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Organic Electroluminescent Devices Based on Polyurethane Derivatives
Having Substituted Stilbene Pendants
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There have been extensive research efforts on organtene pendants were fabricated to investigate the effect of the
electroluminescent devices (OELDs) with the aim of appli-electron withdrawing substituents of the lumophore pendant
cation for the flat panel display (FPD). OELDs have alsoon the EL and PL properties. Since PU derivatives possess
attracted much interest because of their particular lowdifferent electron withdrawing substituents on the stilbene
driving voltage, convenient design of the device structurespendant, the shift of emission wave-length is expected.
possible control of emission band, and low fabrication cost
compared with any other deviceSOELDs can be classi- Experimental Section
fied as either molecular or polymer-based. Molecular-based
devices consist of vacuum deposited fluorescent emitter The overall pathway of the synthesis of the PU derivatives
layers whereas polymer-based devices consist of either spimith substituted stilbene pendants is presented in Scheme 1.
or dip-coated layers?! Most of the research in the field of In the first step, the hydroxy group of diethanolanilingas
polymer-based electroluminescent devices has focused gmotected by using acetic anhydride in pyridine. The
main-chain conducting polymers such as poly(plenylenealdehyde functional group was introduced at {era
vinylene) (PPV), polyg-phenylene) (PPP), their copolymers position by using POgland DMF with acetyl-protected
and soluble derivative¥. Other groups have reported non- diethanolaniline. Deprotection of the acetyl groups by using
conjugated polymers with pendant chromophores for OELDs. aqueous NaOH solution provided the aldehgtd@in 41%

The attachment of the fluorophore as the pendant group of@verall yield froml. The aldehyd® was coupled with the
random-coil polymer presents several advantages: (1) thghosphonium saltg-10 using t-BUOK/THF-EtOH solution
synthetic route would be simpler than that used for main-

chain polymers; (2) the moderate solubility could be obtain:  Ho_~ ~_0H 1)Ac0, Pyridine, HO._~ ~_OH

ed by the nature of the backbone; (3) the emission wave @ %&W e
length would be easily controllable. We, recently, reportec 3) NaOH (aq)

the PU polymer with the 4-(dicyanomethylene)-2-methyl-6- \ oo
(4-dimethylaminostyryl)-4H-pyran (DCM) dye as the

pendant® Even though it is known that the PU backbone o~ ~_ox : " y
have many quenching sites, the turn-on voltage of the PL TOV\NNOWNWNﬁn
DCM device wasca 5 V. Also, the change of the fluoro- 3 N CN\@{”CO el 7y 0 ek
phores in the side chain fropara-cyanostilbene (PU-CN) N CHa N

to DCM (PU-DCM) caused the shift of PL emission wave- O N T R
length. For the PL emission spectra of PU-CN and PU &, Ry AR i
DCM, the maximum peaks were ed 520 and 630 nm, 11.R1=;é2=H Ré 1 Re

respectively. The maximum EL peaks of the PU-CN anc 1z ry=H,rp=r

13. Ry=CF 3, Rp=H

PU-DCM devices were positioned @. 520 and 630 nm, 14. Ry=H, Ry=CF4

respectively, corresponding to the maximum PL peaks B oon
Therefore, EL, and PL properties can be changed usin o
different lumophore pendant groups possibly caused by th /é\ %— Q
electron withdrawing effect of the DCM pendant. In the ™ [ ™ A

present work, PU derivatives with stilbene pendant contain  , .,
ing one or two fluoro group were synthesized. Also, one o g 32
two trifluoromethyl group were introduced on the stilbene & R+

side chain. OELDs using polyurethane derivatives with stil- Scheme 1

| 7. R4=F, Ry=H, X=Ci
r 8. Ry=H, Rp=F, X=Br
cl 9. Ry=CHs, Rp=H, X=CI
Cl 10. Ry=H, Ry=CF3, X=C|



Notes

in 63-81% vyields. The phosphonium saftd0 were pro-
duced from the corresponding substituted benzylh&iée
and triphenylphosphine in DMF in 95-98% vyieldsThe
polymerization of these monomet$-142>°was achieved
using toluene 2,4-diisocyanate (TDI) in DMF in 67-96%
yields. The number-average molecular weight)(Meight-
average molecular weight (1 and polydispersities of the
resulting polymers, as determined by gel permission chromatc
graphy, were in the range of 3358-17010, 3377-41748, an
1.11-2.52, respectively. The structures of the resulting poly
mers were identified by FT-IR spectroscopy with KBr
pellets. The decomposition temperaturg) (fas measured
using the TGA under nitrogen atmosphere.

