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Two novel homologous series of oligophenylenes (OPPs) symmetrically end-capped with diphenyl-
amino groups and asymmetrically end-capped with anthryldiphenylamino groups were successfully
synthesized by a convergent approach with use of palladium-catalyzed homo- and cross-coupling
of arylboronic acids. The absorption maxima of both diphenylamino end-capped OPP series do not
vary with the chain length although the molar absorptivities increase sequentially. On the other
hand, the emission maxima slightly shift to longer wavelengths when the phenylene unit increases
in the series. All the diphenylamino end-capped oligomers exhibit very large fluorescence quantum
yields (81—89%). They also exhibit low first ionization potentials, corresponding to the oxidation of
the triarylamino moiety, which are essentially unaffected by the oligomeric length extension. The
good thermal stabilities of these oligomers allowed the fabrication of multilayer light-emitting

devices and their investigations.

Introduction

Monodisperse w-conjugated oligomers and macromol-
ecules with well-defined structure have drawn increasing
interest! because of their unique functional properties
that can be used for various electronic or optoelectronic
applications such as field-effect transistors? and light-
emitting diodes (LEDs).® They can also be used as model
compounds for understanding chemical and physical
properties of the related polymeric materials as well as
for an investigation of structure—property correlation.*
On the other hand, their rapid development has led to
impressive progress on various practical strategies for
their synthesis.*®> We are particularly interested in
probing the structural features that would affect the
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technologically useful functional and material properties
of oligomers and macromolecules as they are essential
toward a rational design and an optimization of func-
tional organic and polymeric materials. We have previ-
ously shown that the functional properties of the highly
soluble and coplanar oligophenylenevinylenes such as
light-emitting properties, photovoltaic effects, third-order
nonlinear optical responses, and chemical sensing prop-
erties could be tuned and/or enhanced by end-substitu-
ent(s). We have also found that an excess of the surface-
functionalized dendritic wedges could have a detrimental
effect on luminescence properties of dendrimers.”
Oligophenylenes (OPPs) are one of the important
classes of z-conjugated oligomers that have been found
useful as luminophores for light-emitting materials,® as
semiconductors for field-effect transistors,® as rigid-rod
cores for liquid crystalline materials,® and as biomimetic
scaffolds for supramolecular assembly of nanosized bar-
rels, ion channels and amphiphilic materials for biological
applications,'* as well as for biomembrane recognition
and depolarization.'? On the other hand, triphenylamines
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CHART 1. Molecular Structures of OPP(n)-NPh
and OPP(n)-NPhAN
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OPP(n)-NPh OPP(n)-NPhAn
known to have a high hole transporting mobility and to
form stable cation radicals have been widely used as hole
transporting materials in LEDs'® and shown potentials
as molecular-based magnets.'* It has been shown that
light-emitting polymers grafted or end-capped with tri-
phenylamine moieties exhibit improved LED device
performance.!®

To integrate the functional properties of the sw-conju-
gated OPP system and the triphenylamine moiety, we
herein report the first syntheses and investigation of
the structure—functional property relationship of two
novel series of blue-light-emitting z-conjugated OPPs
bearing symmetrically end-capped diphenylamino moi-
eties, OPP(n)-NPh where n = 4, 5, and 6, and asym-
metrically end-capped anthryldiphenylamino moieties,
OPP(n)-NPhAnN, where n = 2, 3, 4, and 5 (Chart 1). In
contrast to other soluble OPPs reported, to avoid severe
reduction in the s-orbital overlap of the OPP backbone,
which would affect the favorable functional properties,
the functional substituents were incorporated at the
end(s). Very recently, a series of diarylamino-capped
oligothiophenes were synthesized and their optical and
electrochemical properties were also investigated.'®

