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Abstract: A new donor–acceptor system, in which the elec-
tron donor triphenylamine (TPA) and the electron acceptor
C60 are bridged through a cis- or trans-platinum(II) acetylide
spacer have been prepared. Ground-state studies were con-
ducted using electrochemistry and UV/Vis spectroscopy.
Fluorescence studies suggested that charge transfer is the
deactivation mechanism for the singlet excited state, and

this was verified by transient absorption spectroscopy. Selec-
tive photoexcitation of 1 and 2 at 387 nm leads to a fast
charge transfer between the TPA and C60, which gives rise to
a radical ion-pair state (TPAC+–Pt–C60C

�). Our results suggest
that charge transfer is favored for the cis configuration while
the presence of the trans configuration in the PtII diacetylide
results in a longer-lived charge separated states.

Introduction

Considerable conceptual and experimental effort has been de-
voted to mimic the photoinduced electron-transfer processes
that occur during the initial steps in photosynthetic sys-
tems.[1–4] The utilization of artificial D–A systems in optoelec-
tronic devices requires efficient light harvesting and conversion
into power, and equally efficient electron and hole-transport
properties.[5, 6] Upon illumination, the artificial D–A system must
achieve efficient charge transfer leading to a long-lived charge
separated state (D+–A�). To achieve this goal, careful design of
the donor, the acceptor and the nature of the spacer that links
the electroactive moieties is necessary.[7, 8]

The optical and electronic properties of conjugated mole-
cules undergo dramatic changes when a heavy atom is incor-
porated in the system. It is known that platinum acetylide
complexes exhibit a large spin-orbit coupling (SOC) that facili-
tates a fast intersystem crossing from the singlet excited state

to the triplet excited state.[9] Thus, platinum acetylide com-
plexes are very promising candidates as donors for bulk-
heterojunction (BHJ) solar cells,[10–15] exhibiting efficiencies up
to 4.1 %.[16] More recently, they have also been used in dye-sen-
sitized solar cells (DSSC).[17–19] Furthermore, platinum acetylide
complexes have been extensively used as organogelators,[20–23]

in nonlinear optical applications, in electroluminescent devi-
ces[23–25] and as sensors.

Inclusion of the platinum atom in donor–bridge–acceptor
(D–B–A) systems limits the conjugation, however some overlap
of the platinum d orbitals and the alkyne p orbitals occurs
which facilitates electronic delocalization.[26] Effective electron
transfer through a platinum(II) diacetylide bridge was demon-
strated in 2003 by Kushmerick et al. by measuring the conduc-
tance of a single molecule junction.[27] Later, Okada developed
a D–cis-Pt–A system, which exhibited long lifetimes for the
charge separated state (CS; 839 ns in toluene), thus minimizing
the SOC effect.[28, 29] These multicomponent systems s-bonded
to the PtII centers have been connected to different electron
donors, such as porphyrins,[30] phthalocyanines[31] or bodipy[32]

moieties resulting in efficient energy transfer processes. Triphe-
nylamines are one of the most used moieties in D–B–A conju-
gated systems[33] because of their three-dimensional propeller
structure, which is beneficial for improving solution process-
ability, strong electron-donor properties and excellent hole-in-
jection and transport properties via radical cation species. In
addition, triphenylamines have been widely explored as active
components for the preparation of high-performance dye-sen-
sitized solar cells,[34–38] solution-processable small-molecule
donors for bulk-heterojunction solar cells[39–41] and for light-
emitting diodes (OLEDs).[42, 43] It has been demonstrated that
changing the nature of the acetylide ligand and the geometry
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of the PtII complex can have a strong impact in the photophys-
ical properties of similar compounds.[44, 45] Based on these facts,
in this study we report the synthesis and photophysical behav-
ior of D–B–A conjugates in which D is a triphenylamine frag-
ment, A is C60, and B is a square-planar platinum linker, either
trans-Pt or cis-Pt (Figure 1).

Results and Discussion

The synthetic pathway for the preparation of the s-bonded PtII

acetylide electron donor–acceptor conjugates 1 and 2 was
conducted by stepwise approaches to obtain asymmetrically
substituted derivatives, which involves the assembly of the 4-
ethynyltriphenylamine with the corresponding PtII complexes
(trans or cis) in the presence of catalytic amounts of CuI and
diisopropylamine in THF. This was followed by a second cata-
lyzed-dehydrohalogenation coupling reaction with 4-ethynyl-
benzaldehyde, to yield 6 and 7. Finally, 1 and 2 were obtained
in moderate yields as brown solids using 1,3-dipolar cycloaddi-
tion reactions of the corresponding azomethine ylides, gener-
ated in situ in toluene from sarcosine and aldehydes 6 or 7
(Scheme 1).

We also synthetized compounds 10 and 11 as references for
the electrochemical studies to shed light on the electronic in-
teraction between the donor and the acceptor. The synthesis
was performed by assembling the 4-ethynylbenzaldehyde with
the corresponding trans- or cis-PtII complexes, followed by 1,3-
dipolar cycloadditions with C60, to obtain 10 and 11.

