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ABSTRACT: Novel kinds of dendronized polymers with both functional core and periphery were
synthesized by Suzuki polycondensation (SPC) of carbazole-functionalized 2,7-dibromofluorene mac-
romonomers with 9,9-dioctylfluorene-2,7-diboronic ester. The polymers obtained are of high molecular
weight and good thermal stabilities. Photoluminescent studies showed that these kinds of dendronized
polymers were promising blue light-emitting materials, which exhibited high quantum efficient yields in

solution and films (mainly for second generation).

Introduction

Dendronized polymers are dendrimers with a central
linear polymeric core and have attracted considerable
scientific attention in recent years due to their unique
structures and properties.! They attain a rodlike, cy-
lindrical shape with the polymer backbone encapsulated
into the dendritic envelope. High generation den-
dronized polymers with an appreciable degree of po-
lymerization (DP) could be considered as “nanoobjects”
because they attain cylindrical shape in both solution
and solid state.l? The synthetic routes leading to
dendronized polymers can be divided into three main
categories, namely, macromonomer route, “attach to”
route, and divergent route. Particular attention was
paid to the macromonomer route because it can ac-
complish dendronized polymers carrying structurally
perfect dendrons. The syntheses of many kinds of
dendronized polymers have been well documented by
Schllter et al. in two recent reviews.! Dendronized
polymers with a conjugated polymer backbone are of
special interest due to their potential applications as
“nanowires” and light-emitting materials. The “site
isolation” effect of the dendritic wedges can prevent the
conjugated backbone from doing cross-talk. Conjugated
backbones available now include poly(p-phenylene)s,?
poly(p-phenylene—vinylene)s,® poly(p-phenylene—eth-
ynylene)s,* poly(triacetylene)s,® poly(acetylene)s,® and
poly(fluorene)s.” Additionally, the synthesis of high
generation dendronized polymers with considerable
molecular weight was still a challenging goal in this
field.18

Highly soluble poly(2,7-(9,9-dialkyl)fluorene)s (PFs)
and their copolymers are considered as very promising
blue light-emitting materials.® Problems encountered
with these rodlike PFs and their copolymers are their
color stability. A low-energy green emission band is
generated during operation or annealing in air. In the
literature, two kinds of popular points of view on the
origin of green emission band have been proposed.10:11
Many studies have been done to understand the origin
of this green band emission and to search for the
effective ways to suppress it.}2 Recent studies have
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proposed that the origin of the green emission band is
rather from fluorenone defects than aggregation or
formation of excimers.'! However, very recent results
have demonstrated that the green emission band is
related to not only fluorenone defects but also the
microscopic morphology of the films.1® They found that
organized structures (dense interchain packing) lead to
significant long wavelength emission in the green while
nonorganized structures retain pure blue emission.’3

The encapsulation of polyfluorene backbones into
dendritic envelopes’ and the blends of polyfluorenes
with low molecular weight hole-transporting mole-
cules!® have been proposed to achieve pure blue color
emission. However, the dendritic wedges used in the
literature are poor hole- or electron-transporting ma-
terials that are detrimental for electroluminescent ap-
plications, and the use of low molecular weight dopants
can arise several problems, such as diffusion and
recrystallization.

We report here the synthesis of a family of high
molecular weight, dendronized poly(fluorene)s carrying
peripheral carbazole functional groups. Such molecular
structural design should overcome the drawbacks men-
tioned above and may give better performance. The
dendritic wedges play the role of not only site isolation
but also hole-transporting. This kind of dendronized
polymer should be considered as an ambipolar carrier
transporting material because the polyfluorene core is
an electron-transporting material and the carbazole-
functionalized periphery is a hole-transporting material.
Suzuki polycondensation of the dendronized macromono-
mers with appropriate diboronic ester afforded consider-
ably high molecular weight materials. To the best of our
knowledge, this is the first report on dendronized
polymers with both functional core and periphery.

