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Chapter 8

SwitchABall

8.1 Introduction1

In 1985 a new field of research started when Smalley, Curl and Kroto did the completely
unexpected discovery that, besides graphite and diamond, the element carbon can also exist
in the form of very stable spheres.2 They termed these new carbon balls fullerenes and were
awarded the Nobel prize for this discovery in 1996. The prototype is buckminsterfullerene
C60 (8.1), which is the most abundant fullerene obtained from macroscopic preparation
procedures (Scheme 8.1). Its chemical and physical properties were established in a very
short time period after the compound became available in research quantities in 1990.3

8.1

8.2 8.3

Scheme 8.1 C60 and the cyclohexatriene and radialene subunits of C60.

Due to the sperical shape of the unsaturated carbon network the C-atoms are
pyramidalized, and this introduces a large amount of strain energy. Therefore these
buckyballs, as the C60 carbon spheres are often called, are thermodynamically less stable than
graphite and diamond. Furthermore, the conjugated C-atoms of a fullerene respond to the

deviation from planarity by rehybridization from the sp2 σ and π orbitals implied in drawing

8.1, since pure p character of π orbitals is only possible in strictly planar situations. This
results in localization of the double bonds, in contrast to benzene, and the lengths of the
carbon-carbon double and single bonds are therefore unequal, again in contrast to benzene.
The bonds at the junctions of two hexagons, [6,6]-bonds, are shorter than the bonds at the
junction of a pentagon and a hexagon, [5,6] bonds. In other words topologically C60 has a
localized structure in which the hexagons resemble cyclohexatriene (8.2) and the pentagons
display [5]-radialene character (8.3). The C60 molecule has some unique physical and
chemical properties, such as electronic absorption bands throughout the entire UV-Vis
spectrum, strong electron accepting character, sensitizer for the generation of singlet oxygen
and superconductivity on doping with alkali metals, which make it an attractive component to
be incorporated in functional molecular assemblies and supramolecular arrays.
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8.2 Functionalization of C60

In order to be able to modify the buckyball chemically, it is easier to have it in solution.
Unfortunately the solubility of C60 is rather poor.1b In polar and/or protic solvents like
acetone, tetrahydrofuran, diethyl ether or methanol, C60 is essentially insoluble (< 0.001
mg/ml). The solvents of choice are aromatics like 1,2-dichlorobenzene (27 mg/ml),
chlorobenzene (7 mg/ml) and toluene (2.8 mg/ml). Suitable non-aromatic solvents are carbon
disulfide (7.9 mg/ml) and decalines (4.6 mg/ml). The main type of derivatization reactions of
C60 involve 1,2-additions to [6,6] double bonds, including nucleophilic, radical and
cycloadditions. Some general examples of C60 functionalization are depicted in Scheme 8.2.
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Scheme 8.2 Some common examples of methods of C60 functionalization.

One of the most frequently employed nucleophilic addition reactions to C60 includes the

base-induced addition of α-halo malonates. This SNi type of reaction yields the
cyclopropanated adduct and was first described by Bingel.4 Other commonly used addition
reactions include 1,3-dipolar cycloadditions of azomethine ylides5 and diazo compounds.6

The azomethine ylide [3+2] cyclo-addition to C60 is normally performed in a one-pot
procedure in which the reactive 1,3-dipole is generated in-situ from an aldehyde (ketones are
used less frequently) and usually N-methyl glycine (sarcosine). Although the scope of this
process is very large, the stereochemical consequence of these additions is the formation of a
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chiral C1-symmetrical fulleropyrrolidine (except for formaldehyde). Diazoalkane addition to
C60 can also be performed in situ by starting from a p-tosylhydrazone salt, which liberates the
diazo compound upon heating.7. The addition of diazoalkanes to C60 occurs in a 1,2 fashion at
a [6,6] bond yielding a labile diazoline intermediate that extrudes nitrogen upon mild heating,

which is accompanied by rearrangement. The product is a so-called fulleroid (a 60π electron
species) in which the bridging fragment is formally located at a 1,6 junction. In turn,

fulleroids rearrange to thermodynamically stable methanofullerenes (58π electron species)
upon strong heating and/or irradiation.8 In contrast to fulleropyrrolidines, methanofullerene
formation is not accompanied by introduction of steroisomerism and the product retains much
higher symmetry (Cs for R ��������C2v for R = R’).

