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Abstract

In organic light emitting diodes(OLEDSs), spiro-linkage is used to
modify the steric demand of low molecular organic compounds to
improving their processability and morphologic stability with retaining
their electronic properties. Based on these spiro-compounds blue
electroluminescence devices with high color purity, high brightness,
light weight, and low turn-on voltage are presented.

In this study, we synthesized 9,9'-spirobifluorene derivatives of
triphenylsilyl, phenylethynyl, naphthylene vinylene group from 9,9'-
spirobifluorene and synthesized monomer and polymer of naphthalene
vinylene from 2,2'-spirobiindanone.

9,9'-Spirobifluorene derivatives showed maximum absorption from
300 to 410nm and emitted colorless, blue violet, jade green with
solvent by UV lamp. Also 2,2'-spirobiindanone derivatives showed
maximum absorption from 280 to 330nm and emitted colorless, violet

with solvent by UV lamp.
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ETL Alg; (@uminum( ) complex of
8-hydroxyquinoline) , HTL TPD [N,N -diphenyl-
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1-1.

2-Aminobiphenyl
Hydrochloric acid (HCI)
Sodium nitrite (NaNO,)
Potassium iodide (K1)
tert-Butyllithium
9-Fluorenone

Sodium chloride (NaCl)
Magnesium sulfate
Anhydrous(MgSO,)
Acetic acid

Bromine (Br,)

Ferric chloride (FeCl,)
(Anhydrous)

Sodium thiosulfate

(Na;S,0,)
Triphenylsilyl chloride

Phenyl acetylene
Triethyl amine (TEA)
Pyridine

: Aldrich Chemicd Co., Inc. 97%

: Dagjung Chemicals & MetalsCo., Ltd. 35%
: Showa Chemicalsinc. 97%

: Wako Pure Chemical Industries, Ltd. 99.5%
: Aldrich Chemical Co., Inc. (1.7M in pentane)
: Acrosorganics 99+%

: Dagjung Chemicals & Metals Co., Ltd. 99%
: Dagjung Chemicals & Metals Co., Ltd. 99%

: Showa ChemicasInc. 99%
:Junsei Chemical Co., Ltd. 99%
: Duksan Pure Chemical Co., Ltd. 97%

99.5%

: Acrosorganics 95%

: Aldrich Chemicd Co., Inc. 98%

: Sigma Chemical Co., Inc. 99%

: Duksan Pure Chemical Co., Ltd. 95%

1



Copper () iodide (Cul)

Dichlorobis(triphenylpho

sphing)palladium ()
Sodium hydride (NaH)
Diethyl malonate
Benzyl chloride

Sodium sulfate (Na,SO,)

Anhydrous
Potassium hydroxide
(KOH)

Phosphorus pentachloride

(PCl5)

Tin( ) chloride (SnCl,)
Dichloromethyl methyl
Ether

Titanium () chloride
(TiCly)
N-Formylpiperidine
n-Butyllithium
1-(Chloromethyl)
naphthalene
Triphenylphosphine
(PPhy)
N,N-Dimethylforamide
(DMF)

Sodium (purum)

Ethyl acetate (EtoAc)

Ethyl alcohol (EtOH)

: Aldrich Chemical Co., Inc. 98%
: Aldrich Chemical Co., Inc. 98%

: Kanto Chemical Co., Inc. 60%

: Dagjung Chemicals & MetalsCo., Ltd. 99%
: Duksan Pure Chemica Co., Ltd. 98%

: Duksan Pure Chemica Co., Ltd. 99%

: Duksan Pure Chemical Co., Ltd. 98%

: Fluka Chemika > 98%

: Aldrich Chemical Co., Inc. 99%
: Aldrich Chemical Co., Inc. 98%

: Yakuri Pure Chemical Co., Ltd. 98%

: Aldrich Chemical Co., Inc. 99%
: Aldrich Chemical Co., Inc. (1..6M in hexane)
: Aldrich Chemical Co., Inc. 90%

- Fluka Chemika ~97%(HPLC)

: Dagjung Chemicals & MetalsCo., Ltd. 99%

: Fluka Chemika
: Dagjung Chemicals & MetalsCo., Ltd. 95%
: Dagjung Chemicals & Metals Co., Ltd. 95%
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Hexane

Methyl alcohol (MeOH)
Diethyl ether

Methylene chloride
(CH,CI,)
Tetrahydrofuran (THF)
Toluene

Chloroform (CHCl,)

: Dagjung Chemicals & Metals Co., Ltd.
: Dagjung Chemicas & Metals Co., Ltd.
: Dagjung Chemicas & Metals Co., Ltd.
: Dagjung Chemicas & Metas Co., Ltd.

