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The addition reaction of azido-exTTFs to Cg affords electroactive fullerotriazoline and azafulleroid dyads, which behave as amphoteric redox

systems. Fluorescence experiments and transient absorption spectroscopy reveal that excitation of the fullerene moiety leads to radical pair
lifetimes that are 2 orders of magnitude higher than those previously reported for related fullerotriazolines.

4a,b

The synthesis of doneracceptor (D—A) ensembles has donor, which upon oxidation transform into aromatic and
received an unabated interest due to the ability of theseplanar structures. These important electronic and structural
synthetic model systems to mimic key processes in photo- modifications have a great impact on photoinduced charge-
synthesis as well as their use in the preparation of molecularseparation and charge-recombination processes. Interestingly,
electronic devices. the choice of exTTF as a sacrificial electron donor increased
Among the different electron acceptors, fullerenes and the charge-separation lifetimes by around 2 orders of magni-
particularly [60]fullerene come to the fore in the design of tude (Go¢TTF, 7 &~ 2 ns; GeexTTF,7 ~ 200 ns)*° On the
novel D—A donors as a consequence of their unique acceptor side, it is well-known that the linkage of an organic
electrochemical (undergoing up to six reversible one-electron addend to the £ core results in a decrease of the acceptor
reductions) and electron transfer (low reorganization energy, ability. This stems primarily from the saturation of a double
A)3 features. bond on the @ surface, which raises the LUMO enery.
Recently, we have reported on the synthesis and photo- Despite the “azidophobia” existing within the organic-
physical studies of g-based ensembles bearing a tetrathia- synthetic community, azides are currently safely used, and
fulvalene (TTF} or m-extended TTF (exTTF)electron
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contrary to the general feeling, they exhibit an extraordinary trimethylamine as base led to mesyl derivativs,§). These
stability toward water, oxygen, and most organic conditions. relatively unstable compounds were submitted to flash
Because of these properties and their synthetic versatility, chromatography to avoid decomposition and immediately
azides emerge as one of the most crucial functional groupused for further reaction with activated sodium azide in dry
for “click chemistry” endeavor$. Despite the renewed acetonitrile. After heating under an argon atmosphere at 60
interest in azides, their use in fullerene chemistry is rather °C (to avoid thermal decomposition) for 24 h, azi®ssb
sporadic® Nevertheless, triazolinofullerenes, resulting from were purified by flash chromatography (silica gel) using
the 1,3-dipolar cycloaddition of azides to fullerenes, are key hexane/methylene dichloride (1:1) as eluent. The resulting
intermediates for further chemical transformations. Leading solids were obtained in 90% and 40% vyields, respectively,
examples include extrusion of nitrogen molecules, affording as crystals with high melting point84, 203—205°C; 3b,

azafulleroids and/or aziridinofulleren&spr the preparation
of nitrogen-containing heterofullerenés.

171-173°C).
Dyads (4a,b) were obtained by 1,3-dipolar cycloaddition

In this Letter we describe the synthesis and redox of azides 8a,b) to Csoin o-dichlorobenzene (ODCB). During

properties of the first triazolino[4':1,2] [60]fullerenes,

the 24 h of stirring the temperature should never surpass 60

endowed with exTTF electron donors, and subsequent°C to avoid thermal nitrogen extrusion. Compountisb

transformation into the respective azafulleroids, as a new typewere purified by column chromatography (silica gel, toluene/
of donor-acceptor dyads. Although fullerotriazolines are less cyclohexane, 1:1), and the greenish solids were further
known fullerene derivatives, they exhibit electron acceptor purified by washing and centrifugation in hexane, metha-
properties slightly better than those of the parent unsubsti- nol, and diethyl ether. The novel dyads were obtained in

tuted [60]fullerené? Preliminary photophysical results will
complement this work.

Preparation of the novel dyaddg,b) was carried out
within the frame of a multistep synthetic procedure, starting
from the previously reported hydroxymethyl-exTTRs (),
which were in turn prepared in a seven-step syntHésisst
we attempted the preparation of azid8a,p) in a one-step
synthesis from alcoholslé,b) by treatment with B&FELO

and sodium azide in refluxing dioxane. However, under these

conditionst* no formation of azide8 was observed. There-
fore, we revised our strategy and pursued the synthetic rout
shown in Scheme 1. In particular, treating alcolash with
mesyl chloride in dry methylene dichloride and anhydrous

