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Triarylamines are an important class of compounds because

they form stable aminium radical cations. Thus, triarylamines
can be building blocks for high-spin polyradicals that have
shown ferromagnetic coupling? as well as for conductive
polymers? Perhaps most commonly, triarylamines have been
used as the hole-transport layer in electroluminescent detites.
Stable radical cations can also initiate pericylic reactfoast
as electrocatalysts!? or act as mild and selective oxidizing
agents?! The synthesis of arylamine macromoleciféms been
limited by the modest yields of the copper-mediated Ulimann
chemistry, but new palladium-catalyzed methods to form
arylamines have emerged recently from our gfduly and
Buchwald’s groug®2! We report the first use of this pal-
ladium-catalyzed chemistry to form pure discrete arylamine
oligomers and the largest discrete arylamine dendrimer.
Three new palladium-catalyzed reactions that form triaryl-
amines are shown in Scheme 1. Lithium ditolylamide and
4-bromotoluene reacted in the presence of 1 mol % Re[P(
tolyl)s]2 (1) in toluene to produce tritolylamine quantitatively
after 1 h at 90°C. Alternatively, ditolylamine and 4-bromo-
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shown that anilines react with aryl bromides in the presence of
catalytic amounts of precursor Pd(DPPR)@PPF= diphen-
ylphosphinoferrocene) to give diarylamines in high yielels®

We show here that DPPF-ligated palladium can produce
diarylamines or triarylamines. A combination of Pd(DBA)
(DBA = dibenzylideneacetone) and DPPF (2.5 mol %) cata-
lyzed the formation of tritolylamine in 89% yield from 4-tolui-
dine and 2.1 equiv of 4-bromotoluene in the presence of 2.1
equiv of sodiuntert-butoxide.

Most important for this work, these reactions suggested that
we could use this chemistry to produce electronically interesting
triarylamine dendrimers in high yields that were previously
prepared in modest yields. The first generation dendrimer
4,4 ,4"-tris(N,N-diphenylamino)triphenylamine (TDATA) was

+ LiNPh,

toluene reacted in the presence of stoichiometric amounts ofprepared from tris(4-bromophenyl)amine and 3.3 equiv of

sodium tert-butoxide and 1 mol % Pd[B{tolyl)s], to give
tritolylamine in 92% yield. A qualitative half-lifefol h at 90
°C was obtained for the latter reaction. We have previously
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lithium diphenylamide in the presence of 2 mol % cataly/st
(Scheme 2) in 84% isolated yield. This molecule was prepared
in only 22% vyield by copper chemist?.

Low yields from Ullmann chemistry have prevented the
preparation of higher generation triarylamine dendrimers. We
demonstrate here that the palladium chemistry can produce
larger hyperbranched arylamines. Employing a convergent
strategy® we prepared the largest triarylamine starburst den-
drimer, as shown at the top of Scheme 3. ReactioiN,bf
bis(4-bromophenyl)benzenemethanar?fi(d) and 2.2 equiv of
lithium ditolylamide in the presence of 2 mol %in toluene
gave benzyl-protected in 95% isolated yield by precipitation
and recrystallization from THF:EtOH (1:1). Debenzylation of
4 with 50 psi of H over Pd/C gave amin&in 88% yield after
purification by precipitation and recrystallization from THF:
EtOH (1:1). Reaction of lithium amid®, generated from
lithiation of 5, and 0.3 equiv of tris(4-bromophenyl)amine in
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7. Starburs¥ is soluble in benzene, toluene, and tetrahydrofuran
and was isolated in 80% yield by recrystallization from THF:
EtOH. This material was judged pure by békhand3C NMR
spectroscopy. Silica gel chromatography gave analytically pure
material in 64% yield. The overall yield of starbuisfrom 3

was a remarkably high 70% after recrystallization and 56% after

chromatography.
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An even larger dumbbell-shaped,N'-diphenylN,N'-(m-
tolyl)benzidine (TPD) analo@0 was prepared as shown at the
bottom of Scheme 3. Aryl bromid&was reacted with 2.2 equiv
of lithium amide6 in the presence of 2 mol % in toluene to
give benzyl-protecte® in 89% isolated yield. Debenzylation
of 8 with 50 psi of K, over Pd/C gave amingin 74% yield by
precipitation and recrystallization from THF:EtOH (1:1). Reac-
tion of 9 with 0.5 equiv of 4,4dibromobiphenyl in the presence
of 6.7 mol %1 and stoichiometric amounts of NalcBu gave
a dumbbell-shapedO in 91% yield. Dumbbelll0 was less
soluble than starburgt but it dissolved in xylenes and anisole.
Chromatography yielded analytically pure samples of a bright

yellow solid that fluoresced in solution.
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Figure 1. (A) Cyclic voltamagram of7. (B) EPR spectrum for the
radical cation of7.

TPD (MW = 516) has a glass transition temperature of only
60 °C, a property which limits the operating temperature of the
devices containing this materi&l. Increasing the molecular
weight should increase the glass-transition temperdtare
TDATA 2 (MW = 747) has a glass transition temperature of
89 °CS Differential scanning calorimetry (DSC) showed that
starburs7 (MW = 1918) has a glass-transition temperature of
169 °C; it melts at 278°C.

Although clearly nonplanar, starburgtis an electron rich
triarylamine and yields a highly delocalized radical. Cyclic
voltammetry of 0.1 mM7 with 0.1 M BuNsPFs in tetrahydro-
furan with use of a carbon electrode showed at least four
oxidation waves, the first of which was seen at negative
potentials vs Ag/Ag (—0.050 mV, Figure 1a). This potential
is substantially lower than that of tritolylamin&;¢ = 0.400
mV) or TDATA 2 (E;° = 0.060 mV) under the same
conditions?®> Chemical oxidation of 0.1 mM by 1 equiv of
[bis(trifluoroacetoxy)iodo]benzene in tetrahydrofuran at room
temperature gave a bright yellow solution. The EPR spectrum
of this radical cation consisted of a broad signal with a spectral
width of 34 G, as shown in Figure #8. Proton hyperfine,
a(120H), broadened the spectrum so that clear resolution of the
1N line pattern was not observed, but the multiline pattern
indicates multiple couplings to nitrogen. The same spectrum
was obtained by oxidation with ferrocenium tetrafluoroborate
(FcBF47). The radical cation of starburgtis relatively stable
at room temperature, displaying a qualitative half-life of 1 h.

In summary, the high-yield formation of triarylamines by
palladium-catalyzed chemistry can be used to produce high
molecular weight arylamines with high glass-transition temper-
atures, low redox potentials, and the ability to produce delo-
calized radical cations. We are continuing to investigate the
electron spin properties of this molecule, while preparing larger
dendrimers and linear arylamine oligomers.
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(25) Voltammetry was carried out with the aid of & G Princeton
Applied Research Versastat Model 270/250 computer-driven electrochemical
data acquisition system, using th&&: G version 4.10 software to generate
waveforms and acquire data. A carbon and a Ag/Aghd@ctrode were
used as the working and reference electrodes, respectively. All runs were
preformed on 0.1 mM solutions in dry THF in the presence of 0.1 M-Bu
NPFs.

(26) X-band measurements were made on 0.2 ravid 1 equiv of (CE
CQO,)2IPh in dry THF at 295 K on a Varian E9 spectrometer interfaced
with a MaclIntosh Computer. The microwave power was 10 mW, and the
modulation amplitude was 0.5 G.



