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A new dendritic oligoarylamined\,N,N',N',N"",N""-hexakis[4-(di-4-anisylamino)phenyl]- 1,3,5-benzenetriamine
(BTA) 2, which contains a 1,3,5-benzenetriamine molecular unit as an potential precursor of a high-spin
molecule and three oligoarylamine moieties as spin-carrying units surrounding the core BTA, has been prepared
by the sequential palladium-catalyzed amination reactions. The redox property has been investigated by cyclic
voltammetry, and the highly charged states up to the hexacation are accesgblkhtopolycationic high-

spin species have been generated by stepwise chemical oxidation, and the electronic structures have been
examined in detail by the continuous wave (CW) and pulsed ESR spectroscopy in comparison with the
previously studied.. The pulsed ESR technique enabled us to determine the definite spin multiplicity of the
generated polycationic species 2flt was confirmed that the dominant oxidized species observed by the
two- and three-electron oxidations were assigned to the spin téfiletnd the spin quarté®*, respectively.
Moreover, these high-spin polycationic species turned out to be far more stable as comphradddhe
isolation of 22" as the SbGI salt has been accomplished. The temperature dependence of the magnetic
susceptibility for the23*(SbCk™)s salt revealed that the intramolecular ferromagnetic interaction exists in
23t, and moreover, the tricatio?*" was found to be deformed in the solid state.

Introduction SCHEME 1

Oligoarylamines have been intensively studied in recent years. MeQ
They are widely used as hole-transport (HT) materials in organic Q
electroluminescent (EL) devices owing to the facile generation MeQ) ‘OOMe
of their radical cations and the stability of the generated hole e Q OMe
carrierst™* More fundamentally, partially oxidized triarylamine- @ @
based molecular systems were investigated as a typical example N /@\ MeQ,

OM

for purely organic mixed-valence compounds to elucidate the @ @ e @ N @

intramolecular hole-transfer proces8ésand also, excitation R4 2
energy transfer in triarylamine dendrimers was examined in p Cz

lecular system$.In addition, aiming at the controlled charge

conjunction with exploitation of artificial light-harvesting mo- MeNve MeNme p @*’Q‘Oﬂ
Me!

transport, redox-gradient or redox-cascade systems have been
pursued by incorporating several kinds of triarylamine units into
their oligomeric and dendritic architecturés?! Besides these
interesting electronic properties, there has been considerable
interest in arylamine-based magnetic materiai$> and novel
organic high-spin arylaminium radical cations have been
prepared by taking advantage of their stable multi-redox
propertiest®=23 In contrast to the HT case, the triarylamine
moieties as spin-carrying units were isolated in order to avoid
the formation of closed-shell electronic structures. In all these
cases, it should be noted that the dendritic structural motif has
often been used to give a new possibility for arranging the
charge-transporting and/or spin-carrying units into suitable sites.
We recently described the synthesis of the star-shaped
arylamine 1 and the electronic properties of the oxidized
specieds This molecule consists of a central 1,3,5-benzenetriyl
moiety as an effective ferromagnetic coupling unit and peripher-
ally substituted three arylamine moieties as spin-carrying units.

1
2

The latter arylamine moiety is known as the Bindschdler’s green
(BG) leuco base [4,4bis(dimethylamino)diphenylamine] and
can be converted into an isolable semiquinone radical cation
(BG™) salt by one-electron oxidation. Electrochemical studies
showed multi-redox behavior df and it enabled us to observe
the spin preference of each oxidation state by stepwise chemical
oxidation. The observed spin multiplicity of each oxidation state
of 1 was confirmed to be consistent with the conventional
st-topological rule for organic high-spin molecukésin par-
ticular, upon three-electron oxidation, the generated trication
13+ was shown to be spin quartet tri(radical cation). However,
unfortunately, the oxidized species were found to be unstable
at ambient atmosphere.