: Dagjung Chemicas & Metals Co., Ltd.
: Dagjung Chemicas & Metas Co., Ltd.
: Dagjung Chemicas & Metals Co., Ltd.
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1) FT-NMR
BC-NMR, 'H-NMR BRUKER DPX-400(9.4T) spectrometer
(400MHz), Dual 5mm probe : CDCl,,

DMSO-d, 298K

2) PL (Photoluminescence)

PL spectra  Shimadzu Spectrofluorophotometer (RF-540)

3) FT-IR spectrometer

FT-IR spectroscopy ~ Perkin Elmer Paragon 1000
(pellet) KBr (Aldrich chemical Co., Ltd. >99%)
4) UV-Lamp
UV-Lamp  LONGLIFE™ FILTER Spectroline

254nm, 365nm

14



5) UV

Shimadzu UV-Vis Spectrophotometer

6) (Elemental Analyzer )
CE Instruments EA1110 CHNS-O mode

, TCD detector, autosampler, electronic microbalance(1ug)

7) GC- (Gas Chromatography-Mass Spectrometer)
Gas Chromatography-Mass Spectrometer JEOL IMS-AX505WA
HP 5890 Series Il

lonization Mode: Fast atom bombardment (FAB), Low resolution mode

8) Méelting Point Apparatus
Melting Point Apparatus 1A 9100 Electrothermal
Temp. Range 45400 , Resolution 0.1 , Accuracy  +/-

0.5
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2-1. 2-lodobiphenyl(2) 19
NH, |
W) e
2) KI -
1) (2)
Scheme 1
250ml 2-aminobiphenyl (1)
8.43g(50mmol) 10ml, 33ml 0
159 sodium nitrite 4.59g (66.5
mmol) 19ml
0 45
16.6g(100mmol) 169ml
sodium thiosulfate , 3N HCI ,
85% 2-
iodobiphenyl (2) . (Scheme 1)

16



2-2.  9-(2-Biphenyl)-9-fluorenal (3) 19

o LG
90
2 (€))

Scheme 2

500ml
2-iodobiphenyl(2) 229(78.5mmoal) 90ml . —18

tert-BuLi 100.7ml(171mmol) 30

(-78 )
Ice bath 9-fluorenone 14.15g(78.5mmol)
80mli 30 : 30
9-(2'-biphenyl)-9-fluorenal
(3 . 86%

. (Scheme 2)

17



2-3.  9,9-Spirobifluorene (4) 0

a g HOAc , HCl , H,O

I OH >
3) (4)
Scheme 3
250ml 9-(2'-biphenyl)-9-
fluorenol(3) 11.8g(35.3mmol), 100ml 90
0.1ml 20
0 50ml
98% 9,9'-spirobifluorene (4)
(Scheme 3)

18



2-4. 2,2'7,7-Tetrabromo-9,9'-spirobifluorene (5) 17

Br, , FeCly
4) %)
Scheme 4
gas trap 250ml two-neck
9,9'-spirobifluorene(4) 9.48g(30mmol) 45mi|
0
FeCl; 0.244g (1.5mmol) 0
14.84 mi(144mmol) 2 10
N&,S,0, :
100%
2,2'7,7'-tetrabromo-9,9'-spirobifluorene(5)
. (Scheme 4)

19



2-5. 2,27, 7-Tetra(triphenylsilyl)-9,9'-spirobifluorene(6)

28)

1) tertBuLi /THF/-78C
2) Triphenylsilyl chloride/ THF

Scheme 5

100ml

2,2'7,7'-tetrabromo-9,9'-spirobifluorene(5) 0.632g(1mmol) THF
40ml -78 tert - BuLi 6.12ml(6.12mmol)
30 triphenylsilyl

chloride 1.18g(4mmol), THF 5ml 10

55%
2,2',7,7-tetra(triphenylsilyl)-9,9'-spirobifluorene(6)

(Scheme 5)

20



2-6. 2,2,7,7-Tetra (phenylethynyl)-9,9'-spirobifluorene (7)

29),30)