A general drawback of C60 functionalization includes the formation of bis- (bis-
adducts) and poly-functionalized species (poly-adducts) together with mono-functionalized
C60 (mono-adduct). In most cases the mono-adduct is the compound of interest, and in such
cases a straightforward chromatographic purification is sufficient. An early study on the
formation of bis-adducts has been reported by the group of Hirsch.9 An useful stereochemical
denotation for bis-adducts has been developed to describe the different possible types of
regioisomerism. If the first addition occurred at A1 (Scheme 8.3), there are nine sites
available for the second attack at a [6,6] double bond.

A1

e''
e'

A1

cis-2

cis-1

cis-3

trans-4

trans-1
trans-2

trans-3

e' e''

EtOOC COOEt

8.4

8
isomers

BrCH(COOEt)2, NaH

Toluene, r.t.

Scheme 8.3 Positional relationships of [6,6] double bonds relative to the first addend A1 in a

1,2-monoadduct of C60.

Hence, nine regioisomeric bisadducts are in principle possible for two different addends,
whereas for identical (symmetrical) addends only eight regioisomers can be considered, since
attack at the e’ and e” positions leads to the same product. In a thorough study,9 the Bingel
addition onto mono-adduct 8.4 (Scheme 8.3) was studied in which seven (out of a possible
eight) different isomeric bis-adducts were separated by HPLC and characterized by NMR
spectroscopy.

The lack of availability of C60 in macroscopic quantities as well as the difficult progress
in covalent fullerene functionalization, especially regio- and stereoselective multiple
functionalization, delayed the construction of functionalized supramolecular architectures.
Examples of such C60 supramolecular compounds10 are, for instance, rotaxanes (Scheme
8.4a),11 catananes,12 crown ethers (Scheme 8.4b)13 and supramolecular diads14 and triads15 that
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can be used to model the photo-induced electron-transfer processes in photosynthesis15 as
well as for practical applications, such as photovoltaic devices for solar energy conversion.16

(a)          (b) 

Scheme 8.4 Supramolecular C60 compounds: (a) rotaxane and (b) crown ether.

The aim of the work described in this chapter was to synthesize a dithienylcyclopentene
switch that incorporates two C60 molecules attached to each side of the molecule (Scheme
8.5). This was originally carried out as a preliminary study to determine if the combined
photophysical behavior of the switch and the buckyball was in principle suitable for practical
applications, such as photocontrolled molecular wires.

8.3 Incorporation of C60 in the dithienylcyclopentene switch

For obvious synthetic reasons it seemed a logical strategy to incorporate two C60 units in
the dithienylcyclopentene moiety. Because known examples containing two C60 units tend to
display rather low solubility,17 a suitable target compound can better contain a certain amount
of solublizing alkyl chains. Because the introduction of two C60 units via azomethine ylide
chemistry would result in a mixture of diastereomeric fulleropyrrolidines (meso + d,l pair)
and therefore we settled for a synthetic strategy based on diazoalkane chemistry (Scheme
8.5). The synthesis started from readily available dithienylcyclopentene 3.25 (see Chapter 3)
that was double acylated with hexyl 5-chloro-5-oxovalerate to afford diketone 8.5. The
diketone was transformed into bis-tosylhydrazone 8.6 that served as the starting material for
in situ generation7 of the bisdiazoalkane 8.7, which underwent cycloaddition with C60.
Reaction of 8.6 with NaOMe in pyridine at room temperature and subsequently with a large
excess C60 at 75-80°C in 1,2-dichlorobenzene (ODCB), followed by purification by
chromatography on silica gel afforded two components that were isolated as homogeneous
materials according to HPLC analysis after thermal equilibration. The major reaction product
lacked any resemblance to a dihydrofullerene as judged from UV-Vis spectroscopy. In fact
the UV-Vis data pointed strongly to the formation of cis-3 bisadduct 8.8b with typical low
intense absorptions at 660 and 730 nm (Figure 8.1).18 Bisadduct formation was also supported
by MALDI-TOF mass spectroscopy, which showed a parent peak at m/z = 1343.3.
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Scheme 8.5 Synthesis of a dithienylcyclopentene switch incorporating two C60 units.

