Macromolecules 2001, 34, 6821—6830

Synthesis and Light-Emitting Properties of Difunctional Dendritic
Distyrylstilbenes

Chi Chung Kwok and Man Shing Wong*
Department of Chemistry, The Hong Kong Baptist University, Kowloon Tong, Hong Kong, SAR China
Received May 1, 2001; Revised Manuscript Received July 2, 2001

ABSTRACT: A novel series of poly(benzyl ether) type dendritic distyrylbenzenes bearing various electron
or hole affinitive moieties including 1,3,4-oxadiazole, cyano, and propoxy groups on the outer surface of
the first- and second-generations dendritic wedges have been synthesized for blue-light emission. Both
theoretical and optical studies show that incorporation of the surface functionalized dendritic wedges
into the nonconjugated meta positions of a distyrylstilbene skeleton does not disrupt the coplanarity of
the z-conjugated core. Excitation of the surface functionalized dendritic wedges leads to substantial energy
transfer from the dendritic wedges to the emissive core (up to 59%). Importantly, all the dendritic
distyrylstilbenes show very high fluorescence quantum yields (over 93%). Single-layer light-emitting diodes
(LED) using dendritic distyrylstilbene (DSB) doped poly(N-vinylcarbazole) (PVK) film as an emissive
layer with structure of (ITO/DSB:PVK/AI) have been fabricated and investigated. The emission
wavelengths and spectral features are very similar among the solution emission, solid-state photolumi-
nescence, and electroluminescence spectra. The device performance of the first-generation dendritic DSB
doped single-layer LEDs is generally superior to that of the corresponding second-generation dendrimer
based devices. In addition, the propoxy surface functionalized dendritic DSB devices consistently show

the best device performance and relative stability among the others.

Introduction

The potential applications of molecular electrolumi-
nescent materials for lighting, black light, and full-color
flat-panel display have recently attracted considerable
attention.l=3 In the past few years, a great variety of
functionalized molecules and polymers have been ex-
plored as active components such as light emitting and
charge transport layers in organic light emitting diodes
(OLED) in order to enhance the luminescence efficien-
cies and stabilities of the devices.®~5 Light emission of
an OLED originates from the exciton of emissive
molecules, generated from the recombination of elec-
trons and holes, injected from the opposite electrodes
sandwiched between the functional layer(s). The quan-
tum efficiency of an OLED depends on the photolumi-
nescence efficiency of the emissive molecule and the
balance of the injection and transport of holes and
electrons. However, organic luminescence materials
such as oligo-phenylenevinylenes and poly-phenylene-
vinylenes generally exhibit better hole injection and
transport properties than electrons, which often lead to
low device efficiency especially in a single-layer device
structure. The general strategies to circumvent this
problem are either to use the highly electron affinitive
emissive materials,® to employ low work function elec-
trodes such as calcium as a cathode, or to insert an
electron-conducting/hole-blocking layer between the
emissive layer and cathode in multilayer devices.”

In addition to polymeric materials, there are consid-
erable interests in developing and investigating novel
emissive oligomers or molecules bearing better balanced
charge character, favorable processing properties, and
stabilities since they can easily be obtained in high
purity and fabricated in a thin film.5>8 Furthermore,
investigation of well-defined and monodisperse oligo-
mers can gain an insight into the structural, emissive,
and electronic properties of the related polymeric ma-
terials.® Dendritic macromolecules,1°-16 which can pro-
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vide a unique architecture to construct or arrange
functionalites for desirable functional properties such
as a light-harvesting property,” have recently drawn
interest as a functional material in OLED. The early
work focused on the use of the dendrimers for charge
transport materials.'® Recently, an anthracene core
bearing phenylacetylene dendritic wedges!® and a
distyrylbenzene core bearing stilbene dendritic wedges?°
have been synthesized and investigated as a functional
(single-component) light-emitting material. On the other
hand, dendritic macromolecules may potentially be
useful as multifunctional emissive materials in OLED
if proper charge transport functionalities are incorpo-
rated at the periphery of the dendritic wedges. This may
result in improving the imbalanced charge character of
the organic luminescence materials. Thus, it is of great
interest to investigate and understand the influence of
various peripheral functionalities and structures of the
dendritic wedge on the optical and electronic properties
of the emissive dendrimer. Most recently, hole-trans-
porting, emissive dendrimers having triarylamines at
the periphery have been synthesized in order to achieve
dye isolation for color tuning via dye mixing.2

We herein report the synthesis and structure—
properties of a novel series of difunctional dendritic
distyrylbenzenes (DSB) bearing different electron or
hole affinitive groups on the outer surface of poly(benzyl
ether) type dendritic wedges, 1—8 (Chart 1), for blue-
light emission. The ground- and excited-state molecular
properties of the first-generation dendritic DSBs were
investigated by PM3 semiempirical quantum mechan-
ical calculations in order to understand and correlate
the structure—optical properties of these dendrimers.
In addition, single-layer OLEDs using dendritic DSB
doped poly(N-vinylcarbazole) (PVK) film as an emissive
layer with structure of (ITO/DSB:PVK/AI) have been
fabricated and investigated.
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Chart 1

1:Ry= Ra=H
2:R1= OPI',R2= H

3:Ry= H,R;= CN

Ry = =
4.R1— H, Ry = (o)_©+

5
6
7:
8

Experimental Section

IH NMR spectra were recorded using a JEOL JHM-EX270
FT NMR spectrometer or a Varian INOVA-400 FT NMR
spectrometer and are referenced to the residual CHCI; 7.24
ppm. 13C NMR spectra were recorded using a Varian INOVA-
400 FT NMR spectrometer and are referenced to the CDCl3
77 ppm. The semiempirical calculations using the PM3
parametrization were carried out by Mopac 6 in the Alchemy
2000 software package. The calculated energy gaps reported
in Table 1 were a difference between the HOMO and LUMO
levels calculated by Mopac 6. The corrected energy gaps were
calculated by adding —1.9 eV for solvent interaction to the
calculated energy gaps.??2® All the physical measurements
were performed in CHClIs. Electronic absorption (UV—vis) and
fluorescence spectra were recorded using a Varian Cary 100
scan spectrophotometer and a PTI luminescence spectropho-
tometer, respectively. The fluorescence quantum yields in
chloroform using 9,10-diphenylanthrancene as a standard

:Ri=Ry=H
: Ri=OPr,Rp=H
: Ry= H,R=CN

Ry = =
:Ri= H,Ry= ko)_Q_I_

Table 1. Results of PM3 Semiempirical Calculations of
Dendritic DSBs 1-3 and Unsubstituted DSB

calcd cor calcd

calcd calcd HOMO—-LUMO energy

HOMOP/eV LUMOP/eV energy gap/eV  gap®/eV
1 —8.305 —3.359 4.946 3.046
analogue —-8.215 —3.267 4,948 3.048

of 22

3 —8.573 —3.636 4.937 3.037
DSB —8.329 —3.380 4.949 3.049

a Methoxy surface functionalized dendritic DSB. ? Calculated by
PM3 semiempirical quantum mechanical calculations. ¢ Corrected
with solvent interaction by —1.9 eV (from refs 22 and 23).

were determined by the dilution method as described by
Parker et al.?* Thermal stabilities were determined by using
a Perkin-Elmer TGA-6 thermal gravimetric analyzer with a
heating rate of 10 °C/min.
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Dendritic DSBs doped single-layer OLEDs were fabricated
by spin-coating of PVK polymer solution containing 0.133
mmol/g of DSB onto ITO glass substrates. The total solid
concentration of polymer solution is 15—19.5 mg/mL in chloro-
form. The DSB/PVK solution was filtered through a 2 um
PTFE filter, and the ITO glass with a sheet resistance of 80
Q/m? was cleaned with UV—ozone before use. The typical
polymer film thickness is about 100 nm. The aluminum
cathode was vapor-deposited onto the polymer film. The
thickness of the cathode is typically 100 nm. The evaluation
of the OLEDs was performed under ambient conditions.