Results and Discussion

It is important to note that palladium-catalyzed or-
ganoboronic acid coupling was more useful and versatile
for diarylamino-substituted OPP synthesis than the
organotin-coupling protocol. Syntheses of diarylamino
end-capped OPPs were found to be nontrivial. The
symmetrically diphenylamino-substituted OPP series,
OPP(n)-NPh, was synthesized by a convergent approach
with use of palladium-catalyzed homo-coupling®’ or cross-
coupling'® of 4-(diphenylamino)biphenyl-4'-boronic acid
as a key step to construct the OPP skeleton. The
synthetic route is summarized in Scheme 1.
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Monoamination of 4,4'-dibromobiphenyl with diphenyl-
amine catalyzed by palladium acetate/tri(o-tolyl)phos-
phine in the presence of sodium tert-butoxide'® afforded
4-bromo-4'-(diphenylamino)biphenyl, 1,2° in 60% yield
and disubstituted product in 36% yield. Attempts to
improve the monoselectivity by means of chemoselective
amination of 4,4'-bromoiodobiphenyl were not successful.
Transformation of 1 to the corresponding boronic acid 2
was achieved by lithium-bromide exchange of 1 at —78
°C followed by the reaction with trimethyl borate at room
temperature and subsequently acid hydrolysis. Ligand-
promoted homo-coupling of boronic acid 2 carried out in
toluene—methanol afforded OPP(4)-NPh in a moderate
yield. On the other hand, double Suzuki cross-coupling
of boronic acid 2 and 1,4-diiodobenzene afforded OPP(5)-
NPh in a reasonably good yield under typical reaction
conditions. It is important to note that the use of 1,4-
dibromobenzene gave no desired cross-coupling product,
which is attributed to the deactivation of the monosub-
stituted intermediate by the terminal amino group. With
use of the same strategy, OPP(6)-NPh was synthesized
by double Suzuki cross-coupling of boronic acid 2 and 4,4'-
diiodobiphenyl,?* which was prepared by the iodination
of biphenyl with 1,/HIO, in acetic acid. It should also be
stated that double cross-coupling of aryl bromide 1 with
either 1,4-benzenediboronic acid or 4,4'-biphenyldiboronic
acid afforded no desired oligomers.

The convergent synthesis of the asymmetrically di-
phenylaminoanthryl-substituted OPP series, OPP(n)-
NPhAnR, is outlined in Scheme 2. Chemoselective cross-
coupling of 1-bromo-4-iodobenzene and boronic acid 2
with Suzuki’s conditions afforded 4-bromo-4'-(diphenyl-
amino)terphenyl, 3, in an excellent yield. Conversion of
bromide functionality to boronic acid functionality was
achieved accordingly, using typical protocols yielding 4
in 90% vyield. Cross-coupling of 2 with 9-bromoanthra-
cene, 5, and cross-coupling of aryl bromide 3 with 9-
anthrancene-boronic acid, 6, smoothly afforded OPP(2)-
NPhANn and OPP(3)-NPhAnN, respectively, in very good
yields.

However, the use of other aryl bromides for the
preparation of higher homologues of OPP(n)-NPhAnN
was not so satisfactory. To improve the odds, aryl iodide
7 was pursued and prepared by mono-cross-coupling of
4,4'-diiodobiphenyl and 6, yielding 7 in 50% vyield and
dicoupled product in 35% vyield. As anticipated, cross-
coupling of 7 with boronic acid 2 as well as with boronic
acid 4 afforded OPP(4)-NPhAn and OPP(5)-NPhAN,
respectively, in satisfactory yields. All the newly synthe-
sized oligomers were fully characterized with 'H NMR,
BC NMR, MS, and elemental analysis and found to be
in good agreement with the structures. In addition, all
the oligomers show very good thermal stabilities as
determined by thermal gravimetric analysis and their
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Synthesis of Symmetrically Diphenylamino-Disubstituted Oligophenylenes, OPP(n)-NPh (n =

T VOV
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a Reagents and conditions: (i) 2 mol % of Pd(OAc)2:2P(o-tol)s, Na-t-BuO, toluene, 110 °C, overnight; (ii) (a) "BuLi, THF, =78 °C, 1 h,
(b) B(OMe)3, =78 °C to rt, 2 h, (c) H; (iii) 5 mol % of Pd(OAc)2:2PPhs, K,COs3, toluene—CH3OH, 90 °C, 4 h; (iv) 2.5 mol % of Pd(PPhg)s,

K2CO3, THF, 50 °C, overnight.

stabilities generally increase with the chain length (Table
1). In contrast to the asymmetrically anthryldiphenyl-
amino-disubstituted OPPs, OPP(n)-NPhAnN, the sym-
metrically diphenylamino-disubstituted OPPs, OPP(n)-
NPh, exhibit high glass transition temperatures which
also increase with the oligomeric length.

OPP(n)-NPhs show two overlapped absorption bands
peaked at around 304 and 358 nm, which correspond to
an n — g* transition of the triphenylamine moiety and
a r — mr* transition of the OPP skeleton, respectively. In
contrast to the unsubstituted OPPs,™ the absorption
maxima (Amax) 0f OPP(Nn)-NPhs remains essentially
unchanged with an increase in chain length even though
the molar absorptivities (¢) increase (Table 1). This
suggests that chain length extension does not improve/
enhance the z-orbital overlap further in the ground state.
Upon irradiation at 304 nm, the emission spectra are
identical with those excited at lf‘nb;x = 358 nm. Never-
theless, the emission maxima sequentially shift to longer
wavelengths and the fluorescence quantum yields en-
hance (81—95%) as the oligomeric length extends (Table
1). A similar trend is also present in the corresponding
EL spectra (see the Supporting Information). This implies
that in the excited state better or more s-orbital overlap
is attained as the chain length increases.