Results and Discussion

Synthesis of Monomers and Polymers. The chemi-
cal structures of dendronized monomers 1—3 are shown
in Chart 1. Monomer 1, which carries two carbazole
groups, was synthesized according to the literature
procedure.'® The synthetic routes leading to 2 and 3 are
shown in Scheme 1. Start from 4a,® reduction of the
ester group with LiAlH, afforded the corresponding
benzyl alcohol 4b in a yield of 98%. Appel bromination
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Chart 1

< O'Q Gy G0

o Q'O & = Br Q'O &

4a:Y = COch3
:| LiAIH4/THF
4b: Y = CH,0H

:| CBr,/PPhy/THF

4c: Y = CH,Br

5 os e e

:| 3,5-dihydroxybenzyl alcohol
5b: Y = CH,OH K,COs/acetone

CBry/PPhy/THF

5¢: Y = CH,Br

4c + Br O'O Br

6

DMSO/NaOH
TEBAB

5¢ + 6

of 4b with CBr4/PPh;s in THF furnished 4c in a 91%
yield. Reaction of 4c with 3,5-dihydroxybenzyl alcohol
under Williamson etherification conditions (K,COs/

DMSO/NaOH

TEBAB

acetone) gave 5b in a yield of 87%, which was bromi-
nated with CBr4/PPhs to give the second generation
dendritic bromide 5c. The yield is 94%. The final
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Scheme 2

8 x=0
9 x=1
10:x=2

Table 1. Molecular Weights, Thermal Properties, and the Fluorescence Quantum Yield of the Dendronized Polymers in
THF and as Films

e
polymer Mn Pn Mw Pw Mw/Mp Ty in solution films
8 46 700 47 104 000 104 2.21 103 0.93 0.29
9 131 000 78 157 000 93 1.20 73 0.96 0.55
10 143 000 47 171 000 60 1.19 73 0.86 0.64

attachment of 4c or 5c to 2,7-dibromofluorene (6) was
done following a literature procedure’™ !’ with DMSO
as a solvent, aqueous NaOH as a base, and triethyl-
benzylammonium bromide (TEBAB) as a phase transfer
catalyst (PTC). Pure macromonomers 2 and 3 were
obtained by normal silica gel column chromatography
in yields of 82% and 55%, respectively. Their high
purities (>98%) were confirmed by 'H and 3C NMR
spectroscopy, gel permeation chromatography (mono-
modal distribution, M,/M, < 1.01), and combustion
analysis.

Suzuki polycondensations (SPC) with 2,7-bis(1,3,2-
dioxaborinan-2-yl)-9,9-dioctylfluorene (7)8 were done in
a biphasic system (THF/aqueous NaHCO3) with freshly
prepared Pd(PPh3), as a catalyst precursor (Scheme 2).
The reactions were kept stirring at reflux for 24 h.
During the reaction, all dendronized polymers 8—10
started to precipitate from the reaction mixture in about
10 h. All the precipitated polymers could be fully
redissolved in common organic solvent, such as meth-
ylene chloride, chloroform, and THF. Standard workup
afforded the dendronized polymers 8—10 as amorphous,
slightly yellow materials. The crude polymers were
redissolved in certain amount of THF, to which metha-
nol was added dropwise to precipitate the high molar
mass polymers. The fractioned high molar mass den-
dronized polymers were separated by filtration, taken
into benzene, and freeze-dried in high-vacuum line. As
shown in Figure 1, the GPC elution curves of 8—10 are
narrow and monomodal distribution. The molecular
weights determined by GPC against polystyrene stan-
dard are summarized in Table 1. These data show that
considerable molecular weights were achieved. The
weight-average molecular weights (M,,) for 9 and 10
were found up to 157 and 171 kg/mol, respectively. The
results are amazing for dendronized polymers prepared
by SPC. For the well-known reason, the molecular
weights determined by GPC calibrated with polystyrene
standard should be treated with carefulness. GPC
method is known to underestimate the actual molecular
weight of dendronized polymers.»1° The polymers were
unambiguously characterized with 'H and 3C NMR
spectroscopy as well as elemental analysis.