2-(4-tert-Butylphenyl)-5-[4-(bromomethyl)phenyl]-1,3,4-oxa-
diazole was prepared according to the literature procedures.?

General Procedure for the Williamson Ether Reac-
tion. To a solution of 1:2 equiv of 3,5-dihydroxylbenzyl alcohol
and the corresponding (benzyl) halide in anhydrous acetone
was added 2 equiv of potassium carbonate and catalytic
amount of 18-crown-6. The reaction mixture was refluxed
under Ny for 24 h. After removal of solvent, the residue was
diluted with water and extracted with CH.CI, twice, dried over
anhydrous MgSO,4, and evaporated to dryness. The pure
product was separated by silica column chromatography.

3,5-Dipropoxybenzyl Alcohol. The above procedure was
followed using 1.6 g (11.3 mmol) of 3,5-dihydroxylbenzyl
alcohol, 4 g (23.5 mmol) of 1-iodopropane, 4.8 g (35.3 mmol) of
potassium carbonate, and 0.1 g of 18-crown-6. The pure
product was separated by silica column chromatography using
3:1 CH,CI,/EtOAC as eluent affording 2.3 g (90.7%) of a white
solid. *H NMR (400 MHz, CDClg): ¢ 6.49 (d, J = 2.40 Hz, 2H),
6.37 (t, J = 2.40 Hz, 1H), 4.6 (s, 2H), 3.86 (t, J = 6.40 Hz, 4H),
1.82-1.73 (m, 4H), 1.00 (t, J = 7.60 Hz, 6H). 1*C NMR (100
MHz, CDClg): 6 160.2, 143.2, 104.9, 100.3, 69.4, 64.9, 22.4,
10.4. MS (FAB) mi/z 224.3 (M™).

9. The above procedure was followed using 2.19 g (15.7
mmol) of 3,5-dihydroxylbenzyl alcohol and 6.17 g (37.2 mmol)
of benzyl bromide. The pure product was separated by silica
column chromatography using 1:1 CH,CI,/EtOAc as eluent
affording 4.95 g (85%) of a white solid. *H NMR (270 MHz,
CDClg): 6 7.42—7.30 (m, 10H), 6.61 (d, J = 1.89 Hz, 2H), 6.53
(t, 3 = 2.16 Hz, 1H), 5.02 (s, 4H), 4.62 (s, 2H).:*C NMR (100
MHz, CDCls3): ¢ 160.1, 143.4, 136.8, 128.6, 128.0, 127.5, 105.7,
101.2, 70.0, 65.2. MS (FAB) m/z 320.3 (M*).

10. The above procedure was followed using 0.48 g (3.48
mmol) of 3,5-dihydroxylbenzyl alcohol and 2 g (6.96 mmol) of
3,5-dipropoxybenzyl bromide. The pure product was separated
by silica column chromatography using 2:1 CH,Cl,/EtOAc as
eluent affording 1.5 g (77.9%) of a colorless liquid. *H NMR
(400 MHz, CDClg): 6 6.59 (d, J = 2.00 Hz, 2H), 6.54 (d, J =
2.00 Hz, 4H), 6.52 (t, J = 2.40 Hz, 1H), 6.40 (t, J = 2.40 Hz,
2H), 4.93 (s, 4H), 4.59 (s, 2H), 3.89 (t, J = 6.60 Hz, 8H), 1.84—
1.74 (m, 8H), 1.01 (t, J = 7.40 Hz, 12H). 13C NMR (100 MHz,
CDCls3): 6 160.4, 160.0, 143.4, 139.0, 105.6, 105.6, 101.2, 100.7,
70.0, 69.5, 65.2, 22.5, 10.5. MS (FAB) m/z 552.5 (M™).

11. The above procedure was followed using 1.00 g (7.14
mmol) of 3,5-dihydroxylbenzyl alcohol and 2.90 g (14.8 mmol)
of a-bromo-p-tolunitrile. The pure product was separated by
silica column chromatography using 1:1 CH,CI,/EtOAc as
eluent affording 2.33 g (84.9%) of a white solid. *H NMR (270
MHz, CDClg): 6 7.66 (d, J = 8.10 Hz, 4H), 7.51 (d, J = 8.10
Hz, 4H), 6.61 (d, J = 1.89 Hz, 2H), 6.47 (t, J = 2.03 Hz, 1H),
5.09 (s, 4H), 4.63 (s, 2H). 13C NMR (100 MHz, CDCls3): 6 159.6,
143.9, 142.2,132.4,127.5, 118.6, 111.8, 105.8, 101.3, 68.9, 65.0.
MS (FAB) m/z 370.2 (M*).

12. The above procedure was followed using 0.39 g (2.81
mmol) of 3,5-dihydroxylbenzyl alcohol and 2.51 g (6.7 mmol)
of 2-(4-tert-butylphenyl)-5-[4-(bromomethyl)phenyl]-1,3,4-oxa-
diazole. The pure product was separated by silica column
chromatography using 1:2 CH,CI,/EtOAc as eluent affording
1.42 g (70.1%) of a white solid. *H NMR (270 MHz, CDClg): 6
8.14 (d, J = 8.37 Hz, 4H), 8.05 (d, J = 8.37 Hz, 4H), 7.57 (d,
J =8.37 Hz, 4H), 7.54 (d, 3 = 9.72 Hz, 4H), 6.65 (d, J = 2.16
Hz, 2H), 6.55 (t, J = 2.03 Hz, 1H), 5.13 (s, 4H) 4.65 (s, 2H),
1.36 (s, 18H). 3C NMR (100 MHz, CDCls): ¢ 164.7, 164.1,
159.8, 155.4, 143.8, 140.7, 127.7, 127.1, 126.8, 126.1, 123.5,
121.0,105.8, 101.3, 69.3, 65.1, 35.1, 31.1. MS (FAB) m/z 721.4
(M).
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13. The above procedure was followed using 0.094 g (0.67
mmol) of 3,5-dihydroxylbenzyl alcohol and 0.53 g (1.41 mmol)
of 9-Br. The pure product was separated by silica column
chromatography using 1:1 CH,CI,/EtOAc as eluent affording
0.364 g (69.3%) of a white solid. *H NMR (400 MHz, CDCly):
0 7.43—7.31 (m, 20H), 6.68 (d, J = 2.40 Hz, 4H), 6.60 (d, J =
2.40 Hz, 2H), 6.58 (t, J = 2.40 Hz, 2H), 6.53 (t, J = 2.40 Hz,
1H), 5.02 (s, 8H), 4.96 (s, 4H), 4.60 (s, 2H). **C NMR (100 MHz,
CDClg): 0 160.0, 159.9, 143.5, 139.2, 136.6, 128.5, 127.9, 127.5,
106.2, 105.5, 101.4, 101.1, 69.9, 69.7, 64.9. MS (FAB) m/z 744.5
(M7).