Complete structural characterization of 1, 2 and the corre-
sponding intermediates and the reference compounds was ac-
complished using spectroscopic techniques such as 1H NMR,
31P NMR, IR, UV/Vis spectroscopy, and mass spectrometry
(MALDI-TOF). The 1H NMR and 13C NMR spectra reveal the ex-
pected resonance signals of the aliphatic and aromatic protons
and carbons. The 31P NMR displayed sharp singlets at 11.8 and

Figure 1. Structures of TPA–trans-Pt–C60 (1) and TPA–cis-Pt–C60 (2).

Scheme 1. Synthesis of 1 and 2. Reagents and conditions: a) 3, trans-PtCl2(PEt3)2 or cis-PtCl2(PEt3)2, CuI, THF, iPr2NH, reflux, 7 h, y = 47 and 52 %, respectively;
b) 4-ethynylbenzaldehyde, CuI, THF, NEt3, reflux, 7 h, y = 66–71 %; c) 6 or 7, C60, sarcosine, chlorobenzene, reflux, 5 h, y = 32–35 %.
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11.7 ppm for 1 and 2, respectively, which were slightly shifted
upfield relative to the starting platinum compounds 6 and 7
(for more details see the Supporting Information). The pres-
ence of C60 was also confirmed by FTIR spectra, showing the
characteristic frequency at 525 cm�1 and those of the alkynes
around 2100 cm�1, while the carbonyl peak appeared at
1700 cm�1 for the precursors. In addition, the presence of
1 and 2 were corroborated by MALDI-TOF mass spectrometry,
which clearly showed the molecular ion peak [M]+ at 1575
m/z.

The geometrical optimizations and the ground electronic
states of complexes 1 and 2 were simulated by density func-
tional theory (DFT) using Gaussian 09 (see the Supporting In-
formation). The specific DFT methods used include Becke’s ex-
change (B3) functional, in conjunction with the Lee–Yang–Parr
(LYP) correlation functional, commonly known as the B3LYP
method. The basis set used in all calculations was LANL2DZ, an
effective core potential (ECO) basis set that was used to pro-
vide some corrections for the scalar relativistic effects of the Pt
atom.[46]

The results of the structural optimizations for complexes
1 and 2 showed, as expected, a well-defined difference in the
geometrical distributions of the ligands linked to the platinum
core, with angles between the phenyl rings attached to the
metal of 179.28 in 1 and 85.18 in 2. There is a notable change
in the distance between the nitrogen of the triphenylamine
group and the fullerene moiety going from the trans isomer
(18.1 �) to the cis isomer (12.1 �), which could play an impor-
tant role in the electron transfer properties (Figure 2).

The results of the ground state electronic structure calcula-
tions were used to generate the frontier molecular orbital
(FMO) electron density of the two highest occupied molecular
orbitals (HOMO and HOMO�1) and of the two lowest unoccu-
pied molecular orbitals (LUMO and LUMO + 1) as shown in
Figure 3. In general, the electron density of the HOMO includes

contributions mainly from the triphenylamine unit with a small
contribution from the platinum d orbitals, whereas the density
of the HOMO�1 includes contributions from the platinum and
the aryleneethynylene ligands. These results reveal some con-
jugation between the triphenylamine and the platinum acet-
ylide groups. On the other hand, their LUMO and LUMO +

1 densities are located exclusively on the fullerene C60 moiety,
due to the high acceptor capability of the latter. There is no
isomeric influence in the topology of the FMOs. In contrast,
the energy levels were somewhat affected when going from
the trans to the cis geometry (Table S1 in the Supporting Infor-
mation).

Figure 2. Geometries optimization at DFT-B3LYP-LanL2DZ level of 1 and 2.

Figure 3. Molecular orbital calculations at DFT-B3LYP-LanL2DZ level of 1 and 2.
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The optical properties of compounds 1 and 2 were analyzed
by ultraviolet–visible absorption. Figure 4 shows the optical ab-
sorption spectra of the trans-TPA–Pt–C60 (1) and for the refer-
ence compounds such as 4-ethynyltriphenylamine (3), com-
pound 6, and 4 in diluted dichloromethane solutions (optical
absorption spectrum of 2, Figure S1 in the Supporting informa-
tion). The assembly of the triphenylamine with the platinum (4
and 5) displayed red-shifted absorptions centered at 350 nm,
and a shoulder at 312 nm with respect to the 4-ethynyltriphe-
nylamine (329 nm). Interestingly, increasing the overall length
by assembling the 4-ethynylbenzaldehyde in 6 and 7, results
in an intramolecular push–pull effect and therefore, batho-
cromically shifted absorptions were observed, at 366 and
362 nm, respectively, due to the weak electron-withdrawing
effect of the aldehyde, accompanied by an increase of the ex-
tinction coefficient. The latter suggests that the p-conjugation
through the platinum(II) is limited, but intact. For the D–B–A
systems 1 and 2, the characteristic absorptions of the C60

moiety appear at 430 nm and in the UV–visible region (250–
340 nm) which are partially masked by the stronger absorption
of the triphenylamine unit. The absorption properties of the
trans configuration are similar to those of the cis ; for example,
both exhibit a broader and blue-shifted maxima with respect
to precursors 6 and 7, due to the insertion of the C60 at 356
and 354 nm, respectively. Slightly lowered band-gaps were ob-
tained for 1 and 2 (0.3 eV) relative to the pure donor 4-ethynyl-
triphenylamine (3), which is indicative of weak electronic inter-
actions between the electroactive moieties in the ground
state.[16]

