA
Then, to another cell of the vacuum vapor-deposit device, charged was
N,N’-bis(a-naphthyl)-N,N’-diphenyl-4,4’-diamine (NPB) represented by following
chemical formula, and electric current was applied to the cell to evaporate NPB to
vapor-deposit a hole transport layer (4) having20 nm of thickness on the hole injection

layer.

adaVa

NPB
After forming the hole transport layer, an electroluminescent layer (5) was vapor-

deposited thereon as follows. In one cell of the vacuum vapor-deposit device, charged

SUBSTITUTE SHEET (RULE 26)



WO 2007/086701 PCT/KR2007/000456

[347]

[348]

[349]

[350]

[351]

34

was dinaphthylanthracene (DNA) represented by following chemical formula, and in
another cell charged was a compound acording to the present invention (e.g.
(Gmpound DPF-1) as an electroluminescent material. An electroluminescent layer was

vapor-deposited on the hole transport layer by using the vapor-deposit rate of 100:1.

O‘

LI

OO

§ SO O.Q §

Then, tris(8-hydroxyquinoline)aluminum (III) (Alq) represented by following

OPF-1

structural formula was irapor—deposited as an electron transport layer (6) in a thickness
of 20 nm, and lithium quinolate (Liq) represented by following structural formula was
vapor-deposited as an electron injection layer (7) in a thickness from 1 to 2 nm.
Thereafter, an Al cathode (8)was vapor-déposited in a thickness of 150 nm by using

another vapor-deposit device,to manufacture an OLED.

-
I N-- -l'-\|

N\
o
=~

\/20
%3)

Alg Liq
Each substance employed in the OLED device was used after being purified by
sublimation in vacuo at 10 torr.
[(®mparative Example 1] Manufacture of OLED device by using conventional

electroluminescent material
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A hole injection layer (3) and a hole transport layer (4) were formed as in Example
1. In one cell of the vacuum vapor-deposit device, charged was dinaphthylanthracene
(DNA) as a blue electroluminescent material, and in another cell charged was perylene
having the structure shown below. An electroluminescent layer (5) was vapor-
deposited on the hole transport layer by using the vapor-deposit rate of 100:1.

e
&

perylene

Aaording to the same procedure as in Example 1, anelectron transport layer (6)
and an electron injection layer (7) were vapor-deposited, and Al cathode (8) was
deposited in a thickness of 150 nm by using another vapor-deposition device, to
manufacture an OLED.

[Example 2] Electroluminescent properties of the OLED manufactured

Luminous efficiencies of OLEDs comprising the organic electroluminescent
compound acording to the invention prepared from Example 1 and the conventional
electroluminescent compound prepared from (bmparative Example 1 were measured
at 500 ad/m” and 2,000 od/m 2, individually, of which the results are shown in Table 1.
Since the luminescent properties in the range of lowluminance and those applied on a
panel are very important in case of blue electroluminescent material, in particular, the
data of luminance ofabout 2,000 od/m® was established as the standard in order to
reflect those properties.

Table 1
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Nuo. Mate%ll:all MateE%aIE Dlgc-l‘k lﬁ%g:ﬂ?gicy (cd/A) Coogglﬂgte Ilflf“flgg?glslcy/\'
(nm) |@500cd/m'|@2,000cd/m'| X Y
1 DNA DIF—-1 168 10.8 10.5 0.167|0.210 50.0
2 DNA DSK~1 464 115 11.8 0.165]0.207 57.0
3 DNA DPI—-1 465 11.6 12.1 0.159 0,199 60.8
4 DNA DMF-1 466 10.2 9.8 0.167 |0.215 45.6
5 DNA DIF-2 466 10.5 10.3 0,168 {0,221 46.6
8 DNA DSEF-2 466 10.8 113 0.16310.214 52.8
7 DNA DPF-2 165 116 11.9 0.165 [0.203 58.6
8 DNA | DMF-2 168 10.6 9.7 0.167 10.220 44,1
9 DNA DIF-3 468 9.9 9.5 0.168 |0.227 41.9
10 DNA DSr—3 469 11.2 11.3 0.169 [0.230 49.1
11 DNA NDPF~3 467 12.2 12.2 0,166 | 0,217 56.2
12 DNA | DMF-3 468 10.0 9.3 0,164)0.218 42.7
13 DNA | DTPIF-1{ 460 8.7 8.2 0,157 10,189 13.4
14 DNA DIF—4 167 9.2 9.0 0.164 | 0.209 13.1
15 DNA DSIF—4 468 10.2 10.4 0.167 10.223 46.6
16 DNA DPr—4 468 111 113 0.168 {0.220 51.4
17 DNA DMF—4 465 8.9 8.9 0,166 0.212 42.0
18 DNA | DIF-LL 460 8.3 8.0 0.1560.190 42,1
19 DNA | DIF-12 456 8.0 7.8 0,155 10,184 424
20 DNA | DPF-11 | 4860 8.5 8.1 0.156|0.189 12,8
21 DNA | DPF-12 | 456 8.2 8.0 0.155]0.183 43.7
22 DNA | DET-11 | 460 8.7 8.2 0.156 {0.191 42.9
23 DNA | DST—-12 | 456 8.3 7.8 0.154 {0,183 42.6
24 DNA | DMF-11 | 456 8.6 8.4 0.155{0.183 43,9
25 DNA | DMF-12 | 458 8.5 3.2 0,155 0.186 44.1
26 DNA | DMF-21 | 454 7.8 7.5 0.1530.180 11.6
Comp. 1| DNA | perylene |456,484 4.45 3.62 0.160 {0.200 22.3

