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ABSTRACT

Complementary hydrogen-bonding interactions between a barbituric acid-substituted fullerene derivative (1) and corresponding receptor (2)

bearing thienylenevinylene units are used to assemble a 1:1 supramolecular complex ( K = 5500 M~1). Due to the close proximity of the
redox-active moieties within the assembly, strong ground-state electron —donor —acceptor interactions are observed. Photoinduced electron
transfer from electron-rich thienylenevinylene subunits to the fullerene is very fast ( ke = 5.5 x 102 s71), as determined by fs-time-resolved

transient absorption spectroscopy.

The incorporation of fullerenes into conjugated polymer amines, no clear evidence for such interactions has been

systems affords composite all-organic devices possessingobserved in covalent oligothiophene systems reported to date.

improved photovoltaic propertiéslo investigate the ground- Intermolecular ground-state EDA complexes involving C

and excited-state interactions betweeg &nd conjugated  are generally weak, with association constants in the range

polymers, numerous covalent and supramolecular model10'—10* M~1.45 Studies of covalent &-porphyrin assemblies

systems have been studied in great détailthough G is

well-known to participate in the formation of electron (2) (@) A;Lerloo,#.l; Martineau, C.;(\Sm Hal, PI. A; RoncaIL,J.; Janssen,
- ; R. A. J.J. Phys. Chem. 2002 106, 21. van Hal, P. A.; Beckers, E. H.

qonor_ acceptor _(EDA) complexes with electron don_ors, A.; Meskers, S. C. J.; Janssen, R. A. J.; Jousselme, B.; Blanchard, P.;

including porphyring,aromatic hydrocarborfsand aromatic Roncali, J.Chem. Eur. J2002 8, 5415. (c) Beckers, E. H. A.; Schenning,

A. P. H. J;; van Hal, P. A.; El-ghayoury, A.;"8ehez, L.; Hummelen, J.

T UniversiteBordeaux |, CNRS. C.; Meijer, E. W.; Jansen, R. A. Chem. Commur2002 2888. (d) Solladie

* Universiteit van Amsterdam. N.; Walther, M. E.; Gross, M.; Figueira Duarte, T. M.; Bourgogne, C.;
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T.; Hummelen, J. C.; Sariciftci, N. \ppl. Phys. Lett2001, 78, 841. (c) 15093. (f) Li, K.; Schuster, D. I.; Guldi, D. M.; Herranz, M..AEchegoyen,
Brabec, C. J.; Zerza, G.; Cerullo, G.; De Silvestri, S.; Luzzati, S.; Hummelen, L. J. Am. Chem. So@004 126, 3388. (g) Eckert, J.-F.; Byrne, D.; Nicoud,
J. C.; Sariciftci, N. SChem. Phys. Let2001, 340 232. (d) Sariciftci, N. J.-F.; Oswald, L.; Nierengarten, J.-F.; Numata, M.; lIkeda, A.; Shinkai, S.;
S.; Smilowitz, L.; Heeger, A. J.; Wudl, FSciencel992 258 1474. Armaroli, N. New J. Chem200Q 24, 749.

10.1021/0l047527r CCC: $30.25 ~ © 2005 American Chemical Society
Published on Web 02/08/2005



indicate that the distance and relative orientation of the
partners are crucial in determining the strength of the
observed CT band (log= 1 to 3), and strong interactions
are found for assemblies in which the porphyrin and fullerene
moieties are forced into a face-to-face geomér§.The
recent availability of a g-barbituric acid derivativegreatly
facilitates the construction of similargEconjugated oligomer

dyads using supramolecular interactions. In this approach,

the hydrogen-bonding molecular recognition motif In
(Figure 1) is used to bind this fullerene-bearing moiety within

Figure 1. Compound2 possesses a hydrogen-bonding receptor
site connected to two bis(thienyenelvinylene) units. Bottom: Energy-
minimized (semiempirical PM3 Hamiltonian,R methyl) structure

of complex2-1 formed in the presence of thesgbarbituric acid
adductl.

the cavity of a barbituric acid receptor bearing complemen-

allows alignment of electron donor and fullerene acceptor
units in a geometry suitable for promoting EDA interactions.