In the present study, as an extensioriofve prepared a new
dendritic oligoarylamine2 (Scheme 1), to examine the spin
states of the oxidized speciesdfn comparison with those of

* Author for correspondence. E-mail: aito@scl.kyoto-u.ac.jp. 1 on the basis of the electron spin resonance (ESR) and magnetic
Japan Science and Technology Agency (JST). susceptibility measurements. Apparently, this oligoarylar@ine
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Figure 1. Optimized molecular structure @funder theD; symmetrical
constraint calculated by the MNDO AM1 (modified neglect of diatomic
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Figure 2. Pulse sequence used for the present electron spin transient
nutation measurements.

for the measurements gftreated with 2 equiv of oxidant were
t, = 300 ns and3 = 8 ns. On the other hand, those for the
measurement o2 treated with 3 equiv of oxidant werg =
400 ns ands = 8 ns.

Magnetic Susceptibility MeasurementsMagnetic suscep-
tibilities of the powder sample o23(SbCk)s salt were
measured by a Quantum Design MPMS-5S SQUID magne-
tometer from 2 to 300 K under a constant magnetic field of
500 G. The raw data were corrected for both the magnetization
of the sample holder alone and the diamagnetic contribution of
the sample itself. The diamagnetic contribution was estimated
by using Pascal’s constants.

N,N-Bis(4-bromophenyl)amine (3).In an ice-cooled 300 mL
round-bottom flask was dissolved diphenylamine (3.918 g, 23.15

overlap, Austin model 1) MO method. The nitrogen atoms are mmol) in chloroform (50 mL). To this solution, TBAB(22.33
represented by the black-colored balls, and the hydrogen atoms arey 46.31 mmol) in chloroform (100 mL) was added dropwise

omitted for clarity.

can be regarded as a largeiconjugated system thah and
therefore, we can expect that the extension oftte®njugated
system improves the stability of the charged stateg.olin
addition, substitution of a bulky dianisylamino group for a

dimethylamino group leads to a considerable structural change
due to steric hindrance in the periphery (Figure 1). It is

via an addition funnel over 4 h. The resulting mixture was then
washed with a saturated aqueous solution of Nagl&@l then
dried over MgSQ. Evaporation of solvent and flash column
chromatography on silica with 3:2 hexane/dichloromethane and
recrystallization from hexane afforded pu8g6.920 g, 91%)

as white needles!H NMR (CDCl3) 6 7.35 (d,J = 8.7 Hz,
4H), 6.91 (dJ = 8.7 Hz, 4H), 5.64 (bs, 1H}3C NMR (CDCk)

0 141.70, 132.30, 119.50, 113.38. Anal. Calcd fapHsN;-

interesting to examine how such a steric effect can influence Bry C, 44.07: H, 2.77: N, 4.28: Br, 48.87. Found: C. 44.00;

the spin state in the oxidized species2pfas compared to that
of 1.

Experimental Section

General Methods. Commercial-grade regents were used

without further purification. Solvents were purified, dried, and

H, 2.50; N, 4.13; Br, 48.73.
N-tert-Butoxycarbonyl-N,N-bis(4-bromophenyl)amine (4).
To a solution of ditert-butyl dicarbonate (1.0 M) in THF (15.5
mL) was added\,N-bis(4-bromophenyl)amine (3.36 g, 10.3
mmol) and 4-(dimethylamino)pyridine (0.26 g, 2.1 mmol), and
the mixture was heated to refluxrf@ h with stirring. After

degassed following standard procedures. Elemental analysesooling, evaporation of the solvent and recrystallization from

were performed by the Center for Organic Elemental Micro-

analysis, Kyoto UniversitylH and 13C NMR spectra were

hexane afforded pur(3.95 g, 90%) as white platedsH NMR
(CDCl) 6 7.42 (d,J = 8.8 Hz, 4H), 7.06 (dJ = 8.8 Hz, 4H),

measured by a JEOL JNM-EX 400 FT-NMR spectrometer. 1.44 (s, 9H);13C NMR (CDCk) & 152.99, 141.61, 131.84,
Chemical shifts of NMR spectra are determined relative to 128.38, 119.21, 81.94, 28.25. Anal. Calcd fari€; /N,0,Br»:

tetramethylsilane (TMS) internal standard.
Electrochemical Measurements.Cyclic voltammograms

were recorded in benzonitrile solution containing 0.1 M tetra-

C,47.80; H, 4.01; N, 3.28; O, 7.49; Br, 37.41. Found: C, 47.55;
H, 3.86; N, 3.13; O, 7.45; Br, 37.23.
Di-4-anisylamine (5). 4-lodoanisole (8.43 g, 36.0 mmol),

butylammonium perchlorate as a supporting electrolyte (room p-acetanisidide (4.96 g, 30.0 mmol), Cul (0.27 g, 1.4 mmol),

temperature, scan rate 100 msusing an ALS/chi electro-

and KCOs (10.4 g, 75.0 mmol) were heated together at 200

chemical analyzer model 612A with a three-electrode cell using °C for 7 days with stirring under nitrogen atmosphere. After

a Pt disk (2 mrd), a Pt wire, and an Ag/0.01 M AgN§IMeCN)

cooling, the reaction mixture was poured into dichloromethane,

as the working, counter, and reference electrodes, respectivelyand inorganic residue was filtered off. Evaporation of the solvent
All the reported redox potentials were calibrated against afforded the crude oily mixture containiniy-acetyl di-4-

ferrocene/ferrocenium (Fc/Egredox couple.

anisylamine, and this crude aniline was dissolved in methanol

ESR Measurements.ESR spectra were measured using a (150 mL). A large excess of KOH was added, and the resulting
JEOL JES-RE-2X X-band spectrometer. Pulsed ESR measure-solution was heated to reflux for 12 h with stirring. After the
ments were carried out on a Bruker ELEXES E580 X-band FT solution was cooled to OC, brown flakes were precipitated.
ESR spectrometer. The electron spin transient nutation (ESTN)Recrystallization of the flakes from hexane/ethyl acetate afforded
measurements were performed by the three-pulse sequenc@ure5 (4.74 g, 69%) as pale brown needlésl NMR (acetone-

shown in Figure 2. The two-pulserfg — x pulses) electron
spin—echo signalS(t;) was detected by increasing the width
(t1) of the nutation pulse. The observed sigisth, Bo) as a
function of external magnetic field, is converted into a
nutation frequencySwn, By) spectrum. The parameters used

ds) 0 6.97 (d,J = 8.8 Hz, 4H), 6.82 (dJ = 8.8 Hz, 4H), 6.73
(s, 1H), 3.73 (s, 6H)'3C NMR (acetoneds) 0 154.54, 139.20,
119.44, 115.23, 55.67. Anal. Calcd foi#15N,0,: C, 73.34;

H, 6.59; N, 6.11; O, 13.96. Found: C, 73.46; H, 6.47; N, 5.83;
O, 13.89.
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SCHEME 2: Preparation of the Dendritic Oligoarylamine 2

MeO—@—I MeO. MeO.
Me O—@—N HACc ——————— O\ oA

Cul, KoCO3

Hirao et al.

0,0 Me
N

B 69%

@ @ TBABr3 ’\@\ @/8' (BOC)20 , 4-DMAP BR@ OBF
N
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391% 4 90%
OMe OMe OMe OMe

@

5
Pd(OAc), , DPPF Meo@ O\O O\o

NaO-t-Bu

Toluene , reflux BoC

6 54%

MeQ,
MeQ ?\J—O—OMe
. QP e
Br’©\8r MeQ
> Me

Pd(dba),, P(t-Bu N—O—N

, P(t-Bu)z
NaO-t-Bu
Toluene , 60°C
Me

N-tert-Butoxycarbonyl-N,N-bis[4-(di-4-anisylamino)phen-
yllamine (6). Dibrominated arylamine! (0.99 g, 2.3 mmol),
di-4-anisylamines (1.59 g, 6.93 mmol), sodiurtert-butoxide
(0.78 g, 8.1 mmol), Pd(OAg)31.9 mg, 0.517 mmol), and 1;1