The thermal properties of the dendronized polymers
8—10 were investigated using thermogravimetric analy-

sis (TGA) and differential scanning calorimetry (DSC).
All these polymers 8—10 exhibit good thermal stabili-
ties. They show less than 5% decomposition up to 400
°C under nitrogen but lose about 50% of their weights
at about 450—480 °C (Figure 2). As shown in Figure 3,
in the DSC trace of second heating (10 °C/min) polymer
8 showed a glass transition at about 103 °C, a crystal-
lization peak at about 156 °C, and a melting peak at
about 277 °C. Polymers 9 and 10 exhibited only a
distinct glass transition at about 77 °C; no crystalliza-
tion and melting peaks were observed.

Optical Properties. All polymers 8—10 were readily
dissolved in common organic solvents such as methylene
chloride, toluene, and THF and exhibited bright blue
fluorescence in solution. The absorption and photo-
luminescent (PL) spectra of 8—10 in dilute THF solution
are shown in Figure 4. The absorption maxima are blue-
shifted with increasing the generation of the side
dendrons. This indicates that the large dendrons can
twist the polyfluorene backbone and decrease the effec-
tive conjugation in some extent. The two peaks at
around 332 and 347 nm, whose intensities increased
with the generation, were due to the absorption of the
peripheral carbazole groups. Polymers 8 and 9 in dilute
THF solution exhibit two emission peaks at 420 and 444

Time(min)

Figure 1. GPC elution traces of dendronized polymers 8, 9,
and 10.
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Figure 2. TGA traces of dendronized polymers 8, 9, and 10.
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Figure 3. DSC traces of dendronized polymers 8, 9, and 10.
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Figure 4. UV—vis absorption and PL spectra (excited at 388
nm) of dendronized polymers 8, 9, and 10 in THF.

nm, which resemble poly(2,7-(9,9-dioctyl)fluorene)s in
dilute THF solution. For the reason of backbone twist-
ing, the emission peaks of second generation den-
dronized polymer 10 were blue-shifted to 415 and 440
nm. The PL quantum yields (®¢) of polymers 8—10 in
toluene solution were measured with 9,10-diphenyl-
anthracene as a reference standard (toluene, ®¢ = 0.9)20
and listed in Table 1. The highest quantum efficient
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yield (relative) reaches 0.96. The fluorescence quantum
yields of the dendronized polymers as films were
estimated by comparing the fluorescence intensity of the
dendronized polymers with that of a sample of poly(2,7-
(9,9-dioctyl)fluorene) (POF) excited at 384 nm (®; =
0.55).70.10d The results are listed in Table 1. This relative
method can only give an estimation of the fluorescence
guantum vyields of the polymers. However, these data
still indicated that the fluorescence quantum yields of
the polymers films depend on the size of the attached
dendrons. The second generation dendronized polymer
10 in film shows the highest quantum yield, which
attributed to the minimization of the self-quenching by
attaching the bulky dendrons on the polymer backbone.

In conclusion, a novel kind of dendronized 2,7-dibro-
mofluorene macromonomers carrying peripheral carba-
zole groups were designed and synthesized. Suzuki
polycondensation with 9,9-dioctylfluorene-2,7-diboronic
ester afforded high molecular weight dendronized poly-
mers. Primary studies showed that this kind of den-
dronized polymer is a good blue light-emitting material,
which exhibited high PL quantum yields (®g) in solution
and films (mainly for second generation). Further
experiments on electroluminescent properties and de-
tailed in situ investigation on their aggregation behav-
iors with AFM technology are in progress.

