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Abstract: Reduction of the two “closed” [6,6] methanofullerenes, [6,6]Ces1H2 (1) and [6,6]C71H, (5), to the
corresponding hexaanions with lithium metal causes the bridgehead—bridgehead bonds to open, at least
partially, and this change gives rise to diamagnetic ring currents in the resulting homoconjugated six-
membered rings (6-MRs). These new ring currents shield the overlying hydrogen atoms on the methylene
bridge and induce upfield shifts of 1.60 and 0.11 ppm in their 'H NMR resonances, respectively. Analogous
reduction of the already “open” [5,6]Jmethanofullerenes, [5,6]Cs1H2 (2) and [5,6]C71H; (3 and 4), only slightly
enhances the shielding of the hydrogen atoms over the homoconjugated 6-MRs (upfield shifts of 0.13,
0.68, and 0.14 ppm, respectively) but leads to exceptionally strong diamagnetic ring currents in the
homoconjugated five- membered rings (5-MRs), as evidenced by dramatic shielding of the hydrogen atoms
situated over them (upfield shift of 5.01, 6.78, and 1.63 ppm, respectively). The strongest shielding is seen
for the hydrogen atom sitting over the 5-MR at the pole of C7;H,5~ (6 = —0.255 ppm) indicating that the
excess charge density is concentrated at the poles.

Introduction More detailed characterization of the magnetic properties of
Fullerenes occupy a unique place among aromatic com- ea_ch fu_llerent_e is possible by pr_obing j[he separate (_:qntributions
pounds, and studies of their properties enhance and deepen ou?f |nd.|V|_duaI rings. From the point Of_V'ew of aroma_tlcr[y, there
understanding of the principles of aromaticity. These carbon IS @ distinct difference between the six-membered rings (6-MRs)
allotropes embody completely conjugatedsystems of sphe- and the five-membered rings (5-MRs). Ring current calculations
roidal shape, so that the carbon skeletons are boundaryless, angave shown that the 6-MRs exhibit diatropic ring currents while
large numbers of Kekulestructures can be drawinThe the 5-MRs exhibit paratropicity. The low aromatic character of
aromaticity of fullerenes has been thoroughly investigated Ceo has been attributed to a near cancellation of these two
theoretically and substantiated experimentally by NMR stutlies. opposing contribution&.The higher aromaticity of ¢, com-

Calculation$ showed a modest aromatic character fgg &nd pared to Go, as was showf?® results from an increase in the
a much greater aromaticity forz& This trend was confirmed  number of 6-MRs, while the number of 5-MRs remains the
by the3He NMR spectra of endohedral fullererfes. same. It is possible, however, to study these local ring currents
: : : — by attaching a methylene bridge to the fullereh@e protons
» Corresponding author: E-mail: mordecai@vms.huji.ac.il. on the bridge sit over either a “5-MR” or a “6-MF7 and their
T The Hebrew University of Jerusalem. - - . ! .
* ETH-Zentrum. chemical shifts reflect the magnetic character of each &ing.
Z University of California. These hydrogen probes thus serve as “observers” that do not
Boston College. - .
(1) In partial fulfillment of the Ph.D. Thesis of T.S. participate in ther-system.

(2) Klein, D. J.; Schmalz, T. G.; Hite, G. E.; Seitz, W. A.Am Chem Soc
1986 108 1301-1302.
(3) BUhl, M.; Hirsch, A. Chem Rev. 2001, 101, 1153-1184 and references (5) (a) Saunders, M.; Cross, R. J.; Jme-Vaquez, H. A.; Shimshi, R.; Khong,
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Fullerenes can accommodate large numbers of electrons in
their #-systems as can be deduced from their characteristic
pattern of low-lying unoccupied molecular orbitals, their high
electron affinity, and their electrochemisthBince their shape
and symmetry are not expected to be significantly modified by
reduction, the effect of added electrons will be expressed mainly
in their magnetic and electronic properties, i.e., their aromaticity.

