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A novel phthalocyanine with two axial fullerene substituents
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Abstract—A silicon phthalocyanine with two axial fullerene substituents was synthesized, and its electrochemical, absorption- and
film-properties were characterized.
� 2005 Elsevier Ltd. All rights reserved.
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Phthalocyanines (Pcs) have long attracted enormous
interest owing to their intriguing electrical, optical, pho-
tochemical and catalytic properties.1 Among the various
electro- and photoactive chromophores utilized for
phthalocyanine chemistry,2 C60 has been proposed to
be a versatile building block and a growing interest in
fullerene-functionalized phthalocyanines is developing.1

Recently asymmetrical metal phthalocyanines contain-
ing a single fullerene (C60) substituent with rigid linkers
at the periphery3 and another asymmetrical zinc phtha-
locyanine–C60 hybrid with a flexible linker containing an
azacrown subunit4 were synthesized to study intramo-
lecular process such as electron transfer and energy
transfer between Pc donor and C60 accepter. Addition-
ally, supramolecular systems such as hydrogen bonded-5

and aggregated6 Pc–C60 dyads were reported for similar
studies. However, no phthalocyanine with more than
one fullerene substituent has been reported until now
to our knowledge. On the other hand, McKeown and
co-workers proved the glass-forming properties of axi-
ally substituted phthalocyanines with dendritic subunits,
and such compounds are further known to produce
glassy solids, which would allow the fabrication of the
robust, nonscattering films for optical applications such
as nonlinear optics and optical limiters.1,7 With respect
to these aspects, the Pc 1 would also be a suitable com-
pound to exploit the optical and electronic properties of
the Pc macrocycle in solution as well as in solid state. In
line with these aspects, we report herein the first synthe-
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sis of the soluble silicon phthalocyanine 1 with two axial
fullerene substituents by reaction between a bis-adduct
of C60 bearing an alcohol functionality and dichloro-
(phthalocyaninato) silicon in the presence of sodium
hydride.
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Scheme 1. Synthesis of compound 1. Reagents and conditions: (a) MeOH, H2SO4, reflux 24 h, 97%; (b) LAH, THF, reflux, 24 h, 85%; (c) 110–
120 �C, 1 h, 93%; (d) DCC, DMAP, HOBT, THF, 3 h, 53%; (e) K2CO3, 18-crown-6, 3-bromo-1-propanol, acetone, reflux, 12 h, 72%; (f) C60, I2,
DBU, toluene, rt, 24 h, 23%; (g) silicon phthalocyanine dichloride, NaH, toluene, reflux 10 h, 32%.
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The Pc 1 has two symmetrical fullerene substituents axi-
ally to the Pc core, and this structural shape with bulky
fullerene substituents may help to achieve the steric iso-
lation of the Pc rings in the solid phase to diminish the
intermolecular interactions, which usually cause to
broaden and red shift the intense visible absorption
band(the Q-band) due to the excitonic effects of the
cofacial Pc rings. The Pc 1 was synthesized as depicted
in Scheme 1.

Commercially available 5-hydroxy-isophthalic acid (2)
was esterified to give diester 3 (97% yield) and subse-
quent reduction of 3 with LAH produced 3,5-bishydr-
oxy-methyl-phenol (4) in a yield of 85%. Octacdecanol
(5) reacted with Meldrum�s acid (6) to afford malonic
acid monooctadecyl ester (7) in 93% yield. Esterification
of 4 with the mono-ester 7 of malonic acid in the pres-
ence of N,N 0-dicyclohexylcarbodiimide (DCC) yielded
bis-malonate 8 (53% yield). Phenol group of bis-malon-
ate 8 reacted with 3-bromo-1-propanol in the presence
of K2CO3 and 18-crown-6 to give alcohol-functionalized
derivative 9 (72% yield). The fuctionalization of C60 was
based on the highly regioselective Diederich reaction,8

which led to macrocyclic bis-adducts of C60 through a
macrocyclization reaction of the carbon sphere with
bis-malonate derivatives in a double Bingel addition.9