Me Me

bis-(diphenylphosphanyl)ferrocene (DPPF) (153 mg, 0.277 for 5 min.

o 5o

QOB

Q
MeO’@NO\mgNO\OMe

7 8%

TBABr3=tetra-n-butylammonium tribromide
4-DMAP=4-dimethylaminopyridine
DPPF=1,1"-bis(diphenylphosphino)ferrocene
TFA=trifluoroacetic acid
dba=dibenzylideneacetone

2 85%

N,N,N’,N’,N"",N""-Hexakis[4-(di-4-anisylamino)phenyl]-
1,3,5-benzenetriamine (2)A mixture of Pd(dba) (91.8 mg,
0.159 mmol) and trtert-butylphosphine (25.8 mg, 0.128 mmol)
in toluene (20 mL) was stirred under argon at room temperature
In a Schlenk flask under argon were placed

mmol) were dissolved in toluene (30 mL) in a Schlenk flask oligoarylamine7 (0.75 g, 1.2 mmol), 1,3,5-tribromobenzene
under argon. The reaction mixture was heated to reflux for 120 (0.08 g, 0.2 mmol), and sodiutart-butoxide (0.14 g, 1.5 mmol).
h with stirring. The mixture was washed with water and then To this Schlenk flask, the above Pd catalyst solution was added

dried over MgSQ. After evaporation of solvent, flash column

via a syringe, and the solution was heated to®60for 120 h

chromatography on silica gel with 7:3 dichloromethane/toluene with stirring. After cooling, the mixture was washed with water

afforded pure6 (0.90 g, 54%) as a white solid!H NMR
(acetoneds) 6 7.07 (d,J = 8.8 Hz, 4H), 7.03 (dJ = 8.8 Hz,
8H), 6.89 (d,J = 8.8 Hz, 8H), 6.81 (dJ = 8.8 Hz, 4H), 3.78
(s, 12H), 1.42 (s, 9H)3C NMR (acetoneds) 0 157.00, 154.48,

and dried over MgS® After evaporation of solvent, flash
column chromatography on basic alumina with 7:2:1 toluene/
hexane/ethyl acetate and recrystallization from hexane/toluene
afforded pure2 (0.40 g, 85%) as a white solid!H NMR

147.30, 141.67, 137.08, 128.44, 127.31, 121.00, 115.56, 80.51(CDCL) 6 6.96 (d,J = 8.8 Hz, 24H), 6.87 (dJ = 8.8 Hz,

55.66, 28.37. Anal. Calcd for&H4sNz:0e: C, 74.67; H, 6.27;

12H), 6.79 (d,J = 8.8 Hz, 12H), 6.73 (dJ = 8.8 Hz, 24H),

N, 5.81; O, 13.26. Found: C, 74.41; H, 6.40; N, 5.68; O, 13.30. 6.26 (bs, 3H), 3.73 (s, 36H). Anal. Calcd fori£H111NgO12:

N,N-Bis[4-(di-4-anisylamino)phenyllamine (7). tert-Bu-
toxycarbonyl (BOC)-protected oligoarylamiite(1.42 g, 1.97

C, 77.88; H,5.76; N, 6.49; O, 9.88. Found: C, 77.92; H, 5.80;
N, 6.20; O, 9.59; FABMSn/z (M — H) calcd 1942.3, obsd

mmol) was dissolved in trifluoracetic acid (TFA) (50 mL), and 1942.