The changes in the aromaticities ofggCand Go upon
reduction to their hexaanions are expressed by th&@rand
3He NMR chemical shift3%11Unlike the neutral fullerene, the
hexaanion of G shows a high degree of delocalization and
aromaticity. On the other hand;&£shows a change in the
opposite direction upon reduction.

These trends were predicted and explained by magnetic
susceptibility calculation$The added electrons were calculated
to be located mostly on the 5-MRs, rendering them diamagnetic,
and thus supplying more extended diamagnetismgf—Cin
Cro, the paramagnetic ring currents are also diminished, but there
is an additional decrease in the diamagnetic ring currents,
resulting in a large overall decrease of diamagnetism.

Here we report a comprehensive systematic Studflocal
magnetic properties of charged fullerenes and methylene-bridged
fullerenes. The motivation for this study is to understand the
origins of the magnetic properties of fullerene anions using their
aromatic properties as observed by NMR spectroscopy and
magnetic susceptibilities® The investigation was carried out
by monitoring the local ring currents of 5-MRs and 6-MRs in
the neutral and reduced fullerenes, using carbon-bridged fullerenes 6
to sense local contributions. The study includes an examination
of the nature of the bonding in the bridged moiety Vigsthe
fullerenes-system.

companied by the isomeric open homofulleréhésfrom
which they cannot be easily separated. For this reason, we were
looking for a convenient and specific synthesis affording
. . isomerically pure unsubstituted methanofullerenes. This
Results and Discussion search was inspired by the finding that controlled potential
Synthesis. Homofullerenes GH, (2),73 C7:H, (3), and electrolysis of Gg'* or of Bingel-type adducts of £,1° slightly
Cz1H2 (4)7cd were previously reported by the group of Wudl below the third reduction potential of the starting compound,
and Smith and synthesized according to ref 7c by addition of produced methanofullerenes when the experiment was run in
diazomethane to the respective fullerene, followed by thermal CH2Clo. Substituted methano[60]fullerenes have been elec-
extrusion of dinitrogen from the resulting pyrazolofullerene. trosynthesized by reaction of the mono- and dianiongfvdth

Methanofullerenes (Bl-cyclopropafullerenes) &H» (1) and dihalomethano derivativé$. Furthermore, it was shown that
Cr1H2 (5) can be prepared in a similar sequence by photolysis dianions of Go, chemically generated by reaction of the fullerene
of the intermediate pyrazolofulleren®s However, the [6,6]-  With alkanethiolates, can be bridged in the 1,2-position by

closed adducts obtained by this method are generally ac-alkylation with 1,3-diiodopropane and 1,4-diiodobutan@y
applying the latter methodology to the reaction @ with

(7) (&) Suzuki, T.; Li, Q.; Khemani, K. C.; Wudl, B. Am Chem Soc 1992 diiodomethane we were able to obtain isomerically pure 1,2-
114, 7301-7302. (b) Smith, A. B., Ill; Strongin, R. M.; Brard, L.; Furst,
G. T.; Romanow, W. J.; Owens, K. G.; King, R. &..Am Chem Soc methano[60]fullerend.
1993 115 5829-5830. (c) Smith, A. B, lll; Strongin, R. M.; Brard, L. Direct cyclopropanation of fullerenes is also possible by

Furst, G. T.; Romanow, W. J.; Owens, K. G.; Goldschmidt, R. J.; King, R. . ] . . . R .
C.J. Am Chem Soc 1995 117, 5492-5502. (d) Smith, A. B., IlI; Strongin, reaction with ylides. Addition of various phosphonium ylides

R. M.; Brard, L.; Furst, G. T.; Romanow, W. J.; Owens, K. G.; Goldschmidt,
R J.J. Chem Soc. Chern Commun 1904 21872188, to Ceo Was reported by Bestmann et #whereas other authors