Electrochemical studies were conducted to probe the elec-
tronic coupling between the donor and the acceptor in the
ground state. The electrochemistry of TPA–Pt–C60 conjugates
1 and 2 was studied by cyclic voltammetry (CV) and differential
pulse voltammetry (DPV) in 0.1 m TBAPF6/CH2Cl2 at a scan rate
of 100 mV s�1. Table 1 summarizes the redox potentials for

1 and 2 along with those for their respective reference com-
pounds. Figure 5 shows the CVs for 1, 6, 2, and 7. The cyclic
voltammograms of 1 and 2 reveal three one-electron reversible
reductions corresponding to C60 centered processes. On the
oxidative scan, two oxidation processes were observed for 1,
which correspond to the triphenylamine donor (reversible) and
to the platinum bridge (irreversible) at + 0.24 and + 0.84 V, re-
spectively. The second oxidation potential is tentatively as-
signed to a two-electron oxidation process arising from the
platinum bridge and the triphenylamine moiety.

The same observation was made for 2, with two oxidations
at + 0.28 (reversible) and + 0.88 V (irreversible). Again, the
second oxidation is tentatively assigned to a two-electron pro-
cess. The presence of the platinum atom in 6 and 7 produces
a noteworthy cathodic shift of more than 300 mV for the TPA
moiety when compared to 3. The latter suggests that the plati-
num bridge increases the TPA electron-donating ability and
that a strong binding with the metal center occurs. Similarly,
the first reduction of 1 and 2 are cathodically shifted 90 and

Figure 4. Room temperature absorption spectra of 1 (solid line) and refer-
ence compounds 4-ethynyltriphenylamine (dashed line), 4 (dotted line) and
6 (solid grey line) in dichloromethane solutions.

Figure 5. Cyclic voltammogram of trans- (1) and cis-TPA–Pt–C60 (2) conju-
gates and their corresponding reference compounds in TBAPF6/CH2Cl2 at
a scan rate of 100 mV s�1.

Table 1. Electrochemical data of trans- (1) and cis-TPA–C60 (2) electron
donor–acceptor conjugates and their corresponding references.

Compound E1
ox E2

ox E1
red E2

red E3
red

3 + 0.58
1 + 0.24 + 0.84 �1.26 �1.65 �2.16
4 + 0.28 + 0.90
6 + 0.27 + 0.87
10 + 0.80 – �1.17 �1.56 �2.08
2 + 0.28 + 0.88 �1.19 �1.56 �2.09
5 + 0.32 + 0.95
7 + 0.25 + 0.86
11 + 0.87 – �1.16 �1.55 �2.07
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30 mV, respectively, when compared to the reference com-
pounds (10 and 11). The latter observation corroborates that
electronic interaction in the ground state is occurring through
the platinum metal center in which the trans geometry is fa-
vored. In line with steady state absorption studies, the electro-
chemical studies confirm that the band-gap is narrower for
1 and 2 relative to 10 and 11, which is a clear indication of sig-
nificant interactions between the donor and the acceptor in
the ground state.

In order to obtain further insights into the nature of the in-
teractions between the TPA and the C60 in the excited state,
emission and transient absorption measurements of 1 and 2
with respect to their reference compounds were performed in
toluene (Figure S2 in the Supporting Information). To this end,
we measured the fluorescence upon excitation at 350 nm
under deoxygenated conditions as shown in Figure 6. For 6
and 7, we observed an emission maximum at 419 and 505 nm
in both cases.

The former emission arises from 1p–p*, while the latter is at-
tributed to a phosphoresce phenomenon from 3p–p*, which is
essentially located on the TPA.[47] The fluorescence quantum
yields are 2.06 � 10�3 for 6 and 1.42 � 10�3 for 7. No significant
effects were observed when increasing the polarity of the sol-
vent (THF).

Inspecting the fluorescence features of the TPA in the D–B–
A (1 and 2) systems provides the first indication about the de-
activation mechanism of the excited state. Upon excitation at
350 nm, the TPA fluorescence is strongly quenched (F = 5.1 �
10�5 for 1 and F= 4.4 � 10�5 for 2) which indicates that the ex-
cited-state interactions between the electron-donating TPA
and the electron-accepting C60 are significantly strong. In addi-
tion, increasing the solvent polarity results in a rather strong
quenching of the TPA fluorescence (F = 4.4 � 10�5 for 1 and
F= 3.7 � 10�5 for 2), which suggests a charge-transfer process
as a deactivation pathway (Figure 6). In line with these results,
the cis configuration results in a stronger TPA fluorescence