14. The above procedure was followed using 0.15 g (1.08
mmol) of 3,5-dihydroxylbenzyl alcohol and 1.34 g (2.18 mmol)
of 10-Br. The pure product was separated by silica column
chromatography using 1:1 CH,CI,/EtOAc as eluent affording
1.06 g (81.4%) of a colorless liquid. *H NMR (400 MHz,
CDCls): 6 6.65 (d, J =2.00 Hz, 4H), 6.58 (d, J = 2.00 Hz, 2H),
6.55 (d, J = 2.00 Hz, 10H), 6.52 (t, J = 2.40 Hz, 1H), 6.40 (t,
J = 2.40 Hz, 4H), 4.95 (s, 4H), 4.94 (s, 8H), 4.60 (s, 2H), 3.89
(t, J = 6.60 Hz, 16H), 1.83—1.74 (m, 16H), 1.02 (t, J = 7.60
Hz, 24H). 13C NMR (100 MHz, CDCls): 6 160.4, 160.0, 160.0,
143.5, 139.2, 138.9, 106.2, 105.7, 105.6, 101.5, 101.1, 100.7,
70.0, 69.9, 69.5, 65.2, 22.5, 10.5. MS (FAB) m/z 1209.2 (M™).

15. The above procedure was followed using 0.143 g (1.02
mmol) of 3,5-dihydroxylbenzyl alcohol and 0.95 g (2.12 mmol)
of 11-Br. The pure product was separated by silica column
chromatography using 1:1 CH,CI,/EtOAc as eluent affording
0.88 g (65.6%) of a white solid. '"H NMR (400 MHz, CDClg): 6
7.63 (d, J = 8.00 Hz, 8H), 7.49 (d, J = 8.40 Hz, 8H), 6.63 (d,
J = 2.00 Hz, 4H), 6.57 (d, J = 2.00 Hz, 2H), 6.50 (t, J = 2.20
Hz, 2H), 6.41 (t, 3 = 2.20 Hz, 1H), 5.08 (s, 8H), 4.95 (s, 4H),
4.61 (s, 2H). 13C NMR (100 MHz, CDCls): ¢ 159.8, 159.6, 143.6,
142.0, 139.7, 132.4, 127.5, 118.6, 111.7, 106.4, 105.6, 101.6,
101.2, 69.6, 68.9, 65.0. MS (FAB) m/z 844.4 (M™).

16. The above procedure was followed using 0.039 g (0.28
mmol) of 3,5-dihydroxylbenzyl alcohol and 0.469 g (0.60 mmol)
of 12-Br. The pure product was separated by silica column
chromatography using 1:3 CH,CI,/EtOAc as eluent affording
0.32 g (71.5%) of a white solid. *H NMR (400 MHz, CDCly): 6
8.03 (d, J = 8.40 Hz, 8H), 7.98 (d, J = 8.00 Hz, 8H), 7.49—
7.46 (m, 16H), 6.62 (d, J = 2.00 Hz, 4H), 6.59 (d, J = 2.00 Hz,
2H), 6.50—6.49 (m, 2H), 6.44 (bs, 1H), 4.99 (s, 8H), 4.91 (s,
4H), 4.62 (s, 2H), 1.31 (s, 36H). 13C NMR (100 MHz, CDCls):
0 164.5, 163.9, 159.7, 159.6, 155.3, 144,0, 140.5, 139.6, 127.6,
126.9, 126.6, 125.9, 123.2, 120.7, 106.2, 105.6, 101.5, 100.9,
69.5, 69.1, 64.6, 34,9, 31.0. MS (FAB) m/z 1546 (M™).

General Procedure for Functionalized Benzyl Bro-
mide Syntheses. To a solution of benzyl alcohol in anhydrous
THF or diethyl ether was slowly added 1.1 equiv of PBr3. After
refluxing for 3 h, the reaction mixture was cooled in an ice—
water bath, quenched with cooled water, and then extracted
with CH,Cl,. The organic layer was then washed with Na,-
CO;3 solution, dried over anhydrous MgSQO,, and evaporated
to dryness. The pure product was separated by silica column
chromatography.

3,5-Dipropoxybenzyl Bromide. The procedure above was
followed using 1.5 g (6.7 mmol) of 3,5-dipropoxybenzyl alcohol
and 2 g (7.4 mmol) of PBr3 in 150 mL of diethyl ether. The
pure product was separated by silica column chromatography
using 2:1 petroleum ether/CH,CI, as eluent affording 1.04 g
(54.4%) of a pale yellow liquid. *H NMR (400 MHz, CDClz): 6
6.51 (d, J = 2.00 Hz, 2H), 6.38 (t, J = 2.00 Hz, 1H), 4.39 (s,
2H), 3.88 (t, J = 6.60 Hz, 4H), 1.83—1.74 (m, 4H), 1.02 (t, J =
7.40 Hz, 6H). 3C NMR (100 MHz, CDCls): ¢ 106.3, 139.5,
107.3, 101.3, 69.5, 33.8, 22.5, 10.5. MS (FAB) m/z 287.3 (M*).

9-Br. The procedure above was followed using 2.79 g (8.73
mmol) of 9 and 2.37 g (8.76 mmol) of PBrs. The pure product
was separated by silica column chromatography using 1:1
petroleum ether/CH,CI; as eluent affording 3.34 g (96%) of a
white solid. *H NMR (270 MHz, CDCls): 6 7.42—7.32 (m, 10H),
6.63 (d, J = 2.16 Hz, 2H), 6.54 (t, J = 2.16 Hz, 1H), 5.02 (s,
4H), 4.04 (s, 2H). *C NMR (100 MHz, CDCl3): 6 159.9, 139.6,
136.5, 128.5, 127.9, 127.4, 108.0, 102.0, 69.9, 33.5. MS (FAB)
m/z 383.2 (M™).

10-Br. The procedure above was followed using 1.99 g (3.6
mmol) of 10 and 0.98 g (3.6 mmol) of PBrs. The pure product
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was separated by silica column chromatography using 2:1
petroleum ether/CHCI, as eluent affording 1.33 g (60.4%) of
a colorless liquid. *H NMR (400 MHz, CDClg): 6 6.61 (d, J =
2.40 Hz, 2H), 6.54 (d, J = 2.40 Hz, 4H), 6.52 (t, J = 2.40 Hz,
1H), 6.40 (t, J = 2.40 Hz, 2H), 4.93 (s, 4H), 4.39 (s, 2H), 3.89
(t, J = 6.60 Hz, 8H), 1.81—1.75 (m, 8H), 1.01 (t, J = 7.40 Hz,
6H). 13C NMR (100 MHz, CDCls): ¢ 160.5, 160.0, 139.7, 138.7,
108.1, 105.6, 102.1, 100.8, 70.1 69.5, 33.6, 22.5, 10.5. MS (FAB)
m/z 615.4 (M*).