This shows that the dithienylcyclopentene unit preferably acts as an effective
intramolecular tether for C60 even in presence of a large excess of C60.

19,20 A molecular model
of 8.8b suggested a C2-symmetrical compound with an antiparallel orientation of the thienyl
rings which was in complete agreement with the data obtained both from 1H- and 13C NMR
spectroscopy. The minor component was identified as the desired bis-methanofullerene 8.8a

as ascertained from UV-Vis (λmax: 330, 435 and 700 nm, Figure 8.1), 1H- and 13C NMR, and
MALDI-TOF mass spectroscopy (m/z=2063.4). However, the yield obtained was low
(13.5%).
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Scheme 8.6 The obtained products in the synthesis of the bucky-switch.
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Figure 8.1 UV-Vis spectra of 8.8a () and 8.8b (---).

8.4 Photochromic behavior of 8.8a and 8.8b.

The photochromic behavior of both 8.8a and 8.8b was investigated on mg scale to be
able to investigate the products by NMR. By means of 1H NMR it was soon established that
cis-3 bis-adduct 8.8b was photochemically inert on irradiation with a high pressure mercury

lamp at λ = 313 nm for 66 h in degassed benzene-d6. From these experiments we conclude
that probably the highly rigid orientation of the dithienylcyclopentene moiety in 8.8b
prevents a photochemical rearrangement towards the corresponding ring-closed isomer. A
similar irradiation experiment with bis-methanofullerene 8.8a revealed the formation of a
new component. This conclusion was confirmed by HPLC-analysis,21 which indicated a
mixture of 8.8a and a new component in a ratio of ~75/25. The UV-Vis spectrum of that of
the new component (obtained from HPLC diode array detection) was markedly different from
8.8a. Surprisingly, a similar result was obtained by irradiation of 8.8a with a sodium lamp

source at 589 nm, using a Kapton filter.22 Since it is expected that irradiation at λ = 589 nm
would lead to selective excitation of the fullerene units in 8.8a, it seemed highly unlikely that
the new product was the hypothetical “switched” bis-methanofullerene 8.8c.
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Scheme 8.7 Hypothetical structure of switched bis-methanofullerene 8.8c and UV-Vis

spectrum of 8.8a () and of the product obtained after irradiation of 8.8a (---).

It is more likely that some sort of reaction involving the C60 units had occurred, as is
confirmed by comparing the UV-Vis spectrum of the new component with the spectrum of
8.8a (Scheme 8.7).23 Irradiation of degassed 8.8a� ���	�
�����	���������nm on a preperative
scale (80 mg) for 48 h led to 88% conversion according to HPLC. After removal of the
remaining starting material and minor impurities by column chromatography on silica gel, a
sufficient amount of material was obtained for complete characterization by 1H- (Scheme 8.8)
and 13C NMR spectroscopy (Scheme 8.9).

1234567

Scheme 8.8 1H NMR spectrum of the unknown product.
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Scheme 8.9 13C NMR spectrum of the unknown product, inset fullerene sp3 carbon atoms.