Compound 2 is thus expected to form discrete 1:1
complexes with methanofullerene derivativby association
with the matched doneracceptor hydrogen bonding sites
present in the designed receptor introduced by Hamilton.
The sidearms of the receptor unit are composed of oligo-
(thienylenevinylene)snTV, n = 2), which can be appended
with solubilizing groups without affecting the planarity of
the m-conjugated systeit. The synthesis of is shown in
Scheme 1, starting from 2T¥.
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aConditions: (a) LDA, CQ, THF, —78 °C (40%); (b) oxalyl
chloride, THF, DMF; (c) 2,6-diaminopyridine (4 equiv, 90%), THF;
(d) isophthaloy! dichloride (0.5 equiv, 80%), THF.

The energy-minimized structure (PM3 Hamiltonian, see
Figure 1) of the anticipated complex formed with six
hydrogen bonds betwe@mand the fullerene-based electron

tary hydrogen-bond donor/acceptor sites. This arrangementacceptor speciebshows the intimate contact that is possible
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between the electron donor and the electron acceptor units.

Other conformations in which the 2TV units are not proximal

to the fullerene are less stable, requiring either rotation of

the amide N-CO bonds or perturbation of the binding site.
Mixing equimolar quantities of building blocks and 2

in aprotic solvents such as toluene @dichlorobenzene

(oDCB) results in the solubilization of the otherwise poorly

soluble fullerene component. The electronic absorption

spectra ofl-2 mixtures (fL]/[ 2] = 1) at various concentrations

in oDCB are shown in Figure 2. In addition to the electronic

(6) McClenaghan, N. D.; Absalon, C.; Bassani, D.MAm. Chem. Soc.
2003 125, 13004.
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De Cola, L.Chem. Eur. 32004 10, 2036.
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J.J. Am. Chem. S0d.998 120, 8150.
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s spectra of the individual componertsand?2. The result is

a strongly allowed transition typical of EDA complexés{x
10 I - = 390 NM;€max ~ 32500 Mt cm™ in oDCB).
L et Like Cgo, 1 is weakly fluorescent®r = 9 x 1074, 7 =
1.2 ns in oDCB). Steady-state fluorescence emission spectra
1.7 show that the emission dfor 2 in 1-2 mixtures is strongly
s guenched (no emission from the CT state was detected). This
— T T T decrease in luminescence and lack of sensitizggflGo-
0 50 100 150 o ) o
| [1+2] / uM rescence upon excitation of the 2TV units this in
44 N agreement with fast photoinduced electron transfer (PET)
' from 2TV to the excited & unit in 1-2, as previously
observed in covalent dyad and triad systems containigg C
as an electron acceptdt? Addition of methanol (30% v/v)
_ . to solutions of1-2 proved to be effective in restoring the
300 400 500 600 700 fluorescence ofl, presumably by disrupting the hydrogen-
Wavelength / nm bond network inl-2. The quenching of the fluorescence of
1 must be accompanied by a reduction of the excited state
Fi%l:mrcetic?ﬁ clc_azf;f:iciaet)cgfogicui?nb;g:prﬂ&r:ufgsncxtf;?q d(gglft)zriggﬁewto'ar lifetime. However, time-resolved emission studies indicate
exti . T
concentrations im—dichlorgbenzene. Concentrations used: 2.4 e th? quenchlr)g process is significantly faster than the
106 M (—), 2.2x 105M (— - —), 4.2x 10°5M (— ——), 6.6 resolution of our instrument (20 ps fwhm).
x 105M (---), 1.0 x 1074 M (+++*), 1.4 x 1074 M (—). Arrows Preliminary experiments using ultrafast transient absorp-
indicate spectral changes upon increasing concentration. Inset showsion spectroscopy (180 fs fwhm pulsgex = 310 nm)
the change in absorption at 390 nm with increase of concentration. confirmed the occurrence of fast PET in the supramolecular
assembly. Whereas the transient absorption spectpairof
oDCB are characterized by a single band centered at 650
nm, in mixtures ofl and2 ([1] = [2] = 4 x 10* M in
oDCB), an additional absorption band is seen at 560 nm
(Figure 3). The latter is attributed to the absorption of the