quenching when compared with that of the trans configura-
tion, which implies stronger interactions between the electro-
active moieties in the excited state, possibly as a result of
a shorter through-space distance between the TPA and C60

moieties.
Further spectroscopic evidence of the deactivation processes

evolving from the excited states by means of charge-transfer
and/or energy-transfer mechanism, were obtained from com-
plementary transient absorption measurements. In pump-
probe experiments with references 6 and 7, we note the im-
mediate formation of a transient spectrum, which exhibits
maxima at 590, 690, 800, and 1025 nm (Figure 7). These fea-
tures correspond to the singlet excited state of either 6 or 7 in,
for example, THF or benzonitrile. As time progresses, the latter
transients turned out to be short-lived, owing to the fact that
they are transformed with lifetimes of 200(�10) and
230(�10) ps for 6 and 7, respectively, into the corresponding
triplet excited states via intersystem crossing. The new fea-
tures, which correspond to the triplet excited state, appear at
555 nm as a shoulder and 600, 800, and 915 nm maxima.

Figure 6. Room temperature fluorescence spectra of 1 (dashed line) and 2
(grey dashed line) and reference derivatives 6 (solid line) and 7 (grey solid
line) in THF after photoexcitation at 350 nm.

Figure 7. Upper plot : differential absorption spectra (visible and near-infra-
red) obtained with femtosecond pump-probe experiments (387 nm) of 7
(10�5

m) in benzonitrile with time delays between 0.1 and 6749.9 ps at room
temperature. Lower plot : time absorption profiles of the spectra shown in
the upper part at 600 (black spectrum) and 700 nm (grey spectrum) moni-
toring the excited-state decay.
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For electron D–B–A conjugates 1 and 2, photoexcitation at
387 nm leads to an instantaneous development of transient
features that resemble those seen for reference 6 and 7 (see
Figure 8 and Figure S3 in the Supporting Information). In par-
ticular, the singlet excited state markers at 590, 690, 800, and
1025 nm are discernable throughout the visible and near-infra-
red range. However, instead of intersystem crossing with
200(�10) ps for 6 and 230(�10) ps and 7, a much faster excit-
ed-state deactivation occurs in the presence of C60. In THF, for
example, multiwavelength analyses indicate lifetimes of
3.3(�0.5) ps for 1 and 1.9(�0.5) ps for 2. In benzonitrile,
a marked acceleration with lifetimes of 2.0(�0.5) ps for 1 and
1.6(�0.5) ps for 2 evolves. The product of these decays is
a transient species that has nothing in common with the trip-
let excited state of 6 and 7, neither with the C60 singlet nor
triplet excited state. Instead, new features in the visible and in
the near-infrared evolve that include maxima at 460, 790 and
1010 nm, respectively.

Pulse radiolytic oxidation of 3 (Figure 9) and reduction of C60

induces transient maxima at 750 and 1010 nm, respectively.
Considering the aforementioned in concert, we reach the con-

clusion that 387 nm excitation of 1 and 2 in THF and benzoni-
trile leads to charge separation that is mediated through the
central Pt linker and gives rise to the formation of the TPAC+

–Pt–C60C
� radical ion pair states. Apparently, the cis configura-

tion favors charge separation relative to the trans configura-
tion. In addition, charge recombination shows a similar trend.
In particular, the TPAC+–Pt–C60C

� radical ion pair state decays in
1 with a lifetime of 95(�5) ps, while for 2 the corresponding
lifetime is 64(�5) ps in THF. It is important to mention that the
electrochemical measurements suggest similar driving forces
for charge separation (~1.0 eV) as well as charge recombina-
tion (~1.48 eV) for 1 and 2, respectively. Considering the fact
that the product of charge recombination is the ground state
rather than a low lying C60 triplet excited state (1.5 eV) it is in-
teresting to note that the more polar benzonitrile slows down
the process. In this solvent, lifetimes of 103(�5) ps for 1 and of
89(�5) ps for 2 were determined. In other words, charge re-
combination, despite the large driving force, is located in the
normal region of the Marcus parabola. This finding correlates
with the inherent instability of the one electron oxidized TPA,
which is known to dimerize.

Conclusion

In summary, we have carried out the syntheses of new donor–
acceptor systems which, assembled through a trans-plati-
num(II) or cis-platinum(II), undergo photoinduced electron
transfer. The electrochemical analysis reveal significant interac-
tions between the TPA and the C60 in the steady state. It is
known that a change in the geometry of the PtII has a strong
impact in the photophysical properties, this approach allows
the efficient formation of the radical ion pair state TPAC+–Pt–
C60C

� upon photoexcitation of the TPA at 350 nm. Besides the
rather close proximity of the electroactive units in the cis as-
sembly (12.1 � for cis and 18.1 � for trans), the electron trans-
fer takes place through the central Pt linker, which is faster for
the cis with respect to the trans configuration. On the other
hand, longer lifetimes for the charge separated states were ob-

Figure 8. Upper plot : differential absorption spectra (visible and near-infra-
red) obtained with femtosecond pump-probe experiments (387 nm) of 2
(10�5

m) in benzonitrile with time delays between 0.1 and 1400.0 ps at room
temperature. Lower plot : time absorption profiles of the spectra shown in
the upper part at 550 (grey spectrum) and 1010 nm (black spectrum) moni-
toring the charge separation and charge recombination.