Experimental Section

Materials. 2,7-Dibromo-9,9-dioctylfluorene (6),*2" methyl
3,5-bis[4-(9-carbazoly)butoxy]benzoate (4a),'¢ 9-(4-bromobutyl)-
carbazole,*® 9,9-bis(4-carbazol-9-ylbutyl)-2,7-dibromofluorene
(2),*® and 2,7-bis(1,3,2-dioxaborinan-2-yl)-9,9-dioctylfluorene
(7)*8 were synthesized according to the literature procedures.
All the chemicals were purchased from Acros and used as
received.

Characterization. The 'H and *C NMR spectra were
recorded on an AV400 spectrometer in CDCls. The gel perme-
ation chromatography (GPC) measurements were performed
on Waters 410 system against polystyrene standards with THF
as an eluent. Electronic absorption spectra were obtained on
a Shimadzu UV—vis spectrometer model UV-1601PC. Flores-
cence emission spectra were recorded in THF at 293 K with a
Hitachi F4500 fluorescence spectrophotometer. Fluorescence
quantum yields (®¢) of the samples in toluene were measured
by using 9,10-diphenylanthracene (®r = 0.9 in toluene)® as
standard. The films on quartz used for PL measurements were
prepared by spin-coating with 1% toluene solution at 2000
rpm. TGA (TA2100) and DSC (TA2910) measurements were
performed under a nitrogen atmosphere at a heating rate of
10 °C/min to record the differential scanning calorimetry (DSC)
and thermal gravimetric analysis (TGA), respectively.

First Generation Benzyl Alcohol (4b). To a suspension
of LiAlH4 (0.50 g, 13 mmol) in THF (100 mL) was added a
solution of 4a (4.67 g, 7.65 mmol) in THF, and the reaction
mixture was stirred for 24 h under nitrogen. Aqueous HCI
solution was added, the mixture was extracted with CH,Cl,
(x3), and the combined organic phase was dried over MgSO4
and evaporated to dryness. The residue was dissolved in CH,-
Cl, and passed through a short pad of silica gel to afford 4b
as a white solid (4.36 g, 98%). 'H NMR (400 MHz, CDCl3): 6
8.10 (d, 4H), 7.48—7.41 (m, 8H), 7.37 (s, 1H), 7.26—7.21 (m,
4H), 6.45 (s, 2H), 6.29 (s, 1H), 4.59 (s, 2H), 4.40 (t, 4H), 3.90
(t, 4H), 2.07 (m, 4H), 1.83 (m, 4H). 3C NMR (100 MHz,
CDCl3): ¢ 160.26, 143.33, 140.39, 128.39, 125.69, 122.89,
120.43, 118.87, 108.68, 105.19, 100.56, 67.56, 65.33, 42.74,
27.01, 25.90. Anal. Calcd for C3gH3sN2O3: C, 80.38; H, 6.57;
N, 4.81. Found: C, 80.82; H, 6.66; N, 4.76.

Second Generation Benzyl Alcohol (5b). A mixture of
4c (1.00 g, 1.55 mmol), 3,5-dihydroxybenzyl alcohol (0.10 g,
0.72 mmol), dry acetone (150 mL), K,COs (0.50 g, 3.6 mmol),
and 18-crown-6 (10 mg) was heated to reflux and stirred under
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nitrogen for 24 h. The mixture was evaporated to dryness
under reduced pressure, the residue was partitioned between
water and CHCl,, the aqueous layer was extracted with CH,-
Cl, (x3), and the combined organic layers dried over Na,SO.
and evaporated to dryness. Chromatography on silica gel
eluting with CH,Cly/hexane (4:1, v/v) afforded 5b as a white
solid (0.80 g, 87%). *H NMR (400 MHz, CDClg): ¢ 8.10 (d, 8H),
7.44 (m, 16H), 7.28—7.22 (m, 9H), 6.60 (s, 2H), 6.52 (s, 4H),
6.33 (s, 3H), 4.93 (s, 4H), 4.61 (s, 2H), 4.39 (t, 8H), 3.91 (¢,
8H), 2.08 (m, 8H), 1.83 (m, 8H). 3C NMR (100 MHz, CDCly):
0 160.25, 160.09, 143.39, 140.37, 139.19, 125.68, 122.87,
120.40, 118.85, 108.65, 105.83, 105.71, 101.32, 100.80, 69.97,
67.56, 65.29, 42.71, 26.96, 25.88. Anal. Calcd for CgsHgoN4O7:
C, 80.41; H, 6.35; N, 4.41. Found: C, 80.28; H, 6.54; N, 4.37.