€ /10%.mol.cm.l -1

transitions of the individual species, an additional band
devoid of fine structure can be observed at 390 nm. This
absorption feature, which gives direct evidence for com-
plexation, is not observed in control experiments using

and pristine G or 5,5-diethylbarbituric acid od and a _
barbituric acid receptor without the 2TV units. With the
exception of the resonances of the-N protons taking part

in hydrogen bonding, which undergo a significant downfield
shift, the'H NMR spectrum ofl1:2 mixtures is similar to
that of 2, indicating that no covalent transformation of the
components has taken place. The new absorption band is
therefore attributed to ground-state EDA interaction between
the electron-rich 2TV and electron-poor fullerene moieties,
which has not been previously observed in analogous
covalent assemblies. The strength of this interaction can be
rationalized by the face-to-face approach between the 2TV
and fullerene moieties, combined with favorable thermody- 400 550

A Abs.

|
700

|
600
namic factors due to hydrogen-bonding. Increasing solvent Wavelength / nm
polarity (toluene, oDCB, benzonitrile) enhances the strength
of the CT band, though with only a minor effect on the Figure 3. Transient absorption spectra f2 and 2 (curves A

and B, respectively, 3 ps after flash, in oDCB). The absorption of

enlargytof_ thethbag_d s absorption fnt]: X'g]_ll_a 21 d diluti the free2** (curve C) was obtained by conventional ns-laser flash
onitoring the disappearance ot the and upon dilution photolysis of2 in the presence of tetracyanoethylene (1:1;CN/

gives direct access to the binding constant for the formation opcB; 4., = 355 nm).
of the 1-2 complex (logK, = 3.74+ 0.10 M in oDCB
assuming 1:1 binding stoichiometry; see ESI for details),
which is comparable to association constants observed for2TV** formed by electron transfer to the nearby fullerene
this host-guest binding motif. The presence of an isosbestic in 1-2 assemblies by comparison with the transient spectrum
point at 355 nm confirms the formation of a single species. obtained from ns-laser flash-photolysis of solutionaf

The contribution of the CT transition to the electronic the presence of another electron acceptor, tetracyanoethylene
absorption spectra df2 can be deduced by subtracting the (Figure 3, curve C). This is further supported by the

(9) The high-energy position of the band (2.75 eV, as deduced from the  (10) Photoinduced electron transfer ir2 is calculated to be strongly
onset of the absorption) suggests that it involves orbitals other than the exothermic: AGer ~ — 0.8 eV, assuming«(2) = 0.89 V andE.(1) =
LUMO of 1 and the HOMO of2. —0.7 V vs SCE andEqg = 2.75 eV, see ref 2a.
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observation of an absorption band in the NIR region at ca. of supramolecular systems in understanding the molecular-
1050 nm, attributed td*~ bound to2**. Kinetic analysis at  scale interactions between redox-active components.

570 nm provides a forward electron-transfer rate of 5.5

102s%, The recovery of the ground state (by back electron ~ Acknowledgment. Financial support from the French

transfer) occurs with a rate constdgt; = 4.5 x 10° s™%. Ministry of Research, the CNRS (AC Nanosciences), the DPI
No evidence for energy transfer to the lower-lyingd® T, for M.Z., the NWO for the femtosecond equipment, and the
states ofl could be detected. Universiteit van Amsterdam is gratefully acknowledged.

In conclusion, supramolecular 1:1 hydrogen-bonded as-
semblies were constructed using a fullerebarbituric acid

: ing Inf ion Available: Data for 2 (*H
component and a suitable receptor dyad possessing Supporting Information Available ata for 2 (

NMR, 3C NMR, HRMS, IR), binding measurements, and

arms. The structure, whose engineered orientation betwee . . o .
: . . s-TRA experiments. This material is available free of charge
the oligothienylenevinylene electron donor and fullerene
via the Internet at http://pubs.acs.org.

electron acceptor is characterized by a large binding constant
and the observation of an intense EDA absorption feature
between the 2TV anddgmoieties, demonstrates the utility 0L047527R
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