(8) Minkin, V. I.; Glukhovtsev, N. M.; Simkin, B. Ya.Aromaticity and used stabilized sulfonium ylides in the preparation of substituted
Antaromateity Electronic and Structural Aspecté/iley: New York, 1994, methano[60[° and methano[70]fullerend&lin neither case did
(9) Reed, C. A.; Bolskar, R. DChem Rev. 200Q 100, 1075-1120 and
references therein. (14) Beulen, M. W. J.; Echegoyen, Chem Commun 200Q 1065-1066.
(10) (a) Bausch, J. W.; Prakash, G. K. S.; Olah, G. A.; Tse, D. S.; Lorents, D. (15) Crassous, J.; Rivera, J.; Fender, N. S.; Shu, L. H.; Echegoyen, L.; Thilgen,
C.; Bae, Y. K.; Malhorta, RJ. Am Chem Soc 1991, 113 3205-3206. C.; Herrmann, A.; Diederich, FAngew. Chem., Int. EA.999 38, 1613~
(b) Sternfeld, T.; Hoffman, R. E.; Aprahamian, |.; Rabinovitz, Ahgew 1617.
Chem, Int. Ed. 2001, 40, 455-457. (16) Boulas, P. L.; Zuo, Y.; Echegoyen, Chem Commun1996 1547-1548.
(11) Shabtai, E.; Weitz, A.; Haddon, R. C.; Hoffman, R. E.; Rabinovitz, M.; (17) Allard, E.; Rivige, L.; Delaunay, J.; Dubois, D.; Cousseaul &trahedron
Khong, A.; Cross, R. J.; Saunders, M.; Cheng, P.-C.; Scott, LJ. Am Lett 1999 40, 7223-7226.
Chem Soc 1998 120, 6389-6393. (18) Bestmann, H. J.; Hadawi, D.;"Rer, T.; Moll, C.Tetrahedron Lett1994
(12) (a) Sternfeld, T.; Wudl, F.; Hummelen, K.; Weitz, A.; Haddon, R. C; 35, 9017-9020.
Rabinovitz, M. Chem Commun 1999 2411-2412. (b) Sternfeld, T; (19) (a) Wang, Y.; Cao, J.; Schuster, D. I.; Wilson, S.TRtrahedron Lett
Hoffman, R. E.; Thilgen, C.; Diederich, F.; Rabinovitz, M.Am Chem 1995 36, 6843-6846. (b) Hamada, M.; Hino, T.; Kinbara, K.; Saigo, K.
Soc 200Q 122 9038-9039. Tetrahedron Lett2001, 42, 5069-5071.
(13) Prato, M.; Lucchini, V.; Maggini, M.; Stimpfl, E.; Scorrano, G.; Eiermann,  (20) Wang, Y.; Schuster, D. I.; Wilson, S. R.; Welch, CJ.JOrg. Chem 1996
M.; Suzuki, T.; Wudl, F.J. Am Chem Soc 1993 115 8479-8480. 61, 5198-5199.
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the authors prepare unsubstituted methanofullerenes. The ylideTable 1. Proton and Carbon NMR Data

route was used in the present work to selectively synthesize o Ha OHb  OBCH, e ey

the parent 3—|-cy_c|opropafg|lerene§. and 5 by add_ition of [6,6]Co1Hz (1) 3.93 308 166.5

dimethylsulfoxoniomethanide toggand Gy, respectively. In [6,6]Cs1H25~ (157) 2.33 325 130

the latter case, 1,2-methano[70]fullerene, resulting from attack E’g}g‘gl:ze@(z&) g-gz E-gi gg‘lf iggg 11‘}3%8’

1 i 1 112 . . . .

gt the most reactive polar 6,6-bond, was obtained as the SOIe[5,6]C71H2 (major) @) 505 652 340 1502 1457

isomer. [5,6]C7iH°~ (major) @) 227 —0.258 44.¢ 132  12¢
The reduction process of all the detected fullerenes was Evg%gl:%(”z'”q) (;1)(46) g;i g-égj 'S\'éRg 1%‘;?-8 ]}46-4’