(PhsP),PdCl, , Cul , PPhs

>

EtsN , pyridine

100ml

phenylacetylene 0.53ml (4.8mmol), triethylamine 5.57ml (40mmol),
2,2'7,7-tetrabromo-9,9'-spirobifluoreng(5) 0.632g(1mmol), pyridine 3.24
ml (40mmol) 0

Pd(PPh,),Cl, 28.1mg(0.04mmol), Cul 26.6mg(0.14 mmol), PPh, 56.4mg

(0.215mmol) 70

63% 2,2 7,7'-tetra(phenylethynyl)-

9,9'-spirobifluorene (7) . (Scheme 6)
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2-7. 2,7-Bis(1-naphthylene vinylene)-9,9"-spirobifluorene(10)

2-7-1. 2,7-Diformyl-9,9" -spirobifluorene (8) o

Cl,CHOCH3 / CH,Cl,
TiCl, / CH,Cl,

Scheme 7

250ml

9,9'-spirobifluorene (4) 3.16g(10mmol) 120ml

dichloromethyl methyl ether 4.9ml(54mmol)

0 TiCl, 4.58ml(41.8mmol)
15ml . 10
53%
2,7-diformyl-9,9" -spirobifluorene (8) . (Scheme 7)

22



2-7-2.  1-Triphenylphosphonium methylnaphthal ene chloride(10)

32)

CHCl CH,P"(Phg)CI
PPh, -
DMF/reflux
9 (10)
Scheme 8
250ml

1-(chloromethyl)naphthalene(9) 4.5ml(30mmol)  triphenylphosphine

8.197g(31.25mmoal) DMF 60ml . 3
DMF
75% 1-triphenylphosphonium methylnaphthalene
chloride (10) . (Scheme 8)

23



2-7-3.  2,7-Bis(1-naphthylene vinylene)-9,9" -spirobifluorene(11)

32),33)

CH,P"(Phg)CI

NaOEt
+ 2 _— >
EtOH/CHCl3

100ml

1-triphenylphosphonium methylnaphthalene chloride(10) 0.878g(2mmoal),

2,7-diformyl-9,9" -spirobifluoreng(8) 0.372g(1mmol)

12ml 12mi
sodium ethoxide 0.27g (4mmol) 10ml
50 10
87% 2,7-bis(1-naphthylene vinylene)-
9,9" -spirobifluorene(11) . (Scheme 9)

24



2-8.2,2",7,7"-Tetrakis(1-naphthylene vinylene)-9,9" -spirobifluorene
(13)

2-8-1. 2,2",7,7"-Tetraformyl-9,9" -spirobifluorene(12) 3439

Naser
n -BuLi/toluene -
0 G
N

Scheme 10

250ml

2,2'7,7-tetrabromo-9,9'-spirobifluorene(4) 1.263g(2mmol)

100ml 3 . n-BuLi 16.08ml
(25.78mmol) 0 N-formylpiperidine 4.8ml
(43.43mmol), 10ml
5
30% 2,2" 7,7 -tetraformyl-9,9" -
spirobifluorene(12) . (Scheme 10)

25



2-8. 2,27,7,7"-Tetrakis(1-naphthylene vinylene)-9,9" -spirobifluorene

( 1_3) 32),33)

CH,P*(Ph3)CI

NaOEt
+ 4 —_—
EtOH/CHCI3

100ml

1-triphenylphosphonium methylnaphthal ene chloride(10) 1.93g(4.4mmoal),

2,27 ,7,7" -tetraformyl-9,9" -spirobifluorene(12) 0.5g(1.1mmol)

15ml 15ml
sodium ethoxide 0.59g (8.8mmol) 15ml
10
76% 2,2" 7, 7" -tetrakis  (1-naphthylene
vinylene) -9,9" -spirobifluorene (13) . (Scheme 11)

26



2-9. Poly(2,7-spirobifluorene vinylene-2,6-naphthal enylene-

vinylene)(15) 23

NaOEt
Ethanol/  hr

(15)

100m
2,6-bid[ (triphenyl phophonium)methyl ] naphthal ene dibromide(14) 0.419 g

(0.5mmal), 2,7-diformyl-9,9"-spirobifluorene(8) 0.186g(0.5mmol)

7ml ml
sodium ethoxide 0.136g(2mmol) 10ml
50 10 . 200m
, 48% poly(2,7-spirobifluorene
vinylene-2,6-naphthalenylene- vinylene)(15) . (Scheme 12)

