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Spectroelectrochetnical investigations of a Diels-Alder adduct of [60lfullerene with a nickel phthalocyanine show 
multiple reductions of  both covalently bound electroactive moieties as well  as characteristic changes of  the optical 
phthalocyanine properties caused by the reduced fullerene. 

One of the characteristic properties of [60]fullerene is its 
electron deficiency and the ability to undergo multistage 
reductions with up to six electrons.' As a consequence, fulleride 
salts with outstandins materials properties, for example super- 
conductivity2 or fen omagnetism,3 have been synthesised by 
treating [60]fulleren~ with electropositive metals or strong 
organic donor molecules. 

In organic derivati ves of [60]fullerene, where the fullerene 
features are combinecl with those of other classes of compounds, 
basic electronic propcrties of the fullerene core, e.g. the ease of 
electrochemical redl d o n s ,  are essentially retained.4 Since 
[60]fullerene can be modified by a large variety of addition 
reactions,S the opportunity arises to design new molecular 
devices based on fullerene materials. Here we report the first 
synthesis and electrochemistry of a Diels-Alder adduct of 
[60]fullerene with a nickel phthalocyanine. We chose this 
molecule because pht halocyanines themselves are known for 
their remarkable elect ronic and optical behaviour.6 

Among the suitatile ways of chemically modifying the 
electron deficient pol yene [60]fullerene Diels-Alder reactions 
play an important r0lle.7 Dienes always add to the 6-6 double 
bond\ of the fullerene core.5 In this work, the C,-symmetric 
nickel phthalocyanine 3 was used as diene. We synthesised this 
unsymmetrically substituted nickel phthalocyanine for the first 
time via a statistic'd method8 by allowing 3 equiv. of 
3,6-diheptylphthalodinitrileg 1 and 1 equiv. of 1,2,3,4-tetra- 
hydro-2,3-dimethylenz- 1,4-epoxynaphthalene-6,7-dicarboni- 
trile1° 2 to react with nickel acetate in the presence of a catalytic 
amount of 1,8-diazabizyclo[5.4.O]undec-7-ene (DBU) in penta- 
no1 under reflux (Scheme 1). Compound 3 was isolated from 
other phthalocyanines formed by column chromatography on 
silica gel using toluene as the mobile phase. 

Synthesis of the target compound 4 was accomplished by 
treating a tenfold excess of [60]fullerene with 3 in refluxing 
toluene (Scheme 1). After four days all of 3 was consumed 
(TLC. silica gel, tolucne-hexane 1 : 1; Rt = 0.3). The major 
product 4 was obtainecl in a 75% yield, smaller amounts of more 
polar components, pi esumably higher addition products of 
[60]fullerene, were also found in the reaction mixture. Isolation 
of 4 was achieved by column chromatography (silica gel, 
toluene). 

The adduct formation is clearly demonstrated by the 
comparison of the NRIR spectra of 3 and 4 4  The resonances 
(doublet) for the protons at the exocyclic double bonds in 3 at 6 
5.4 disappeared whercas in 4 the newly formed methylene 
proton\ resonate as m ultiplets together with the a-methylene 
protons of the heptyl groups between 6 4.5 and 3.5. In the 13C 
NMR 5pectrum of 4,47 resonances appear for the sp2-C atoms 
with two (6 143.59 and 143.16) at half intensity as expected for 
the C,,-symmetry. The UV-VIS spectrum of the green com- 
pound 4 shows a splil Q-band at 679 and 699 nm which is 
characteristic for unsvmmetrically substituted phthalocyan- 
ines" (Fig. 1). This phenomenon is due to a decreased 
degeneracy of the frontier MOs caused by a lowering of 
symmetry from D4h for symmetrically substituted phthalocy- 
anines to C, for 4. The phthalocyanine 3 is also C,  symmetric, 
but the splitting of the ()-band is too weak to be resolved.8 This 
behaviour demonstrateh a pronounced influence of the fullerene 
substituent on the elec tronic structure of the phthalocyanine 

ring. In the region between 300 and 500 nm the UV-VIS 
spectrum of 4 shows superimposed features of 3 with those of a 
typical [60]fullerene monoaddition product (172-adduct). This is 
especially reflected by the absorption at 436 nm, characteristic 
for 1,2-adducts of [6O]f~llerene.~ The M+ peak of 4 at 1972 
appears as the only signal in the FD MS. 