On the contrary, the absorption spectra of the asym-
metrically disubstituted OPP(n)-NPhAnN series are con-
sistently composed of several overlapped vibronic bands
indicating restricted rotation of the -conjugated system.
Again, the /lf‘nb;x values remain fairly constant at 351 nm
and the e increase with an increase in phenylene unit
(Table 1). Interestingly, OPP(2)-NPhAnN exhibits an
unexpectedly large Stoke shift (116 nm) as compared to
the higher homologues (77—81 nm), which results in a
significantly larger red shift in emission maximum (464
nm) than the other homologues (428—433 nm). Further-
more, the emission maximum of OPP(2)-NPhAnN exhib-
its a larger solvatochromic effect (Adjmn, = 146 nm,
cyclohexane to DMSO) than those of higher homologues
(ALim, = 53—74 nm, cyclohexane to DMSO). This sug-
gests that the emission (excited) state of OPP(2)-NPhAnN
possesses stronger polar (charge-transfer) character than
higher homologues, which presumably gives rise to the
anomalous shift. Similar to the OPP(n)-NPh series, the
higher homologues of OPP(n)-NPhARN, n > 3, show a
small red shift in emission maxima as the oligomeric
length increases. Although the fluorescence quantum
yields do not increase with chain length in this series,
all the asymmetrically disubstituted oligomers exhibit
very strong blue light emission (® > 85%). The fluores-
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SCHEME 2. Synthesis of Asymmetrically Diphenylaminoanthryl-Substituted Oligophenylenes,
OPP(N)-NPhAN (n = 2, 3, 4, and 5)2
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a Reagents and conditions: (i) 2.5 mol % of Pd(PPh3)s4, K,CO3,THF, 50 °C, overnight; (ii) (a) "BuLi, THF, =78 °C, 1 h, (b) B(OMe)3, —78
°C to rt, 2 h, (c) H*; (iii) 2.5 mol % of Pd(PPhs)s, K,CO3, THF, 80 °C, overnight.

TABLE 1. Summaries of Physical Measurements of OPP(n)-NPh and OPP(n)-NPhAN

2252nm (emax 104M-1cm=1)  AMabnm DA 29ns Ewr oV THPC Tal’C Taedl°C
OPP(4)-NPh 358 (5.62) 425 0.81 115 0.8 99 252 497
OPP(5)-NPh 358 (6.38) 433 0.84 1.06 047 115 191 560
OPP(6)-NPh 358 (7.90) 436 0.95 120 047 125 319 590
OPP(2)-NPhAN 348 (2.30) 464 0.89 314  0.48,084 no 267 446
OPP(3)-NPhAN 351 (2.87) 428 0.88 244 048,084 no 284 470
OPP(4)-NPhAN 351 (3.41) 430 0.86 1.92 047,081 no 273 519
OPP(5)-NPhAN 352 (5.92) 433 0.85 1.64  0.47,0.80 no 271 533

a Measured in CHCls. P Excited at the absorption maxima. ¢ Using 9,10-diphenylanthrancene (@360 = 0.9) as a standard. 9 Using nitrogen
laser as the excitation source. ¢ E1, vs Fct/Fc estimated by the CV method, using a platinum disk electrode as a working electrode, a
platinum wire as a counter electrode, and SCE as a reference electrode with an agar salt bridge connecting to the oligomer solution. All
the potentials were calibrated with ferrocene, E1x(Fc/Fct) = 0.45 V vs SCE. f Determined by differential scanning calorimeter from remelt
after cooling with a heating rate of 10 °C/min under Ny. 9 Determined by thermal gravimetric analyzer with a heating rate of 10 °C/min
under Na.

cence lifetimes of all these diphenylamino end-capped To examine the electrochemical properties of these
OPPs are in the order of a few nanoseconds, indicating oligomers, cyclic voltametry was carried out in a three-
that emission originates from the singlet excited state. electrode cell setup with 0.1 M BusNPF, as a supporting