Results and Discussion

The comparison of the FT-IR spectrum of the polymers
with those of the starting monomers showed a C=0 stretct
ing vibration band at 1710 ¢t which is characteristic of
the urethane group and indicates the formation of urethan
The results of TGA reveals that polymers are quite stable
The polymers with stilbene chromophore exhibit onsets fol
degradation in the range of 225-2&80 The DSC data of the
glass transition temperature gTfor the polymers was
estimated at 150C and no melting point was detected,
indicating that it represents a no crystalline phase. The DS
results show that these polymers possess hjgtwiich
could be advantageous for the PLED device fabrication an
helpful for the device longevity.

Inspection of the UV-vis absorption spectra of the mono-
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Figure 2. The UV-visible spectra of polymers.
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mers and polymers (Figure 1, 2) shows that the introductiolFigure 3. The PL spectra of monomers.

of the electron withdrawing substituents at the stilbene is
leading to the red shift.

The photoluminescence spectra (Figure 3, 4) show th
same tendency as compared to those of UV-vis spectra. Tl
substitution with two fluoro groups at the stilbene generatet
red shift as compared to that of mono fluoro group. And the
substitution with two trifluoromethyl groups also generated
red shift as compared to that of mono trifluoromethyl group.
Figure 5-7 show the current-voltage-electroluminescenct
characteristics measured from PU4s)( PU-2F (6), and
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Figure 4. The PL spectra of polymers.
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Figure 1. The UV-visible spectra of monomers.
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PU-CFK (17), respectively. The forward bias current was
obtained when the ITO is a positive electrode and Al elec-
trode is negative. The forward current was increased with
increasing forward bias voltage for all devices. The turn-on
voltage of the PU-F16) is higher than PU-2{.6).

In conclusion, it has been focused on the design and
synthesis of the new polyurethane EL polymers with
chromophores in side chains. The stilbene chromophores
with electron withdrawing groups were synthesized in good
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12. (a) 4-[Bis-(2-hydroxyethyl)amino]benzaldehyd®). ( Rf 0.18
(Si0,, 75% EtOAc-hexane)!H-NMR (200 MHz, CDCY) &
(ppm) 3.67 (t, 4H) = 4.7 Hz), 3.83 (t, 4H) = 4.7 Hz), 6.69 (d,
2H,J = 8.9 Hz), 7.64 (d, 2H] = 8.9 Hz), 9.63 (s, 1H}3C-NMR
(50 MHz, CDC}) & (ppm) 59.2, 62.3, 113.6, 126.2, 130.6, 150.3,
190.0, HRMS (El),m/z 209.1057 (calculated for 1¢1sNO,
209.1053). (b) 2-[{4-[2-(4-Fluorophenyl)vinyllphenyl}(2-hydrox-
yethyl)amino]ethanol 1(1). '"H-NMR (200 MHz, DMSO-¢) &
(ppm) 3.66 (t, 4H,) = 5.5 Hz), 3.83 (t, 4H) = 5.5 Hz), 4.90 (s,
2H), 6.64 (d, 2HJ) = 8.7 Hz), 6.87 (d, 1H] = 16.5 Hz), 7.01 (d,

- P R 1H,J=16.5Hz), 7.11 (t, 2H] = 8.8 Hz), 7.34 (d, 2H = 8.7 Hz),

O e ———— 751 (dd, 2H, = 5.9, 8.8Hz)*C-NMR (50 MHz, DMSO-¢) &

° 2z 4 & 8 10 124 (ppm) 52.4, 60.1, 112.6, 115.6, 123.3, 125.7, 127.7, 128.3, 130.1,
Bias (V) 134.2, 147.5 (dJ = 25.5Hz), 161.6 (dd) = 244.5, 13.62 Hz),

Figure 6. I-V-EL curves of PU-2F. HRMS (El),m/z301.1483 (calculated forigH20FNO, 301.1479).