27



2-10. Poly(1,1'-(2,2'-spirobiindane)vinylene-2,6-naphthal enylene-

vinylene)(22)
2-10-1. 2,2-Dibenzyl-diethylmalonate (18) *)
] 2
/C()CzH5 NaH COC,Hs
CH\z + 2 Q—CHZQ — >
COC,H DMF
I COCHs
© 0
(16) (17) (18)
Scheme 13
1L 60% NaH 26g(0.65mol), DMF 600ml
20 diethyl malonate(16) 76ml(0.5mol)
50 benzyl chloride(17) 69ml(0.6mol)
30
60% NaH 22g(0.55mol) benzy!
chloride 52ml(0.45moal) 50
63%
2,2-dibenzyl-diethylmal onate(18) .(Scheme 13)

28



2-10-2. Dibenzylmalonic acid (19) )

CHD o)
I
COC,Hs C—OH

KOH/H,0

reflux
O COC,Hs ‘ C—OH
Il T
) o)

(18) (19)

\

Scheme 14

250ml 759
(1.34mol) 75ml dibenzyl malonate (18) 122¢g

(0.36mol) . 90

5M
) 3%

dibenzylmalonic acid (19) . (Scheme 14)
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2-10-3. Dibenzylmalonic acid chloride(20) )

Cl ] Cl 7
]
C—OH _
PCl. C—Cl

— >
%—OH c—Cl

o) &

(19) (20)

Scheme 15

250ml

dibenzylmalonic acid(19) 13.59(47.54mmol), phosphorous pentachloride

20.789(99.82mmol)
70
hexane 60%
dibenzylmalonic acid chloride(20) . (Scheme 15)

30



2-10-4. 2,2"-Spirobiinanone (21) 36),39)

Q o)
c—Cl

o LI X
%_ cl toluene/reflux
o) (0]

(20) (21)

Scheme 16

250ml

dibenzylmalonic acid chloride(20) 14.49(47.5mmol)

180ml . 0 tin( ) chloride 11.8ml
(0.2mol) . 30
3
42%
2,2"-spirobiinanone (21) . (Scheme 16)
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2-10. Poly(1,1'-(2,2'-spirobiindane)vinylene-2,6-naphthal enylene-

vinylene)(22) B39
0
Br'(Ph)sP"CH,
LX) - 9@
CH,P'(Phg)Br
0
(14)
(21)
NaOEt
EtOH
Scheme 17

100ml

2,6-bid[(triphenyl phophonium)methyl ] naphthal ene dibromide(14) 0.419 g
(0.5mmal), 2,2"-spirobiindanone(21) 0.118g(0..5mmoal)
mi mi . sodium
ethoxide 0.136g(2.0mmol) 10ml
50 10
200ml
poly(1,1'-(2,2'-spirobiindane)vinylene-2,6-

naphthalenylen-vinylene)(22) . (Scheme 17)
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2-11. 1,1"-Bis(1-naphthylene vinylene)-2,2" -spirobiindane (23)

33),34)
CH,P"(Ph)CI

[ o

+ 2 NaOEt
S e

(10)
(21) (23)
Scheme 18

100ml

1-triphenylphosphonium methylnaphthal ene chloride(10) 1.93g(4.4mmoal),

2,2"-spirobiindanone(21) 0.236g(1mmol) 15ml
15ml . sodium ethoxide 0.27g
(4mmoal) 10ml
50 10 62%

1,1"-bis(1-naphthylene vinylene)-2,2" -spirobiindane (23)

. (Scheme 18)
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9,9"-spirobifluorene

1.
1-1. 2-iodobiphenyl(2)
2-lodobiphenyl H-NMR
85% . 1858 Johan Peter Griess
Aryldiazonium (ArN,CI) 1884 Traugott
Sandmeyer sandmeyer
lodo sodium thiosulfate

H-NMR(400MHz, CDCl,) ; & 6.95(tt, 1H), 7.23-7.34(m, 7H),

7.95(dd, 1H)



1-2. 9-(2'-biphenyl)-9-fluorenal (3)
9-(2'-Biphenyl)-9-fluorenol H-NMR
, 86%
'H-NMR(400MHz, CDCl,) ; & 2.25(s, 1H, OH), 6.0(d, J=7.91Hz, 2H),
6.6(t, J=7.5, 7.56Hz, 2H), 6.82(td, J= 1.06Hz, 1H), 6.89(d, J=7.38Hz, 1H),
7.14-7.22(m, 8H), 7.32(td, J= 1.05Hz, 1H), 7.53(td, J=1.21Hz, 1H), 8.46