924 J. Org. Chem., Vol. 69, No. 3, 2004



Diphenylamino End-Capped Oligophenylenes

Current,uA

T T [T T ' 1. T_‘' T_ T T—°
+1.2 +1.1 +1.0 +09 +0.8 +0.7 +06 +05 +04

Potential,V

Current,uA

| T T T T T T T T T
+1.5 +1.3 +1.1 +0.9 +0.7 +0.5

Potential,V

FIGURE 1. Cyclic voltamograms of the OPP(n)-NPh and
OPP(n)-NPhAnN series.

electrolyte in CH,Cl,. All the potentials reported are
referenced to Fc/Fct standard and the results are tabu-
lated in Table 1. All the oligomers in the symmetrical
series exhibit a reversible two-electron anodic redox
couple (Figure 1). Similar to the absorption behavior, the
oxidation potential, which corresponds to the arylamino
oxidation, is essentially independent of the conjugated
length of an oligomer even though the diarylamino
functionality is fully conjugated to the oligophenylene
backbone. One the other hand, the asymmetrically di-
substituted oligomers exhibit two reversible one-electron
anodic redox couples which correspond to the sequential
removal of electrons from the arylamino group and
anthrancene moiety forming radical cations and di-
cations, respectively (Figure 1). Again, the first oxidation
potential (or HOMO level) of the oligomers does not
change significantly with the number of phenylene units.
However, the removal of the second electron from the
cation radical appears slightly easier as the chain length
increases.

Because of the strong fluorescence, low first ionization
potential, and high thermal stabilities, these newly
synthesized OPPs show potential for OLED applications.
Multilayer OLEDs using the newly synthesized oligomers
except OPP(2)-NPhAnN as an emissive layer were ini-
tially fabricated by vacuum deposition with structure

JOC Article

ITO/CuPc (10 nm)/oligomer (40 nm)/PBD (30 nm)/Al (150
nm). The EL spectra of these devices show almost
identical spectral characteristics with blue emission
maxima at around 436 nm and a shoulder peak at around
452 nm (see the Supporting Information). These emission
maxima of EL spectra red shifted less than 10 nm as
compared to those obtained from solution. Furthermore,
the emission bands do not vary significantly with the
chain length and/or the presence of the anthrancene
moiety. The EL spectra features, which resemble the PL
spectra of a thin film, are also independent of the applied
voltage. These suggest that no exciplex formed in the
device and the emissions originated from the oligomers.
On the contrary, a very strong exciplex emission at
around 490 nm was observed when NPB was used as the
hole transporting layer, rather than CuPc. Our prelimi-
nary results indicate that OPP(n)-NPh-based OLEDs
show better device performance than OPP(n)-NPhAnN-
based counterparts in terms of device stability. Among
the devices fabricated, OPP(5)-NPh-based LED shows
the most promising device properties for further optimi-
zation.

Conclusions

We have demonstrated an efficient method to synthe-
size two novel homologues series of OPPs bearing end-
functionalized diphenylamino groups and anthryldi-
phenylamino groups by means of convergent approach
using palladium-catalyzed homo- and cross-coupling of
arylboronic acids. The functional properties of these
diphenylamino end-capped oligomers including the ab-
sorption maxima and the first ionization potential are
essentially unaffected by the chain length extension. On
the other hand, the emission spectra slightly red shift
when the phenylene unit increases. All these diphenyl-
amino end-capped oligomers exhibit strong blue emission,
low first ionization potential, and high thermal stabilities,
making them suitable for luminescence applications.

Experimental Section

4-Bromo-4'-(diphenylamino)biphenyl (1). A single-
necked 100-mL round-bottomed flask was charged with the
diphenylamine (3.38 g, 20 mmol), sodium tert-butoxide (2.31
g, 24 mmol), palladium(ll) acetate (0.11 g, 0.5 mmol), dry
toluene (30 mL), 4,4'-dibromobiphenyl (6.24 g, 20 mmol), and
tri-o-tolylphosphine (0.30 g, 1 mmol) and heated at 110 °C for
24 h under a nitrogen atmosphere. After cooling, the mixture
was quenched with water and the solution extracted with
dichloromethane (3 x 50 mL). The combined organic extract
was washed with water and dried over anhydrous Na,SO,.
Evaporation of volatiles left a dark solid, which was separated
by column chromatography with petroleum ether (60—80 °C)
as eluent affording the title compound in 60% yield as a white
solid. *H NMR (400 MHz, CDClg) 6 7.49 (d, J = 8.64 Hz, 2H),
7.39 (d, J = 8.64 Hz, 4H), 7.27 (s, 2H), 7.21 (s, 2H), 7.10 (d, J
=7.56 Hz, 6H), 7.01 (t, J = 7.43 Hz, 2H). *C NMR (100 MHz,
CDCls) 6 147.5, 139.6, 133.6, 131.8, 129.3, 128.2, 127.5, 124.5,
123.7, 123.1, 120.9. MS (FAB) m/z 401.4 (M* + 1).