Figure 9. Differential absorption spectrum (visible and near-infrared) ob-
tained upon pulse radiolytic oxidation of 3 (10�5

m) in aerated dichlorome-
thane with a time delay of 100 ms at room temperature.
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tained for the trans geometry, 95 and 103 ns in THF and ben-
zonitrile, respectively, placing the charge transfer process in
the normal region of the Marcus parabola.

Experimental Section

Reagents were used as purchased. All solvents were dried accord-
ing to standard procedures. All air-sensitive reactions were con-
ducted under an argon atmosphere. FTIR spectra were recorded
using a Bruker Tensor 27 spectrometer with neat samples. Absorp-
tion studies were performed using a Cary 5000 UV/Vis/NIR spec-
trometer from Varian using fused Quartz glass cuvettes with
a 1 cm optical path. Fluorescence measurements were performed
in a JABSCO spectrofluorometer (FP-8500). NMR spectra were re-
corded on a 600 MHz JEOL (1H: 600 MHz, 13C: 125 MHz) spectrome-
ter at 298 K using partially deuterated solvents as internal stand-
ards. Coupling constants (J) are reported in Hz and chemical shifts
(d) in ppm. Multiplicities are denoted as follows: s = singlet, d =
doublet, t = triplet, m = multiplet, dt = double triplet. Matrix assist-
ed laser desorption ionization (coupled to a time-of-flight analyzer)
experiments (MALDI-TOF) were recorded on a Bruker microFLEX
spectrometer. Flash chromatography was performed using silica
gel (Sorbent technologies 60, 230–400 mesh). Analytical thin layer
chromatography (TLC) was performed using aluminum coated
Sorbent technologies 60 UV254 plates. Compounds 3, 8, and 9,
were prepared according to previously reported synthetic proce-
dures.

Electrochemical studies of TPA—Pt–fullerene dyads

These experiments were performed in anhydrous dichloromethane
(DCM, Sigma–Aldrich, anhydrous, 99 %). Tetrabutylammonium
hexafluorophosphate (TBAPF6, Aldrich, 98 %) was added as the sup-
porting electrolyte and used after recrystallization from ethanol.
Cyclic voltammetry (CV) and differential pulse voltammetry (DPV)
experiments were performed under an argon atmosphere at room
temperature using a CH Instrument potentiostat. The scan rate for
CV experiments was 100 mV s�1. For DPV experiments, a scan rate
of 100 mV s�1 and a pulse rate of 0.5 s with increments of 4 mV
and amplitude of 50 mV were used. A standard three-electrode set
up consisting of a glassy carbon working electrode (1.0 mm), a plat-
inum wire as counter electrode (Aldrich, 1.0 mm) and a silver wire
as pseudoreference electrode (Aldrich, 1.0 mm) was used. The
redox couple ferrocene/ferrocenium (Fc/Fc+) was used as internal
reference to measure the potentials. The half-wave potentials (E1/2)
were determined from CV experiments as (Epa + Epc)/2, where Epa

and Epc are the anodic and cathodic peak potentials, respectively.

General procedure for the synthesis of 4 and 5

A solution of 4-ethynyltriphenylamine (0.35 mmol), CuI (5 mg), and
the corresponding trans-PtCl2(PEt3)2 or cis-PtCl2(PEt3)2 (200 mg,
0.40 mmol) in THF (15 mL) and diisopropylamine (2 mL) was stirred
under argon for 6 h at 50 8C. After evaporation of the solvent, the
crude was purified by flash column chromatography on SiO2 using
CH2Cl2 as eluent. Finally, the products were dried at 40 8C under
vacuum, affording 4 and 5 as white solids.

Compound 4 : Yield 52 %; 1H NMR (CDCl3, 600 MHz): d= 7.22–7.20
(m, 4 H, aromatic-H), 7.11 (d, 2 H, J = 8.2 Hz, aromatic-H), 7.06–7.04
(m, 4 H), 6.98 (dd, 2 H, J = 8.2 Hz, J = 1.6 Hz, aromatic-H), 6.92 (d,
2 H, J = 8.2 Hz, aromatic-H), 2.08–2.03 (m, 12 H, -CH2- PCH2CH3),
1.21–1.16 ppm (m, 18 H, -CH3, PCH2CH3); 13C NMR (CDCl3, 150 MHz):
d= 147.7, 145.6, 131.6, 129.4, 124.1, 123.8, 122.6, 14.5, 8.1 ppm;

31P NMR (243 MHz, CDCl3): d= 15.3 ppm (t, JPt,P = 2345.0 Hz); FTIR
(neat): ñ= 3031, 2929 (C�H), 2120 (alkyne), 1588, 1500, 1311, 1033,
824, 693 cm�1; UV/Vis (CH2Cl2), lmax (e): 350 nm
(25 800 mol�1 dm3 cm�1) ; MALDI-TOF m/z : 735.7 [M+] .