Scheme B
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1a,b: X= OH
2 B parb: X = 0S0,CH,

bl 3a,b: X= N,

aReagents and conditions: (a) MsCl/dry &b; (b) activated
NaNs/dry MeCN/60°C; (c) G/ ODCB/60°C; (d) ODCB/120°C.
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low yield [4a, 8% (14% based on recoveregh)C4b, 12%
(55% based on recoveredsd] as stable solids at room
temperaturé®
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The high resolutiontH NMR spectra of4a,b show the behavior infers the presence of the two electronegative
methylene hydrogens, adjacent to the nitrogen atom, as amitrogen atoms.
AB system of anisocronous protons at around-%@ ppm To determine the existence of electronic communication
(J ~ 16 Hz). The unsymmetrit®C NMR spectra reveal the  between exTTF and g we studied the CV behavior of
presence of the two C $@toms of the fullerene cage éat referenceéN-phenylthiomethyltriazolinofullerend, in which
88.40 and 77.20 (4a) anil80.54 and 77.20 (4b), as well as  the electroactive exTTF unit was replaced by a phenylthio
the CH-N carbon atom ad 52.55 and 52.39, respectively. group. The reduction waves f@r(—0.57,—1.02,—1.56 V)
Evidence for the low thermal stability @fa,b was found are essentially similar to those found for dyada,b,
in their mass spectra, which showed molecular ion signals indicating the lack of significant donetacceptor interactions
that correspond to the loss of,Mit m/z 1127 and 1311, in the ground state.
respectively. Steady-state fluorescence experiments with triazolino-
To ascertain the chemical structure of dyddsb, as well fullerene7 gave quantum yields (®) of 6 £0“. Matching
as to study their thermal behavior, we heated compelimd  the absorption of doneracceptor systeméa and4b at the
in ODCB at 120°C under argon atmosphere for 4 h. Then, 337 nm maximum, where exTTFs lack appreciable absorp-
the reaction mixture was submitted to column chromatog- tion, allowed us to probe the impact of the electron donors
raphy (silica gel, toluene/cyclohexane 1:1) and centrifugation on the photoexcited fullerene. In fact, in toluene and
(see above). This led to azafullerd@t in 20% vyield, together  benzonitrile the fullerene fluorescence quantum yieldsaifp
with unreactedib and a more polar compouréb (aziridi- are strongly reduced with values ranging betweenQID
nofullerene). Since the latter product was obtained only in and 0.68x 10 (Figure 1).
trace amounts, it could not be isolated nor chemically
characterized®
In an attempt to isolate aziridinofullere®®, we carried
out the reaction of aziddb and Gy in ODCB at 120°C for
6 h. The reaction behavior was quite similar, that is, after
column chromatography unreacted [60]fullerene (51%),
azafulleroid 5b (17%), and trace amounts @b were
obtained. These results are in agreement with previous
thermal treatment of triazolines affording open [5,6]azaful-
leroids as the only isolable compound after extrusion of
molecular nitrogei?®
The electrochemical properties of triazolinds.(0) were ‘ .
studied by cyclic voltammetry at room temperature. Qua- 650 700 750 800 850
sireversible two-electron oxidation waves, involving the Wavelength [nm]
formation of the dicationic e).(TT.%f,.Were observed ‘f"t 0.48 Figure 1. Emission spectra of dyads in toluene (solid line) and
V (4a) and 0.61 V 4b). This is in agreement with the  4pin toluene (dashed line) with matching absorption at the 337
observation for the parent, unsubstituted exTTF (0.45 V), nm excitation wavelength; Of; nm = 0.5.
revealing an anodic shift of the oxidation potential of the
exTTF unit upon placing methylthio (SMe) groups at the
1,3-dithiole rings’ Despite their overall low quantum yields, fluorescence
On the reduction side, three quasireversible one-electronlifetimes were determined for and 4a,b. In particular, a
reduction waves were observed #&(—0.57,—0.98,—1.55 value of 1.74 ns was derived f@rfrom fitting the radiative
V) and 4b (—0.59, —1.01,—1.53 V) corresponding to the  decay around 720 nm to a monoexponential fitting option.
first three reduction processes 0§,CThe less negative  On the other handia,bgive rise to lifetimes of 0.25 ns and

AOD [a.u.]

reduction potential values ofa,b relative to parent € 0.16 ns in toluene, respectively, which corresponds to a high
(—0.60, —1.00, —1.52 V) are worth mentioning. In other electron-transfer quenching efficiency.
words, the reduction potential peak 4&,b is anodically From the difference between the long-wavelength absorp-

shifted by 16-30 mV relative to G and around 100 mV tion and the short-wavelength emission, we estimate a singlet
relative to the well studied fulleropyrrolidines or methano- excited-state energy fof of 1.76 eV. This is sufficiently
fullerenes!® A likely rationale for this electrochemical energetic to power id a thermodynamically driven electron
transfer to yield Ge—-exTTP* (vide infra).