. . , 71H2°~ (MInor - . . .
achlgved by.adqllng a small amount of corar!nulene to 'Fhe [6.6]CriH> (5) o 8g 138  168.0
solution, making it possible to carry out the reaction under mild  [g 6]c;1H.5 (5¢) 2.77 43.6 127.9

conditions, i.e., low temperature and without sonication. In this
method. the corannulene monoanion radical serves as an 2 Taken from ref 7bP Taken from ref 7a¢ Taken from ref 12ad Taken
B ’ N ) . from ref 7c.e Taken from ref 12bf Not observable.

electron shuttle”, which transfers electrons from the lithium

metal to the fullerene in a more effective way than other charged

1 the signal of the neutral compouftiThe nature of the skeleton
m-systems:

) ) of the bridged hexaanion, whether it is open or closed, is not
Bridged Cgo and Cyo. Several isomers of &H, and GiH» obvious. Theldey of 1, like those of26-—45- (Table 1), has

were reduced and analyzed by NMR methqu. We reduced theg y51ue that is typical for an open boP&R8On the other hand,
two isomers of GiHz (1 and2) and the three isomers of; ¢, the chemical shift of the carbon atom that is attached to the
(3, 4, and5) where isomers and4 were reduced as a mixture  priqge appears at a higher field than that of the bridgehead
and are distinguished according to their peak area ratio (6:1). s5rhon atoms in other “open” fullerenes (77.6 ppm), which
In all these bridged fullerenes, the protons are located abovemight be taken as evidence against an open Bbhds perhaps
the centers of rings of the fullerene skeleton, either above two (g|evant that changing the tempera&fécauses a slight change
6MRs 2[76'6]) or one above a 5-MR and the other above a 6-MR i, the chemical shift of this peak (from 77.3 to 78.5 ppm for
([5,6]).>" Their positioning enables them to sense the magnetic 155 and 298 K, respectively). Our suggestion is that like some

character of each ring below. Comparisons betweefHMR other bridged annulene system§, may have a nonclassical
chemical shifts of the neutral systems and their hexaanions a"‘)Wstructure%s or alternatively that an equilibrium exists between

assessment of the changes of the local ring current of each ring¢ne open and the closed borfdsn either case, the 6-MRs rings
The13C NMR and the’Li NMR chemical shifts of all anions at the base of the bridge become highly conjugated, and
appear in the same regions as those of the corresponding “parengherefore more aromatic than in neutfalwhich explains the
fullerene” (I’EdUCEd 6o and G,'o) This confirms thatl—5 are high-field shift seen in théeH NMR spectrum.
reduced to hexaanions, like the parent @xd Go, and that [5,6]Cs1H2 (2). The IH NMR of 26~ shows two doublets at
any modification of thesr-system is minimaf! A question 2.74 and 1.34 ppm (Table 1), witdy 4 = 8.93 Hz1220n the
arising in bridged fullerene systems is whether the bond betweenbasis of the!H NMR spectrum of16-, these two doublets of
the two carbon atoms attached to the methano bridge is opens- can be assigned &$a andHb, respectively; one of them
or closect? The *C NMR chemical shift of the bridge carbon  (Ha) resides above a 6-MR, as I§~, in which both protons
and especially the coupling constants between the methylenesjt above 6-MRs. While there is almost no change in the
carbon and its hydrogens]c y, give an indication of the nature  chemical shift ofHa (AS = —0.13 ppm), the signal foHb
of the bond In neutral bridged fullerenes it has been found moves upfield dramaticallyXo = —5.01 ppm). This leads to
that the bond between two 6-MRs (elgand5) is closed and  the conclusion that the added electrons are located mainly in
that between a 5-MR and a 6-MR (e3y.3 and4) is open? A the 5-MRs, converting them from paratropic to diatropic rings,
fullerene with a methylene group inserted into a formal single while the ring currents of the 6-MRs experience little influence.
bond (homofullerene) will show only a small perturbation to [5,6]C71H2> Major Isomer (3). The *H NMR spectrum of
the z-conjugation, relative to the parent fullerene since all the 36— contains two doublets at 2.27 anrt).255 ppm (Table 1),
fullerene carbons are 3phybridized, and the bridgehead with coupling constant ofJyy = 9.6 Hz1?* These data are
p-orbitals are strongly homoconjugatédCalculations show that  discussed below, together with those from isod@f Cy1H,.
the transannular resonance integrals are significant in the [5,6]C;H, Minor Isomer (4). The 'H NMR spectrum of
fulleroids, and they clearly qualify as homoconjugated and 46— contains two doublets at 2.34 and 3.6 ppm (Table 1), with
perhaps homoaromatic spectés. a coupling constant dfJy 4 = 9.1 Hz12b A COSY experiment
[6,6]Cs1H2 (1). The two protons reside over equivalent rings showed an absorption at 3.6 ppm under the solvent (TgIF-
on the fullerene. ThéH NMR spectrum of18~ contains one peak, which could only be observed directly in a 1D spectrum
singlet at 2.33 ppm, which is shielded by 1.6 ppm compared to