Compound 5 : Yield 48 %; 1H NMR (CDCl3, 600 MHz): d= 7.23–7.20
(m, 4 H, aromatic-H), 7.11 (d, 2 H, J = 8.2 Hz, aromatic-H), 7.07–7.05
(m, 4 H), 6.98 (dt, 2 H, J = 8.2 Hz, J = 1.6 Hz, aromatic-H), 6.92 (d, 2 H,
J = 8.2 Hz, aromatic-H), 2.08–2.03 (m, 12 H, -CH2- PCH2CH3), 1.21–
1.16 ppm (m, 18 H, -CH3, PCH2CH3); 13C NMR (CDCl3, 150 MHz): d=
147.7, 145.2, 131.7, 129.1, 124.7, 124.1, 123.9, 123.1, 122.6, 101.3,
14.5, 8.1 ppm; 31P NMR (243 MHz, CDCl3): d= 15.4 ppm (t, JPt,P =

2345.0 Hz); FTIR (neat): ñ = 3029, 2964 (C�H), 2122 (alkyne), 1588,
1491, 1311, 1032, 823, 693 cm�1; UV/Vis (CH2Cl2): lmax (e): 349 nm
(24 900 mol�1 dm3 cm�1) ; MALDI-TOF m/z : 735.7 [M+] .

General procedure for the synthesis of 6 and 7

A solution of 4-ethynylbenzaldehyde (0.35 mmol), CuI (5 mg), and
the corresponding trans-Cl–Pt–TPA (4) or cis-Cl–Pt–TPA (5 ;
0.30 mmol) in THF (15 mL) and triethylamine (1 mL) was stirred
under argon for 3 h at 50 8C. After evaporation of the solvent, the
crude was purified by flash column chromatography on SiO2 using
CH2Cl2 as eluent. Finally, the products were dried at 40 8C under
vacuum, affording 6 and 7 as yellow solids.

Compound 6 : Yield 47 %; 1H NMR (CDCl3, 600 MHz): d= 9.91 (s, 1 H,
-CHO), 7.71 (d, 2 H, J = 8.2 Hz, aromatic-H), 7.36 (d, 2 H, J = 8.2 Hz,
aromatic-H), 7.23–7.20 (m, 4 H, TPA), 7.15 (d, 2 H, J = 8.2 Hz, TPA),
7.07–7.05 (m, 4 H, TPA), 6.99–6.96 (m, 2 H, TPA), 6.93 (d, 2 H, J =
8.2 Hz, TPA), 2.20–2.14 (m, 12 H, -CH2-, PCH2CH3), 1.25–1.29 ppm (m,
18 H, -CH3, PCH2CH3); 13C NMR (CDCl3, 150 MHz): d= 191.7, 147.9,
145.2, 135.7, 132.9, 131.8, 131.3, 129.7, 129.4, 124.1, 124.0, 122.6,
117.3, 110.0, 109.7, 16.6, 16.5, 16.4, 8.5 ppm; 31P NMR (243 MHz,
CDCl3): d= 11.8 ppm (t, JPt,P = 2345.0 Hz); FTIR (neat): ñ= 2966, 2934
(C�H), 2097 (alkyne), 1693 (C=O), 1590, 1492, 1275, 1208, 1158,
1033, 836, 770, 693, 616, 525 cm�1; UV/Vis (CH2Cl2): lmax (e): 366
(32 900), 307 nm (20 200 mol�1 dm3 cm�1) ; MALDI-TOF m/z : 828.2
[M+] .

Compound 7: Yield 52 %; 1H NMR (CDCl3, 600 MHz): d= 9.91 (s, 1 H,
-CHO), 7.70 (d, 2 H, J = 8.2 Hz, aromatic-H), 7.35 (d, 2 H, J = 8.2 Hz,
aromatic-H), 7.22–7.20 (m, 4 H, TPA), 7.14 (d, 2 H, J = 8.2 Hz, TPA),
7.06–7.04 (m, 4 H, TPA), 6.98–6.96 (m, 2 H, TPA), 6.92 (d, 2 H, J =
8.2 Hz, TPA), 2.18–2.13 (m, 12 H, -CH2-, PCH2CH3), 1.23–1.28 ppm (m,
18 H, CH3-, PCH2CH3); 13C NMR (CDCl3, 150 MHz): d= 191.5, 147.8,
145.2, 135.2, 132.9, 131.81, 131.3, 129.7, 129.2, 124.1, 124.0, 122.6,
117.4, 110.1, 109.9, 16.4, 8.4 ppm; 31P NMR (243 MHz, CDCl3): d=
11.7 ppm (t, JPt,P = 2290.0 Hz); FTIR (neat): ñ= 2966, 2934 (C�H),
2097 (alkyne), 1693 (C=O), 1590, 1552, 1492, 1453, 1275, 1208,
1158, 1012, 830, 770, 693, 616, 527 cm�1; UV/Vis (CH2Cl2): lmax (e):
360 (28 670), 306 nm (18 700 mol�1 dm3 cm�1) ; MALDI-TOF m/z :
828.2 [M+] .

