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In light of their special electrochemical and electronic
properties, C60 and porphyrins have proven to be interesting
building blocks for the construction of new photochemical
molecular devices.[1, 2] Recent progress in the chemistry of
C60

[3] allows the preparation of many fullerene derivatives
covalently bound to donor moieties.[1, 4] Gust and co-workers
described the first preparation of a C60-linked porphyrin,[5]

and several other fullerene ± porphyrin hybrids have since
been reported.[6, 7] These systems provide entry into intra-
molecular processes such as electron transfer and energy
transfer.[1, 4±7] The C60 group appears to be a particularly
interesting electron acceptor in artificial photosynthetic
models because of its symmetrical shape, its large size, and
the properties of its p-electron system.[1] All the porphyrin ±
C60 dyads reported to date have been synthesized by reaction
of a preconstructed porphyrin derivative with C60 itself[5, 6] or
with a C60 ± acid derivative,[7] and no porphyrin with more than
one fullerene substituent has been described until now. We
report here the preparation of the soluble tetraphenylpor-
phyrin 1 with four fullerene substituents by reaction between

a bis-adduct of C60 bearing an aldehyde functionality and
pyrrole in the presence of an acid catalyst. Electrochemical
investigations reveal a strong effect on the redox properties of
the porphyrin moiety in 1 owing to the presence of the
surrounding fullerene subunits.

Porphyrin 1 was synthesized as depicted in Scheme 1. 3,5-
Dibromobenzaldehyde (2) was prepared from 1,3,5-tribro-
mobenzene according to the literature procedure[8] and
allowed to react with 2,2-dimethyl-1,3-propanediol in reflux-
ing benzene in the presence of a catalytic amount of p-
toluenesulfonic acid (p-TsOH) to give 3 (97% yield). Treat-
ment of 3 with excess tBuLi[9] in THF followed by quenching

Scheme 1. Synthesis of porphyrin 1. a) 2,2-Dimethyl-1,3-propanediol,
C6H6, p-TsOH (cat.), ~, Dean ± Stark trap; b) tBuLi (4 equiv), THF,
ÿ78!0 8C, then DMF, ÿ78!0 8C, then 2m HCl in H2O; c) DIBAL-H,
CH2Cl2, 0 8C; d) 5, DCC, DMAP, CH2Cl2, 0 8C!RT; e) 3-hydroxymethyl-
benzyl alcohol, DCC, DMAP, CH2Cl2, 0 8C!RT; f) C60, DBU, I2, toluene,
RT; g) CF3CO2H, H2O, CH2Cl2, RT; h) pyrrole, BF3 ´ Et2O, CHCl3

(containing 0.75 % EtOH), RT, then p-chloranil, ~.

with N,N-dimethylformamide (DMF) and subsequent reduc-
tion of the resulting dialdehyde with diisobutylaluminum
hydride (DIBAL-H) produced diol 4 in an overall yield of
56 %. Esterification of 4 with the mono-ester 5 [11] of malonic
acid in the presence of N,N'-dicyclohexylcarbodiimide
(DCC)[10] yielded bis-malonate 6. The functionalization of
C60 was based on the highly regioselective Diederich reac-
tion,[12] which led to macrocyclic bis-adducts of C60 through a
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macrocyclization reaction of the carbon sphere with bis-
malonate derivatives in a double Bingel addition.[13] Treat-
ment of C60 with 6, iodine, and 1,8-diazabicyclo[5.4.0]undec-7-
ene (DBU) in toluene at room temperature afforded the Cs-
symmetric cis-2 bis-adduct 7 in 48 % yield. Model compound 8
was prepared in a similar manner from 3-hydroxymethylben-
zyl alcohol by esterification of 5 with DCC followed by
treatment of the resulting bis-malonate 9 with C60 in toluene
in the presence of DBU and iodine (25 % overall yield).
Treatment of 7 with CF3CO2H in CH2Cl2/H2O (1/1) afforded
the orange-red glassy benzaldehyde 10 in 93 % yield. The
preparation is thus easily carried out on a gram scale.

Preparation of porphyrin 1 was first attempted under the
classical conditions reported by Lindsey and co-workers.[14]