(16) AzafulleroidSb could not be characterized by UMis spectroscopy Transient absorption measurements shed light onto the
because of the absorption of the exTTF moiety in the visible region. . . .
However, a broad singlet was observed in tHeNMR spectrum ab 5.01 electron-transfer mechanism. Picosecond time-resolved ab-

corresponding to the methylereCH,—N group, which indicates a strong  sorption spectra (i.e., laser pulses at 355 nm), recorded for

shift to higher field in going from4b to 5b. The confirmation of the - 5
azafulleroi% structure cgmegfrom tHéC NMR spectrum which showed a deOXyg_enated toluene SO|utIOI.’1 T)K]...O x 10°° M), are .
the absence of C8pignals for the fullerene core and the disappearance of characterized by broad absorptions in the 900 nm region.
the Csp signals at 80.54 and 77.20 ppm correspondindtdnterestingly, — Thege features are attributes of the fullerene singlet excited
compoundsb showed a mass spectrum with a well-defined molecular ion
at 1311 (M, 98), thus confirming the loss of nitrogen frof.

(17) For a recent review on TTF, see: Segura, J. L.; MaNL Angew. (18) Martin, N.; Sanchez, L.; lllescas, B. M.; PéreChem. Re. 1998
Chem., Int. Ed2001,40, 1372—1409. 98, 2527—-2548.
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state (1.76 eV). At longer times;Cgo deactivates via a  no similarity with the triplet excited state of triazolino-
monoexponential rate law and a rate of %.20° s™%, which fullerene7. Around 680 nm a maximum was recorded that
corresponds to a singlet lifetime of 1.9 ns, to produce the resembles the characteristic fingerprint of the one-electron
energetically lower-lying triplet excited state (1.50 eV). oxidized exTTE*. The near-IR transition was ascribed to
Spectral ®*Cgqo characteristics are broad absorptions at the one-electron reduced fullerene speciesg C This
wavelengths greater than 500 nm, including a maximum at confirms that the product of the intramolecular singlet
740 nm. excited-state deactivation is;&C-exTTF™.

The picture associated with the picosecond absorption The charge-separated state is metastable and decays
spectroscopy ofla,b (ca. 10° M) is different. Despite the  quantitatively to the singlet ground state. A monoexponential
unequivocal excitation of the fullerene moieties at 355 nm rate law fits best the decay of both fingerprint absorptions,
the fullerene’s singletsinglet absorption was found only at  that is, G~ and exTTE. From the corresponding fits we
short delay times (i.e., 50 ps) following the 18 ps laser pulse derived a radical pair lifetime of 137 nd4) and 94 ns (4b)
in oxygen-free solvents. At longer delays (i.e., 200 ps), in deoxygenated benzonitrile.
instead of the slow intersystem crossing dynamicstfig, In summary, we describe the synthesis of a scarcely
transients were found to be short-lived. Formation of a new studied class of fullerene derivatives, such as triazoline[4
transient develops as a result of the rapid decay; see Tablel,2][60]fullerenes (4a,b), which are stable solids at ambient
1. A key feature of the new products is a maximum around conditions. The electrochemical study reveals that the
680 nm, which resembles the well-known one-electron presence of the nitrogen atoms results in a better acceptor

oxidized exTTF radical cation, exTTE® ability than the parent [60]fullerene and that no significant
Figure 2 compares the differential absorption changes electronic interaction occurs between the donor and acceptor
recorded upon photoexciting solutions/ivith those of4a moieties in the ground state. Steady-state fluorescence

experiments and transient absorption spectroscopy disclose
] that excitation of the fullerene moiety results in the formation
of a radical pair, showing the characteristic fingerprint of
001 Ceo~ and exTTFE", with lifetimes in the range of hundred
F. of nanoseconds, nearly 2 orders of magnitude larger than
oo ~ those reported for TTF-containing triazolingBt:1,2][60]-
4 \ fullerenest?
b This work paves the way for the preparation of novel
oooe [ . azafulleroid-based electroactive dyads, which exhibit the
A \ original fullerener-system, that is, 30 double bonds and, to
000z | the best of our knowledge, have not been studied yet.
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(2.0 x 10°° M). In the case of7, the features correspond to
the long-lived (= 25 us) and oxygen-sensitive (ke 1.0

x 10° M1 s7Y) triplet excited state. A particularly broad
triplet—triplet transition is noted with a maximum at 740
nm. Quite different are the spectra seendarb, which bear 0L027473Q
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