General procedure for the 1,3-dipolar cycloaddition reaction

The corresponding aldehyde (1 equiv), [60]fullerene (1.3 equiv) and
sarcosine (5 equiv) were dissolved in chlorobenzene and the mix-
ture was refluxed for 5 h. The reaction mixture was allowed to
reach room temperature and the solvent was removed under
vacuum. The crude was purified by flash column chromatography
on SiO2. The eluents are specified in each case. The black solids ob-
tained were further purified by repeated (3 �) precipitation and
centrifugation in methanol to yield the corresponding hybrids as
black solids.
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Compound 10 : First CS2 was used as eluent in order to remove un-
reacted C60 and then toluene, 26 % yield. 1H NMR (CDCl3, 600 MHz):
d= 7.62 (br, 2 H, aromatic-H), 7.28 (d, 2 H, J = 8.2 Hz, aromatic-H),
4.96 (d, 1 H, J = 9.2 Hz, CH2 pyrrolidine), 4.86 (d, 1 H, J = 9.2 Hz, CH
pyrrolidine), 4.22 (s, 1 H, CH2 pyrrolidine), 2.77 (s, 3 H, aliphatic-CH3),
2.09–2.03 (m, 12 H, aliphatic -CH2-), 1.21–1.15 ppm (m, 18 H, aliphat-
ic -CH3); 13C NMR (CDCl3, 150 MHz): d= 156.4, 153.6, 153.5, 147.3,
146.9, 146.6, 146.50, 146.2, 146.0, 145.6, 145.5, 145.3, 144.8, 144.7,
144.4, 143.2, 143.0, 142.7, 142.6(3), 142.3(2), 142.2(2), 142.1(3),
142.0, 141.9, 141.7, 141.6, 139.9, 139.7, 136.9, 136.6, 135.8, 133.9,
131.2, 129.1, 101.3, 100.3, 83.6, 70.2, 69.0, 40.3, 14.6(2), 14.4,
8.2(2) ppm; 31P NMR (243 MHz, CDCl3): d= 15.4 ppm (t, JPt,P =
2383.0 Hz); FTIR (neat): ñ= 2966, 2934 (C�H), 2097 (alkyne), 1590,
1552, 1492, 1453, 1275, 1208, 1158, 1012, 830, 770, 693, 616,
527 cm�1; FTIR (neat) ñ= 2962, 2776 (C�H), 2210 (alkyne), 1589,
1493, 1311, 1034, 863, 696, 523 cm�1; UV/Vis (CH2Cl2): lmax (e): 430
(1500), 328 (26 300), 317 nm (22 430 mol�1 dm3 cm�1) ; MALDI-TOF
m/z : 1342.2 [M+] .

Compound 11: 1H NMR (CDCl3, 600 MHz): d= 7.60 (br, 2 H, aromat-
ic-H), 7.28 (d, 2 H, J = 8.2 Hz, aromatic-H), 4.96 (d, 1 H, J = 9.2 Hz,
CH2 pyrrolidine), 4.86 (d, 1 H, J = 9.2 Hz, CH pyrrolidine), 4.23 (s, 1 H,
CH2 pyrrolidine), 2.78 (s, 3 H, aliphatic-CH3), 2.08–2.03 (m, 12 H, ali-
phatic -CH2-), 1.21–1.16 ppm (m, 18 H, aliphatic -CH3); 13C NMR
(CDCl3, 150 MHz): d= 156.4, 154.1, 153.6, 153.5, 147.3, 146.9, 146.5,
146.50, 146.2(2), 146.0(2), 145.8, 145.6, 145.5, 145.3, 144.8, 144.7,
144.4, 143.2, 142.7, 142.6, 142.3(2), 142.2, 142.1(3), 142.0, 141.9,
141.7, 141.6, 140.3, 140.2, 139.9, 139.7, 136.9, 136.6, 135.9, 135.8,
133.9, 131.2, 129.1, 128.8, 101.3, 100.3, 83.6, 70.1, 69.1, 40.1, 31.0,
29.8, 14.6, 14.5, 14.4, 8.1(2) ppm; 31P NMR (243 MHz, CDCl3): d=
15.4 ppm (t, JPt,P = 2347.0 Hz); FTIR (neat): ñ= 2966, 2934 (C�H),
2097 (alkyne), 1590, 1552, 1492, 1453, 1275, 1208, 1158, 1012, 830,
770, 693, 616, 527 cm�1; FTIR (neat): ñ= 2962, 2776 (C�H), 2210
(alkyne), 1589, 1493, 1311, 1034, 863, 696, 523 cm�1; UV/Vis
(CH2Cl2): lmax (e): 430 (1357), 327 (25 600), 318 nm
(21 780 mol�1 dm3 cm�1) ; MALDI-TOF m/z : 1342.2 [M+] .