The 500 MHz 1H NMR spectrum recorded in carbon disulfide displayed two singlets for the
two thienyl protons at 7.02 and 6.04 ppm (Scheme 8.10). The thienyl methyl groups were
also observed as two singlets with different chemical shifts (2.56 and 1.91 ppm). Other
signals including the hexylbutyrate moieties showed a similar non-equivalence, which must
be attributed to a non-symmetrical structure. The 1H-decoupled 13C NMR spectrum recorded
in carbon disulfide showed 23 signals (out of a possible 25) for the “non-fullerene” sp3

carbon atoms (0-65 ppm), which is again consistent with a structure lacking symmetry.
Interestingly, 8 signals were observed for the “fullerene” sp3 carbon atoms between 70 and 82
ppm. In case of a non-symmetrical structure this indicates the presence of a total of 4 single
bonds on two fullerene spheres. As compared to the starting methanofullerene 8.8a this
indicates that 2 additional single bonds have been incorporated into the product during
irradiation, most likely one on each C60 unit.23 Control experiments revealed that the
photochemical transformation of 8.8a was much slower when non-degassed solutions were
used.24 This behavior is a strong indication for a process involving the long-lived triplet
excited state of the C60 units.25 Another observation included slow conversion of the unknown
product back into starting material 8.8a upon heating.26 The combined data strongly suggest
that the unknown product arises from a [2+2] cycloaddition (photodimer) between the two
C60 units.27 This process requires a correct orientation of a set of double bonds on each C60

unit and is depicted in scheme 8.10. Because in case of intramolecular [2+2] cycloaddition of
8.8a the addition pattern of each C60����	���

����������������������	����������
��	�����

to a ��������	������ ���
��	�����!����������	�����������	���"#�Vis spectrum are expected
and are indeed observed (see Scheme 8.7). For this reason we looked for a possible match of
the present UV-Vis spectrum with available UV-Vis data on bis-adducts in the literature.18a,b

This investigation revealed that a reasonable match exists with cis-2 regiochemistry, which is
based on weak absorption features observed at ~450 and ~620 nm.18b However, this
comparison can only make sense if the dimerization site is the same on both C60 units
(“homo-photodimerization”).



SwitchABall

165

S S
O

OC6H1 3

O

H13C6O
S S

O

OC6H1 3

O

H13C6O

hν
[2+2]

Scheme 8.10 Schematic drawing of the [2+2] cycloaddition reaction between two molecules

of C60.

A closer look at molecular models implies that beside “homo-dimeric” structures the
possibility of “hetero-dimeric” structures with a different bis-addition pattern on the two C60

units cannot be ruled out. In fact such a hetero-dimeric (non-symmetrical) structure could
easily account for the complex 1H- and 13C NMR spectra observed (see Schemes 8.8 and 8.9).
Due to problems of unambiguous structural assignment we have made attempts to obtain
suitable single crystals for X-ray analysis. Unfortunately these attempts have been
unsuccessful so far.

8.5 Lack of switching

In a number of cases the dynamics of switching of diarylethenes has been studied by
using pico- and femtosecond laser photolysis (see also Chapter 4).28,29,30,31 These experiments
reveal that the switching process is fast and can take place in less than a few picoseconds. In
case of 8.8a, irradiation at 313 nm is expected to lead to simultaneous excitation of both the
dithienylcyclopentene (DTC) and the C60 units in 8.8a. The fact that no switching was
observed during irradiation of 8.8a indicates that the required excited (S1) state of the DTC
moiety collapses before the actual switching process takes place. This deactivation must be
caused by the C60 units through the competitive process of intramolecular singlet energy
transfer,32 which quenches the DTC(S1) state and yields a C60(S1) state.33 The latter C60(S1)
state most likely converts into a triplet (C60(T1)) state via efficient intersystem crossing.25

This means that irradiation of 8.8a will yield the C60(T1) state regardless of the excitation
wavelength.