4-(Diphenylamino)biphenyl-4'-boronic Acid (2). To a
100-mL two-necked flask containing a solution of 1 (1.0 g, 2.5
mmol) in 20 mL of dry THF equipped with a magnetic stirrer,
a N; purge, and a —78 °C acetone—dry ice bath was added 1.5
M n-butyllithium (2.5 mL, 3.75 mmol) with good stirring. After
the mixture was stirred for 1 h, trimethyl borate (0.43 mL,
3.75 mmol) was added. After a further 2 h of stirring, water

J. Org. Chem, Vol. 69, No. 3, 2004 925



JOC Article

was first added to the reaction mixture and then HCI (6 M)
was added in a dropwise fashion until an acidic mixture was
obtained. The reaction mixture was poured into water and
extracted with dichloromethane (3 x 50 mL). The combined
organic layer was dried with anhydrous Na,SO, and evapo-
rated to dryness. Petroleum ether was added to dissolve the
starting raw material and to precipitate the product. The
product boronic acid 2 was obtained as a white solid with an
isolated yield of 77%. *H NMR (400 MHz, DMSO-dg) 6 8.06 (s,
2H), 7.85 (d, J = 7.83 Hz, 2H), 7.61 (t, J = 7.29 Hz, 4H), 7.32
(t, J=7.70 Hz, 4H), 7.06 (m, 8H). *3C NMR (100 MHz, DMSO-
de) 0 146.8, 146.6, 140.8, 134.6, 133.8, 129.4, 127.5, 124.9,
124.0, 123.1. MS (FAB) m/z 365.3 (M*).
4-Bromo-4'-(diphenylamino)terphenyl (3). A two-necked
flask containing 1-bromo-4-iodobenzene (622 mg, 2.2 mmol),
tetrakis(triphenylphosphine)palladium(0) (58 mg, 0.05 mmol),
tetrahydrofuran (20 mL), 2 (730 mg, 2 mmol), and 2 M K,CO3
(5 mL) equipped with a magnetic stirrer, a N, purge, and a
reflux condenser was heated at 50 °C overnight. The reaction
mixture was then poured into water and extracted with
dichloromethane (3 x 50 mL). The combined organic layer was
dried with anhydrous Na,SO, and evaporated to dryness. The
crude product was purified by silica gel column chromatogra-
phy with petroleum ether as eluent affording the title com-
pound as a pale yellow solid with an isolated yield of 89%. *H
NMR (400 MHz, CDCls) ¢ 7.63 (d, J = 8.00 Hz, 2H), 7.60 (d,
J =8.00 Hz, 2H), 7.56 (d, J = 8.40 Hz, 2H), 7.49 (m, 4H), 7.27
(d, 3 = 8.00 Hz, 4H), 7.13 (d, J = 7.20 Hz, 6H), 7.03 (t, J =
7.60 Hz, 2H). 3C NMR (100 MHz, CDCls) 6 147.6, 147.4, 139.9,
139.6, 138.2, 134.2, 131.9, 129.3, 128.5, 127.6, 127.2, 127.1,
124.5,123.7,123.0, 121.5. MS (FAB) m/z 477 (M™"). Anal. Calcd
for CsoH2BrN: C, 75.63; H, 4.65; N, 2.93. Found: C, 75.60;
H, 5.05; N, 3.23.
4-(Diphenylamino)terphenyl-4'-boronic Acid (4). 'H
NMR (400 MHz, DMSO-ds) 6 8.08 (s, 2H), 7.89 (d, J = 8.10
Hz, 2H), 7.74 (t, J = 3.10 Hz, 4H), 7.67 (t, J = 8.10 Hz, 4H),
7.33 (t, J = 7.83 Hz, 4H), 7.08 (dd, J = 6.21 Hz, 4H). 13C NMR
(100 MHz, DMSO-ds) ¢ 147.0, 146.8, 141.0, 138.7, 138.5, 134.8,
133.4, 129.6, 127.5, 127.1, 126.6, 126.5, 125.4, 124.2, 123.3,
123.2.
9-Anthrylboronic Acid (6). '"H NMR (400 MHz, DMSO-
de) 6 8.81 (s, 2H), 8.53 (s, 1H), 8.04 (m, 4H), 7.51 (m, 4H). 13C
NMR (100 MHz, DMSO-dg) ¢ 132.6, 130.6, 128.9, 128.3, 125.8,
125.0, 124.9, 67.0. MS (FAB) m/z 222.0 (M™).