the reaction mixture was stirred at room temperature for 10 min.  23+(SbCls™)3. In a 300 mL round-bottom flask under nitrogen
The resulting mixture assumed an intense deep-green color.atmosphere was placed tris(4-bromophenyl)aminium hexachlo-
After evaporation of TFA, toluene was added to the residue, roantimonate (49.1 mg, 0.0601 mmol). This flask was then

then the mixture was washed with saturated agueous solutioncooled to 195 K, and the solution 2f(35.5 mg, 0.0183 mmol)

of NaOH and dried over MgSQThe toluene solution turned

in dry dichloromethane (2.5 mL) was added with stirring. At

yellow-green meanwhile. Evaporation of solvent and recrystal- this time, dryn-butyronitrile (0.5 mL) was added slowly, and

lization from hexane/toluene afforded puf€1.04 g, 85%) as
a white solid: 'H NMR (acetoneds) 6 7.11 (s, 1H), 6.99 (dJ
= 8.8 Hz, 4H), 6.94 (dJ = 8.8 Hz, 8H), 6.87 (dJ = 8.8 Hz,
4H), 6.84 (dJ = 8.8 Hz, 4H), 3.76 (s, 12H}*C NMR (acetone-

the mixture was then allowed to stir for 20 min at 195 K. The
solution turned deep green. After stirring, dry ether (150 mL)
was added, and a portion of precipitate was observed. The
solution was then warmed slowly to room temperature for 20

ds) 0 155.91, 142.63, 142.18, 139.93, 125.45, 125.15, 118.93, min. The precipitates were grown into bulky ones and gathered

115.25, 55.63. Anal. Calcd forsgH37N3O4: C, 77.02; H, 5.98;

by suction filtration. After washing with dry ether, the green

N, 6.74; O, 10.26. Found: C, 77.11; H, 6.18; N, 6.52; O, 10.09. solid was collected and dried under high vacuum for 24 h (42.7
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B/mT
| | | | | | Figure 4. ESR spectrum o at 123 K after addition of 1 equiv of
* : : * * oxidant.

-0.6 -0.4 -0.2 0.0 0.2 04

_ _ E/Vvs.Fe/Fe' N of 1. This tendency is simply attributable to the substituent effect
Figure 3. Cyclic voltammogram of2 in benzonitrile at room gt the periphery of. The decrease in electron-donating ability
temperature with scan rate of 100 mVjs. of 2 can be caused by the replacement of the dimethylamino

TABLE 1: Redox Potentials (vs Fc/F¢) of 1 and 2 in groups ofl by the weak electron-withdrawing dianisylamino
Benzonitrile at Room Temperature groups.
0 0 0 o ESR MeasurementsIn the same manner as the caselpf
£ V) E M) & M) E: (V) each oxidation state of the dendritic oligoarylamiBewas
% :8-%2 :g'éi’ J‘rg-gg g-ig generated by the stepwise chemical oxidation with tris(4-
‘ ’ ) : bromophenyl)aminium hexachloroantimonate (TBACE) at
2 Quasi-three-electron oxidation. 195 K in n-butyronitrile. To determine the definite spin

multiplicity of the oxidized species, and to overcome the obscure
mg, 79%). Anal. Calcd for ©éH111NgO12SClig: C, 51.36; continuous wave (CW) ESR spectrum originating from the

H, 3.80; N, 4.28. Found: C, 51.12; H, 3.91; N, 4.13. existence of the paramagnetic species with different spin
_ _ multiplicities, we carried out the electron spin transient nutation
Results and Discussion (ESTN) measurements in addition to the conventional CW-ESR

measurements. The ESTN method is one of the pulsed-ESR
r]technique%" and is based on the fact that the magnetic moments
with different spin multiplicity process with their specific
nutation frequency ¢,) in the presence of a microwave
irradiation field and a static magnetic field. If the microwave
irradiation field is weak enough compared to the fine-structure
parameter, the nutation frequency for & Msl= |S Ms —
10allowed transition is given in a good approximation, by

Synthesis.The dendritic oligoarylamin@ was prepared via
the sequential palladium-catalyzed amination reactions as show
in Scheme 2. Treatment of diphenylamine with tetrabutylam-
monium tribromide (TBABg) gave the dibrominated diphenyl-
amine3 in 91% vyield2®