Treatment of C60 with 9, iodine, and 1.8-diazabicy-
clo[5.4.0]undec-7-ene (DBU) in toluene at room temper-
ature afforded the bis-adduct 10 in 23% yield.10 The final
reaction of bis-adduct 10 with commercially available
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dichloro-Si–Pc went smoothly in the presence of NaH to
produce 1 in 32% yield.10

The structure of 1 was confirmed by 1H and 13C NMR
spectroscopies and MALDI-TOF MS. The 1H NMR
spectrum is particularly informative, because the strong
ring current of the Pc macrocycle helps to differentiate
protons of similar type. 13C NMR spectrum showed a
set of C60 nucleus peaks (136–149 ppm), two carbonyl
carbons (163 and 158 ppm), aromatic carbons (111–
131 ppm) and aliphatic carbons (14–68 ppm). Further
confirmation of the hybrid Pc–fullerene structure was
obtained from the IR and UV/vis spectra, which were
found to contain absorbances due to the Pc and fuller-
ene fragments. Compound 1 is soluble in common
aprotic solvents such as THF, toluene and chloroform
but not in diethyl ether and hexane. To compare the
physical properties such as spectroscopic, electrical
and film properties with those of 1, we also synthesized
a Pc 11, which contains the same axial substituents
without C60 moieties, by an analogous synthetic
method.11

To compare the detailed electrochemical behavior of
compounds 1, 10 and 11 have been used as model com-
pounds as they lack either phthalocyanine (i.e., 10) or
fullerene (i.e., 11) subunit. Compound 1 is found to have
13 redox reactions from the redox waves in a cyclic
voltammogram. The data suggests that three of these
reactions originate from the phthalocyanine moiety
(E1/2 = �0.74 V, �1.24 V, +1.10 V), and the remaining
reactions originate from the fullerene moiety. Compari-
sons were made with compounds 10 and 11, which are
phthalocyanine-free and fullerene-free, respectively (see
Table 1); although the E1/2 of �1.24 V presumably orig-
inated from phthalocyanine, the cyclic voltammogram
depicts a shoulder peak on the fullerene peak at
�1.31 V. These E1/2 values coincide with the peak values
of the differential pulse voltammogram (DPV) within
the first decimal point.12
Table 1. Electrochemical properties of compounds, 1, 10 and 11

Compound 1 10 11

Negative potential region �0.59(73) �0.57(94)
�0.74(119) �1.02a

�1.06(110) �1.00(118)
�1.24
�1.31(210) �1.35(85)
�1.59(169) �1.59(118)
�1.80(119) �1.78(105)
�2.12(133) �2.08(109)
�2.37(96) �2.39b

�2.60(105) �2.56(118)
�2.80(137)

Positive potential region 1.10(60) 1.09a

1.30(146)

Cyclic voltammetric measurements: glassy carbon working electrode,
Pt wire counter electrode, Ag/Ag+ pseudo-reference electrode, degas-
sed THF, 0.1 M Bu4NClO4 and a scan rate of 100 mV/s. Values for
E1/2 as (Epa + Epc)/2 V and DEpm V (in parentheses) are given.
a Measured by DPV.
b Irreversible.
Deschenaux and co-workers13 found that the curve sug-
gests the presence of chemical reactions coupled to some
of the redox processes. These chemical reactions are
responsible for the presence of extra anodic peaks in
the reverse scan. However, we did not find the chemical
reactions from compounds 1, 10 and 11 in that sense.
Instead, we found that the E1/2 of the first reduction
of the phthalocyanine moiety in compound 1 was more
anodic (DE = 280 mV) than that of compound 11 (i.e.,
analogous fullerene-free materials). This observation is
related to the strong electron-withdrawing effect of the
two axial fullerene substituents, which could stabilize
the first reduced state of the phthalocyanine. The E1/2

values of the reductions of the fullerene moiety in com-
pound 1 are not substantially shifted by the phthalocy-
anine moiety when compared with compound 10 (i.e.,
analogous phthalocyanine-free materials). According
to the electrochemical curves of compound 1, only two
oxidation processes occur; the first one corresponds to
the reversible exchange of one electron (with E1/2 =
1.10 V) attributed to the phthalocyanine moiety, and
the second one corresponds to a partially reversible
two-electron oxidation (with E1/2 = 1.30 V) situated on
the fullerene moiety. Deschenaux and co-workers13