(26) A precedent for opening of the bond upon reduction can be found in the
reduction of dibenzohomopyracylene, a segment of [¢#]& see: Gerson,

(21) The small changes in th#He chemical shifts betweefHe@Gyo and F.; Merstetter, P.; Bardosa, F.; Vogel, E.;idg, C.; Lex, J.; Milen, K.;
SHe@Go compared to those 8He@G;H, and*He@GH,, respectively, Wagner, M.Chem Eur. J. 1999 5, 2757-2761.
prove that these bridged fullerenes have the same bulk magnetic properties(27) Arnz, R.; Carneiro, J. W. de M.; Klug, W.; Schmickler, H.; Vogel,
as the “parent” fullerenes, and the perturbations of sheystems are E.Breuckmann, R.; Kiaer, F.-G.Angew Chem, Int. Ed. Engl. 1991, 30,
minimal (see ref 5). 683—-686.

(22) Diederich, F.; Isaacs, L.; Philp, @hem Soc Rev. 1994 243-255 and (28) For example: Dorn, H. C.; Yannoni, C. S.; Limbach, H.-H.; VogelJ.E.
references therein. Phys Chem 1994 98, 11628-11629.

(23) Ginther, H.; Schmickler, HPure Appl. Chem 1975 44, 807—828. (29) For example: (a) Frydman, L.; Frydman, B.; Kustanovich, I.; Vega, S.;

(24) (a) Winstein, SJ. Am Chem Soc 1959 81, 6524-6525. (b) Paquette, L. Vogel, E.; Yannoni, CJ. Am Chem Soc 199Q 112 6472-6476. (b)
A. Angew.Chem, Int. Ed. Engl. 1978 17, 106—-117. (c) Williams, R. V. Binachi, R.; Pilati, T.; Simonetta, Ml. Am Chem Soc 1982 104, 6426—
Chem Rev. 2001, 101, 1185-1204. 6431. (c) Guther, H.; Schmickler, H.; Bremser, W.; Straube, F. A.; Vogel,

(25) Haddon, R. C.; Raghavachari, Retrahedron1996 52, 5207-5220. E. Angew Chem, Int. Ed. Engl. 1973 12, 570-572.
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by performing double quantum filter (DQF) and inversion

recovery experiments simultaneously (see Experimental Sec-

tion).