After protection of the secondary amino group3ofvith the
tert-butoxycarbonyl (BOC) groupf BOC-protected triaminé
was generated from the BOC-protected di(4-bromophenyl)amine
4 and di(4-anisyl)amin& in the presence of Pd(OAcand 1,1- "™
bis-(diphenylphosphanyl)ferrocene (DPPF)and then was 0, =[S+ 1) = Mg(Ms — 1)] 0, 1)
deprotected to yield triaminewith trifluoroacetic acid (TFAF’-2
Finally, palladium-catalyzed (Pd(dband P{-Bu)s) condensa- This equation indicates that the nutation frequemgycan be
tion of 1,3,5-tribromobenzene with triamiifeafforded the target ~ scaled with the spin quantum numb&snd Ms in a unit of
compound2 in 85% yield?2:2° w1, the nutation frequency for the doublet state. Thus, the

Electrochemistry. The electrochemical property & was nutation frequency can be regarded as a useful quantity to
examined by cyclic voltammetry at room temperature. The redox determine the definite spin multiplicity of the high-spin species
potentials were determined in benzonitrile with 0.1 M tetrabu- existing in the oxidized solutio#d 20
tylammonium perchlorate as a supporting electrolyte. The cyclic  When less than 1 molar equiv of oxidant was added to a
voltammogram of2 is shown in Figure 3, and the observed solution of2 (1 mM), a strong single line ESR signal with only
redox potentials are summarized in Table 1 together with those poorly resolved hyperfine structures was observep=a2.0033
of 1 measured under the same conditions. First of all, the cyclic at 123 K (Figure 4). Furthermore, the resonance forAis
voltammogram of revealed four reversible redox couples, and = +2 forbidden transition was not observed at the half-field
its behavior is similar to that df. This result indicates that the  region (~170 mT). Hence, the observed ESR spectrum gives
higher oxidation state up to hexacation is accessible al2 to the evidence that the generated oxidized species is a spin-doublet
The observed oxidation peak current for the fourth oxidation radical cation.
wave is almost three times as large as those for the first three On the other hand, the ESR spectrum2abxidized with 2
oxidation waves. In this view, each of the first three oxidation molar equiv of oxidant showed a definite fine-structured pattern
processes can be considered as one-electron transfer from eactharacteristic for spin-triplet species at 80 K (Figure 5). The
of the peripheral three oligoarylamine moieties, and the fourth central small signal can be ascribed to the existence of doublet
oxidation process corresponds to the quasi-three-electron oxidaspecies oR". In addition,AMs = 42 forbidden transition was
tion from the semi-quinone radical cation of the peripheral three also detected at the half-field region170 mT). This indicates
oligoarylamine moieties. Moreover, each oxidation potential of the presence of high-spin species in the oxidized solution. To
2 shifts generally higher as compared to the corresponding valueidentify the spin multiplicity of the high-spin components, we
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Figure 5. ESR spectrum of at 80 K after addition of 2 equiv of Figure 7. ESR spectrum of at 80 K after addition of 3 equiv of
oxidant. oxidant.
352 b 352 1
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0 1-0 2[0 3'0 4|0 5'0 Nutation Frequency / MHz
Nutation Frequency / MHz Figure 8. 2D ESTN spectra o at 80 K after addition of 3 equiv of
Figure 6. 2D ESTN spectra o at 80 K after addition of 2 equiv of oxidant.
oxidant. When treated with greater than 2 equiv of oxidant, the ESR

carried out the ESTN measurement at 80 K. From the 2D spectrum changed gradually into a new five-line pattern
contour plot (Figure 6), the intense peaks were observed at 342.7spectrum shown in Figure 7, and this spectral change was
and 345.6 mT having the same nutation frequency (26.0 MHz). completed just before the addition of 3 equiv of oxidant. The
These two peaks are ascribed to theO0= |1, £ 10allowed AMgs = £2 forbidden transition continued to be observed in
transitions for the spin-triplet state. This assignment is confirmed the meantime. From the ESTN measuremen2a 80 K, the