General Procedure for Appel Bromination. To a mix-
ture of the appropriate dendritic benzyl alcohol (1.00 equiv)
and CBr, in THF was added a solution of PPhs in THF under
nitrogen, and the reaction mixture was stirred under nitrogen
for 30 min. A larger excess of CBr, and PPh; (2.0 equiv for
G1-Br and 5.0 equiv for G2-Br) were required to force the
reaction of completion. Water was added, and the aqueous
layer was extracted with CH,Cl, (x3). After drying of the
organic layer and removal of the solvent under reduced
pressure, the crude product was purified as outlined in the
following text.

First Generation Benzyl Bromide (4c). 4b (3.06 g, 5.25
mmol), CBr,4 (3.48 g, 10.5 mmol), and PPh; (2.75 g, 10.5 mmol)
were used. The crude product was purified by a short column
eluting with CH,Cly/hexane (1:1, v/v) and precipitated into
toluene to give 4c as a white solid (3.08 g, 91%). 'H NMR (400
MHz, CDCls): 6 8.12 (d, 4H), 7.50—7.43 (m, 8H), 7.28—7.23
(m, 4H), 6.49 (s, 2H), 6.31 (s, 1H), 4.44—4.39 (m, 6H), 3.93 (t,
4H), 2.10 (m, 4H), 1.85 (m, 4H). 3C NMR (100 MHz, CDCly):
0 160.17, 140.40, 139.75, 125.71, 122.91, 120.44, 118.90,
108.67, 107.59, 101.44, 67.63, 42.73, 33.63, 26.97, 25.88. Anal.
Calcd for CseH37BrN2O2: C, 72.55; H, 5.78; N, 4.34. Found:
C, 72.02; H, 5.81; N, 4.22.

Second Generation Benzyl Bromide (5¢). 5b (0.63 g,
0.50 mmol), CBr; (0.82 g, 2.5 mmol), and PPhs; (0.65 g, 2.5
mmol) were used. The crude product was purified by a short
column eluting with CH,Cl,/hexane (1:1, v/v) and precipitated
into methanol to give 5c as a white solid (0.63 g, 94%). 'H
NMR (400 MHz, CDCls): ¢ 8.12 (d, 8H), 7.50—7.42 (m, 16H),
7.27—7.23 (t, 8H), 6.63 (s.2H), 6.52 (s, 5H), 6.34 (s, 2H), 4.93
(s, 4H), 4.41 (t, 8H), 3.93 (t, 8H), 3.54 (s, 2H), 2.10 (m, 8H),
1.84 (m, 8H). *C NMR (100 MHz, CDCls): ¢ 160.27, 159.99,
140.38, 139.79, 138.95, 125.69, 122.88, 120.42, 118.87, 108.67,
108.16, 105.87, 102.20, 100.89, 70.06, 67.58, 42.72, 33.64,
26.97, 25.89. Anal. Calcd for CgsH79BrN4Og: C, 76.62; H, 5.98;
N, 4.20. Found: C, 76.77; H, 5.99; N, 4.26.