In conclusion we have synthesized a dithienylcyclopentene-C60 derivative that was not able to
act as an optical switch, but instead the two C60 units underwent a [2+2] cycloaddition
reaction to a non-symmetrical bis-adduct. The exact structure of this bis-adduct is still not
elucidated.
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8.7 Experimental section

General information: 1H NMR and 13C NMR spectroscopy was performed on Varian Unity
Plus (500 MHz) and Varian VXR-300 (300 MHz) instruments at 298 K. Spectra recorded in

CS2 employed a D2O insert as external lock and 1H reference (δ = 4.67 ppm relative to the

TMS scale) and CS2 as internal 13C reference (δ = 192.3 ppm relative to the TMS scale). FT-
IR spectra were recorded on Mattson Galaxy 4020 and Nicolet Nexus® instruments. UV-Vis
spectra were recorded on a Hewlett Packard HP 8452 UV-Vis spectrophotometer. MALDI-
TOF-MS measurements were performed on a Micromass TofSpec E® apparatus (negative-ion
reflector mode) by using elemental sulfur as a matrix.34 Measurements were performed on 1/1
(v/v) aliquots of the analyte (8.8a or 8.8b: 1 mg/ml in CS2) and the matrix (elemental sulfur:
20 mg/ml). HPLC analyses were performed on a Hewlett Packard HP LC-Chemstation 3D
(HP 1100 Series) using an analytical Cosmosil Buckyprep® column (4.6 x 250 mm), unless
noted otherwise. HPLC conditions: eluent: toluene/cyclohexane 50/50, flow: 1 ml/min,
pressure: ~75 bar, detection: DAD at 360 nm. Column chromatography was performed with
Kieselgel Merck Type 9385 (230-400 mesh). Analytical thin layer chromatography (TLC)
was performed using aluminum coated Merck Kieselgel 60 F254 plates. Photochemical

experiments were performed with a high pressure mercury lamp (200W, Oriel) at λ = 313 nm

or with a high pressure sodium lamp (150W) at λ = 589 nm.
Materials: C60 (99.5+%) was purchased from MTR-ltd. Sodium methoxide (95%), pyridine
(99.8%, anhydrous) and 1,2-dichlorobenzene (HPLC-grade) were purchased from Aldrich
and used without purification. Hexyl 5-chloro-5-oxovalerate was prepared according to the
literature procedures.35 All other reagents and solvents were used without purification unless
stated otherwise.

1,2-Bis(5’-(5-oxoundecanoyl)-2’-methylthien-3’-yl)cyclopentene (8.5): To a solution of
3.25 (Chapter 3) (3.10 g, 11.9 mmol) and hexyl 5-chloro-5-oxovalerate (5.6 g, 23.8 mmol) in
CS2 (90 ml) at 0°C was added AlCl3 (3.5g, 26.2 mmol) in three portions. After addition the
icebath was removed and the mixture was stirred at r.t. for 2 h. The mixture was then
cautiously quenched with ice water and the water layer was extracted with diethyl ether (2 x
75 ml). The combined organic layers were washed with saturated bicarbonate solution (2 x 50
ml) and brine (1 x 50 ml). The organic layer was dried over Na2SO4 and evaporated to leave a
dark oil. The oil was purified by column chromatography (SiO2, CH2Cl2/MeOH = 40:1) to

afford the pure product as a colorless oil (1.04g, 14%), 1H NMR (CDCl3, 300MHz) δH 0.87
(t, J = 6.6 Hz, 3H), 1.29 (s, 6H), 1.5-1.64 (m, 2H), 1.94-2.05 (m, 2H), 1.96 (s, 6H), 2.0-2.13
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(m, 2H), 2.38 (t, J = 7.2 Hz, 2H), 2.80 (t, J = 7.8 Hz, 4H), 2.84 (t, J = 7.2 Hz, 2H), 4.05 (t, J =

6.8 Hz, 4H), 7.38 (s, 2H), 13C NMR (CDCl3, 125MHz) δC 13.92 (q), 15.01 (q), 19.74 (t),
22.45 (t), 22.80 (t), 25.50 (t), 28.49 (t), 31.35 (t), 33.25 (t), 37.71 (t), 38.37 (t), 64.53 (t),
132.79 (s), 134.76 (d), 136.76 (s), 139.87 (s), 144.25 (s), 173.13 (s), 191.82 (s); HRMS calcd
for C37H52O6S2 656.321, found 656.319.

