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Endofullerenes have attracted special interests with unique Scheme 1
electronic properties and reactivities, which are not seen in empty
fullerenes! The fact that endohedral metallofullerenes are more
easily reduced than empty fullerenes is one of the most important
factors in controlling their reactivitiesSince the first report about
the complex of G with tetrakis(dimethylamino)ethylene by Wudl
and co-worker$,charge-transfer (CT) interaction betweeg énd [La@Cgl”  [TMPD]*
organic donors in solid state has been widely examingtie
photoinduced electron transfer fradiN,N',N'-tetramethylp-phen- —ﬂ— —1—
ylenediamine (TMPD) to the tripletdgin nitrobenzene has been

also reported by Foote et &lin this report no electron transfers absorptions of the La@@TMPD pair and the [La@&]/

occur _thermally. Recently,_ we have found the complexation [TMPD]*+ pair are apparently different, which reveals a solvato-

behavior of the paramagnetic endohedral metallofullerene La@C  cnromism® The spin-site exchange process between La@6d

(C2,) with aza- and thiacrown ethers in S_°|Ut'@ha@(:82 forms a TMPD in nitrobenzene is also confirmed by EPR measurement, as

1:1 complex with the host molecules in nitrobenzene by the electron gpown in Figure 2a; as the intensity of EPR signals of La@€

transfer between them. The facile electron transfer is characteristic\yeakened in the presence of TMPD, the signals of [TMPD]

of endohedral metallofullerenes having low reduction potentials. appear. The line width of the resulted spectrum is as narrow as

In these systems, however, oxidized species of crown ethers argnat of [TMPD}* PR~ salt in solutior? indicating that the stable

still unidentified because of their instability, whereas the formation spin is located on the time scale of the EPR experiment. Variable-

of reduced species of La@{[La@Cg7 ") was confirmed. Inthis  temperature EPR measurements from 320 to 240 K-diichlo-

context, we examined the complexation and electron transfer ropenzene/benzonitrile<(4:1) showed that the equilibrium shifts

behavior between La@gand organic donor molecules such as g the formation of the ion pair at low temperatures (Figure 2b).

TMPD, which forms a stable radical cation (Scheme 1). The repeated temperature change afforded the same spectra,
The complexation behavior of La@£with TMPD in nitroben- - genoting that La@g and TMPD are in equilibrium with [La@] -/

zene was followed by the standard titration technique using vis- [TMPD]** in solution. The equilibrium shift accompanied by

NIR spectroscopy, as shown in Figure la. As the characteristic temperature change can be observed by applying the process in

absorption maxima of La@gat 635 and 998 nm disappear, new  the solvent having the appropriate permittivity ligalichloroben-
absorption maxima appear at 572, 621, and 937 nm with increasing

amounts of TMPD. This indicates that the electron-transfer from 21 () T Y (L ARUSR
TMPD to La@G; occurs, which leads to the [TMPB] radical A g 4
cation ¢ma: 572 and 621 nm, Figure 1hand the [La@®@] ~ anion 2 o1y
(Amax 937 nm, Figure 1bj.The titration plot in the inset of Figure e

1a shows an inflection point at [TMPD]/[La@g = 1, indicating 0 %FMPB]I[L:@C ? 10
the formation of a 1:1 complex. The equilibrium constant for the .
La@G>TMPD system is evaluated to be l&g,s = 5.4 by
nonlinear least-square curve fitting into the titration plots. This value 0 T
depends on the measurement solvent; the equilibrium constants in 450 850 1250  (nm)
benzonitrile ando-dichlorobenzene are ldg.s = 5.0 and 3.1,
respectively?. In contrast, the equilibrium constant in toluene is too
small to be detected. These results show good correspondence with

the permittivity ¢, of the measurement solvents. The -vi$IR

absorbance
—

}

— [La@Cgyl”
— [TMPDJ*

absorbance
arb. unit

450 850 1250  (nm)
l University of Tsukuba. Wavelength
§'(Bc;l;{c;%%l?ygrgli;mversny. Figure 1. Visible—NIR spectra of (a) La@% (1.0 x 107 M) in the
I Josai University. presence of TMPD (610 equiv) and (b)n-BusN" [La@GCg]~ and
U Institute for Molecular Science. [TMPD]** PR~ at 296 K.

14418 m J. AM. CHEM. SOC. 2006, 128, 14418—14419 10.1021/ja062634x CCC: $33.50 © 2006 American Chemical Society



COMMUNICATIONS

@ W Oeq ®) W”r 320K
s 0.2eq wm/ 300 K

i 0.5eq W 280K

‘ ‘ ' 1.0eq '-‘M"' 260 K

2.0eq 240K

2.0173 2.0022 1.9873
g-value

2.0173 2.0022 1.9873
gvalue

Figure 2. EPR spectra of (a) La@gin the presence of-62 equiv of
TMPD in nitrobenzene at 296 K and (b) La@Qvith 1 equiv of TMPD
in o-dichlorobenzene/benzonitrile=(4:1) at 326-240 K.

Table 1. Reduction (©9E;) and Oxidation (°*E;) Potentials? and
Thermodynamic Parameters for the System of La@Csg, and
Organic Donors

redE1 OXEI AGe( Aans
compd (Vo) (V) (kcallmol)  log Kops ~ (kcallmol)  log Kassoe
La@Gs2 —0.25
FeCp* —0.52 7.4 6.7 -9.1 1.2
TMPD —0.30 —-2.3 54 -7.3 3.7
DHDMP —0.26 -1.4 4.7 —6.4 3.7

aQObtained by CV. Conditions: 0.1 M-BusNPFs in nitrobenzene;
working electrode, Pt wire; counter electrode, Pt wire; scan rate, 20 mV
s b Versus Fc/Ft.

zene/benzonitrile, whereas the nitrobenzene solution shows the too

strong affinity between La@f and TMPD at the practical

consistent with theAGgps values for the whole reaction. This is
because the complexation of La@@nd donor molecules facili-
tates the sequential electron transfer. The difference valut&gf
andAGg, for FeCp*%, TMPD, and DHDMP are-1.69,—5.00, and
—4.98 kcal/mol, respectively. From these values, the association
constants of La@§ with FeCp%, TMPD, and DHDMP are
estimated to be lo8assoc= 1.2, 3.7, and 3.7, respectively. The
Kassoc Value for FeCp3 is smaller than those for TMPD and
DHDMP. This reflects the larger steric hindrance of the bulkier
FeCp?* for the complexation.

In conclusion, reversible intermolecular spin-site exchange
systems at complete equilibrium in solution are first accomplished
by utilizing paramagnetic La@g and organic donor molecules,
which form stable diamagnetic anion and radical cations, respec-
tively. It is interesting to note that the systems are found to show
the thermo- and solvatochromism. This is an important stepping-
stone on the way to developing the materials useful for optical and
magnetic applications.
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