
          

1H NMR of C61H2
62: the aromatic character of C60 upon reduction—a view

from the bridge of C61H2

Tamar Sternfeld,a Fred Wudl,b Kees Hummelen,b Amir Weitz,b Robert C. Haddonc and Mordecai
Rabinovitz*a

a Department of Organic Chemistry, The Hebrew University of Jerusalem, Givat Ram, Jerusalem, 91904 Israel.
E-mail: mordecai@vms.huji.ac.il

b Exotic Materials Institute, Department of Chemistry and Biochemistry, University of California, Los Angeles, CA
90095, USA 

c Department of Chemistry, University of Kentucky, Lexington, Kentucky 40506, USA. 

Received (in Cambridge, UK) 20th September 1999, Accepted 27th October 1999

The 1H NMR spectrum of the fulleroid C61H2
62 consists two

high field doublets, providing experimental evidence for
diamagnetic five-membered rings in C60

62.

Aromaticity, one of the most important and interesting concepts
of organic chemistry, has undergone certain modifications since
the original proposition by Hückel in 1931.1 The theory was
then devoted to single p-conjugated ring systems, later
expanded to polycyclic molecules2 and recently to non-planar
molecules.3

The discovery of fullerenes4 offers a new challenge in the
field of aromaticity as the fullerenes are not only conjugated
systems but are also spherical and therefore, no borderlines exist
and numerous Kekulé structures can be assigned.5 In the quest
to understand the nature of the electronic structure of fullerenes
their reduction is a method of choice as these molecules are
capable of accepting a high number of electrons with only small
changes in their rigid skeleton.

For the most abundant fullerene C60, calculations,6 as well as
experimental data,6b,7 demonstrate only a modest aromatic
character. Calculations also indicate that the lowest unoccupied
molecular orbital (LUMO) of C60 is low-lying and triply
degenerate, and hence is capable of accepting six electrons,6a,8

which is confirmed by the presence of six reduction waves in its
cyclic voltometry.9

The magnetic ring current susceptibility of C60
62 is expected

to be very high6a in contrast to C60, as was recently shown
experimentally.10 This is corroborated by calculations showing
that the ring current of C60 is a result of two contributions, the
diamagnetic six-membered rings (6-MRs) and the paramagnetic
five-membered rings (5-MRs). These two opposite contribu-
tions cancel each other in C60, leading to a low magnetic
susceptibility. Moreover, calculations predict that in C60

62 the
5-MRs will be diamagnetic, which should cause a high
diamagnetic ring current in the entire system.11

An accepted method of studying local ring currents in
polycyclic arrays is by attaching a methylene bridge, where the
protons of the bridge are located above the centers of the ring,
and their chemical shifts can probe the magnetic character of
each ring.2

By the addition of CH2N2 to C60 two methylene adduct
isomers of C61H2 were prepared.12 The two protons of the
methylene can be located either both above two 6-MRs (1) or
one above a 6-MR (Ha) and the other one above a 5-MR (Hb)
(2). In isomer 2, the two different protons can serve as external
and localized probes for the two rings types. The 1H NMR
spectrum of 2 consists of two doublets, at d 2.84 and 6.35, which
are ascribed to Ha and Hb, respectively.12a Therefore, it can be
deduced that the 6-MR is diamagnetic, and the 5-MR is
paramagnetic, as predicted by calculations.11

Here we report the reduction of 2 to a hexaanion and the
characterization of the anion by NMR.13 The reduction was
carried out, in a 5 mm NMR tube equipped with a reduction

chamber on top, in THF-d8, with excess lithium metal and in the
presence of corannulene (3). Lithium metal reduction of
fullerenes requires extreme conditions, including the use of an
ultrasonic bath. However, it has previously been reported that
polycyclic molecules and especially 3 could serve as ‘electron
shuttles’ which transport electrons in etheral solution to
fullerenes, and thus enable the reduction of the insoluble C60
under mild conditions.10 The solution was brought into contact
with the lithium metal by repeatedly inverting the tube, and
formation of the anion was detected by 1H, 13C and 7Li NMR
spectroscopy.

The 1H NMR spectrum of the anion (Table 1) shows two
doublets at d 1.34 and 2.74 (J = 8.93 Hz). The Dd between
these two peaks is significantly smaller than the difference
between the peaks of the neutral molecule [Dd(2) = 3.51 ppm
compared with Dd(262) = 1.4 ppm].12a The small Dd of 262

suggests a similar magnetic environment for the two protons, in
contrast to the neutral molecule, and moreover, the two protons
of 262 are shielded. Since they are located above the centers of
the rings, it confirms that these two rings are both diamagnetic,
and thus the 5-MR is forced to become diamagnetic.

The 13C NMR spectrum of 262 shows an NMR band at d
37.08 assigned to the methylene carbon, and the fullerene

Table 1 Proton and carbon chemical shifts

dC dH Ref.

C60 142.68 16
C60

62 156.7 14
C61H2 (2) 38.4 (CH2), 135.15–149.25 2.84, 6.35 12(a)
C6H2

62 (262) 37.08 (CH2), 138.07–164.68 1.34, 2.74
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skeleton NMR bands appear in the region d 138.07–164.68. The
7Li NMR spectrum shows an absorption at d 1.93 (200 K,
relative to 1 M LiCl in D2O at 298 K). Comparison of these
chemical shifts to those of C60

62 (dC 156.7 and dLi 1.6)14 shows
two phenomena: (i) the reduction of 2 leads to a hexaanion, as
does C60;6a,8,9 (ii) the character of 262 is ‘fullerene like’ and has
a similar charge distribution and aromaticity to C60

62.
Charging of C61H2 not only sheds light on the magnetic

properties of its  hexaanion, but it also contributes to the
understanding of the nature of the building blocks of C60 itself.
These results are in a good agreement with calculation,11 and
with 3He chemical shift measurement15 of He@C60 and
He@C60

62 that have been previously reported.10 While the 3He
served as an endohedral probe of the bulk magnetic properties,
the protons in 2 serve as external and localized probes.
Therefore, it can be concluded that the extra electrons of C60

62

convert 5-MRs from paramagnetic building blocks (‘anti-
aromatic’) to components having diamagnetic nature (‘aro-
matic’). The change of the ring current in the 5-MRs on the one
hand, and the similarity of the aromatic 6-MRs in the neutral
and the charged species on the other, demonstrates and
rationalizes the highly aromatic character of C60

62.
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