Bis-tosylhydrazone (8.6): A solution of diketone 8.5 (1.016 g, 1.545 mmol), tosylhydrazide
(1.73 g, 9.28 mmol) in 1,2-dichloroethane (10 ml) was stirred and refluxed for 22 h in the
dark. After cooling to room temperature the solvent was evaporated and the remaining
residue was triturated with toluene (~75 ml) and the resulting suspension was filtered and the
solid (excess tosylhydrazide) was thoroughly washed with cold toluene. The filtrate was
evaporated to dryness and the remaining residue was purified by column chromatography
(SiO2, toluene/diethyl ether: 9/1) to afford a somewhat sticky yellowish solid (1.03 g, 67%)
as a mixture of geometrical isomers of 8.6. This material was used without further
purification in the next step. An analytically pure sample of 8.6 (E,E-isomer) was obtained by
recrystallization from methanol as pale yellow crystals, m.p. 156 °C (Knofler block). FT-IR

(KBr) ν (cm-1): 3233 (m), 2930 (m), 2855 (w), 1729 (s), 1346 (m), 1168 (s), 1064 (m), 669

(m), 550 (m) 1H NMR (300 MHz, CDCl3) δH 0.91 (t, J = 6.6 Hz, 6H), 1.24-1.42 (m, 12H),
1.52-1.70 (m, 8H), 2.02 (m, 2H), 1.97 (s, 6H), 2.21 (br. t, 4H), 2.42 (s, 6H), 2.44 (br. t, 4H)
2.73 (t, J = 7.3 Hz, 4H), 4.16 (t, J =7.0 Hz, 4H), 6.76 (s, 2H), 7.29 (d, J = 8.1 Hz, 4H), 7.89

(d, J = 8.1 Hz, 4H), 9.01 (s, 2H); 13C APT (75 MHz, CDCl3) δC 174.34, 150.05, 143.54,
138.10, 137.46, 135.76, 135.55, 134.51, 129.25, 127.97, 127.50, 65.45, 37.88, 31.99, 31.31,
28.41, 26.11, 25.43, 22.86, 22.42, 21.50, 21.18, 14.51, 13.89; MS (ES): Calcd for
C51H68N4O8S4: 

m/z = 992.4, found: m/z = 1015.4 (M+Na+)(100), 993.4 (M+H+)(20); Anal.
calc. for: C51H68N4O8S4: C 61.67, H 6.90, N 5.64, S 12.91; found: C 61.70, H 6.90, N 5.42, S
12.83.

Bis-methanofullerene (8.8a): A solution of bis-tosylhydrazone 8.6 (340.5 mg, 0.343 mmol)
and sodium methoxide (36.7 mg, 0.679 mmol) in dry pyridine (10 ml) was stirred for ~30
min. at room temperature in the dark under an atmosphere of dry nitrogen, after which a
solution of C60 (3 g, 4.16 mmol) in HPLC-grade o-dichlorobenzene (ODCB) (125 ml) was
added. The remaining solution was stirred and heated in the dark at 75-80 °C for 48 h. After
cooling to room temperature the mixture was concentrated at a rotary evaporator to
approximately 75 ml and subsequently diluted with an extra portion of 1,2-dichlorobenzene
to secure complete dissolution of the excess C60. The latter solution was entered on a silica
gel column and elution with pure 1,2-dichlorobenzene yielded the excess of C60. Further
elution with pure ODCB afforded a small initial product fraction (Rf ~ 0.5), followed by a
larger second fraction (Rf ~ 0.35). The solution containing the first fraction was concentrated
in vacuo to approximately 50 ml and heated at ~150 °C for 24 h to facilitate isomerization of
fulleroid- to methanofullerene-species. Minor impurities were removed by column
chromatography (SiO2, CS2/toluene = 3/1�1/1) to afford the product, which was sufficiently
pure (>98.5%) according to HPLC analysis (eluent: toluene). The solution was evaporated to
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dryness and the remaining residue was transferred to a centrifugal bottle in a minimal amount
of ODCB. After precipitation with methanol (50 ml) the solid was washed with methanol (2 x
50 ml) and dried in vacuo at ~55 °C to obtain a brown powder (95.4 mg, 13.5%) identified as