11-Br. The procedure above was followed using by 2.33 g
(6.3 mmol) of 11 and 1.8 g (6.67 mmol) of PBrs;. The pure
product was separated by silica column chromatography using
1:1 petroleum ether/CHCI; as eluent affording 1.9 g (67%) of
a white solid. *H NMR (270 MHz, CDCly): 6 7.67 (d, J = 8.37
Hz, 4H), 7.51 (d, J = 7.83 Hz, 4H), 6.62 (t, J = 2.16 Hz, 2H),
6.48 (bs, 1H), 5.09 (s, 4H), 4.39 (s, 2H). 3C NMR (100 MHz,
CDClg): 0 159.5,141.9, 140.3, 132.5, 127.6, 118.6, 111.9, 108.3,
102.2, 69.0, 33.1. MS (FAB) m/z 433.1 (M").

12-Br. The procedure above was followed using 2.2 g (3.1
mmol) of 12 and 0.85 g (3.1 mmol) of PBr3. The pure product
was separated by silica column chromatography using 1:2
petroleum ether/CH,CI; as eluent affording 1.7 g (70%) of a
white solid. *H NMR (270 MHz, CDCls): ¢ 8.13 (d, J = 8.37
Hz, 4H), 8.04 (d, J = 8.64 Hz, 4H), 7.57—7.51 (m, 8H), 6.65 (d,
J = 2.16 Hz, 2H), 6.54 (t, J = 2.03 Hz, 1H), 5.10 (s, 4H), 4.41
(s, 2H), 1.35 (s, 18H). 3C NMR (100 MHz, CDCls): ¢ 164.5,
163.9, 159.7, 155.3, 140.5, 139.6, 127.6, 127.1, 126.7, 126.0,
123.5,120.9, 108.3, 102.1, 69.3, 35.0, 33.2, 31.0. MS (FAB) m/z
783.4 (M").

General Procedure for the PCC Oxidation. To a sus-
pension of 1.5 equiv of PCC in CH,CI, was slowly added a
solution of functionalized benzyl alcohol. After stirring for 1 h
at room temperature, the reaction mixture was filtered
through a silica gel column and the filtrate was evaporated to
dryness. The crude product was then purified by silica column
chromatography.

9-CHO. The above procedure was followed using 1 g (3.12
mmol) of 9 and 1 g (4.7 mmol) of PCC. The pure product was
separated by silica column chromatography using CH.CI, as
eluent affording 0.94 g (94.6%) of a white solid. *H NMR (270
MHz, CDCls): 6 9.88 (s, 1H), 7.43—7.32 (m, 10H), 7.09 (d, J =
2.43 Hz, 2H), 6.85 (t, J = 2.30 Hz, 1H), 5.08 (s, 4H). 13C NMR
(100 MHz, CDClg): ¢ 191.7, 160.2, 138.3, 136.1, 128.6, 128.1,
127.4, 108.5, 108.1, 70.2. MS (FAB) m/z 318.3 (M").

10-CHO. The above procedure was followed using 0.66 g
(2.19 mmol) of 10 and 0.38 g (1.78 mmol) of PCC. The pure
product was separated by silica column chromatography using
1:3 petroleum ether/CH,CI; as eluent affording 0.579 g (88.7%)
of a colorless liquid. *H NMR (400 MHz, CDClz): 6 9.87 (s,
1H), 7.08 (d, J = 2.40 Hz, 2H), 6.84 (t, J = 2.40 Hz, 1H), 6.54
(d, J = 2.00 Hz, 4H), 6.41 (t, J = 2.40 Hz, 2H), 4.99 (s, 4H),
3.89 (t, J = 6.60 Hz, 8H), 1.83—1.67 (m, 8H), 1.02 (t, J = 7.40
Hz, 12H). *C NMR (100 MHz, CDCls): 6 191.8, 160.5, 160.3,
138.3, 138.3, 108.6, 108.2, 105.6, 100.8, 70.3, 69.5, 22.5, 10.5.
MS (FAB) m/z 551.3 (M* + 1).

11-CHO. The above procedure was followed using 0.41 g
(2.12 mmol) of 11 and 0.364 g (1.69 mmol) of PCC. The pure
product was separated by silica column chromatography using
CH_CI; as eluent affording 0.35 g (85.4%) of a white solid. *H
NMR (270 MHz, CDCls): 6 9.89 (s, 1H), 7.69 (d, J = 8.10 Hz,
4H), 7.53 (d, J = 7.83 Hz, 4H), 7.09 (d, J = 2.43 Hz, 2H), 6.82
(t, J = 2.16 Hz, 1H), 5.15 (s, 4H). 23C NMR (100 MHz, CDCly):
0 191.3, 159.9, 141.4, 138.6, 132.5. 127.6, 118.5, 112.0, 108.6,
108.4, 69.2. MS (FAB) m/z 368.4 (M*).

12-CHO. The above procedure was followed using 0.4 mg
(0.55 mmol) of 12 and 0.14 g (0.65 mol) of PCC. The pure
product was separated by silica column chromatography using
CH_CI; as eluent affording 0.3 g (78.5%) of a white solid. *H
NMR (270 MHz, CDCls): 6 9.90 (s, 1H), 8.16 (d, J = 8.10 Hz,
4H), 8.05 (d, J = 8.1 Hz, 4H), 7.59 (d, J = 8.64 Hz, 4H), 7.54
(d, 3 =8.10 Hz, 4H), 7.13 (d, J = 1.89 Hz, 2H), 6.89 (bs, 1H),
5.19 (s, 4H), 1.36 (s, 18H). 13C NMR (67.8 MHz, CDCls): ¢
191.2, 164.5, 163.8, 159.9, 155.2, 139.8, 138.4, 127.6, 127.0,
126.6, 125.9, 123.6, 120.8, 108.5, 108.3, 69.6, 35.1, 31.1. MS
(FAB) m/z 719 (M*).
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13-CHO. The above procedure was followed using 2.1 g (2.7
mmol) of 13 and 0.8 g (3.7 mmol) of PCC. The pure product
was separated by silica column chromatography using 1:1
petroleum ether/CH,CI; as eluent affording 1.65 g (78.8%) of
a white solid. *H NMR (400 MHz, CDCls): ¢ 9.88 (s, 1H), 7.44—
7.32 (m, 20H), 7.09 (d, J = 2.40 Hz, 2H), 6.84 (t, J = 2.20 Hz,
1H), 6.69 (d, J = 2.00 Hz, 4H), 6.60 (t, J = 2.40 Hz, 2H), 5.04
(s, 8H), 5.02 (s, 4H). **C NMR (100 MHz, CDCl3): ¢ 191.8,
160.2, 160.1, 138.6, 138.3, 136.6, 128.6, 128.0, 127.5, 108.6,
108.3, 106.3, 101.6, 70.1, 70.0. MS (FAB) m/z 743.1 (M™).