4,4'-Diiodobiphenyl. A mixture of biphenyl (1.54 g, 10
mmol), acetic acid (10 mL), water (1 mL), concentrated sulfuric
acid (1 mL), iodine (2.79 g, 11 mmol), periodic acid (1.25 g, 5.5
mmol), and carbon tetrachloride (2 mL) was maintained at 80
°C for 4 h with magnetic stirring. After the slurry product was
cooled to room temperature, it was poured into water and
extracted the solution with dichloromethane (3 x 50 mL). After
the combined dark purple organic layer was decolorized with
sodium sulfite it was washed with water, dried with anhydrous
Na,SO,, filtered, and evaporated to dryness, which afforded
the pure title compound as a white solid in almost 100% yield.
IH NMR (400 MHz, CDCl3) 6 7.71 (d, J = 8.37 Hz, 4H), 7.22
(d, J = 8.64 Hz, 4H). 3C NMR (100 MHz, CDCl3) 6 139.4,
137.9, 128.6, 93.5. MS (FAB) m/z 406.2 (M").
4-(9'-Anthryl)-4'-iodobiphenyl (7). A mixture of 4,4'-
diiodobiphenyl (1.62 g, 4 mmol), tetrakis(triphenylphosphine)-
palladium(0) (116 mg, 0.1 mmol), 6 (888 mg, 4 mmol), 2 M
K2COs3 (8 mL), and THF (40 mL) under nitrogen atmosphere
was heated at 80 °C overnight with magnetic stirring. After
the reaction mixture was cooled to room temperature, it was
poured into water and extracted with dichloromethane (3 x
50 mL). The combined organic layer was dried with anhydrous
Na,SO, and evaporated to dryness. The crude product was
purified by silica gel (70—230 mesh) column chromatography
with petroleum ether as eluent affording the title compound
as a yellow solid with an isolated yield of 50% and dicoupling
product of 35% yield. *H NMR (400 MHz, CDCls) ¢ 8.50 (s,
1H), 8.05 (d, J = 8.37 Hz, 2H), 7.77 (m, 6H), 7.43 (m, 8H). *C
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NMR (100 MHz, CDCls) 6 140.9, 139.1, 138.0, 136.7, 131.7,
129.0, 128.9, 128.4, 127.4, 127.0, 126.8, 126.7, 125.4, 125.4,
125.1, 93.2. MS (FAB) m/z 456.7 (M"). Anal. Calcd for
CoeHi7l: C, 68.43; H, 3.75. Found: C, 68.13; H, 4.12.
4,4'-Bis(diphenylamino)quaterphenyl (OPP(4)-NPh). A
mixture of 2 (183.0 mg, 0.50 mmol), 1:2 palladium(ll) acetate:
triphenylphosphine (5 mol %), toluene (10 mL), methanol (5
mL), and 2 M K;CO3 (1 mL) was heated at 90 °C for 4 h. After
the reaction mixture was cooled to room temperature, it was
poured into water and extracted with dichloromethane (3 x
50 mL). The combined organic layer was dried with anhydrous
Na,SO, and evaporated to dryness. The crude product was
further purified by silica gel column chromatography with 4:1
petroleum ether:dichloromethane as eluent. The product was
a white solid with an isolated yield of 49%. *H NMR (400 MHz,
CDCl3) 6 7.69 (d, J = 8.40 Hz, 4H), 7.64 (d, J = 8.40 Hz, 4H),
7.51 (d, 3 = 8.40 Hz, 4H), 7.26 (t, J = 8.00 Hz, 8H), 7.14 (m,
12H), 7.03 (t, J = 7.2 Hz, 4H). 3C NMR (100 MHz, CDCls) ¢
147.6, 147.2, 139.5, 139.0, 134.5, 129.3, 127.6, 127.2, 127.0,
124.4,123.8, 123.0. MS (FAB) m/z 640.5 (M™). Anal. Calcd for
CasHzsN2: C, 89.96; H, 5.66; N, 4.37. Found: C, 89.80; H, 5.90;