bis-methanofullerene 8.8a: FT-IR (KBr) ν (cm-1): 2949 (s), 2924 (s), 2852 (m), 1734 (s),
1463 (m), 1428 (m), 1187 (m), 1168 (m), 573 (w), 560 (w), 526 (s). UV-Vis (HPLC

DAD/eluent: toluene) λmax (nm): 330, 435, ~480 (sh.), 700. 1H NMR (500 MHz, CS2) δH 1.08
(t, J = 6.3 Hz, 6H) 1.40-1.55 (m, 12H), 1.75 (m, 4H), 2.25-2.35 (m, 6H+4H+2H), 2.59 (t, J =
7.1 Hz, 4H), 2.98 (m, 4H), 3.09 (t, J = 7.3 Hz, 4H), 4.14 (t, J = 6.6 Hz, 4H), 7.28 (s, 2H); 13C

NMR (125 MHz, CS2) δC 170.96, 148.15, 147.20, 145.43, 145.07, 145.03, 144.93, 144.61,
144.55, 144.48, 144.36, 144.33, 144.19, 143.63, 142.93, 142.85, 142.79, 141.97, 141.94,
141.83, 140.80, 140.60, 138.05, 138.01, 135.40, 134.71, 134.51, 134.46, 132.57, 79.72,
64.23, 46.13, 39.03, 33.75, 33.49, 31.92, 29.15, 26.12, 23.75, 23.23, 22.64,15.18, 14.58.
MALDI-TOF (S8 as matrix, negative mode): Calcd for C157H52O4S2: 

m/z = 2064.3, found: m/z

= 2063.4.

Cis-3 bis-adduct (8.8b): The previously obtained larger 2nd fraction obtained after
chromatography was concentrated to a volume of ~50 ml and heated for 24 h at 150 °C.
Minor impurities were removed by flash chromatography (SiO2, CS2/toluene 3/1�1/1) to
afford the pure product. The solution was evaporated to dryness, redissolved in a minimal
amount of ODCB and transferred to a centrifugal bottle. Precipitation with methanol (50 ml)
and two additional washes with methanol (2 x 50 ml) afforded a black solid that was dried in

vacuo at ~55 °C (yield 127.2 mg, 27.3%) identified as bis-adduct 8.8b: FT-IR (KBr) ν (cm-1):
2950 (s), 2925 (s), 2854 (m), 1733 (s), 1459 (m), 1433 (m), 1178 (m), 1147 (m), 562 (w), 556

(w), 525 (s). UV-Vis (HPLC DAD/eluent: toluene/cyclohexane: 50/50) λmax (nm): ~420 (sh.),

660, 730. 1H NMR (500 MHz, CS2) δH 1.07 (t, J = 7.3 Hz, 6H), 1.40-1.55 (m, 12H), 1.73 (m,
4H), 2.22 (m, 4H + 2H), 2.52 (t, J = 7.3 Hz, 4H), 2.68-2.78 (m, 6H + 4H), 3.33 (m, 2H), 2.84

(m, 2H), 4.12 (t, J = 6.8 Hz, 4H), 6.64 (s, 2H); 13C NMR (125 MHz, CS2) δC 170.80, 146.33,
146.14, 145.22, 145.15, 144.93, 144.80, 144.62, 144.33, 144.19, 144.00, 143.86, 143.30,
143.07, 142.79, 142.49, 142.45, 141.54, 140.97, 140.84, 140.02, 137.90, 137.10, 136.42,
136.22, 135.16, 133.99, 133.15, 132.82, 131.69, 130.38, 127.42, 79.89, 76.58, 64.10, 41.89,
37.46, 33.75, 32.70, 31.90, 29.10, 26.09, 24.25, 23.22, 22.43, 15.68, 14.55; MALDI-TOF (S8

as matrix, negative mode): Calcd for C97H52O4S2: 
m/z = 1344.33, found: m/z = 1343.3.