14-CHO. The above procedure was followed using 1.02 g
(0.84 mmol) of 14 and 0.2 g (0.93 mmol) of PCC. The pure
product was separated by silica column chromatography using
1:1 petroleum ether/CH,CI; as eluent affording 0.41 g (40.2%)
of a colorless liquid. *H NMR (400 MHz, CDCl): 6 9.87 (s,
1H), 7.07 (d, J = 2.40 Hz, 2H), 6.84 (bs, 1H), 6.65 (d, J = 2.00
Hz, 4H), 6.56—6.55 (m, 2H), 5.54 (d, J = 2.00 Hz, 8H), 6.39
(bs, 4H), 5.00 (s, 4H), 4.94 (s, 8H), 3.88 (t, J = 6.60 Hz, 16H),
1.82—1.73 (m, 16H), 1.01 (t, J = 7.20 Hz, 24H). *3C NMR (100
MHz, CDCls): 6 191.8, 160.5, 160.2, 160.1, 138.8, 138.5, 138.3,
108.6, 108.2, 106.3, 105.7, 101.7, 100.8, 70.2, 70.1, 69.5, 22.5,
10.5. MS (FAB) m/z 1207.3 (M™).

15-CHO. The above procedure was followed using 0.3 g (0.36
mmol) of 15 and 0.085 g (0.39 mmol) of PCC. The pure product
was separated by silica column chromatography using 1:1
petroleum ether/CH,CI, as eluent affording 0.26 g (84%) of a
white solid. *H NMR (400 MHz, CDCl3): 6 9.87 (s, 1H), 7.64
(d, 3 = 8.00 Hz, 8H), 7.50 (d, J = 8.40 Hz, 8H), 7.04 (d, J =
2.40 Hz, 2H), 6.75 (t, J = 2.20 Hz, 1H), 6.63 (d, J = 2.00 Hz,
4H), 6.51 (t, J = 2.00 Hz, 2H), 5.09 (s, 8H), 5.02 (s, 4H). 13C
NMR (100 MHz, CDCls3): 6 191.6, 160.1, 159.6, 142.0, 139.0,
132.4, 128.6, 127.5, 118.6, 111.8, 108.6, 108.1, 106.5, 101.7,
69.9, 69.0. MS (FAB) m/z 843.0 (M™).

16-CHO. The above procedure was followed using 0.65 g
(0.42 mmol) of 16 and 0.1 g (0.46 mmol) of PCC. The pure
product was separated by silica column chromatography using
1:1 petroleum ether/CH.CI; as eluent affording 0.584 g (90%)
of a white solid. *H NMR (400 MHz, CDCl3): 6 9.84 (s, 1H),
8.11 (d, J = 8.40 Hz, 8H), 8.03 (d, J = 8.80 Hz, 8H), 7.55 (d,
J = 8.00 Hz, 8H), 7.52 (d, J = 8.40 Hz, 8H), 7.03 (d, J = 2.40
Hz, 2H), 6.78 (t, J = 2.40 Hz, 1H), 6.67 (d, J = 2.00 Hz, 4H),
6.57 (t, J = 2.00 Hz, 2H), 5.11 (s, 8H), 5.03 (s, 4H), 1.34 (s,
36H). 13C NMR (100 MHz, CDCls): 6 191.5, 164.4, 163.8, 159.9,
159.7, 155.2, 140.3, 138.8, 138.2, 127.5, 126.9, 126.6, 125.9,
123.3, 120.7, 108.3, 108.1, 106.2, 101.5, 69.8, 69.1, 34.9, 30.9.
MS (FAB) m/z 1544 (M*).

General Procedure for the Wadsworth—Emmons Re-
action. To a solution of 2:1 equiv of an aldehyde and
bis(phosphonate) ester in anhydrous THF was slowly added
2.2 equiv of potassium tert-butoxide. After stirring for 16—24
h at room temperature, the solution mixture was quenched
with water. The crude product was extracted twice with CH,-
Cly, dried over anhydrous MgSO,, and evaporated to dryness.
The crude product was then purified by silica gel column
chromatography.

1. The above procedure was followed using 278 mg (0.87
mmol) of aldehyde, 162 mg (0.427 mmol) of bis(phosphonate),
and 177 mg (1.58 mmol) of potassium tert-butoxide. The pure
product was separated by silica gel column chromatography
using CHCl, as eluent, affording 224 mg (75%) of a yellow
solid. 1H NMR (270 MHz, CDCls): 6 7.47 (s, 4H), 7.45—7.32
(m, 20H), 7.03 (s, 4H), 6.76 (d, J = 2.16 Hz, 4H), 6.54 (t, J =
2.16 Hz, 2H), 5.06 (s, 8H). 3C NMR (100 MHz, CDCls): ¢
160.2, 139.4, 136.8, 136.6, 128.8, 128.6, 128.5, 128.0, 127.6,
126.9, 105.8, 101.6, 70.1. MS (FAB) m/z 706.5 (M*). Anal. Calcd
for CsaH3gO4N4: C, 84.96; H, 5.99. Found: C, 84.85; H, 5.94.
mp 120—123 °C; decomposition temperature 260 °C.

2. The above procedure was followed using 578 mg (1.05
mmol) of aldehyde, 200 mg (0.53 mmol) of bis(phosphonate),
and 150 mg (1.33 mmol) of potassium tert-butoxide. The pure
product was separated by silica gel column chromatography
using CHCl; as eluent affording 510 mg (82%) of a green solid.
1H NMR (400 MHz, CDCl3): 6 7.47 (s, 4H), 7.05 (d, J = 16.40
Hz, 2H), 7.01 (d, J = 16.40 Hz, 2H), 6.75 (d, J = 2.40 Hz, 4H),
6.57 (d, J = 2.40 Hz, 8H), 6.53 (t, J = 1.60 Hz, 2H), 6.41 (t, J
= 2.00 Hz, 4H), 4.98 (s, 8H), 3.90 (t, J = 6.80 Hz, 16H), 1.83—
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Scheme 1. Synthesis of Functionalized Benzyl Bromides®
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1.74 (m, 16H), 1.01 (t, J = 7.60 Hz, 24H). **C NMR (100 MHz,
CDCls): 6 160.5, 160.1, 139.3, 139.0, 136.6, 136.0, 128.8, 128.5,
126.9, 105,7, 101.6, 100.8, 70.1, 69.6, 22.5, 10.5. MS (FAB) m/z
1171.8 (M*). HRMS (MALDI-TOF): Calcd for C74HgoO12:
1170.6432. Found: 1170.6430 (M*). mp 130—134 °C; decom-
position temperature 250 °C.

3. The above procedure was followed using 193 mg (0.523
mmol) of aldehyde, 95 mg (0.251 mmol) of bis(phosphonate),
and 110 mg (0.98 mmol) of potassium tert-butoxide. The pure
product was separated by silica gel column chromatography
using CHClI; as eluent affording 132 mg (65%) of a yellow
solid. *H NMR (270 MHz, CDCls): ¢ 7.68 (d, J = 8.37 Hz, 8H),
7.54 (d, J = 8.64 Hz, 8H), 7.47 (s, 4H), 7.03 (s, 4H), 6.75 (d, J
=1.89 Hz, 4H), 6.48 (s, 2H), 5.13 (s, 8H). 3C NMR (100 MHz,
CDCl3): 6 159.7,142.1,139.8, 136.5, 132.5, 129.3, 128.2, 127.6,
127.0, 118.6, 111.9, 106.0, 101.6, 69.1. MS (FAB) m/z 806.4
(M™). Anal. Calcd for CssH3s04N4: C, 79.77; H, 4.89; N, 7.15.
Found: C, 79.79; H, 4.82; N, 7.00. mp 220—224 °C; decomposi-
tion temperature 300 °C.