TPA–trans-Pt–C60 (1): First CS2 was used as eluent in order to
remove unreacted C60 and then toluene, 35 % yield; 1H NMR
(CDCl3, 600 MHz): d= 7.61 (br s, 2 H, aromatic-H), 7.30 (d, 2 H, J =
8.2 Hz, aromatic-H), 7.21–7.19 (m, 4 H, TPA-aromatic), 7.13 (d, 2 H,
J = 8.2 Hz, TPA), 7.06–7.04 (m, 4 H, TPA), 6.97–6.95 (m, 2 H, TPA),
6.90 (d, 2 H, J = 8.2 Hz, TPA), 4.95 (d, 1 H, J = 9.2 Hz, CH2 pyrrolidine),
4.86 (d, 1 H, J = 9.2 Hz, CH pyrrolidine), 4.22 (s, 1 H, CH2 pyrrolidine),
2.78 (s, 3 H, aliphatic-CH3), 2.21–2.14 (m, 12 H, aliphatic -CH2-), 1.21–
1.13 ppm (m, 18 H, aliphatic -CH3); 13C NMR (CDCl3, 150 MHz): d=

156.4, 154.2, 153.7, 153.6, 147.8, 147.4, 147.3, 146.9, 146.6, 146.5,
146.4, 146.3(2), 146.2, 146.1, 146.0(2), 145.8, 145.6, 145.5(2), 145.4,
145.3(3), 145.2,(2), 144.9, 144.8, 144.7, 143.2, 143.0, 142.7, 142.6(2),
142.3(2), 142.2, 142.1, 142.0, 141.9, 141.7, 141.6, 140.2, 140.1, 139.9,
139.7, 136.8, 136.6, 135.8, 133.6, 131.7, 131.3, 129.2, 124.0, 133.5,
109.2, 109.0(2), 83.7, 70.1, 69.1, 40.1, 16.5, 16.4, 16.3, 8.5 ppm;
31P NMR (243 MHz, CDCl3): d= 11.5 ppm (t, JPt,P = 2400.0 Hz); FTIR
(neat): ñ= 3026, 2926, 2774 (C�H), 2100 (alkyne), 1589, 1493, 1375,
1280, 1213, 1175, 1034, 828, 752, 696, 618 cm�1; UV/Vis (CH2Cl2):
lmax (e): 430 (1800), 356 (29 900), 332 nm (28 290 mol�1 dm3 cm�1) ;
MALDI-TOF m/z : 1575 [M+] ; elemental analysis calcd (%) for
C103H54N2P2Pt: C 78.47, H 3.45, N 1.80; found: C 78.48, H 3.80, N
1.79.

TPA–cis-Pt–C60 (2): First CS2 was used as eluent in order to remove
unreacted C60 and then toluene, 32 % yield; 1H NMR (CDCl3,
600 MHz): d= 7.61 (br, 2 H, aromatic-H), 7.30 (d, 2 H, J = 8.2 Hz, aro-
matic-H), 7.21–7.19 (m, 4 H, TPA), 7.13 (d, 2 H, J = 8.2 Hz, TPA-aro-
matic), 7.06–7.04 (m, 4 H, TPA), 6.97–6.95 (m, 2 H, TPA), 6.90 (d, 2 H,
J = 8.2 Hz, TPA), 4.96 (d, 1 H, J = 9.2 Hz, CH2 pyrrolidine), 4.86 (d, 1 H,

J = 9.2 Hz, CH pyrrolidine), 4.22 (s, 1 H, CH2 pyrrolidine), 2.77 (s, 3 H,
aliphatic-CH3), 2.19–2.14 (m, 12 H, aliphatic -CH2-), 1.22–1.12 ppm
(m, 18 H, aliphatic -CH3); 13C NMR (CDCl3, 150 MHz): d= 156.4,
154.2, 153.7, 153.6, 147.8, 147.3, 146.6, 146.4, 146.3, 146.2, 146.1,
146.0, 145.9, 145.6(2), 145.5(2), 145.4, 145.3(3), 145.2(2), 145.0,
144.8, 144.7, 144.5, 143.2, 143.0, 142.7, 142.6(2), 142.3(2), 142.2(2),
142.1(2), 142.0, 141.9, 141.8, 141.6, 140.2, 140.1, 139, 9, 139.7,
136.8, 136.6, 135.8, 133.6, 131.7, 124.1, 124.0, 122.5, 109.4, 109.2,
109.0, 83.7, 70.1, 69.1, 40.0, 16.5, 16.3, 16.2, 8.4 ppm; 31P NMR
(243 MHz, CDCl3): d= 11.6 ppm (t, JPt,P = 2400.0 Hz); FTIR (neat) ñ=
3026, 2962, 2770 (C�H), 2101(alkyne), 1589, 1493, 1375, 1281, 1175,
1034, 828, 754, 697, 617 cm�1; UV/Vis (CH2Cl2), lmax (e): 430 (1730),
354 (27 200), 331 nm (26 100 mol�1 dm3 cm�1) ; MALDI-TOF m/z :
1575 [M+] ; elemental analysis calcd (%) for C103H54N2P2Pt: C 78.47,
H 3.45, N 1.80; found: C 78.60, H 3.65, N 1.80.
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