(d, J=7.97Hz, 1H)

1-3. 9,9'-spirobifluorene (4)
9,9'-Spirobifluorene H-NMR
, 98%
'H-NMR(400MHz, CDCl,) ; & 6.76(dd, J=0.64, 0.61Hz, 4H), 7.12(td, J=
1.05, 1.05, 1.04Hz, 4H), 7.38(td, J=1.05, 1.04,

1.02Hz, 4H), 7.86(dd, J=0.67, 0.68Hz, 4H)

1-4. 2,2'7,7'-tetrabromo-9,9'-spirobifluorene (5)
2,2'7,7-Tetrabromo-9,9'-spirobifluorene 'H-NMR, B®C-NMR,

HRMS . )

100% . 2

, sodium thiosulfate
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'H-NMR(400MHz, CDCl,) ; & 6.82(d, 4H), 7.52(dd, 4H), 7.68(d, 4H)
BC-NMR (CDCl.) ; & 65.5,122.1, 122.5, 127.7, 132.1, 139.9,

HRMS (m/z); 631

1-5. 2,2',7,7-tetra(triphenylsilyl)-9,9'-spirobifluorene(6)
2,27, 7-Tetra(triphenylsilyl)-9,9'-spirobifluorene H-NMR,
BC-NMR . , 55%

IH-NMR(400MHz, CDCl,) ; & 7.1(d, 4H), 7.17-7.20(m, 24H), 7.29-7.33
(m, 12H), 7.39-7.41(m, 24H), 7.47(dd, 4H), 7.7(dd, 4H)
13C-NMR (CDCl,) ; & 66.23, 120.08, 127.8, 129.4, 131.3, 133.5, 134.2,
135.9, 136.1, 142.8, 148.2

CoH,Sis; C-86.473%, H-5.387% (Theory : C-86.35%, H-5.34%)

(m.p.); 256.4
1-6. 2,2',7,7'-tetra(phenylethynyl)-9,9'-spirobifluorene
@)
2,2',7,7-Tetra(phenylethynyl)-9,9'-spirobifluorene H-NMR,

BC-NMR, HRMS
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63% . phenylacetylene

'H-NMR(400MHz, CDCl,) ; & 7.0 (d, J=1.01Hz, 4H), 7.36-7.39(m, 12H),
7.5-7.55(m, 8H), 7.6(dd, J=1.36, 1.41Hz, 4H), 7.9(d, 4H)
13C-NMR (CDCl,) ; & 67, 89.8, 90.7, 120.8, 123.4, 123.5, 127.7, 128.6,

131.9, 132.2, 141.5, 148.6

HRMS; 716 (m/z), (m.p.) ; 258.3

1-7 2,7-bis(1-naphthylene vinylene)-9,9'-spirobifluorene
(11)

1-7-1. 2,7-diformyl-9,9'-spirobifluorene (8)

2,7-Diformyl-9,9'-spirobifluorene H-NMR, 2C-NMR, FT-

IR )

53%

Aromatic formylation Vilsmier reaction
DMF POCI, electrodonating group

9,9'-spirobifluorene

Friedel-Crafts reaction
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dichloromethyl methyl ether  Lewis acid(TiCl, or AlICl,)
. Lewis acid AICI,
TiCl,
'H-NMR(400MHz, CDCl,) ; & 6.7(d, 4H), 7.23-7.25(m, 4H), 7.4(td, J=
1.04, 1.02, 1.04Hz, 2H), 7.9(m, 4H), 8.0(d, 2H), 9.83(s, 2H, CHO)
BC-NMR (CDCl,) ; & 65,120.6, 121.4, 124.2, 124.6, 128.5, 129.7, 131.2,
136.0, 140.2, 148.0, 148.6, 148.9, 191.6

FT-IR(KBr) ; cm 2722.7-3046.8 (aromatic), 1693..9 (CHO)

1-7-2. 1-triphenyl phosphonium methylnaphthalene chloride
(10)
1-Triphenylphosphonium methylnaphthalene chloride H-
NMR, FT-IR )
75% . (sAl)

'H-NMR(400MHz, CDCl,) ; & 5.84(d, 2H), 6.99(t, 1H), 7.28(m, 2H),
7.35(d, 1H), 7.49-7.51(m, 7H), 7.64-7.69(m, 11H)