From the spectrum of the two isomers, a full assignment of
the 'H NMR chemical shifts can be obtained, as prokts of
both isomers is located above the same 6-MR of thg C

131.46, 158.76 and 110.3, 130.8, 145.3, 155.4 ppm, respec-
tively). ThelH NMR spectrum contains a singlet at 3.5 ppm
belonging to the methoxy group, and two doublets at 8.21 and
6.33 ppm that are assigned 2 andH3 of the phenyl ring,
respectively. The increase &y between the doublets, compared
to that in neutrab (1.9 vs 1.0 ppm§2 is a result of electron

framework. Thus the absorptions appearing at 2.27 and 2.34addition to the fullerene skeleton. As the phenyls rotate freely,

ppm can safely be assignedHtia in 35~ and4%-, respectively,
and the absorptions d¢fib appear at-0.255 and 3.6 ppm for
36~ and 4%, respectively (Table 1). In these compounds, as in

26~ the added electrons are located mostly on the 5-MRs. The

substantial upfield shifts of botdb peaks point to the increased
diamagnetism of the 5-MRs in4f~. The different location of
the bridge in3 and 4 affords an insight into the charge
distribution at different regions on the;£surface. While the
chemical shifts of théla probe protons are very similar in both
35~ and45-, those of theHb probes are quite different. [8f-,
where the bridge is positioned at theo@ole, the chemical
shift of Hb is shifted to much higher field than if~.

the location of the protons and the influence of the magnetic
anisotropy are averagétl.

Conclusions

Methylene-bridge protons serve as sensors of the local
contributions of the 5-MRs and 6-MRs to the aromaticity of
fullerenes. The added electrons in botg®C and G~ are
located mainly in the 5-MRs, rendering them diatropic. The
lower symmetry of G~ causes an asymmetrical charge
distribution, with the extra charge concentrated mostly in the
5-MRs at the poles. Reducing [6,6]methanofullerenes, which
have closed bonds in the neutral state, causes partial opening

These observations, when taken together with our recentof the bond between the 6-MRs; this phenomenon could be

finding from direct NMR measurement on 7&"
(INADEQUATE),100:30showing that the majority of the excess
charge density in @° is concentrated at the poles, support
the following general conclusions: (a) Reduction of fullerenes

and homofullerenes to their hexaanions puts extra charge into

explained by either a nonclassical bond or an equilibrium
between the open and the closed forms. Adding a carbon bridge
to fullerenes causes a negligible effect on t#hsystem and on

the ability of a fullerene to accept electrons.

the 5-MRs and renders them diatropic. (b) The strength of the EXPerimental Section

diamagnetic ring currents in the 5-MRs of fullerene and

Materials. Reagents and solvents were purchased (reagent grade)

methanofullerene anions increases as a function of excess chargend used without further purification. Solvents were dried over

in the individual 5-MRs.
[6,6]C71H2 (5). Following our results regarding to the nature
of the bridge of15~, we wanted to examine the general behavior

molecular sieve 3 A (acetonitrile) ad 4 A (DMSO, toluene). All
reactions were run under argongGvas obtained from Materials
Technologies ResearetMTR Ltd, Cleveland, Ohio; & was obtained

of bridges above two 6-MRs in reduced fullerenes, and thereforefrom Hoechst AG. Solvent evaporation was done at water aspirator

we reduced isomes. In this isomer the two protons are locate
over equivalent 6-MRs. Thi#d NMR of 55~ contains one singlet
at 2.77 ppm, shielded by 0.11 ppm from the neuiraThe *Jc 1
measured foB5~ is much smaller than that & (127.9 and
168¢ Hz, respectively, Table B}, and similar to that ofl6-,
which is typical for an open bond. In addition, the low-field
13C NMR chemical shift of the methylene carbon &%~
indicates an opening of the cyclopropane #hg.
Bis(4-methoxyphenyl)methanofullerene (6)In the fullerene
derivatives1—5 described above, where substituents are hy-
drogens, the methylene group interferes minimally with the
fullerenes-system, and the electronic and magnetic properties
retain their fullerene-like nature. In contrast, derivatiGe
contains bulkier substituents, namehlnethoxyphenyls, which
might affect the properties of the fullerene, both sterically and
electronically. Reduction o with lithium metal affords &3C