4. The above procedure was followed using 313 mg (0.429
mmol) of aldehyde, 80 mg (0.211 mmol) of bis(phosphonate),
and 79 mg (0.7 mmol) of potassium tert-butoxide. The pure
product was separated by silica gel column chromatography
using CH,Cl, as eluent affording 200 mg (63%) of a yellow
solid. *H NMR (400 MHz, CDClg): ¢ 8.15 (d, J = 8.40 Hz, 8H),
8.04 (d, J = 8.40 Hz, 8H), 7.60 (d, J = 8.00 Hz, 8H), 7.53 (d,
J = 8.40 Hz, 8H), 7.48 (s, 4H), 7.07 (d, J = 16.40 Hz, 2H),
7.02 (d, 3 =16.00 Hz, 2H), 6.78 (d, J = 1.60 Hz, 4H), 6.55 (bs,
2H), 5.16 (s, 8H), 1.35 (s, 36H).1*C NMR (100 MHz, CDClg): ¢
164.7, 164.1, 159.9, 155.4, 140.7, 139.6, 136.5, 129.1, 128.3,
127.8, 127.2, 127.0, 126.8, 126.1, 123.6, 121.0, 106.0, 101.6,
69.4, 35.1, 31.1. HRMS (MALDI-TOF): Calcd for CggHgoOgNs:
1506.6882. Found: 1507.6989 (M*+ 1). mp 138-141 °C;
decomposition temperature 190 °C.

5. The above procedure was followed using 1.64 g (2.2 mmol)
of aldehyde, 0.401 g (1.06 mmol) of bis(phosphonate), and 0.35
g (3.1 mmol) of potassium tert-butoxide. The pure product was
separated by silica gel column chromatography using CHCl»
as eluent affording 1.41 g (85%) of a yellow solid. *H NMR
(400 MHz, CDCls): 0 7.47 (s, 4H), 7.41—7.28 (m, 40H), 7.05
(d, 3 =16.00 Hz, 2H), 7.01 (d, J = 16.40 Hz, 2H), 6.74 (d, J =
2.40 Hz, 4H), 6.69 (d, J = 2.00 Hz, 8H), 6.57 (t, J = 2.40 Hz,
4H), 6.51 (bs, 2H), 5.03 (s, 16H), 5.00 (s, 8H). 3C NMR (100
MHz, CDCl3): 6 160.1, 160.0, 139.3, 139.2, 136.7, 136.5, 128.8,
128.6, 128.5, 128.2, 128.0, 127.5, 126.9, 106.3, 105.8,
101.5, 70.0, 69.9. HRMS (MALDI-TOF): Calcd for
Ci06Hg0012: 1554.6432. Found: 1554.6430 (M*). mp 45—49 °C;
decomposition temperature 275 °C.

6. The above procedure was followed using 408 mg (0.338
mmol) of aldehyde, 63 mg (0.167 mmol) of bis(phosphonate),
and 50 mg (0.56 mmol) of potassium tert-butoxide. The pure
product was separated by silica gel column chromatography
using CHCl, as eluent affording 297 mg (70%) of a yellow
solid. 1H NMR (400 MHz, CDCls): 6 7.49 (s, 4H), 7.06—7.05

(m, 4H), 6.77 (d, J = 2.00 Hz, 4H), 6.70 (d, J = 2.00 Hz, 8H),
6.56 (d, J = 2.40 Hz, 22H), 6.41 (m, 8H), 5.00 (s, 8H), 4.96 (s,
16H), 3.89 (t, J = 6.80 Hz, 32H), 1.82—1.74 (m, 32H), 1.01 (t,
J = 7.60 Hz, 48H). *3C NMR (100 MHz, CDCl3): 6 160.4, 160.1,
160.0, 139.3, 139.1, 138.9, 136.5, 128.9, 128.4, 126.9, 106.6,
105.7, 101.5, 100.8, 100.8, 70.1, 70.0, 69.5, 22.5, 10.5. HRMS
(MALDI-TOF): Calcd for CissHig6023NaK: 2545.2665.
Found: 2545.2670 (M* + Na + K). mp 45—49 °C; decomposi-
tion temperature 290 °C.

7. The above procedure was followed using 438 mg (0.52
mmol) of aldehyde, 82 mg (0.217 mmol) of bis(phosphonate),
and 60 mg (0.53 mmol) of potassium tert-butoxide. The pure
product was separated by silica gel column chromatography
using CH,CI; as eluent affording 247 mg (65%) of a yellow
solid. *H NMR (400 MHz, CDCls): ¢ 7.63 (d, J = 8.00 Hz, 16H),
7.49 (d, J = 8.00 Hz, 16H), 7.47 (s, 4H), 7.04 (d, J = 16.00 Hz,
2H), 7.00 (d, J = 16.00 Hz, 2H), 6.70 (d, J = 1.60 Hz, 4H),
6.64 (d, J = 2.00 Hz, 8H), 6.51 (bs, 4H), 6.40 (bs, 2H), 5.10 (s,
16H), 5.00 (s, 8H). 7 was too insoluble for *3C NMR measure-
ment. MS (FAB) m/z 1754.6 (M"). HRMS (MALDI-TOF): Calcd
for C114Hg0012Ng: 1754.6052. Found: 1754.6064 (M*). mp 90—
95 °C; decomposition temperature 262 °C.

8. The above procedure was followed using 550 mg (0.324
mmol) of aldehyde, 67 mg (0.177 mmol) of bis(phosphonate),
and 50 mg (0.56 mmol) of potassium tert-butoxide. The pure
product was separated by silica gel column chromatography
using 1:1 CHCl,:EtOAc as eluent affording 210 mg (38%) of
a yellow solid. *H NMR (400 MHz, CDCls): ¢ 8.10 (d, J =8.00
Hz, 16H), 8.01 (d, J = 8.00 Hz, 16H), 7.55 (d, J = 8.40 Hz,
16H), 7.50 (d, J = 8.00 Hz, 16H), 7.39 (s, 4H), 6.96 (bs, 4H),
6.70 (bs, 10H), 6.57 (bs, 4H), 6.46 (bs, 2H), 5.12 (s, 16H), 5.02
(s, 8H), 1.33 (s, 72H). **C NMR (100 MHz, CDCl3): 6 164.6,
164.0, 159.9, 159.8, 155.3, 140.5, 139.6, 139.4, 136.3, 128.8,
128.3, 127.7, 127.1, 126.9, 126.7, 126.0, 123.5, 120.9, 106.3,
105.7, 101.6, 101.6, 69.8, 69.4, 35.0, 31.1. HRMS (MALDI-
TOF)Z Calcd for Co0oH180N16020: 3149.3560. Found: 3149.3560
(M*). mp 145—147 °C; decomposition temperature 200 °C.