() 2-[{4-[2-(3,5-Difluorophenyl)vinyl]phenyl}-(2-hydroxy-
ethyl)amino]ethanol 12). *H-NMR (200 MHz, acetoned)l &

2504 :' 4 (ppm) 3.60 (t, 4HJ) = 5.5 Hz), 3.77 (q, 4H] = 5.5 Hz), 4.20 (t,

s A4 2H,J = 5.5 Hz), 6.76 (d, 2H] = 8.8 Hz), 6.83 (dd, 1H] = 2.6,
8 9.16 Hz), 6.95 (d, 1H] = 16.5 Hz), 7.16 (dd, 2H} = 2.2, 9.16

Hz), 7.26 (d, 1H) = 16.5 Hz), 7.43 (d, 2H},= 8.8 Hz),'’*C-NMR

(50 MHz, acetoned) 8 (ppm) 54.3, 59.5, 101.15 ¢~ 25.5 Hz),

108.4 (d,J = 24.6 Hz), 112.1, 121.2, 124.2, 128.3, 132.1, 142.8,

148.8, 163.54 (dd} = 243.8, 13.7 Hz), HRMS (Eln/z319.1392

(calculated for @H19F2NO, 319.1385). (d) 2-[(2-Hydroxyethyl)-

{4-[2- (4-trifluoromethylphenyl)vinyl]phenyl}- (2-hydroxyethyl)-

amino]ethanol13). *H-NMR (200 MHz, DMSO-¢) & (ppm) 3.66

1, (t, 4H,J = 5.5 Hz), 3.83 (t, 4H) = 5.5 Hz), 4.92 (s, 2H), 6.66 (d,

2H,J= 8.4 Hz), 6.96 (d, 1H] = 16.2 Hz), 7.23 (d, 1Hl = 16.2
Hz), 7.40 (d, 2HJ = 8.4 Hz), 7.60 (d, 2Hl= 8.1 Hz) 7.67 (d, 2H,
J = 8.1 Hz),'"*C-NMR (50 MHz, DMSO-g) J (ppm) 52.6, 60.2,
O o R S ————7— 0 112.4, 118.7, 119.0, 120.9, 124.2, 125.7, 128.4, 130.0, 1327 (q,
0 5 oo 20 2 = 33 Hz), 138.2, 143.7, HRMS (Ej)/z351.1446 (calculated for
Bias (V) CioH20FsNO, 351.1447). (e) 2-[{4-[2-(3,5-Bis(trifluorome-
Figure 7. I-V-EL curves of PU-CE thyl)phenyl)vinyl]phenyl}-(2-hydroxyethyl)amino]ethanoll4).
'H-NMR (200 MHz, acetoneg)ld (ppm) 3.61 (t, 4H) = 5.5 Hz),

. . . . . 3.78 (q, 4HJ = 5.5 Hz), 4.23 (t, 2H] = 5.5 Hz), 6.79 (d, 2HI =

yields. Introduction of the electron withdrawing substituents 9.1 Hz) 7.15 (d, 1HJ = 16.1), 7.49 (d, 1H] = 16.1 Hz), 7.49 (d,

at the stilbene side chain is leading to the red shift in UV-vis  2H,J = 9.1 Hz), 7.77 (s, 1H), 8.12 (s, 2HJC-NMR (50 MHz,

and PL spectra. OELDs using the new polyurethane (PU) acetone-g) J (ppm) 54.2, 59.5, 112.0, 118.9, 119.0, 120.1, 124.1,

fvatives with different lumophore pendants were fabri. 1257 128:5, 1315 (d.= 32.8 Hz), 133.3, 141.5, 149.0, HRMS
derivatives with different lumophore pendants were fabri- 251 -0 o007 ol e forgoFNO, 410 1321).

cated. The current density)(voltage V) EL intensity () of 13. Jung, M. E.; Lam, P. Y. S.; Mansuri, M. M.: Speltz, L.MOrg.
the OELDs were characterized. Chem 1985 50(7), 1987.
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