g Pressure and compounds were dried at?I®rr. Column chromatog-

raphy: SiQ 60 (230-400 mesh, 0.0460.063 mm) from E. Merck
and SiQ-H from Fluka. The identity of all compounds was confirmed
by comparison of theifH and**C NMR data with published spectfa.
Syntheses. [6,6]6H2 (1). Method 1: A suspension of & (60 mg,
0.083 mmol) in dry acetonitrile (50 mL) was sonicated under Argon
for 25 min. Sodium butanethiolate (933 mg, 8.32 mmol) was added,
and the mixture turned dark red after a few minutes. After the mixture
was stirred for 16 h, diiodomethane (2.7 mL, 33.3 mmol) was added
and stirring continued for 24 h. Toluene was added, the mixture was
washed with water and dried (Mg$Qand the solvent was evaporated
in a vacuum. The residue was purified by flash chromatography,(SiO
hexane/toluene 3:1) to yield a dark solid that was dissolved in toluene
and precipitated by addition of MeOH. Final HPLC purification (8iO
250 x 25 mm, toluene/hexane 4:6, flow rate 6 mL mipi = 310
nm, tr = 29 min) afforded 8 mg (13%) df. Method 2: A solution of
the ylide was generated by addition of NaH (25 mg, 1.041 mmol) to a
solution of trimethylsulfoxonium iodide (229 mg, 1.041 mmol) in dry

NMR spectrum of the resulting species that contains, apart from DMSO (30 mL). A tenth of this solution was added dropwise to a

the phenyl signals, 14 peaks in the 3060 ppm region that
belong to the fullerene skeletédFrom the'3C NMR spectrum
it seems reasonable that thgyGkeleton accepts six electrons,
since the chemical shifts are in the same range as thaigf.C

solution of Go (50 mg, 0.069 mmol) in dry toluene (50 mL) at 1G.

After being stirred at room temperaturer f h and at 50C for 1 h,

the mixture was washed with water and concentrated in vacuo. The
residue was purified by plug filtration (S¥CS;) and then by HPLC

On the other hand, the chemical shifts of the phenyl carbons (fident-DNP “Buckyclutcher” (Regis), 508 25 mm, toluene/hexane

are similar to those of the neutral compoéh@d 13.77, 113.77,

(30) The charge distribution was also shown by calculations, see ref 4a.

(31) We could not observe th8C NMR chemical shifts of the bridgehead
carbons (even with HMBC) on account of the low concentration and the
broad peaks.

(32) Prior to the reported reduced state, another species was detected by
NMR (two doublets at 6.68 and 7.39 ppdy,y = 9.1 Hz). This may indicate
an earlier charging state fé:

(33) Djojo, F.; Herzog, A.; Lamparth, I.; Hampel, F.; Hirsch, @hem Eur. J.
1996 2, 15371547.

(34) To determine a possible influence of corannulene on the properties of
reduced6, we reduced6 with lithium, and without corannulene. The
reduction process was carried out by contact of the solution with the lithium
metal in an ultrasonic bath until the solution became colored (light brown).
After the color change, the reduction was continued at room temperature
and followed by NMR spectroscopy. This process resulted in the dissocia-
tion of 6 and the generation of .
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4.6, flow rate 8 mL min?, 1 = 310 nm,tg = 8.72 min) affording 16 [5,6]C71H28~ (3%~ and 4°7): *H NMR —0.255 (d, 1HJ = 9.6 Hz),
mg (31%) of1. 2.27 (d, 1H,J = 9.6 Hz), 2.34 (d, 1H), 3.6 ppm (d, 1H,= 9.1 Hz).
[6,6]C71H (5) was prepared in analogy Io(Method 2). Final HPLC 13C NMR 39.9 (methylene, by HSQ@$"), 44.9 (methylene3®"), 120~
purification (trident-DNP “Buckyclutcher” (Regis), 508 25 mm, 160 ppm (broad bands).
toluene/hexane 4:6, flow rate 8 mL mih A = 310 nm,tr = 15.55 [6,6]C71H5 (557): H NMR 2.77 ppm (s, 2H)1*C NMR 43.6
min) afforded 7 mg (14%) o5. (methylene, by HSQC), 113156 ppm.
General Method of Lithium Metal Reduction. All fullerenes were Hexaanion of bis(4-methoxyphenyl)methanofullerene (6): H