Results and Discussion

The convergent approach?® was employed to synthe-
size first-generation (G1) and second-generation (G2)
poly(benzyl ether) type dendritic DSB bearing various
functional moieties including propoxy, cyano, and 1,3,4-
oxadiazole moieties on the outer surface or without
bearing functional moiety. The preparation of the start-
ing functionalized benzyl bromides is shown in Scheme
1 if the chemicals are not commercially available.
Propylation of 3,5-dihydroxybenzyl alcohol with 1-iodo-
propane in the presence of K,CO3 and 18-crown-6 and
then followed by bromination with PBr3 afforded 3,5-
dipropoxybenzyl bromide. 2-(4-tert-Butylphenyl)-5-[4-
(bromomethyl)-phenyl]-1,3,4-oxadiazole was prepared
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Scheme 2. General Scheme for the Synthesis of First- and Second-Generation Surface Functionalized Dendritic
Distyrylstilbene?
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according to the following reaction sequence: acylation
of 4-tert-butylbenzoic hydrazide with p-toluoyl chloride,
followed by cyclodehydration of the acylated hydrazide
in the presence of POCI; and finally free-radical bro-
mination of 2-(4-tert-butylphenyl)-5-(4-methylphenyl)-
1,3,4-oxadiazole. The general scheme for the synthesis
of surface (un)functionalized dendritic DSB 1—8 is
summarized in Scheme 2. The (un)functionalized G1
dendritic benzylic alcohols 9—12 were prepared by
Williamson ether reaction of 3,5-dihydroxybenzyl alco-
hol with the corresponding functionalized benzyl bro-
mide in the presence of K,CO3; and 18-crown-6. A
subsequent reaction with PBr3 afforded the (un)func-
tionalized G1 dendritic benzylic bromide. An iterative
Williamson ether reaction of 3,5-dihydroxybenzyl alco-
hol with the (un)functionalized G1 dendritic benzylic
bromide afforded the corresponding (un)functionalized
G2 dendritic benzylic alcohol 13—16. PCC oxidation of
the G1 or G2 dendritic benzylic alcohol gave the corre-
sponding dendritic aldehyde. The double Wadsworth—
Emmons reaction of the surface (un)functionalized G1
or G2 dendritic aldehyde with bis(phosphonate) ester
in the presence of t-BuOK afforded the corresponding
dendritic DSB 1—8. All the new dendritic DSBs were
fully characterized with standard spectroscopic tech-
niques including 'H NMR, 3C NMR, and low/high-
resolution mass spectroscopy (FAB or MALDI-TOF) or
elemental analysis. All the dendritic DSBs are highly
soluble in common organic solvents except cyano-func-
tionalized series (3 and 7), which is only slightly soluble
and were purified by column chromatography.

The aims of our theoretical calculations were not to
accurately predict the properties of molecules but to
understand and correlate the trends. As the calculations

are based on the gas phase molecules, no attempt was
made to compare the theoretical results directly with
the experimental ones. The ground-state molecular
geometries of G1 poly(benzyl ether) type dendritic DSB
1 and its methoxy-substituted derivative, analogue of
2, and cyano-substituted derivative, 3, were optimized
by PM3 semiempirical methods in MOPAC 6. The
results indicate that the surface (un)functionalized G1
poly(benzyl ether) type dendritic wedges attached at the
ends of DSB core do not disrupt the coplanarity of the
s-conjugated core in the PM3-optimized geometries. As
also found from the properties calculations that al-
though the poly(benzyl ether) type dendritic wedges are
meta-linked at the nonconjugated positions of the
m-conjugated DSB core, the HOMO and LUMO levels
of these dendritic DSBs are perturbed as compared to
that of the unsubstituted DSB (Table 1). The alkoxy
substitution on the outer surface of dendritic wedges
causes the destabilization of the HOMO and LUMO
levels. On the other hand, the cyano substitution on the
outer surface of dendritic wedges leads to the stabiliza-
tion of the HOMO and LUMO levels. Such shifts are
consistent with those substituted at para-conjugated
positions of the DSB core, but the magnitudes are in a
less extent.?” It is interesting to find that the calculated
HOMO-LUMO band gaps of these dendritic DSBs are
essentially identical (Table 1). These results imply that
the modifying of the surface functionalized dendritic
wedges of an emissive dye can be used as a means to
tune the HOMO and LUMO levels of the dye without
greatly altering the HOMO—-LUMO band gap. As the
calculated energy gaps were determined for the gas
phase, relaxation correction for solvent interaction
would be needed when compared with those obtained
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Table 2. Summaries of Physical Measurements of Dendritic DSBs 1—8
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Amax®nm Aden?/Nm emission band energy transfer
(€max/107* M~1cm™1) (€den/I07*M~1cm™1) maxima®/nm efficiency®/% FL quantum yield®
1 362 (5.93) 398, 421 0.98
2 362 (6.45) 285 (1.96) 398, 420 47.9 0.97
3 362 (5.71) 398, 421 0.95
4 362 (5.01) 294 (10.3) 398, 421 59 0.99
5 362 (5.89) 284 (1.86) 398, 419 435 0.98
6 362 (6.17) 283 (3.83) 398, 421 325 0.93
7 362 (5.71) 280 (3.19) 399, 421 17.5 0.97
8 362 (5.28) 293 (20.1) 400, 421 53 0.95

a Measured in CHClIz. ® Determined by comparing the absorption maximum of dendritic wedges of the absorption and fluorescence

excitation spectra. ¢ Determined by dilution method.

from the solution measurements.?223 The corrected
energy gaps (see Table 1) are in good agreement with
the optical band gaps determined from solution mea-
surements.

In view of the electronic absorption spectra, all
dendritic DSBs show very similar spectral features,
which are basically composed of two major absorption
bands (Table 2). The absorption appears around 280—
294 nm due to the surface (un)functionalized poly(benzyl
ether) type dendritic wedges and the absorption con-
tributed from the DSB core peaks at 362 nm, which
remains constant among various surface (un)function-
alized dendritic wedges. The benzyl ether based surface
(un)functionalized dendritic wedges generally exhibit
only weak absorbance as compared to that of the core,
but the wedge absorption increases as the wedge
generation increases. However, it is important to note
that oxadiazole-substituted dendritic wedges show much
stronger absorbance (2—4 times) than the DSB core.
There are also no apparent differences in the absorption
characteristics including absorption maximum of the
DSB core as the dendrimer generation increases. The
absorption bands of all dendritic DSB cores show clear
vibronic fine structures, indicating planarity and re-
stricted rotation of the z-conjugated backbone as pre-
dicted by the PM3 semiempirical calculations. On the
other hand, their absorption maxima are slightly red-
shifted (A6 nm) as compared to that of the unsubstituted
DSB (Table 2).

Model studies on emission properties of the surface
(un)functionalized dendritic wedges showed that only
oxadiazole-substituted dendritic wedges exhibit fluo-
rescence emission (i.e., 12 at 341/358 nm and 16 at 344/
357 nm), and all other G1 and G2 surface (un)-
functionalized dendritic wedges do not fluoresce. The
emission spectra of all the G1 and G2 dendritic DSBs
are apparently identical with blue-light emission bands
at 398 and 421 nm in solution when excited at 362 nm
(Amax of core) (Table 2). For oxadiazole-substituted
dendrimers 4 and 8, when excitation was carried out
at the oxadiazole-substituted dendritic wedges, very
strong emission associated with the DSB core was
mainly resulted. This core emission intensity is even
greater than that obtained from direct excitation of the
core. This clearly indicates that the energy is transferred
from the oxadiazole-substituted dendritic wedges to the
core. Even though other surface (un)functionalized
dendritic wedges do not fluoresce, excitation of the
dendritic wedges of this class of dendrimers (1-3 and
5—7) also results in core emission. The emission inten-
sity is proportional to the extinction coefficient of the
excitation wavelength. This again indicates that the
energy transfer interaction takes place in these surface
(un)functionalized dendritic DSBs. It has been shown

Intensity/a.u.