N, 4.24.
4.4'-Bis(diphenylamino)quinquephenyl (OPP(5)-NPh).
A mixture of 1,4-diiodobenzene (164 mg, 0.5 mmol), tetrakis-
(triphenylphosphine)palladium(0) (58 mg, 0.04 mmol), boronic
acid 2 (400 mg, 1.10 mmol), tetrahydrofuran (20 mL), and 2
M K,COs; (2.5 mL) was heated at 50 °C overnight with
magnetic stirring under a nitrogen atmosphere. After the
reaction mixture was cooled to room temperature, it was
poured into water and extracted with dichloromethane (3 x
50 mL). The combined organic layer was dried with anhydrous
Na,SO, and evaporated to dryness. The crude product was
purified by silica gel (70—230 mesh) column chromatography
with petroleum ether/dichloromethane (v/v 4:1) as eluent to
give the title compound as a white solid with an isolated yield
of 56%. *H NMR (400 MHz, CDCls) ¢ 7.71 (m, 8H), 7.65 (d, J
= 8.40 Hz, 4H), 7.52 (d, J = 8.40 Hz, 4H), 7.27 (t, 3 = 7.80
Hz, 8H), 7.14 (m, 12H), 7.03 (t, J = 7.40 Hz, 4H). 3C NMR
(100 MHz, CDCls3) 6 147.6, 147.3, 139.6, 139.6, 139.0, 134.4,
129.3,127.6,127.4,127.3, 127.0, 124.5, 123.8, 123.0. MS (FAB)
m/z 716.3 (M*). Anal. Calcd for CssH4oN2: C, 90.47; H, 5.62;
N, 3.91. Found: C, 90.39; H, 5.68; N, 3.91.
4,4'-Bis(diphenylamino)sexiphenyl (OPP(6)-NPh). A
white solid with isolated yield 67%. *H NMR (400 MHz, CDCls)
0 7.73 (s, 8H), 7.71 (d, 3 = 8.40 Hz, 4H), 7.66 (d, J = 8.40 Hz,
4H), 7.52 (d, J = 8.40 Hz, 4H), 7.27 (d, J = 8.40 Hz, 8H), 7.14
(m, 12H), 7.03 (t, J = 7.40 Hz, 4H). *C NMR (100 MHz, CDCls)
0 147.7, 147.6, 147.3, 145.6, 139.7, 137.1, 129.3, 128.6, 127.6,
127.4,127.0,126.5,124.5, 123.8, 123.3, 123.0, 121.9. MS (FAB)
m/z 793.5 (M*). Anal. Calcd for CeoHasN: C, 90.87; H, 5.59;
N, 3.53. Found: C, 90.65; H, 5.76; N, 3.66.
9-[4-(4'-Diphenylamino)biphenyl]anthracene (OPP(2)-
NPhAnRN). A mixture of 9-bromoanthracene (257.3 mg, 1.00
mmol), tetrakis(triphenylphosphine)palladium(0) (58.5 mg,
0.05 mmol), boronic acid 2 (365.8 mg, 1.00 mmol), 2 M K;COs3,
and (2 mL) tetrahydrofuran (20 mL) under nitrogen atmo-
sphere was heated at 80 °C overnight with magnetic stirring.
After the reaction mixture was cooled to room temperature, it
was poured into water and extracted with dichloromethane
(3 x 50 mL). The combined organic layer was dried with
anhydrous Na,SO, and evaporated to dryness. The crude
product was purified by silica gel (70—230 mesh) column
chromatography with 4:1 petroleum ether:dichloromethane as
eluent affording the title compound as a yellow solid with an
isolated yield of 74%. *H NMR (400 MHz, CDCls3) ¢ 8.50 (s,
1H), 8.04 (d, J = 8.37 Hz, 2H), 7.76 (t, J = 8.64 Hz, 4H), 7.63
(d, 3 = 8.91 Hz, 2H), 7.46 (t, J = 8.24 Hz, 4H), 7.28 (m, 12H),
7.04 (t, J = 7.16 Hz, 2H). 3C NMR (100 MHz, CDCls) 6 147.6,
147.2, 139.5, 137.1, 136.6, 134.6, 131.6, 131.3, 130.1, 129.2,
128.2, 127.7, 126.8, 126.5, 126.4, 125.2, 125.0, 124.4, 123.9,
122.9. MS (FAB) m/z 498.3 (M* + 1). Anal. Calcd for CagH27N:
C,91.72; H, 5.47; N, 2.81. Found: C, 91.64; H, 5.70; N, 3.03.