Reaction of benzaldehyde 10 with pyrrole in CH2Cl2 in the
presence of CF3CO2H as catalyst followed by oxidation with
p-chloranil (tetrachlorobenzoquinone) yielded mainly 10 and
polymers; no trace of 1 could be detected in the reaction
mixture. However, 1 could be obtained through use of the
reaction conditions developed by Lindsey[15] for the synthesis
of sterically hindered porphyrins such as tetramesitylpor-
phyrin. A key feature of these conditions is BF3 ± ethanol
cocatalysis. The condensation of 10 with pyrrole was per-
formed in commercial CHCl3 (which contains 0.75 % ethanol
as stabilizer) at room temperature in the presence of BF3 ´
Et2O. After a reaction period of five hours p-chloranil was
added to irreversibly convert the porphyrinogen into a
porphyrin. The desired tetraphenylporphyrin 1 was subse-
quently isolated in 12 % yield after a tedious chromatographic
separation. Characterization of 1 was complicated, because
there proved to be a mixture of several conformers in slow
equilibrium on the NMR time scale at room temperature;
nevertheless, all the anticipated signals were present in the
spectrum. Force-field calculations with the model compound
8 revealed that the fullerene sphere is located above the
phenyl ring of the bridge. In tetraphenylporphyrin 1, all the
fullerene substituents can be situated on one side or the other
of the phenyl rings of the bridge. Free rotation of the four
phenyl substituents on the porphyrin is therefore necessary to
produce an NMR spectrum with sharp, symmetric signals. A
study of the temperature dependence of the NMR spectrum
(CDCl2CDCl2, 400 MHz) demonstrated a perfectly reversible
narrowing of all signals at 125 8C, but a sharp spectrum could
not be obtained below the maximum measurement temper-
ature. Nevertheless, this NMR study unambiguously docu-
ments the existence of a dynamic effect. The UV/Vis spectrum
of 1 in CH2Cl2 (Figure 1) shows the characteristic porphyrin
absorption bands. The Soret band (420 nm) and the four Q
bands (513, 547, 587, and 644 nm) are clearly visible, as is the
characteristic absorption profile of a fullerene cis-2 bis-
adduct. Furthermore, the absorption coefficients are consis-
tent with a fullerene-to-porphyrin ratio of 4:1.

The redox potential for the first oxidation of the porphyrin
moiety in 1 (Table 1) is significantly more anodic (DE�
175 mV) than for meso-tetrakis(3,5-di-tert-butylphenyl)por-
phyrin[16] (H2TBP). This observation could be related to the
strong electron-withdrawing effect of the four fullerene
substituents, which could substantially destabilize the first
oxidized state of the porphyrin moiety. However, solvation

Figure 1. UV/Vis spectrum of 1 (Ð±±) and of 8 (± ± ± ) in CH2Cl2.

effects caused by the presence of the surrounding fullerene
groups could also be the source of the observed shift in
potential. This effect in the case of 1 can be related to recently
reported results with a CuI-complexed rotaxane that bears
two fullerene stoppers.[4c, 17] In this molecular assembly, the
redox potential of the CuI/CuII couple is also significantly
more anodic than for similar mononuclear complexes (DE�
200 ± 300 mV). Although the redox properties of the porphyr-
in moiety in 1 are apparently influenced significantly by the
C60 substituents, those of the fullerene subunits seem to
remain unchanged by the porphyrin. Compounds 1 and 8
show effectively similar behavior, entirely consistent with
previously reported data for fullerene cis-2 bis-adducts.[12c, 18]

The third reduction, which occurs at approximately ÿ1.16 V
(relative to the standard calomel electrode, SCE), is charac-
teristic of cis-2 bis-adducts. Indeed, it has been shown that the
second electron transfer in the cis-2 derivatives is followed by
a chemical reaction, which generates a species reducible at
about ÿ1.16 V.[12c, 18] The porphyrin and fullerene reduction
waves for compound 1 could not be clearly distinguished
because both constituents are reduced at similar potentials.

Preliminary luminescence measurements indicate that
emission from the porphyrin part of 1 is completely quenched
at room temperature by the surrounding fullerene subunits.
The anodic shift observed by cyclic voltammetry for oxidation
of the porphyrin moiety in 1 together with the absence of
emission seems to indicate electronic interaction between the
molecular components in the ground state as well as in the
excited states.

Experimental Section

7: DBU (422 mg, 2.775 mmol) was added under Ar at room temperature to
a stirred solution of C60 (400 mg, 0.555 mmol), I2 (352 mg, 1.387 mmol), and
6 (745 mg, 0.555 mmol) in toluene (700 mL). The mixture was stirred for
12 h and then filtered through a short column of silica gel (toluene, then

Table 1. Electrochemical properties of 1, 8, and H2TBP. Values for
(Epa�Epc)/2 [V] (vs. SCE) and DEpc [mV] (in parentheses) are given.[a]

Com-
pound

Reduction Oxidation
E1 E2 E3 E4 E1

1 ÿ 0.55 (70) ÿ 0.85 (100)[b] ÿ 1.16 (85)[b] ÿ 1.55 (80)[b] � 1.195 (80)
8 ÿ 0.55 (85) ÿ 0.86 (100)[b] ÿ 1.16 (110)[b] ÿ 1.55 (110)[b]

H2TBP ÿ 1.16 (85) ÿ 1.50 (120) � 1.02 (90)