FT-IR(KBr) ; cm™ 2785.4-3049.6 (aromatic), 1436.8, 1109.3

1-7. 2,7-bis(1-naphthylene vinylene)-9,9'-spirobifluorene(11)
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2,7-Bis(1-naphthylene vinylene)-9,9'-spirobifluorene H-NMR
, 87%

. 1953 Wittig olefin

ylide Zhi-Kuan Chen

11
'H-NMR(400MHz, CD,0D) ; & 6.5 (d, 2H), 6.55 (d, 2H), 6.7 (d, 4H),
6.99 (t, 2H), 7.23 (tt, 4H), 7.28 (m, 6H), 7.4 (td, 2H),

7.65 (m, 4H), 7.9 (td, 4H), 8.0 ( d, 2H), 8.11 (d, 2H)

1-8. 2,2',7,7'-tetrakis(1-naphthylene vinylene)-9,9'-spirobi-

fluorene (13)

1-8-1. 2,2',7,7-tetraformyl-9,9'-spirobifluorene(12)
2,2',7,7-Tetraformyl-9,9'-spirobifluorene 'H-NMR
: 30%
1976 Rathke formylation Grignard,

organolithium reagent (dichloromethyl)diisopropoxyborane

. 1981 George

, N-formylpiperidine
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hydrocarbon

2,2',7,7-tetraformyl-9,9'-spirobifluorene(12)  George

'H-NMR(400MHz, CDCl,) ; & 7.26(t, J=0.76, 0.78Hz, 4H), 8.0(dd, J=

1.42,1.4Hz, 4H), 8.13( d, J=7.74Hz, 4H), 9.87( s, 4H, CHO)

1-8. 2,27, 7-tetrakis(1-naphthylene vinylene)-9,9'-spirobi-
fluorene (13)
2,27, 7-Tetrakis(1-naphthylene vinylene)-9,9'-spirobifluorene  FT-IR
, 76%
'H-NMR

FT-IR(KBr) ; cm™2875.6-3011.1 (aromatic), 1657.5, 1467.0, 776.4

1-9. poly(2,7-spirobifluorene vinylene-2,6-naphthal en-
ylene vinylene)(15)
Poly(2,7-spirobifluorene vinylene-2,6-naphthalenylene vinylene)
H-NMR, FT-IR
, 48% . Polymer NMR
peak

'H-NMR(400MHz, CDCl,) ; & 6.45-7.82 (proton)
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FT-IR(KBr) ; cm*3008.5 (aromatic), 1602.9, 1451.0, 903.0, 816.1,

754.7,731.9

1-10. poly(1,1'-(2,2'-spirobiindane)vinylene-2,6-naphtha-

lenylene vinylene)(22)

1-10-1. 2,2-dibenzyl-diethylmal onate (18)
2,2-Dibenzyl-diethylmalonate H-NMR
, 63%
benzyl sodium hydride

IH-NMR(400MHz, CDCl,) ; & 1.15(t, J=7.15, 7.18Hz, 6H), 3.22(s, 4H),

4.1(q, J=7.13, 7.14, 7.18Hz, 4H), 7.1-7.27(m, 10H)

1-10-2. dibenzylmalonic acid (19)
Dibenzylmalonic acid 'H-NMR, FT-IR
, 73%
(salt)

'H-NMR(400MHz, CDCl,) ; & 3.18 (s, 4H), 7.19-7.28 (m, 10H)
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FT-IR(KBr) ; cm 2942-3006 (aromatic), 2434.1-3006 (-OH),

1731.7 (-C=0-)
1-10-3. dibenzylmalonic acid chloride(20)
Dibenzylmalonic acid chloride FT-IR
, 60%
acid chloride POCI,
dicarboxylic acid malonic acid

oxalic acid acid

FT-IR (KBr) ; cm*3032-3054 (aromatic), 1797 (-C=0-), 1045

1-10-4. 2,2'-spirobiinanone (21)
2,2'-Spirobiinanone H-NMR
, 42% . Friedel-crafts
(cyclization) . Lewis acid
AlCI, Lewis
acid -SnCl, . acridone Six-

membered ring
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, 5>-membered ring 7-membered ring

acid PPA (polyphos-
phoric acid)
'H-NMR(400MHz, CDCL,) ; & 3.14(d, J=17.31Hz, 1H), 3.27(d, J=14Hz,
1H), 3.47(d, J=14Hz, 1H), 3.60(d, J=17.32Hz, 1H), 7.12-7.17 (m,