Diphenylamino End-Capped Oligophenylenes

9-[4-(4'-Diphenylamino)terphenyl]anthracene (OPP(3)-
NPhAnR). A light yellow solid. *H NMR (400 MHz, CDCl3) 6
8.51 (s, 1H), 8.06 (d, J = 8.00 Hz, 2H), 7.85 (d, J = 8.00 Hz,
2H), 7.81 (d, J = 8.00 Hz, 2H), 7.76 (d, J = 8.40 Hz, 2H), 7.72
(d, 3 =8.00 Hz, 2H), 7.56 (d, J = 8.40 Hz, 2H), 7.51 (d, J =
8.00 Hz, 2H), 7.46 (dd, J = 7.6 Hz, 2H), 7.37 (t, J = 8.80 Hz,
2H), 7.26 (m, 4H), 7.17 (m, 6H), 7.04 (t, 3 = 7.20 Hz, 2H). 13C
NMR (100 MHz, CDCI3) 6 147.6, 147.3, 139.7, 139.6, 139.1,
137.7, 136.6, 134.4, 131.7, 131.3, 130.2, 129.3, 128.4, 127.6,
127.4, 127.0, 126.8, 126.6, 125.4, 125.1, 124.5, 123.9, 123.0.
MS (FAB) m/z 573.5 (M*). Anal. Calcd for CasH3z:N: C, 92.11;
H, 5.45; N, 2.44. Found: C, 91.80; H, 5.53; N, 2.55.

9-[4-(4'-Diphenylamino)quaterphenyl]anthracene
(OPP(4)-NPhAN). A mixture of 7 (214 mg, 0.47 mmol),
tetrakis(triphenylphosphine)palladium(0) (27 mg, 0.02 mmol),
boronic acid 2 (257 mg, 0.70 mmol), tetrahydrofuran (20 mL),
and 2 M K,COs3 (2 mL) was heated at 50 °C overnight with
magnetic stirring under nitrogen atmosphere. After the reac-
tion mixture was cooled to room temperature, it was poured
into water and extracted with dichloromethane (3 x 50 mL).
The combined organic layer was dried with anhydrous Na,SO.
and evaporated to dryness. The crude product was purified
by silica gel (70—230 mesh) column chromatography with 8:1
petroleum ether:dichloromethane as eluent affording the title
compound as a light yellow solid with an isolated yield of 82%.
IH NMR (400 MHz, CDCls) 6 8.51 (s, 1H), 8.06 (d, J = 8.40
Hz, 2H), 7.85 (dd, J = 6.00 Hz, 4H), 7.77 (m, 6H), 7.68 (d, J =
8.40 Hz, 2H), 7.53 (dd, J = 6.80 Hz, 4H), 7.47 (dd, J = 7.60
Hz, 2H), 7.37 (dd, J = 8.00 Hz, 2H), 7.27 (m, 4H), 7.15 (m,
6H), 7.04 (t, J = 7.40 Hz, 2H). *3C NMR (100 MHz, CDCl3) 6
147.5, 147.2, 139.6, 138.9, 137.7, 136.5, 134.3, 131.7, 131.3,
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130.1, 129.2, 128.7, 128.3, 127.5, 127.3, 127.2, 127.2, 126.9,
126.9, 126.8, 126.7, 126.6, 125.3, 125.0, 124.4, 123.8, 122.9.
MS (FAB) m/z 649.4 (M*). Anal. Calcd for CsoH3sN: C, 92.42;
H, 5.43; N, 2.16. Found: C, 92.25; H, 5.41; N, 2.39.

9-[4-(4'-Diphenylamino)quinquephenyl]anthracene
(OPP(5)-NPhAnN). A light yellow solid. *H NMR (400 MHz,
CDCl3) 6 8.51 (s, 1H), 8.06 (d, J = 8.40 Hz, 2H), 7.77 (m, 16H),
7.53 (dd, J = 8.20 Hz, 4H), 7.47 (t, J = 7.20 Hz, 2H), 7.37 (t,
J =7.20 Hz, 2H), 7.27 (m, 4H), 7.15 (m, 6H), 7.03 (t, J = 7.40
Hz, 2H). 3C NMR (100 MHz, CDCl) 6 147.7, 147.3, 139.8,
139.7, 139.7, 139.5, 139.0, 137.9, 136.6, 134.4, 131.8, 131.4,
130.2, 129.3, 128.4, 127.6, 127.6, 127.5, 127.4, 127.4, 127.3,
127.0, 126.9, 126.8, 126.7, 125.4, 125.1, 124.5, 123.8, 123.0.
MS (FAB) m/z 725.5 (M*). Anal. Calcd for Cs¢H3oN: C, 92.66;
H, 5.41; N, 1.93. Found: C, 92.46; H, 5.60; N, 2.25.
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