reported similar results from fullerene–ferrocene mate-
rial. The redox potential for the first oxidation of the
phthalocyanine moiety in compound 1 is almost the
same as that of compound 11. Nierengarten et al.14

found that the E1/2 value of the first oxidation of the
porphyrin moiety in a tetraphenylporphyrin with four
fullenrene subunits was significantly more anodic than
meso-tetrakis (3,5-di-tert-butylphenyl) porphyrin as a
model compound. They explained that their observation
could be related to the substantial de-stabilization of the
first oxidized state of the porphyrin moiety by the strong
electron-withdrawing effect of the four fullerene sub-
units. They also described that solvation effects caused
by the presence of the surrounding fullerene groups
could also be the source of the observed shift in poten-
tial. In our case, although the redox properties of the
phthalocyanine moiety of compound 1 are significantly
influenced by the two fullerene subunits in the negative
potential region, those of the fullerene moiety in the neg-
ative potential region and of the phthalocyanine in the
positive potential region remain almost unchanged.
Nierengarten et al.14 also found that the redox proper-
ties of the fullerene moiety seemed to remain unchanged
by the porphyrin moiety in a tetraphenylporphyrin with
four fullerene subunits. Again these results were de-
duced when compared with the model compounds, 10
and 11. Based on our discussion for the molecule of
compound 1, we can deduce that the phthalocyanine
moiety would be positively charged and the fullerene
moiety would be negatively charged. This charge separa-
tion might cause significant solvation effects for the
redox potentials to remain unchanged for the above
moieties. This charge separation will also modify spec-
troscopic, electronic characteristics.

The UV/vis spectrum of compound 1 in CHCl3 (Fig. 1)
shows characteristic phthalocyanine absorption bands.
A intense Q-band in the visible region of 675 nm was
accompanied by more or less weak satelite bands at
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Figure 1. UV/vis spectra of 1 in CHCl3 (—) and in spin-coated film
(- - -).

Table 2. The UV/vis spectroscopic data of 1

kmax
a (nm) kmax

b (nm) Dmax
c (nm) DWd (nm)

1 675 683 8 8
11 676 679 3 8

a In CHCl3.
b In spin-coated film.
c kmax (film) � kmax (solution).
d Width of peak at half height (film) � width of peak at half height
(solution).
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563, 580, 607 and 645 nm. In the ultraviolet region of
354 nm, the characteristic Soret or B-band was also
observed. The remaining weak band at 430 nm was
found to contain absorbances due to the fullerene frag-
ment. As expected, the UV/vis spectrum of 1 is practi-
cally same as the sum of the peaks of both 10
(phthalocyanine-free)10 and 11 (fullerene-free).11 The
UV/vis spectrum of spin-coated thin film of compound
1 also illustrates the extent to which the axial fullerene
substituents suppress cofacial intermolecular excitonic
interactions. Only relatively weak edge-to-edge exciton
interactions are present in the solid film of 1, as indi-
cated by the relatively small red shift (Dkmax) of the Q-
band (8 nm) as compared to its position in the solution
absorption spectrum. Broadening (DW) of the Q-band
due to excitonic effects is also small (8 nm) (Table 2).

These values show that this spin-coated film resembles a
solid solution. Interestingly, these results are also in
good agreement to the previously reported results of
the Pcs, such as McKeown�s phthalocyanine with den-
dritic substituents where similar small changes have
been observed.7 Atomic force microscopy (AFM) stud-
ies indicate that spin-coating from toluene results in
smooth films. Polarized optical microscopy suggests that
the film derived from 1 is uniform and isotropic (nonbi-
refringent). The Pc 1 displays a distinct glass transition
on cooling from the melt (Tg = 140.5 �C). Therefore,
the film can also be readily fabricated by melt process-
ing. This easily processable Pc 1 is a suitable material
for optical studies, such as nonlinear optics and optical
limiter which are now under investigation. In addition,
we are also working on the photo-induced electron
transfer studies.
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