Irradiation of bis-methanofullerene 8.8a: A single Schlenk vessel containing a solution of

8.8a (80 mg, 38.7 µmol) in dry toluene (75 ml) was degassed (freeze/pump/thaw, 3 cycles)
and the vessel was wrapped in Kapton foil and immersed in a cooling (water) bath. The
solution was stirred and irradiated with a 150W sodium lamp for 48 h at bath temperature of
~18 °C. At this stage the reaction mixture was analyzed by HPLC, which indicated that 88%
(uncalibrated conversion) of 8.8a had been converted into a new component. The solvent was
evaporated in vacuo and the residue was purified by column chromatography on silica gel. A
mixture of carbon disulfide/toluene 3/1 was used to elute unreacted 8.8a, after which the
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product was eluted with carbon disulfide/toluene 2/1. The product solution was evaporated to
dryness and transferred to a centrifuge bottle (V = 50 ml) with a small amount of carbon
disulfide. The product was precipitated with n-pentane (50 ml) and washed with n-pentane
(50 ml) and methanol (50 ml) and finally dried in vacuo at ~50°C. Yield: 48 mg (68% based

on given conversion). UV-Vis (HPLC DAD/eluent: toluene/cyclohexane: 50/50) λmax (nm):

~315 (sh.), ~450 (sh.), ~620 (sh.). 1H NMR (500 MHz, CS2) δH 1.02 (t, J = 6.5 Hz, 3H), 1.06
(t, J = 6.5 Hz, 3H), 1.24-1.62 (m, 14H), 1.62-1.78 (m, 4H), 1.91 (s, 3H), 2.02-2.26 (m, 7H),
2.33 (m, 1H), 2.51 (t, J = 7.0 Hz, 2H), 2.56 (s, 3H), 2.63-2.78 (m, 3H), 2.86-3.02 (m, 2H),
3.16 (m, 1H), 4.06 (t, J = 6.8 Hz, 2H), 4.12 (m, 2H), 6.04 (s, 1H), 7.02 (s, 1H); 13C NMR

(500 MHz, CS2) δC 171.02, 170.84, 153.96, 153.67, 152.31, 151.84, 149.67, 149.10, 148.64,
148.51, 148.32, 148.09, 148.05, 147.97, 147.86, 147.40, 147.27, 147.16, 146.84, 146.74,
146.65, 146.59, 146.54, 146.32, 146.28, 146.11, 146.05, 145.96, 145.83, 145.69, 145.65,
145.62, 145.57, 145.54, 145.16, 144.97, 144.92, 144.80, 144.71, 144.66, 144.43, 144.41,
144.24, 144.20, 144.10, 143.95, 143.86, 143.81, 143.65, 143.62, 143.50, 143.43, 143.40,
143.25, 143.19, 143.12, 142.83, 142.74, 142.42, 142.37, 142.31, 142.13, 142.09, 141.84,
141.80, 141.60, 141.53, 141.33, 141.22, 141.12, 141.08, 140.94, 140.18, 139.46, 138.44,
137.63, 136.50, 136.07, 135.97, 135.34, 135.32, 135.18, 135.09, 134.84, 134.69, 134.66,
134.44, 133.83, 132.42, 131.43, 125.23, 80.06, 78.71, 78.23, 77.11, 76.79, 75.42, 73.98,
70.99, 64.16, 64.02, 47.50, 43.15, 38.13, 37.04, 34.08, 33.45, 32.56, 32.39, 31.88, 31.85,
29.10, 26.07, 26.04, 23.79, 23.19, 23.13, 22.49, 22.18, 14.70, 14.50, 14.06.
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