by the absence of the other nutation frequency peaks assignabl@D contour plot of the ESTN spectra showed the intense nutation
to the different spin states. From eq 1, if the high-spin species frequency peaks at 27.8 and 32.1 MHz (Figure 8). A frequency
larger thanS = 1 were present, the additiondMs = +1 ratio of 32.1/27.8 corresponds to that ofv&, which is
transitions should be observed. More noteworthy is the weaknesscalculated byw, = /3 w1 for the |3, £30< |35, +Y,0

of the nutation frequency peak for the doublet specie&of transitions an@, = 2 w; for the |3/, Y,0= |3/,, —1/,[ransition
This means the successful two-electron oxidatioR.dfonse- from eq 1. Hence, the nutation frequency peaks 27.8 and 32.1
guently, it can be concluded that the trip%" is the major MHz are attributable to thg/,, £3/,0= |3/,, £Y,0and |5, 1,0
component at this oxidation state. The zero-field splitting < |3/, —/,[dtransitions for the spin-quartet state, respectively.
parameterlD| from the dipolar electronelectron interaction It should be noted again that the other remarkable nutation
was determined to be 2.78 mT (0.0026 dnfrom the peak- frequency peaks than those corresponding to the spin quartet
to-peak line width ofZ-axis components in the CW-ESR state were not seen in the spectrum. In conclusion, it can be
spectrum o222+ .31 The value of|D| corresponds to an average deduced that the spin quart2t" is the major component in
distance of about 10.0 A between two radical spin centers underthis oxidation state. TheD| value of 23+ is determined to be
the point dipole approximatioff. This value is larger than the ~ 2.12 mT (0.0020 cmt). This value is smaller than the 3.00
N1—N2 distance (4.89 A) determined by the semiempirical MO mT (0.0028 cm?) observed for13*. The decrease in thi|
(MNDO AM1) calculations for theDs; symmetrical model value means an increase in the average distance between three
compound of without all the methoxy groups.Rather, it takes spin centers. This closely relates to the expansiam-odnjuga-

an intermediate value between the N84 distance (7.82 A) tion directing to the periphery d2. The extendedr-system

and the N3-N5 distance (12.15 A). Here, the atom numbering allows delocalization of spin density into the periphery and
is shown in Scheme 1. With these results taken into account, consequently results in relaxation of the Coulomb repulsion
the spectrum for this triplet state can be originated from the interaction.

dipole—dipole interaction between two spins delocalized over  Stability of Tricationic Species. The polycationic species
the different peripheral oligoarylamine moieties. of 2 were found to be far more stable than thoselofFor
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Figure 9. Temperature dependence ofT of 237 (SbCk™); under a
magnetic field of 500 G (open circle). The solid line represents the
best theoretical fit to the data (see egs53.
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Figure 10. Energy level diagram for the two spin doublet states and
the one spin quartet state originating from the magnetic interaction of
a three-spin systeng, = S = S = Y.

instance, the cationic speci@d* and 23" in n-butyronitrile
solution were stable under anaerobic condition at room tem-

J. Phys. Chem. A, Vol. 110, No. 14, 2006371

parametew; between two spin cente§ andS. In this case,
the spin Hamiltonian can be written by eq 2.

H=—20,,5S, + 3,555 + 33:5S) )

Although we tried to fit the data to reguladip = Joz = Jag)

and isosceles){z = J3 = Ja1) triangular schemes, all trials
have met with failure. Therefore, we used a general triangular
scheme Ji2 = Joz = J31) expressed by eq3,where the energy
differences between three spin statgsand A, are defined by
egs 4 and 5 (Figure 10). Here, we assume that the intermolecular
magnetic interaction can be treated with a mean field theory
(the Curie-Weiss rule). The purity factof represents the
paramagnetic purity d¥*(SbCk™)3 salt including all the other
experimental errors. The other parametdis, g, ks, s, andé

are the Avogadro number, tlgefactor, the Boltzmann constant,
the Bohr magneton, and the Weiss constant, respectively.