The CV of 4 shows five reversible reductions at -0.41, 
-0.8 1 , -0.90, - 1.26 and - 1.53 V vs. SCE (Fig. 2). The waves 
were assigned to the corresponding reduction steps by spec- 
troelectrochemistry (UV-VIS-NIR). The first reduction step is 
due to the [60]fullerene moiety, which is reflected by the 
appearance of an absorption at 1074 nm characteristic for a 
monoanionic [GOIfullerene. 12 Interestingly, the reduction of the 
[60]fullerene moiety has an influence on the electronic structure 
of the phthalocyanine ring, since the splitting of the Q-band 
disappeared. This indicates that the splitting of the Q-band 
decreases with decreasing electron-withdrawing influence of 
the peripheral substituent. The first reduction of 4 is shifted by 
about 100 mV compared with [60]fullerene. This is a typical 
value for a [60]fullerene monoaddition p r ~ d u c t . ~  The second 
and third reductions, which are very close to each other, are due 
to the phthalocyanine and the fullerene moiety, respectively, as 
demonstrated by the splitting and shift of the Q-band to 582 and 
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651 nm, the evolution of a new absorption at 945 nm 
(phthalocyanine) as well as the disappearance of the 1074 nm 
band and the development of an absorption at 868 nm 
(fullerene). The potential for the second reduction at -0.81 V as 
well as the electronic absorption spectrum is characteristic for 
singly reduced nickel phthalocyanines. 13 The reduction poten- 
tial of the second fullerene reduction at -0.90 V is also shifted 
by about 100 mV to more negative values compared to 
[60]fullerene.4 The fourth reduction at -1.26 V is due to the 
phthalocyanine, reflected by a further shift of the Q-bands to 
543 and 650 nm. The reduction potential is typical for the 
second reduction of a nickel phthalocyanine. 13 Finally, the fifth 
reduction at -1.53 V is due to the fullerene shown by the 
disappearance of the 868 nm absorption. 

These measurements show that the reduction potentials of 
both the fullerene and phthalocyanine moieties in 4 do not 
change significantly compared to separated nickel phthalo- 
cyanines or other [60]fullerene monoaddition products. How- 
ever, the reduction of the fullerene moiety has a pronounced 
influence on the optical properties of the phthalocyanine. A 
charge transfer from the phthalocyanine to the fullerene at 
ambient conditions can be ruled out. 
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Fig. 1 Electronic absorption spectra (toluene) of 3(a) and 4(b). Inset: 
the 400-460 nm region for 4 
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Fig. 2 CV of 4 (toluene-DMF, 3 :  1; Bun4NBF4, scan rate: 200 
mV s-1) 
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Footnotes 
t- Satisfactory spectroscopic and analytical data were obtained for 3. 
Selected spectroscopic data for 3: UV-VIS (h,,,/nm, toluene) 301, 
352,619,689; IR v/cm-l (KBr) 2957,2924,2855, 1632, 1609, 1576, 
1514,1466,1339,1323,1265,1234,1184,1094,887,760; FD-MS miz 
1252.5; 'H NMR (250 MHz, CDCI?) 6 8.56 (2H, S, H,,,,), 7.68 (2H, 
S ,  Ha,,,), 7.36 (4H, S, Ha,,,,), 6.01 (2H, S ,  C-H), 5.47 (4H, d, =CH2), 
4.16-3.55 (12H, m-CH2-), 2.1-0.7 (78H,m,-CH2-and-Me). 
$ Selected spectroscopic data for 4: UV-VIS (h,,,/nm, toluene) 305, 
336, 436, 618, 679, 699; IR v/cm-1 (KBr): 2955, 2924, 2853, 1607, 

MS mlz 1972; IH NMR (250 MHz, C6D6-CS2) 6 8.85 (2H, s, H,,,), 

(16H, m, -CH2-), 2.1-0.3 (78H, m, -CH2- and -Me); 13C NMR (62.9 

147.24, 147.07, 146.45, 146.10, 145.82, 145.63, 145.55, 145.50, 
145.30, 145.07, 144.85, 144.56, 144.26, 144.16, 143.89, 143.59, 
143.43, 143.29, 143.16, 142.37, 142.27, 142.20, 141.97, 141.87, 
141.67, 141.47, 141.15, 140.40, 140.16, 139.46, 137.79, 137.74, 
137.59, 136.00, 135.39, 135.23, 135.01, 134.46, 131.10, 130.09, 
129.54, 06.38, 33.12, 32.65, 31.21, 30.54, 30.43, 30.28, 30.03, 23.67, 
23.58, 15.00, 14.78, 1.30. 

15 16, 1464,1429,1325, 1190,1167,928,843,762,692,633,528; FD- 

7.81 (2H, S, H,,,,), 7.61 (4H, m, Ha,,,), 6.44 (2H, S, Ha,,,), 4.5-3.5 

MHz, C6D6-CS2) 6 156.68, 155.39, 154.10, 150.15, 148.09, 147.39, 
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