4H), 7.33 (M, 2H), 7.52 (td, J=1.19Hz, 1H), 7.24 (d, J=7.7Hz, 1H)

1-10. poly(1,1'-(2,2'-spirobiindane)vinylene-2,6-naphth-
alenylene vinylene)(22)
Poly (1,1'- (2,2'-spirobiindane) vinylene-2,6-naphthalenylene vinylene)
FT-IR
42%

FT-IR (KBr) ; cm™2963.9 (aromatic), 1654.6, 1438.4, 1096.3, 1024.5,

802.9
1-11. 1,1'-bis(1-naphthylene vinylene)-2,2'-spirobi-
indane(23)
1,1'-Bis(1-naphthylene vinylene)-2,2'-spirobiindane H-NMR

, 62%
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FT-IR(KBr) ; cm2964.2 (aromatic), 1654.3, 1457.5, 1261.9, 1097,

1022.2, 801.7

ZnS/IMn, GaBs EL

[light yield (quantum efficiency)]

film-forming

EL 9,9" -spirobifluorene

40)

9,9" -spirobifluorene

triphenylsilyl, phenylethynyl, naphthalene vinyl

300-410nm , UV-lamp
EL
2,2"-Spirobiindanone naphthalene vinyl
UV-lamp



114

Maximum

Structure of products absor ption Color PL
2,27, 7-Tetra(triphenylsiyl) Solid : 362
-9,9"-spirobifluorene ( 6) < 300nm - Soln. - 361

2,2'7,7-Tetra(phenyl .

_ethyny|)_9’9'_spiro 350nm Blue Solid : 460

-bifluorene ( 7) violet | Soln. : 380
2. 7-BigL-naphitylene Blue | Solid : 467
vinylene)-9,9-spiro 350.5nm violet | soln. - 426

-bifluorene ( 11)




1%

2,2'7,7-Tetrakis

(1-nephthylene 392.5nm Jade | Solid : 474
vinylene)-9,9-spiro green | Soln. : 454
-bifluorene( 13)
Poly[2,7-(9,9-spiro
-bifluorene)vinylene Jade | Solid : 483
-2,6-naphthalenylene 404.5nm green | Soln. : 460
vinylenel( 15)
Poly[1,1'-(2,2'-spiro
-biindane)vinylene : L
2,6-naphthalenylene 322.5nm violet | Solid : 460
vinylenel( 22)
1,1'-Big(1-naphthylene
vinylene)-9,9- 285nm - Solid : 366

spirobiindane ( 23)

Table 1.

Characteristics of spiro derivatives
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Fig. 8. PL spectraof 2,2',7,7'-tetra(triphenylsilyl)-9,9'-

spirobifluorene
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Fig. 9. PL spectraof 2,2',7,7-tetra(phenylethynyl)-9,9'-

spirobifluorene
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Fig. 10. PL spectra of 2,7-bis(1-naphthylene vinylene)-9,9"-
Spirobifluorene (solid, solution)
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Fig. 11. PL spectraof 2,2%,7,7"-tetrakis(1-naphthylenevinylene)-

9,9"-spirobifluorene (solid, solution)
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Fig. 12. PL spectra of poly(2,7-spirobifluorene vinylene-2,6-

naphthal enylene-vinylene (solid, solution)
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EL
9,9"-spirobifluorene, 2,2"-spirobiindanone
2,2',7,7-tetra(phenylethynyl)-9,9'-spirobifluorene, 2,7-bis(1-
naphthylene vinylene)-9,9" -spirobifluorene, 2,2 ,7,7" -tetrakis(1-naphthy-
lene vinylene)-9,9" -spirobifluorene, poly(2,2*-spirobifluorene vinylene-
2,6-naphthalenylene vinylene), poly(1,1'-(2,2'-spirobiindane)-vinylene-

2,6-naphthalenylene-vinylene)

9,9" -spirobifluorene 300~410nm
, UV-lamp , ;
. 2,2"-spirobifluorene 280-330nm
, UV-lamp

2,2',7,7-tetra(triphenylsilyl)-9,9'-spirobifluorene, 1,1"-Bis(1-

naphthylene vinylene)-2,2"-spirobiindane ~ 300nm
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