reduced in 5 mm NMR tubes equipped with an upper reduction NMR 3.50 (s, 6H, OCH), 6.33 (d, H, 4H,J = 8.1 Hz) 8.21 ppm (d,

chamber. The fullerenes {5 mg) and a catalytic amount of coran-  Hy, 4H, J = 8.1 Hz).3C NMR 53.5 (methylene, by HMBC), 91.4,

nulene were introduced into the lower chamber of the tube under 110.3 (C3), 130.8 (C2), 54.7 (OGH 145.3 (C3), 148.0, 149.0, 149.1,

an argon atmosphere. A lithium wire was introduced under argon to 150.3, 151.0, 154.2, 155.4 (C4), 155.8, 157.5, 158.1, 158.4, 160.1,

the reduction chamber, and the tube was attached to a vacuum line.160.2, 160.8, 161.1 ppm.

THF-ds (dried over sodiumpotassium 1:5 alloy, under high vacuum) Simultaneous Double Quantum Filter (DQF) and Inversion

was vacuum transferred to the tube and degassed several times, an&ecovery Experiments of GH,5~ (457). COSY experiments showed

the extended tube was flame sealed. Reduction occurred on contact ofa correlation between a doublet at 2.34 ppm and a peak at 3.6 ppm,

the solution with the lithium metal, in dry ice, by repeated inversion which is under the solvent signal. The latter doublet was observed by

of the tube. The formation of the anions was detected visually by the performing double quantum filter (DQF) and inversion recovery

changing of corannulene color to green (that represents the monoanionexperiments simultaneously; the signal was expected to have an intensity

of corannulene) and biH NMR and*3C NMR spectroscopies. of 1% of the solvent signal. A gradient-enhanced DQF experiment
NMR Data. H, and*3C NMR spectra were recorded on a Bruker reduced the solvent signal. To observe the desired signal we also took

DRX-400 spectrometer. The chemical shifts were measured relative to advantage of the difference in relaxation times, preceding the DQF

the most downfield solvent peak (THE-3.57 ppm relative to TMS). sequence by an inversion pulse. This suppressed the solvent signal by

All the reported spectra were recorded in the temperature range of 200 3 orders of magnitude leaving the desired signad®ofclearly visible.

220 K, and analyzed by standard 2D NMR techniques.
[6,6]CeiH25~ (157): *H NMR 2.33 ppm (s, 2H)**C NMR 32.5

(methylene, by HSQC), 77.6 (&-CH,), 146.6, 147.7, 148.8, 149.5, ! e
150.7. 152.7. 153.0, 156.6, 156.7. 156.8, 157.9, 159.6, 150.0, 160.O,the preparative work and the HPLC purification and J. Cousseau

162.2. 163.3 ppm. for experimental details on _the s_ynthetic method reported in
[5,6]CeiH> (25): *H NMR 1.34 (d, 1H,J = 8.93 Hz), 2.74 (d, 1H, ref. 17. We ackqowledge financial support from the Israel
J=8.93 Hz).1%C NMR: 37.1 (methylene), 138.2, 139.0, 143.7, 147.2, Science Foundation (ISF), the U.S Department of Energy, and
147.5, 149.9, 152.1, 152.3 (two peaks), 154.5, 154.6, 154.7, 154.8,the Swiss National Foundation.

155.1, 155.5, 155.7 (two peaks), 156.2, 156.7, 157.2, 158.0, 158.5,
159.6, 159.9, 160.1, 160.2, 160.9, 161.2, 161.5, 162.5, 164.8 ppm. JA012649P
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