[a] Cyclic voltammetry measurements: platinum electrode, degassed CH2Cl2,
0.1m Bu4NBF4, scan rate 0.1 Vsÿ1. [b] Irreversible process.
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CH2Cl2). Compound 7 was isolated by column chromatography (SiO2;
CH2Cl2/hexane, 8/3; 548 mg, 48%). Orange-red glassy product; UV/Vis
(CH2Cl2): lmax (e)� 259 (117 170), 323 (28 230), 375 (sh, 12 110), 437 (sh,
4510), 467 nm (3760); IR (CHCl3): nÄ � 2927 (s), 2855 (s), 1749 (s), 1598 (s),
1458 (m), 1394 (w), 1294 (m), 1281 (m), 1264 (s), 1235 (s), 1206 (m), 1170
(s), 1107 (s), 1062 cmÿ1 (w); 1H NMR (200 MHz, CDCl3): d� 0.84 (s, 3H),
0.89 (t, J� 6.5 Hz, 12 H), 1.27 (m, 72 H), 1.31 (s, 3 H), 1.73 (m, 8H), 3.75
(AB, J� 11 Hz, 4H), 3.85 (t, J� 6.5 Hz, 8H), 5.09 (d, J� 13 Hz, 2H), 5.24
(d, J� 12 Hz, 2H), 5.33 (d, J� 12 Hz, 2H), 5.46 (s, 1H), 5.84 (d, J� 13 Hz,
2H), 6.36 (t, J� 2 Hz, 2H), 6.47 (d, J� 2 Hz, 4 H), 7.42 (br s, 2 H), 7.49 (br s,
1H); 13C NMR (50 MHz, CDCl3): d� 14.12, 21.82, 22.67, 23.06, 26.07, 29.22,
29.35, 29.41, 29.61, 30.21, 31.90, 49.00, 66.83, 67.17, 68.02, 68.60, 70.55, 77.62,
100.65, 101.57, 107.02, 123.45, 124.04, 134.39, 135.73, 136.08, 136.52, 136.78,
137.81, 139.07, 140.00, 141.00, 141.06, 142.27, 142.68, 143.10, 143.52, 143.68,
143.90, 144.09, 144.28, 144.51, 144.89, 144.95, 145.11, 145.28, 145.53, 145.70,
146.00, 147.25, 147.40, 148.58, 160.33, 162.52; elemental analysis calcd for
C142H128O14 (2059): C 82.8, H 6.3; found: C 82.9, H 6.3.

1: A 0.8m solution of BF3 ´ Et2O in CHCl3 (0.04 mL) was added under Ar at
room temperature to a stirred solution of 10 (601 mg, 0.305 mmol) and
pyrrole (20.4 mg, 0.305 mmol) in CHCl3 that contained 0.75 % EtOH
(30.5 mL, reagents: 10ÿ2m each, BF3: 10ÿ3m). After 5 h p-chloranil (100 mg,
0.407 mmol) was added, and the solution was heated under reflux for 1.5 h
and then concentrated. Two successive filtrations through short silica gel
columns (CH2Cl2/hexane, 5/3 ± 5/2) followed by gel permeation chroma-
tography (Biorads, Biobeads SX-1, toluene) yielded unchanged 10 (89 mg)
and crude 1. Two successive column chromatographic separations (Al2O3,
hexane/CH2Cl2, 3/1 ± 3/2) followed by precipitation from CH2Cl2/Et2O led
to pure 1 (74 mg, 12%). Red-brown glassy product; UV/Vis (CH2Cl2): lmax

(e)� 259 (390 000), 319 (sh, 131 400), 378 (sh, 67900), 403 (sh, 101 150), 420
(454 260), 479 (15 500), 513 (29 850), 547 (12 750), 587 (9650), 644 nm
(4030); IR (CHCl3): nÄ � 2965 (s), 2854 (s), 1748 (s), 1597 (s), 1457 (s), 1376
(w), 1345 (w), 1294 (m), 1280 (m), 1235 (s), 1205 (s), 1189 (w), 1171 (s), 1112
(w), 1104 (w), 1060 cmÿ1 (m); 1H NMR (200 MHz, CDCl3, 25 8C): d�
ÿ2.78 (br s, 2 H), 0.86 (t, J� 6.5 Hz, 48H), 1.26 (m, 288 H), 1.66 (m,
32H), 3.82 (br t, 32 H), 5.25 ± 5.60 (m, 24H), 6.05 ± 6.20 (m, 8H), 6.33 (br s,
8H), 6.48 (br s, 16H), 7.85 ± 8.05 (m, 4 H), 8.10 ± 8.25 (m, 8H), 8.75 ± 9.10 (m,
8H); elemental analysis calcd for C564H478N4O48 (8080): C 83.8, H 6.0, N 0.7;
found: C 83.8, H 6.5, N 0.6.
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