[358]

[359]

As can be seen from Table 1, the OLED device employing the organic electrolu-

minescent compounds acording to the inventionas the electroluminescent material

was compared to the OLED device of G@mparative Example which employs widely

known DNA:perylene as a conventional electroluminescent material, on the basis of

"luminous efficiencyX" value which shows similar tendency to proton efficiency. As

the result, the OLED device employing the organi electroluminescent compound

amording to the present invention showed higher "luminous efficiency/X'" value than

that of (bmparative Example.

In view of the fact that the organic electroluminescent compound according to the

invention showed higher "luminous efficiency/¥ "value, it is found that the organic

electroluminescent compounds of the present invention is a material havinghigh proton
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efficiency. In addition, it is found that the organic electroluminescent compounds of
the present invention can realize higher efficiency while having the similarcolor purity
as compared to conventional electroluminescent compounds. In particular, in case of
the series of DPF-1,2 and 3, the "luminous efficiency/A" value was enhanced by about
2.5 to 3-folds as compared to conventional electroluminescent compound.

Thus, the organic electroluminescent compounds acording to the present invention
can be used as a blue electroluminescent material of high efficiency, being very ad-
vantageous in view of luminance of OLED in full-colored display, power consumption
and lifetime of the device as compared to conventional devices.

Fig. 2 shows EL spectrum of DPF-1 as an electroluminescent material acording to
the invention and that of Comparative Example 1. Figs. 3 to 5 show the current
density-voltage property, luminance-voltage property and luminous efficiency-current
density property of the OLED comprising DPF-1, respectively. As can be seen from
Figs. 3-3, the current density-voltage property, luminance-voltage property and
luminous efficiency-current density property of the OLED awvording to the invention
were excellent.

Industrial Applicability

The novel organic electroluminescent compounds awording to the present
invention may be employed in electroluminescent layer of an electroluminescent
device, and have good luminousefficiency and excellent life properties, thereby

providing OLEDs having very long lifetime of operation.
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Claims

An electroluminescent compound represented by following Chemical Formula 1:

[Chemical Formula 1]

Al'3\ /At‘s
N "'A"‘AI’1 ~'c:=C‘—Af'2""B ~N
N
AT4/ H H Arg

wherein, Arl is a chemical bond or selected from indenofluorene, fluorene and
spiro-fluorene as represented by following chemical formulas, Ar \ is selected

from indenofluorene, fluorine and spiro-fluorene as represented by following

O
TS =50

A and B independently represent a chemical bond, or are selected from

chemica] formulas;

<
P
N

phenylene group, naphthylene group, biphenylene group, anthracenyl group,
perylenylene group and pyrenylene group;

R’ through R’ are independently selected from C1~C20 alkyl, cycloalkyl, C]~C20
alkyl having one or more halogen substituent(s), and phenyl or naphthyl having
C ~C alkyl substituent(s);

Ar through Ar are independently selected from C ~C aromatlc or multicyclic
aromatlc ring, and the aromatic ring may contain hetero atom(s)

but the compounds wherein both A and Ar1 are chemical bonds are excluded.

An electroluminescent compound acording to claim 1, wherein Ar 1 and Ar2 are

independently selected from following structures:

11n
O o O -

0y
&
5 20 o)

wherein, R' is selected from C1~C5 alkyl group with or without halogen

9

5

>
o7

o'b

Pape

substituent(s); and n is an integer from 1 to 5.
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[3] An electroluminescent compound acording to claim 2, wherein R ! through R®
are independently selected from Cl»-C5 alkyl, a C5~C7 cycloalkyl, phenyl and
naphthyl,

[4] An electroluminescent compound axording to claim 3, wherein Ar 1 is same as

Arz, Ar is same as Ar , and Ar is same as Arﬁ.
3 5 4 '

M

§§
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(5] An electroluminescent device comprising an electroluminescent compound
acording to any one of claims 1 to 5.
6] An electroluminescent device acording to claim 6, in which the electrolu-

minescent compound is used as a dopant material in an electroluminescent layer.
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