AmT =
Nagug” 1+ exp(— Ay/kgT) + 10 expt AfksT) T

4z 1+ exp( A/kgT) + 2 exp AJkgT) T—0

3)

Al = 2(‘]122 + J232 + ‘]312 - 312323 - J23~]31 - ~]31~]12)1/2 (4)
Ay =NAy2 = (31, + I3+ J3y) 5)

Apparently, eqs 35 contain too many parameters to determine
the three exchange coupling parametiraniquely. Then, we
performed the least-squares fitting of the experimental data to
eq 3 as a function ofA; and A,. As a result, the best fit
parameters were found:= 0.96,A; = 33.6 K,A, = —9.5 K,
andf = —5.3 K. The negative value ok, indicates that the

perature for days to weeks, as indicated by no loss in the ESRSpin quartet state is the ground state2df and that the energy

signal intensity. However, the lifetime &f* and13* in solution
was considerably short at room temperature. In particular, we
were able to isolate?®t as SbC{~ salts by the chemical
oxidation with TBASbCk. Moreover, the ESR spectrum of the
redissolved23™(SbCk™); salts showed the same one &t"
generated freshly im-butyronitrile solution. This stability of
22t and 2% can be connected to the delocalization of spin
distribution due to the extended-conjugation and to the
protection of the generated spins by the peripheral bulky groups.
Magnetic Properties of Tricationic Salts. The magnetic
susceptibility of the powder sample of ti2é*(SbCk™)3 salts

difference between the quartet and the low-lying doublet state
is 19 cal/mol. We could not obtain the single crystal of
23+(SbhCk™)3 salt for X-ray crystallographical analysis. However,
the fact that the three exchange coupling constants are different
(J12Z Jo3 %= J31) is explainable on the grounds that the molecular
structure of23* is somewhat distorted owing to the peripheral
bulky substituents, and therefore, the trication hasCa@nd

Cs; symmetry axes in the solid state.

Conclusions
We have synthesized the new dendritic oligoarylan#rmsy

was measured on a SQUID magnetometer in the temperatureusing the successive palladium-catalyzed amination reactions

range 2-300 K at a constant field of 500 G. The temperature
dependence of the molar magnetic susceptibijity) s shown

in Figure 9. TheymT value of 1.10 emu K mott at 300 K was
close to the theoretical value of 1.125 emu K midbr isolated
threel/, spins. Furthermore, thg,T value increased gradually
with decreasing temperature and finally reached a maximum
value of 1.14 emu K mot at 40 K, indicating the intramolecular

in order to improve the stability of the highly charged species
of 1,3,5-triaminobenzene, which are one of the interesting and
fundamental organic high-spin molecules, and to compare the
electronic structures of3" with those of 13*, which was
reported to be a less stable spin-quartet trication. Moreover, the
bulky peripheral dianisylamino groups @fwere expected to
influence the molecular structure and the resulting electronic

ferromagnetic interaction between three spins distributed over structures, as compared to the dimethylamino-substitiited

three peripheral oligoarylamine moieties. On the other hand,
the ymT value dropped dramatically at very low temperature.
The decrease ipmT value is indicative of the intermolecular
antiferromagnetic interaction.

To understand the intramolecular magnetic interactior2$ of
guantitatively, we carried out the fitting of the temperature
dependence of the magnetic susceptibility at®ti{SbCk)3

From the electrochemical studies, the redox behavi@ ief
similar to that ofl, and the reversible stepwise oxidation up to
the hexacation was found to be possible also 2orThe
substituting effect was reflected on the oxidation potentials,
which were somewhat higher than the corresponding ones
observed irl, probably owing to the weak electron-withdrawing
dianisylamino groups. Stepwise chemical oxidation with TBA

salt. As shown in Figure 10, the interacting three-spin system SbCk generated mono-, di-, and tricationsdivith ease. The
can be represented by a triangular scheme, where each side apin multiplicity of the major species was determined to be
a triangle stands for the strength of the exchange coupling doublet, triplet, and quartet for one-, two-, and three-electron
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