General Procedure for the Synthesis of Dendronized
Macromonomers (2, 3). A mixture of 6 and TEBAB in DMSO
was degassed three times; a 50 wt % agueous NaOH solution
was added and stirred for 10 min under N,. To this mixture
was added the solution of 4c or 5c¢ in degassed DMSO under
nitrogen; the reaction mixture was stirred under nitrogen for
10 h, water was added, and the aqueous layer was extracted
with CH,Cl; (x3). The combined organic phases were dried
over MgSOQO,. After removal the solvent, the residue was
purified by column chromatography with CH;H./hexane (4:1,
VIV).

First Generation Dendronized Macromonomer (2). 6
(0.13 g, 0.39 mmol), TEBAB (3.0 mg, 0.01 mmol), DMSO (140
mL), aqueous NaOH solution (2 mL, 50 wt %), and 4c (0.53 g,
0.82 mmol) were used. 2 was obtained as a colorless solid (0.47
g, 82%). 'H NMR (400 MHz, CDCls): ¢ 8.10 (d, 8H), 7.50 (s,
2H), 7.44 (t, 8H), 7.36 (t, 8H), 7.23 (t, 8H), 7.10 (d, 2H), 6.94
(d, 2H), 6.07 (s, 2H), 5.77 (s, 4H), 4.32 (t, 8H), 3.64 (t, 8H),
3.20 (s, 4H), 1.98 (m, 8H), 1.75 (m, 8H). *C NMR (100 MHz,
CDCl3): o 158.98, 150.36, 140.36, 138.85, 138.12, 130.27,
127.95, 125.67, 122.87, 121.40, 120.41, 118.84, 108.70, 100.67,
67.43,57.14, 45.29, 42.67, 26.85, 25.78. Anal. Calcd for CoiHgo-
Br,N4O4: C, 75.20; H, 5.55; N, 3.85. Found: C, 74.85; H, 5.63;
N, 3.70.
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Second Generation Dendronized Macromonomer 3.
2,7-Dibromofluorene (0.04 g, 0.1 mmol), TEBAB (0.6 mg),
DMSO (90 mL), agueous NaOH solution (2 mL, 50 wt %), and
5c¢ (0.32 g, 0.24 mmol) were used. 3 was obtained as a white
solid (0.17 g, 55%). *H NMR (400 MHz, CDCls): ¢ 8.07 (d, 16H),
8.60—7.36 (m, 34H), 7.24—7.18 (m, 18H), 7.09 (d, 2H), 6.43 (s,
8H), 6.27 (s, 6H), 5.86 (s, 4H), 4.61 (s, 8H), 4.33 (t, 16H), 3.84
(t, 16H), 3.10 (s, 4H), 2.02 (m, 16H), 1.77 (m, 16H). 13C NMR
(100 MHz, CDCls): ¢ 160.19, 158.81, 140.36, 139.31, 138.22,
130.34, 128.35, 128.02, 125.67, 122.87, 121.42, 120.38, 118.85,
109.22, 108.64, 105.66, 100.71, 69.74, 67.53, 42.68, 29.72,
2695, 2586, 0.011. Anal. Calcd for C183H154Br2N8012: C, 7775,
H, 5.85; N, 3.96. Found: C, 76.98; H, 5.95; N, 3.76.

General Procedure for the Synthesis of Dendronized
Polymers 8—10. A mixture of the respective dendritic mono-
mers 1-3, 7, NaHCO3;, THF, and H,O was degassed, and Pd-
(PPh3), was added under a nitrogen atmosphere. The reaction
mixture was heated at reflux and stirred under nitrogen for
24 h. CH.CI; (200 mL) was added to dissolve the precipitate;
the organic layer washed with water for three times and dried
over Na,SO,. After removal of most of the solvent, the residue
was precipitated in methanol. The crude polymers were
purified by precipitation from THF into methanol again and
dried under vacuum to give dendronized polymers 8—10.