0.4+

0.2+ ?
0.0+

g T T i
350 400 450 500 550
Wavelength/nm

Figure 1. Normalized photoluminescence and electrolumi-
nescence spectra of first-generation dendritic DSBs 1—4 doped
in PVK thin film. For clarity, each set of spectra is offset.
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Figure 2. Normalized photoluminescence and electrolumi-
nescence spectra of first-generation dendritic DSBs 5—8 doped
in PVK thin film. For clarity, each set of spectra is offset.

that efficient energy transfer from fifth-generation
polybenzyl ether type dendritic wedges to the porphyrin
core occurred efficiently in the tetrasubstituted porphy-
rin dendrimer.2® To evaluate the energy transfer ef-
ficiency of the dendritic DSB, we compared the differ-
ence in intensity at the absorption maximum of dendritic
wedges of the absorption spectrum and the fluorescence
excitation spectrum recorded at the emission of the core
of the corresponding dendrimer.2® The results were
tabulated in Table 2. The energy transfer from the
surface (un)functionalized dendritic wedges to the core
is fairly substantial in most of the cases. It appears that
G1 surface functionalized dendritic wedges are more
efficient in funneling energy to the core than those of
the G2 generation. Importantly, all dendritic DSBs



6828 Kwok and Wong

104 " 10wt %
.’\f?& O 30wt %
£ gy A 40wt %
o ;5:“& X 50wt %
0.8 o ©  Sotution PL
O.M o olution
3
oe o /‘}’ o i
E 0. O A Ay
;0.6 0 i)
K o, 4% X
3 O ax %
£ [
f= 4
g
£ 04 e,
0n 0ax
o © A%
croax
0.2 o
ook
P
gnx
o.o-&

Wavelength/nm

Figure 3. Concentration dependence of photoluminescence
spectra of 8 doped thin film.

exhibit very high fluorescence quantum yields (over
93%). Such a high fluorescence quantum yield in these
dendritic DBSs is attributed to the rigidity and co-
planarity of the m-conjugated skeleton isolated by the
dendritic wedges. The thermal gravimetric analysis
indicates that all dendritic DSBs show good thermal
stabilities with decomposition temperature in the range
190—300 °C. With all these desired physical properties,
this class of dendritic DSBs may be potentially useful
for light emitting applications.

The solid-state photoluminescence (PL) spectra were
measured from dendritic DSB doped poly(N-vinylcar-
bazole) (PVK) film as shown in Figures 1 and 2. The
spectral features of the thin-film PL spectra are often
concentration dependent as shown in Figure 3. In a low
DSB doping concentration, the spectral features are
very similar to those of the corresponding dendritic DSB
in solution. But in a high doping level, the emission
maxima are slightly red-shifted (Alem = 9 nm for 50 wt
% of 8), and the emission bands are broadened with
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variation in vibronic intensities, which are attributed
to an increase in the intermolecular interaction of the
dendritic DSBs. Nevertheless, the spectral features
suggest that the PL emissions of the doped films arise
from dendritic DSBs but not from PVK polymer. Single-
layer OLEDs using dendritic DSB doped poly(N-vinyl-
carbazole) (PVK) film as an emissive layer with struc-
ture of (ITO/DSB:PVKI/AI) were fabricated and investi-
gated. Consistently, the emission wavelengths and
spectral features of the EL spectra are very similar to
those of the corresponding solid-state PL spectra (Fig-
ures 1 and 2). These also suggest that their EL emis-
sions originate from dendritic DSBs. In general, there
is an initial increase in light emission intensity with
an increase in dendritic DSB content, but the intensity
becomes saturated and then decreases at a high doping
level. In the structure—properties investigation, the
dendritic DSB content in the doped film was kept
constant (at 0.133 mmol of dendritic DSB per gram of
PVK) for easy comparison. For the G1 dendritic DSB
based single-layer devices, the turn-on voltage for both
current and light are similar, indicating a fairly bal-
anced charge injection and transport (Figure 4). How-
ever, it is not the case for the G2 dendritic DSB based
devices, and their turn-on voltages were generally a few
volts higher than those of the corresponding G1 den-
dritic DSB based devices (Figure 5). Such adverse effects
for G2 based devices are presumably due to an effective
shielding of G2 dendritic wedges, which deteriorates the
charge transport properties of the dendrimer.3® How-
ever, the external quantum efficiency of the second-
generation dendritic DSB based single-layer LED, which
was calculated from the measured EL intensity divided
by the current density passing through the device, is
found to be higher than that of the corresponding first-
generation dendrimer based devices (Figures 4 and 5).
In addition, the cyano surface functionalized dendritic
DSB based LEDs exhibit poor device performance and
relative stability, which are likely due to the aggregate
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Figure 4. Current—voltage and light—voltage characteristics of first-generation dendritic DSBs 1—4 doped single-layer LEDs
with structure of (ITO/DSB:PVKI/AI). The inset is the curves of external efficiencies over current densities.
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Figure 5. Current—voltage and light—voltage characteristics of first-generation dendritic DSBs 5 and 6 doped single-layer LEDs
with structure of (ITO/DSB:PVK/AI). The inset is the curves of external efficiencies over current densities.

formation of these slightly soluble dye. On the other
hand, the propoxy surface functionalized dendritic DSB
based devices consistently exhibit the best external
quantum efficiency and relative stability among the
others. As a result, the propoxy surface functionalized
dendritic DSB shows potential for further development.
No attempt was made to optimize the device perfor-
mance in the present studies even though device
performance can be enhanced by various means such
as using low-resistance ITO glass and low-work function
cathode.

In summary, we have successfully synthesized a novel
series of surface functionalized poly(benzyl ether) type
dendritic distyrylbenzenes bearing various electron or
hole affinitive moieties on the outer surface of the first-
and second-generation dendritic wedges for blue-light
emission. Incorporation of the G1 or G2 surface func-
tionalized dendritic wedges at the ends of distyrylben-
zene does not cause disruption of the z-conjugation of
the core. Although the surface functionalized dendritic
wedges do not alter the optical band gap of the distyryl-
benzene core, the HOMO and LUMO levels of the core
are perturbed according to the electronic nature of the
surface functional groups. Excitation of the surface
functionalized dendritic wedges results in substantial
energy transfer to the emissive core even though the
surface functionalized dendritic wedges themselves
fluoresce weakly or do not fluoresce. In addition, all the
dendritic distyrylstilbenes show very high fluorescence
quantum vyields (over 93%). In addition, single-layer
light emitting diodes (LED) using dendritic distyrylstil-
benes (DSB) doped poly(N-vinylcarbazole) (PVK) film
as an emissive layer with structure of (ITO/DSB:PVK/
Al) have been fabricated and investigated. The emission
wavelengths and spectral features of dye doped solid-
state photoluminescence and electroluminescence at a
low doping concentration are very similar to those of
the solution emission. Although the external quantum
efficiency of the second-generation dendritic DSB based

single-layer LED is higher than that of the correspond-
ing first-generation dendrimer based devices, the overall
device performance is inferior. On the other hand, the
propoxy surface functionalized dendritic DSB devices
consistently show the best device performance and
relative stability among the others.
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