Dendronized Polymer 8. Dendronized monomer 1 (0.54
g, 0.70 mmol), 7 (0.39 g, 0.70 mmol), NaHCOs3 (1 g), Pd(PPhs)s
(8.00 mg), THF (25 mL), and H,O (10 mL) were used. 8 was
obtained as a slightly yellow solid (0.59 g, 85%). *H NMR (400
MHz, CDCls): 6 8.07 (broad, 4H), 7.93—7.86 (broad, 4H), 7.76—
7.66 (broad, 8H), 7.40 (broad, 4H), 7.36 (s, 4H), 7.20 (broad,
4H), 4.11 (broad, 4H), 2.31—2.04 (broad, 8H), 1.72 (broad, 4H),
1.34-1.29 (broad, 4H), 1.16 (broad, 20H), 1.03—0.89 (broad,
4H), 0.80 (broad, 6H). 13C NMR (100 MHz, CDCI3): ¢ 151.91,
150.85, 140.71, 140.20, 126.65, 126.31, 125.51, 122.80, 121.31,
120.29, 118.70, 108.52, 55.45, 55.22, 42.84, 40.44, 40.01, 31.82,
30.12, 29.70, 29.28, 24.04, 22.61, 22.02, 14.06. Anal. Calcd for
[C7sH7sN2]n: C, 89.29; H, 7.90; N, 2.81. Found: C, 86.87; H,
7.84; N, 3.10.

Dendronized Polymer 9. Dendronized monomer 2 (0.71
g, 0.49 mmol), 7 (0.27 g, 0.49 mmol), NaHCO; (1 g), Pd(PPhs)4
(5.60 mg), THF (25 mL), and H,O (10 mL) were used. 9 was
obtained as a slightly yellow solid (0.74 g, 90%). *H NMR (400
MHz, CDCls): 6 8.06 (broad, 8H), 7.98—7.00 (broad, 36H), 6.17
(broad, 2H), 6.02 (broad, 4H), 4.18 (broad, 8H), 3.60 (broad,
8H), 3.43 (broad, 4H), 1.93—1.86 (broad, 12H), 1.61 (broad, 8H),
1.43-1.26 (broad, 4H), 1.10—0.89 (broad, 20H), 0.73 (broad,
6H). *C NMR (100 MHz, CDCl3): 6 159.02, 140.28, 125.60,
122.83, 120.33, 118.78, 108.55, 67.33, 42.52, 31.74, 29.30,
26.75, 2572, 2256, 14.02. Anal. Calcd for [C120H120N404]n: C,
85.68; H, 7.19; N, 3.33. Found: C, 84.86; H, 7.15; N, 3.33.

Dendronized Polymer 10. Dendronized monomer 3 (0.37
g, 0.13 mmol), 7 (0.07 g, 0.1 mmol), NaHCO3 (1 g), Pd(PPh3),
(2.40 mg), THF (25 mL), and H,O (8 mL) were used. 10 was
obtained as a slightly yellow solid (0.28 g, 71%). *H NMR (400
MHz, CDClg): 6 7.98 (broad, 16H), 7.87—7.00 (broad, 60H),
6.35 (broad, 2H), 6.27 (broad, 8H), 6.16 (broad, 4H), 6.05
(broad, 4H), 4.55 (broad, 8H), 4.14 (broad, 16H), 3.59 (broad,
20H), 2.15 (broad, 16H), 1.84 (broad, 20H), 1.26 (broad, 4H),
0.89-0.85 (broad, 20H), 0.63 (broad, 6H). *C NMR (100 MHz,
CDCl3): ¢ 160.14, 158.86, 140.29, 139.30, 128.32, 125.61,
122.80, 120.31, 118.81, 108.59, 105.47, 100.67, 69.71, 67.34,
42.53, 31.69, 29.95, 29.20, 26.84, 25.73, 22.54, 14.03. Anal.
Calcd for [C212H204NgO12]n: C, 83.32; H, 6.73; N, 3.67; Found:
C, 82.03; H, 6.67; N, 3.67.
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